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(57) Abstract: Provided herein are methods of treating dis-
eases associated with vascular calcification and/or cardiovas-
cular disease, and/or bone resorption in a subject, by using
the level of a biomarker, in particular, snail homolog I
(Snail), phosphosmad2, phosphosmad3, urinary protein,
dickkopt homolog I (Dkkl), collagen type 1 alphal (Collal),
activin (i.e.free activin), runt-related transcription factor 2
(Runx?2 ), alkaline phosphatase (Alp), bone-specific alkaline
phosphatase (BSAP), C-terninal type 1 collagen telopeptide
(CTX), osterix, Klotho, alpha-smooth muscle actin (al-
pha-SMA), myocardin (JVIYOCD), activin receptor type 2A
(ActRIIA), axis inhibition protein 2 (Axin2), and/or smooth
muscle protein 22-alpha (Sm22-alpha), as an indicator(s) of
responsiveness of the subject to the treatment, efficacy of the
treatment, or appropriate dosage tor the treatment with an
activin type II receptor signaling inhibitor.
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TREATMENT OF CARBIOVASCULAR BISEASE USING ACTRH LIGAND TRAPS

i CROSS-REFERENCES TO RELATED APPLICATIONS
{0001} This application claims the bencfit of priority of United States Provisional Patent

Application No. 62/062.021, filed October 9, 2014; United States Provisional Patent Application
Mo. 62/078,321, filed November 11, 2014; United States Provisional Patent Application No.
62/103,515, filed January 14, 201 5; United States Provisional Patent Application No.
62/167,052, filed May 27, 2015; and United States Provisional Patent Application No.
62/170,015, filed June 2, 20135, the entire contents of cach of which arc incorporated herein by

reference and for all purposes.

2. GOVERNMENT LICENSE REGHTS
{60062} This invention was made with government support under grant numbers

DKO70790 and DKO8S137 awarded by National Institutes of Health. The government has certain

rights in the invention.

3. SEQUENCE LISTING
{80303} The present application is being filed with a Sequence Listing submitted as file

name 12827 934 228 Scglisting.txt, of size 208 kilobytes, which was created on October 6,

2015, The Scquence Listing is incorporated herein by reference in its entircty and for all

PUIpPoses.
4, FIELD
[0004] Provided herein arc methods of treating and/or preventing cardiovascular discase,

vascular calcification, cardiovascular discase associated with and/or resulting from vascular
calcification, and/or cardiovascular disease associated with and/or resulting from renal discasc in
a subject, comprising administering to the subject an activin type U receptor signaling inhibitor
{ActRU signaling inhibitor, e.g., an activin ligand trap). Morc specifically, provided herein are
methods for sclecting subjects for the treatment of cardiovascular discase, vascular calcification,
elevated levels of arterial stiffness, left ventricular hypertrophy, cardiovascular disease
associated with and/or resulting from vascular calcification, cardiovascular disease associated
with and/or resulting from elevated levels of arterial stiffness, cardiovascular disease associated
with and/ot resalting from left ventricular hypertrophy, and/or cardiovascular disease associated
with and/or resulting from renal disease, by using the level and/or activity of one or more
biomarkers, in particular, snail homolog 1 {Snail}, phosphosmad?, phosphosmad3, urinary
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protein, dickkopf homolog 1 (Dkk1), collagen type | aipha 1 {Collal), activin (e.g., free
activin), runt-related transeription factor 2 (Runx2), alkaline phosphatasc { Alp), bone-speeific
alkaline phosphatase (BSAP), Osterix, C-terminal type 1 collagen telopeptide (CTX), Klotho,
alpha-smooth muscle action {(alpha-SMA), myocardin (MYOCD), axis inhibition protein 2
{Axin2}, and/or smooth muscle protein 22-alpha (Sm22-alpha), as an indicator{s} of
responsivencess of a subject to the treatment, efficacy of the treatment, or appropriate dosage for
the treatment with an activin type H receptor {ActRIT) signaling inhibitor. Provided herein are
methods of reducing bone resorption in a subject, comprising administering to the subject an
ActRI signaling inhibitor. More specifically, provided herein are methods for sclecting subjects
for the reduction of bone resorption, by using the level and/or activity of one or more
biomarkers, in particular, Snail, phosphosmad?, phosphosmad3, urinary protein, Dkki, collal,
activin {e.g., free activin}, Runx2, Alp, BSAP, Osterix, CTX, Klotho, alpha-SMA, MYOCD,
and/or Sm22-alpha, as an indicator(s) of responsiveness of a subject to the treatment, efficacy of
the treatment, or appropriate dosage for the treatment with an ActRH signaling inhibitor.

BACKGROUND

Ly

{0005] A common complication of renal discase involving anemia is vascular
calcification, which leads, in many cases, to cardiovascular discase. In renal subjects,
atherosclerosis and the resulting cardiovascular discase can result 1o significant mortality apart
from mortality associated with renal discase per se. As such, there is a continued need for the
discovery and development of new drugs and treatment and/or prevention methods for
cardiovascular dis¢ase in renal subjects. Additionally, because renal subjects frequently suffer
from ancmia, it would be beneficial to treat the anemia and the attendant cardiovascular discase
with a single therapeutic, a capability not possessed by currently-used erythropotesis-stunulating
agents {ESAs) such as erythropotetin,

18006] Two related type I receptors, ActRHA and ActRIIB, have been identified as the
type H receptors for activins (Mathews and Vale, 1991, Cell 65:973-982; Attisano ef /., 1992,
Cell 68: 97-108). Besides activins, ActRIIA and ActRIIB can biochemically interact with
several other TGF-beta family proteins, including BMP7, Nodal, GDFS8, and GDF11 (Yamashita
et al., 1995, ). Cell Biol, 130:217-226: Lee and McPherron, 2001, Proc. Natl, Acad. Sci.
098:9306-9311; Yeo and Whitman, 2001, Mol Cell 7: 949-957: Oh ef ¢f., 2002, Genes Dev.
16:2749-54). ALK4 is the primary type [ receptor for activins, particularly for activin A, and
ALK-7 may serve as a receptor for activins as well, particularly for activin B.

~
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{80307} An activin ligand trap, consisting of a humanized fusion-protein consisting of the
extraccllular domain of activin-receptor type HA {ActRIA) and the human IgGl Fc (referred to
herein as ActRUA-hFc or “Sotatercept”; SEQ 1D NO: 7), is currently being evaluated in phase I
clinical trials for treatment of subjects with anemia and bone disorders associated with end-stage
renal diseasc {(ESRD) as well as for those subjects with beta-thalassemia. In healthy post-
menopausal women, ActRIA-hFc was shown to significantly increase hematocrit (Het) and
hemoglobin (Hgh} as well as bone mincral density.

6. SUMMARY

{B008] Provided herein are methods for treating and/or preventing vascular calcification
in a subject, comprising administering to the subject a pharmaccutically effective dosc of an
activin receptor type I {ActRIY) signaling inhibitor {e.g., an activin ligand trap), wherein the
subject has: {a} clevated levels of Runx2 as compared to levels of Runx2 in a reference
population; {b) clevated levels of Alp as compared to levels of Alp in a reference population; {(¢)
elevated lovels of Snail as compared to levels of Snail in a reference population; {d) clevated
ievels of phosphosmad? as compared to levels of phosphosmad? n a reference population; (e}
elevated levels of Dkkl as compared to levels of Dkk1 v a reference population; (1) clevated
fevels of collal as compared to levels of collal in a reference population; (g) elevated levels of
activin {e.g., frec activin) as compared to levels of activin in a reference population; (h) elevated
ievels of BSAP as compared to levels of BSAP in a reference population; (i) elevated levels of
(Osterix as compared to levels of Osterix in a reference population; {j) elevated levels of CTX as
compared to levels of CTX in a reference population; (k) decreased levels of Klotho as compared
to tevels of Klotho in a reference population; (1) decreased levels of alpha-SMA as compared to
levels of alpha-SMA in a reference population; (m) decreased levels of MYOCD as compared to
levels of MYOCD n a reference population; (n) decreased levels of Sm22-alpha as compared to
levels of Sm22-alpha in a reference population; (o) elevated levels of phosphosmad3 as
compared to levels of phosphosmad3 in a reference population; (plelevated levels of urinary
protein as compared to levels of urinary protein in a reference population; and/or () decreased
ievels of activin receptor type 2A (ActRHA) as compared to levels of ActRIA in a reference
population. See, e.g., Section &.6 for a description of the reference population.

R Provided herein are methods for treating and/or preventing cardiovascular discase
in a subject, comprising administering to the subject a pharmaccutically effective dosc of an
activin receptor type I {ActRI]) signaling inhibitor {e.g., an activin ligand trap), wherein the

3.
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subject has: (a) clevated levels of Runx2 as compared to levels of Runx2 in a reference
population; {b) clevated levels of Alp as compared to levels of Alp in a reference population; (¢}
elevated levels of Snail as compared to levels of Snail in a reference population; (d) elevated
icvels of phosphosmad? as compared to levels of phosphosmad? in a reference population; (¢}
elevated levels of Dkk1 as compared to levels of DKk in a reference population; (f) elevated
icvels of collal as compared to levels of collal in a reference population; {g) clevated levels of
activin {e.g., frec activin) as compared to levels of activin in a reference population; (h) elevated
icvels of BSAP as compared to levels of BSAP in a reference population; (i) clevated levels of
Osterix as compared to levels of Osterix in a reference population; () clevated levels of CTX as
compared to levels of CTX in a reference population; {K) decreased levels of Klotho as compared
to levels of Klotho in a reference population; (1) decreased levels of alpha~-SMA as compared to
ievels of alpha-SMA 10 a reference population; (m) decreased levels of MYOCD as compared to
levels of MYOCD in a reference population; (n) decreased levels of Sm22-alpha as compared to
ievels of Sm22-alpha in a refercunce population; (o) elevated levels of phosphosmad3 as
compared to levels of phosphosmad3 in a veference population; (p) elevated levels of urinary
protein as compared to levels of urinary protein 1o a reference population; and/or (g) decreased
fevels of ActRIEA as compared to fevels of ActRIIA in a reference population.

{0810} Provided herein are methods for treating and/or preventing cardiovascular disease
in a subject, comprising administering to the subject a pharmaceutically effective dose of an
activin receptor type I (ActRII) signaling inhibitor {e.g., an activin ligand trap), wherein the
subject has: {a} elevated levels of Rumx2 as compared to levels of Runx2 in a reference
population; (b} clevated levels of Alp as compared to levels of Alp in a reference population; {¢}
clevated levels of Snail as compared to levels of Snail in a reference population; {d) clevated
levels of phosphosmad? as compared to levels of phosphosmad? in a reference population; {¢}
clevated levels of Dkkl as compared to levels of Dkk1 in a reference population; (f) elevated
levels of collal as compared to levels of collal in a reference population; (g} elevated levels of
activin {e.g., free activin) as compared to lovels of activin in a reference population; (h) clevated
levels of BSAP as compared to levels of BSAP in a reference population; (i) elevated fevels of
Osterix as compared to levels of Osterix in a reference population; (§) elevated levels of CTX as
compared to levels of CTX in a reference population; (k) decreased levels of Klotho as compared
to levels of Klotho in a reference population; (1) decreased levels of alpha-SMA as compared to

igvels of alpha-SMA in a reference population; (m) decreased levels of MYOCD as compared to
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levels of MYOCUD in a reference population; (n} decreased levels of Sm22-alpha as compared to
ievels of Sm22-alpha in a reference population; {o) clevated levels of phosphosmad3 as
compared to lovels of phosphosmad3 in a reference population; (p) clevated levels of urinary
protein as compared to levels of urinary protein in a reference population; and/or {(q) decrcased
icvels of ActRHA as compared to levels of ActRIIA 1n a reference populstion, and whercin the
cardiovascular discase is associated with and/or results from vascular calcification.

10011} Provided herein arc methods for treating and/or preventing cardiovascular discase
in a subject, comprising administering to the subject a pharmaccutically cffective dose of an
activin receptor type I (ActR1l) signaling inhibitor {e.g., an activin ligand trap), wherein the
suabject has: {a) elevated levels of Runx?2 as compared to levels of Runx2 in a reference
population; (b} elevated levels of Alp as compared to levels of Alp in a reference population; {¢)
clevated levels of Snail as compared to levels of Snail i a reference population; (d) clevated
ievels of phosphosmad? as compared to levels of phosphosmad?2 o a reference population; {¢)
clevated levels of DKk as compared to levels of Dkkl in a reference population; (£) clevated
levels of collal as compared to levels of collal in a reference population; {g) clevated levels of
activin {e.g., free activin} as compared to levels of activin in a reference population; (h) elevated
levels of BSAP as compared to levels of BSAP in a reference population; (i) elevated levels of
Osterix as compared to levels of Osterix in a reference population; (§) elevated levels of CTX as
compared to levels of CTX in a reference population; (k) decreased levels of Klotho as compared
to levels of Klotho in a reference population; (1) decreased levels of alpha-SMA as compared to
levels of alpha-SMA in a reference popalation; {m} decreased levels of MYOCT) as compared to
levels of MYOCUD in a reference population; (n} decreased levels of Sm22-alpha as compared to
ievels of Sm22-alpha in a reference population; {o) clevated levels of phosphosmad3 as
compared to levels of phosphosmad3 in a reference population; (p) elevated levels of urinary
protein as compared to levels of urinary protein in a reference population; and/or {q) decreased
levels of ActRIA as compared to levels of ActRIIA in a reference population, and wherein the
cardiovascular discase is associated with and/or results from renal discase.

18312} Provided herein are methods for reducing bone resorption in a subject, comprising
administering to the subject a pharmaccutically effective dose of an activin receptor type H
{ActR1} signaling inhibitor {e.g., an activin ligand trap), wherein the subject has: (a) clevated
levels of Runx?2 as compared to levels of Runx2 in a reference population; {(b) clevaied levels of

Alp as compared to levels of Alp in a reference population; (¢} elevated fovels of Snail as

-~
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compared to levels of Snail in a reference population; (d} elevated levels of phosphosmad? as
compared to levels of phosphosmad? in a reference population; (¢) clevated levels of Dkk1 as
compared to levels of Dkl in a reference population; {f) clevated levels of collal as compared
to levels of collal in a reference population; {g) clevated levels of activin {e.g., free activin) as
compared to levels of activin in a reference population; (h) clevated levels of BSAP as compared
to levels of BSAP in a reference population; (i) elevated levels of Osterix as compared to levels
of Osterix in a reference population; () elevated levels of CTX as compared to levels of CTX in
a reference population; (K} decreased levels of Klotho as compared to levels of Klotho in a
reference population; (1) decreased levels of alpha-SMA as compared to levels of alpha-SMA in
a reference population; (m) decreased levels of MYOCD as compared to levels of MYOCD ina
reference population; {n) decrcased levels of Sm22-alpha as compared to levels of Sm22-alpha in
a reference population; {(0) elevated levels of phosphosoad3 as compared to levels of
phosphosmad3 in a reference population; {p) clevated levels of urinary protein as compared to
ievels of urinary protein 1o a reference population; and/or (@) decreased levels of ACtRITA as
compared to levels of ActRHA in a reference population,

10013} Provided herein are methods for treating and/or preventing arterial stiffness ina
subject, comprising administering to the subject a pharmaceutically effective dose of an activin
receptor type 1 (ActRID) signaling inhibitor {e.g., an activin ligand trap), wherein the suabiject has:
{a) elevated lovels of Runx2 as compared to levels of Runx2 in a reference population; (b)
clevated levels of Alp as compared to fevels of Alp i a reference population; (¢} elevated levels
of Snail as compared to levels of Snail in a reference population; (d} elevated levels of
phosphosmad? as compared to levels of phosphosmad? in a refercnce population; (¢) clevated
fevels of Dkl as compared to levels of Dkki in a reference population; (f) clevated levels of
collal as compared to levels of collal in a reference population; (g) clevated levels of activin
{e.g., free activiny as compared to levels of activin in a reference population; (h) clevated levels
of BSAP as compared to levels of BSAP in a reference population; (i) clevated levels of Osterix
as compared to fovels of Osterix in a reference population; (§) clevated levels of CTX as
compared to levels of CTX in a reference population; (k) decreased levels of Klotho as compared
to levels of Klotho in a reference population; (1) decreased levels of alpha-SMA as compared to
igvels of alpha-SMA in a reference population; (m) decreased levels of MYOCD as compared to
icvels of MYOCD in a reference population; {n) decreased levels of Sm22-alpha as compared to
icvels of Sm22-alpha in a reference population; (o) clevated levels of phosphosmad3 as

e
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compared to levels of phosphosmad3 in a reference population; (p) elevated levels of urinary
protein as compared to levels of urinary protein in a reference population; and/or {q) decreased
icvels of ActRHA as compared to levels of ActRIIA 1n a reference population.

{08014} Provided herein are methods for treating and/or preventing left ventricular
hypertrophy in a subject, comprising administering to the subject a pharmaceutically cffective
dose of an activin receptor type H {ActR1II) signaling inhibitor {e.g., an activin ligand trap},
wherein the subject has: (a) clevated levels of Runx2 as compared to levels of Runx2 ina
reference population; (b clevated levels of Alp as compared to levels of Alp in a reference
population; {¢} clevated levels of Snail as compared to levels of Snail in a reference population;
{d) elevated levels of phosphosmad? as compared to levels of phosphosmad? in a reference
population; {¢} elevated levels of DKKT as compared to levels of Dkl in a reference population;
{f) elevated levels of collal as compared to levels of collal in a reference population; (g)
elevated levels of activin {e.g., free activin) as compared 1o levels of activin 1n a reference
population; {h} elevated levels of BSAP as compared to levels of BSAP in a reference
population; (1) clevated levels of Osterix as compared to levels of Osterix in a reference
population; (j) elevated levels of CTX as compared to levels of CTX in a reference population;
{k) decreased levels of Klotho as compared to levels of Klotho in a reference population; (1)
decreased levels of alpha-SMA as compared to fevels of alpha-SMA in a reference population;
{m} decreased levels of MYOCD as compared to fevels of MYOCUD in a reference population;
{n} decreased levels of Sm22-alpha as compared to levels of Sm22-alpha in a reference
population; {0} elevated levels of phosphosmad3 as compared to levels of phosphosmad3 in a
referonce population; {p) elevated levels of urinary protein as compared to levels of urinary
protein in a reference population; and/or {g} decreased levels of ActRIA as compared to levels
ot ActRIIA in a reference population.

{66151 In certain embodiments, the pharmaceutically effective dose of the ActRil
signaling inhibitor is about 15 mg, about 30 mg, about 45 mg, about 60 mg, about 75 mg, about
90 mg, or about 1 g, or about .1 mg/kg, about 0.13 mg/kg, about 8.2 mg/kg, about 0.26 mg/kg,
about .3 mg/kg, about .4 mg/kg, about 0.5 mg/kg, about 8.6 mg/kg, about .7 mg/kg, about (0.8
mg/kg, about 0.9 mg/kg, about 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/kg, shout 1.3 mg/ke,
about 1.4 mg/kg, or about 1.5 mg/kg. In certain embodiments, the pharmaceutically effective
dose of the ActRIf signaling inhibitor is about 0.1 mg/kg. In certain cmbodiments, the

pharmaceutically cffective dose of the ActRIl signaling inhibitor is about (.3 mg/kg. In certain
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embodiments, the pharmaceutically effective dose of the ActRH signaling inhibitor is about .5
mg/kg. In certain embodiments, the pharmaceutically effective dose of the ActRIl signaling
inhibitor is about 0.7 mg/kg.

{0616] In certain embodiments, the pharmaccutically effective dose is administered via
injection. In certain cmbodiments, the pharmaceutically cffective dose is administered (i} once
cvery 28 days; or (i1) once ¢very 42 days. In certain embodiments, the pharmaccutically
effective dose is administered once every 14 days. In certain embodiments, the pharmaccutically
ctfective dose 1s administered once cvery 21 days. In certain embodiments, the pharmaceutically
effective dose is administered continnously and/or indefinitely.

{8817} In certain embodiments, the elevated levels of Snail, phosphosmad?, Dkkl,

collal, activin {e.g., free activing, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein
and/or Osterix, are about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80% 0%, 100%,
200%, or 500% greater than the levels of Snatl, phosphosmad?2, Dkkl, collal, activin{e.g., free
activin), Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, and/or Osterix, respectively,
in the reference population.

{8818} In certain embodiments, the elevated levels of Snail, phosphosmad?, Dkkl,

collal, activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein,
and/or Osterix are equal to or about 10%, 20%, 25%, 30%, 40%, 50%, 6%, 70%, 75%, &0%,
90%, 100%, 200%, or 500% greater than the levels of Snail| phosphosmad?2, Dkki, collal,
activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, and/or
(Osterix, respectively, in the top 10%, top 5%, top 4%, top 3%, top 2%, or top 1% in the reference
population.

16619} In certain embodiments, the decreased levels of Kiotho, alpha-SMA, MYOGCD,
ActRITA, Axin2, and/or Sm22-alpha are about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 7%,
75%, 80%, 90%, or 10(% less than the levels of Kiotho, alpha-SMA, MYOCD, ActRIA, AxinZ,
and/or Sm22-alpha, respectively, in the reference population.

{66201 In certain embodiments, the decreased levels of Kiotho, alpha-SMA, MYOGCD,
ActRIIA, Axin2, and/or Sm22-alpha are equal to or about 10%, 20%, 25%, 30%, 40%, 50%,
60%, 70%, 75%, 80%, 90%., or 100% less than the levels of Klotho, alpha-SMA, MYOCD,
ActRIA, Axin2, and/or Sm22-alpha, respectively, in the bottom 0%, bottom 5%, botiom 4%

bottom 3%, bottom 2%, or bottom 1% in the reference population.
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{8021} Provided herein are methods for treating and/or preventing vascular calcification
in a subject, wherein the method comprises: (a) administering to the subject an initial dose of an
ActRI signaling inhibitor to the subject; (b} taking a first measurement of the level of Snail,
phosphosmad?2, Dkkl, collal, activin {e.g., frec activin)}, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRHA, Axin2, and/or Sm22-
alpha in the subject; (¢) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?2, Dkk1, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MY OCD, phosphosmad3, urinary protein, ActRUHA, AxinZ, and/or Sm22-
alpha in the subject; and {d) administering to the subjoct an adjusted dose of the activin receptor
type I signaling inhubitor. In certain erobodiments, the adjusted dose is based on the detected
change between the first measurement and the second measurement. In certain embodiments,
the dose is adjusted as described in Section 8.3.4

18022} Provided herein are methods for treating and/or preventing cardiovascular disease
in a subject, wherein the method coroprises: (a) administering to the subject an initial dose of an
ActRI signaling inhibitor to the subject; (b) taking a first measurement of the level of Snail,
phosphosmad?, Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRHA, AxinZ, and/or Sm22-
alpha in the subject; (¢} after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, Dkk1, collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOUD, phosphosmad3, urinary protein, ActRIA, Axin2, and/or Sm22-
alpha in the subject; and (d} administering to the subject an adjusted dose of the activin receptor
type I signaling inhibitor. In certain embodiments, the adjusted dose is based on the detected
change between the first measurement and the second measurement. In certain cmbodiments,
the dosc is adjusted as described in Section 8.3.4.

{6023} Provided herein are methods for treating and/or preventing cardiovascular discase
in a subject, wherein the method comprises: (a) administering to the subject an initial dose of an
ActRIY signaling inhibitor to the subject; (b} taking a first measurement of the level of Snail,
phosphosmad?, Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MY OCD, phosphosmad3, urinary protein, ActRUHA, AxinZ, and/or Sm22-
alpha in the subject; (¢} after a period of time, taking a second measurcment of the ievel of Snail,
phosphosmad?2, Dkkl, collal, activin {e.g., frec activin)}, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRHA, Axin2, and/or Sm22-
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alpha in the subject; and {d) administering to the subjoct an adjusted dose of the activin receptor
type H signaling inhibitor; and wherein the cardiovascular discase is associated with and/or
results from vascular calcification. In certain embodiments, the adjusted dosc is based on the
detected change between the first measurement and the second measurement. In certain
embodiments, the dose is adjusted as described in Section 8.3 .4,

{0624] Provided herein are methods for treating and/or preventing cardiovascular discase
in a subject, wherein the method comprises: (a) administering to the subject an initial dose of an
ActRI signaling inhibitor to the subject; (b) taking a first measurement of the level of Snail,
phosphosmad?2, Dkk1, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-5MA, MYOCD, phosphosmad3, urinary protein, ActRHUHA, Axin2, and/or Sm22-
alpha in the subject; (¢) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ACiRHA, Axin2, and/or Sm22-
alpha in the subject; and {d) adminstering to the subject an adjusted dose of the activin receptor
type 11 signaling inhibitor; and wherein the cardiovascular discase is associated with and/or
results from renal disease. In certain embodiments, the adjusted dose 1s based on the detected
change between the first measurement and the second measarement. In certain embodiments,
the dose is adjusted as deseribed in Section 8.3.4,

{8025] Provided herein are methods for reducing bone resorption in a subject, wherein
the method comprises: {a} administering to the subject an initial dose of an ActRII signaling
inhibitor to the subject; {(b) taking a first measurement of the level of Snail, phosphosmad?,
Dkki, collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCED, phosphosmad3, urinary protein, ActRHA, Axin2, and/or Sm22-alpha in the subject;
{¢) after a period of time, taking a sccond measurcment of the level of Snail, phosphosmad?,
Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, phosphosmad3, urinary protein, ActRIA, AxinZ, and/or Sm22-alpha in the subject;
and {d) administering to the subject an adjusted dose of the activin receptor type 1 signaling
inhibitor. In certain embodiments, the bone resorption is asscssed as described in Section 8.6, In
certain cmbodiments, the adjusted dosc is based on the detected change between the first
measurcment and the second measurement. i certain embodiments, the dosc is adjusted as

described in Section 8.3.4.
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{08026} Provided herein are methods for treating and/or proventing arterial stiffness ina
subject, wherein the method comprises: (a) administering to the subject an initial dose of an
ActRI signaling inhibitor to the subject; (b} taking a first measurement of the level of Snail,
phosphosmad?2, Dkkl, collal, activin {e.g., frec activin)}, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRHA, Axin2, and/or Sm22-
alpha in the subject; (¢) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?2, Dkk1, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MY OCD, phosphosmad3, urinary protein, ActRUHA, AxinZ, and/or Sm22-
alpha in the subject; and {d) administering to the subjoct an adjusted dose of the activin receptor
type I signaling inhubitor. To certain embodiments, the arterial stiffnesss 1s assessed as described
in Section &.6. In certain ernbodiments, the adjusted dose is based on the detected change
between the furst measurement and the second measurement. In certam embodumnents, the dose s
adjusted as described in Section 8.3.4.

10027} Provided herein are methods for treating and/or preventing left ventricular
hypertrophy in a subject, wherein the method comprises: {(a) administering fo the subject an
initial dose of an ActRII signaling inhibitor to the sobject; (b) taking a first measurement of the
ievel of Snail, phosphosmad?, DKk, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRHA, Axin2,
and/or Sm22-alpha in the subject; (¢} after a period of time, taking a second measurement of the
level of Snail, phosphosmad2, Dkkl, collal, activin (e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRIFA, Axin2,
and/or Sm22-alpha in the subject; and (d) administering to the subject an adjusted dose of the
activin receptor type I signaling inhibitor, In certain embodiments, the adjusted dose is based
on the detected change between the first measurement and the second measurement. In certain
embodiments, the dose is adjusted as described in Section 8.3 4.

16928} In certain embodiments, the initial dose of the ActRII signaling inhibitor is about
15 mg, about 30 mg, about 45 mg, about 60 mg, about 75 mg, about 90 mg, or about 1 g or about
0.1 mg/kg, about .13 mg/kg, about 0.2 mg/kg, about .26 mg/kg, about 1.3 mg/kg, about (1.4
mg/kg, about 0.5 mg/kg, about 0.6 mg/kg, about 0.7 mg/kg, about 0.8 mg/kg, shout 0.9 mg/ke,
about 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/kg, about 1.3 mg/kg, about 1.4 mg/kg, or about
1.5 mg/kg. In certain embodiments, the initial dose of the ActRII signaling inhibitor is about 0.1

mg/kg. In certain embodiments, the initial dosc of the ActR1 signaling inhibitor is about 0.3
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mg/kg. In certain embodiments, the mitial dosc of the ActR1 signaling inhibitor is about 0.5
mg/kg. In certain embodiments, the initial dose of the ActRII signaling inhibitor is about 8.7
mg/kg.

[0029] In certain embodiments, the initial dose is administered via injection. In certain
embodiments, the initial dose is administered (i) once every 28 days; or (i1} once cvery 42 days.
In certain embodiments, the initial dose is administered once every 14 days. In certain
embodiments, the initial dose is administered once every 21 days,

{0630} In certain cmbodiments, the adjusted dose of the ActRI signaling inhibitor 18
greater than the tnitial dose if! {a) the level of Runx? is elevated as compared to the level of
Runx? in a reference population; (b) the level of Alp s clevated as compared to the level of Alp
in a reference population; {¢) the level of Snail is elevated as compared to the level of Snail ina
reference population; {d) the level of phosphosmad? 1s elevated as compared to the level of
phosphosmad? in a reference population; (¢} the level of Dkl is clevated as corapared to the
ievel of DKk1 in a reference populdation; (1) the level of Collal is elevated as compared to the
ievel of Collal ina reference population; (g) the level of activin is elevated as compared to the
ievel of activin in a reference population; (h) the level of BSAP is elevated as compared fo the
ievel of BSAP in a reference population; (1) the level of CTX is clevated as compared to the level
of CTX in a reference population; (§) the level of Osterix is elevated as compared to the level of
(Osterix in a reference population; (k) the level of Klotho is decreased as compared to the level
Klotho in a reference population; (1) the level of alpha-SMA is decreased as compared to the
ievel of alpha-SMA in a reference population; (m) the level of MYOCD is decreased as
compared to the level of MYOCD in a reference population; {n) the level of Sm22-alpha is
decreased as compared to the level of Sm22-aipha in a reference population; (o) the level of
phosphosmad3 is clevated as compared to the level of phosphosmad3 in a reference population;
{p) the level of urinary protein is clevated as compared to the level of urinary proteinin a
reference population; {q) the level of ActRIA is decreased as compared to the level ActRIIA ina
reference population; and/or (r) the level of Axin2 is decreased as compared to the level AxinZ in
a reference population,

{6031} In certain embodiments, the adjusted dose is about 2.5 myg, about 5 mg, about 10
mg, about 15 myg, about 20 mg, or about 35 mg greater than the nitial dose, or about .05 mg/kg,
about 0.1 mg/kg, about 0.15 mg/kg, about 0.25 mg/kg, about 0.3 mg/kg, about 0.35 mg/kg, about

0.4 mg/kg, or about 0.5 mg/kg greater than the initial dose. In certain embodiments, the adjusted
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dosc is administered more frequently than the initial dose. In certain embodiments, the adjusted
dose is administered every 5, 10, 15, 20, 25, 28, 30, 35, or 40 days.

10032} In certain embodiments, the adjusted dose of the ActRH signaling inhibitor is less
than the initial dosc if: {a) the level of Runx?2 18 decreased as compared to the level of RunxZ ina
reference population; (b) the level of Alp is decrcased as compared to the level of Alpina
reference population; (¢) the level of BSAP is decreased as compared to the level of BSAP ina
reference population; (d) the level of Snail is decreased as compared to the level of Snail ina
reference population; (¢) the level of phosphosmad? is decreased as compared to the level of
phosphosmad? in a reference population; () the level of Dkkl s decreased as compared to the
ievel of DKk in a reference populdation; (g) the level of colial is decreased as compared to the
ievel of collal in arefercnce population; (h) the level of activin {e.g., free activin} is decreased
as compared to the level of activin {e.z., free activin) in a reference population; (i) the fevel of
CTX is decreased as compared to the level of CTX in a reference population; (3) the fevel of
Osterix is decreased as compared to the level of Osterix in a reference population; (k) the level of
Klotho 1s elevated as compared to the level of Klotho in a reference population; (1) the level of
alpha-SMA is elevated as compared to the level of alpha-SMA 1 a reference population; {m) the
level of MYOCD is clevated as compared to the level of MYOCD in a reference population; (n)
the level of Sm22-alpha is clevated as compared to the level of Sm22-alpha in a reference
population; {0} the level of phosphosmad3 1s decreased as compared to level of phosphosmad3 in
a reference population; {p) the level of urinary protein is decreased as compared to level of
urinary protein in a reference population; (g} the level of ActRIIA is elevated as compared to
level of ActRIEA in a reference population; and/or () the level of Axin?2 is elevated as compared
to level of Axin2 i a reference population.

{0833} In certain embodiments, the adjusted dose is about 2.5 mg, about 5 mg, about 10
mg, about 15 mg, about 20 mg, or about 35 mg less than the initial dose, or about .05 mg/kg,
about 0.1 mg/kg, about 0.15 mg/kg, about 6.25 mg/kg, about 8.3 mg/kg, about .35 mg/kg, about
0.4 mg/kg, or about (.5 mg/kg less than the initial dose. In certain embodiments, the adjusted
dosc is administered less frequently than the initial dose. In certain embodiments, the adjusted
dose is administered every 30, 35, 40, 42, 50, 60, 70, 80, or 90 days. In certain embodiments, the
adjusted dose 1s administered continunously and/or indefinitely.

[0634] In certain embodiments, the first measurement is taken prior to the

commencement of the treatment. In certain embodiments, the first measurement is taken
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immediately after commencement of the treatment or within at most | day, 2 days, 3 days, 4
days, 5 days, 6 days, or 1 week, 2 weeks, 3 weeks, 4 weeks, or 2 months thercof. In certain
embodiments, the second measurcment is taken immediately after commencement of the
treatment or within at most 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or I week, 2 weeks, 1
month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, § months, 9 months, {0
months, 11 months, or 12 months thereof.

[8035] In certain embodiments, (a) the elevated levels of Snail, phosphosmad?2, Dkki,
collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein,
and/or Osterix are about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80% 90%, 100%,
200%, or 500% greater than the levels of Snail, phosphosmad?, Dkkl, collal, activin {e.g., free
activing, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, and/or Osterix, respectively,
in the reference population; and/or (b) the decreased levels of Klotho, alpha-SMA, MYOCD,
ActRITA, Axin2, and/or Sm22-alpha are about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%,
75%, 80% 0%, or 100% less than the levels of Klotho, alpha-SMA, MYOCD, ActRITA, Axin2,
and/or Sm22-alpha, respectively, in a reference population.

10036} In certain embodiments, (a) the elevated levels of Snail, phosphosmad?2, Dk,
collal, activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein,
and/or Osterix are equal to or about 10%, 20%, 25%, 30%, 40%, 50%, 6%, 70%, 75%, &0%,
90%, 100%, 200%, or 500% greater than the levels of Snail| phosphosmad?2, Dkki, collal,
activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, and/or
(Osterix, respectively, in the top 10%, top 5%, top 4%, top 3%, top 2%, or top 1% in the reference
population; and/or (b} the decreased levels of Klotho, alpha-SMA, MYOCD, ActRITA, Axin2,
and/or Sm22-alpha are equal to or about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%. 75%,
80%., 90%, or 100% less than the levels of Klotho, alpha-SMA, MYOCD, ActRIIA, AxinZ,
and/or Sm22-alpha, respectively, in the bottom 10%, bottom 5%, bottom 4%, bottom 3%, bottom
2%, or bottom 1% in the reference population.

18637} In certain embodiments, {a) the clevated levels of Klotho, alpha-SMA, MYOCD,
ActRITA, Axin2, and/or Sm22-alpha are about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 7%,
T5%, 80% 0%, 100%, 200%, or 500% greater than the levels of Klotho, alpha-SMA, MYOCD,
ActRIA, Axin2, and/or Sm22-alpha, respectively, in the reference population; and/or (b} the
decreased levels of Snail, phosphosmad?2, Dkk1, collal, activin {e.g., ctivin}, Runx2, Alp,

BSAP, CTX, phosphosmad3, urinary protein, and/or Osterix arc about 10%, 20%, 25%, 30%,
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4%, S0%, 60%, 70%, 75%, 80% 90%, or 100% less than the levels of Snail, phosphosmad?,
Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, phosphosmad3, urinary
protein, and/or Osterix, respectively, in a refercnce population.

[6038] In certain embodiments, {a) the clevated levels of Klotho, alpha-SMA, MYOCD,
ActRIIA, Axin2, and/or Sm22-alpha arc equal to or about 10%, 20%, 25%., 30%, 40%, 50%,
60%, 70%, 75%, 80%, 90%., 100%, 200%, or 500% greater than the levels of Kiotho, alpha-
SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha, respectively, in the top 10%, top 5%, top
4%, top 3%, top 2%, or top 1% in the reference popuiation; and/or (b) the decrcased levels of
Snail, phosphosmad?2, Dkkl, collal, activin {e.g., free activin), RunxZ, Alp, BSAP, CTX,
phosphosmad3, urinary protein, and/or Osterix are equal to or about 10%, 20%, 25%, 30%, 40%,
50%, 60%, 70%, 75%, 8(%, 80%, or 100% less than the levels of Snatl, phosphosmad?2, DKk1,
collal, activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein,
and/or Osterix, respectively, in the bottom 0%, bottom 5%, bottom 4%, bottomn 3%, bottom 2%,
or bottom 1% in the reference population

16839} In certain embodiments, the level of Snail, phosphosmad?2, Dkki, collal, activin
{e.g., free activing, Ronx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
phosphosmad3, urinary protein, ActRIIA, AxinZ, and/or Sm22-alpha is the protein level of
Snail, phosphosmad?, Dkkl, collal, activin (e.g., free activin), Runx2, Alp, BSAP, CTX,
(Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRIIA, Axin2, and/or
Sm22-alpha, respectively. In certain embodiments, the protein level is determined by enzyme-
Hinked immunosorbent assay {ELISA). In certain embodiments, the ELISA is performed with (a)
Runx2-specific antibody SC-390715 {Santa Cruz) to determine Runx?2 levels; (b) Alpnspcciﬁc
antibody SC-98652 (Santa Cruz} to determine Alp levels; (¢} Snail-specific antibody s¢-39317
(Santa Cruz) to determine Snail levels; (d} phosphosmad2-specific antibody sc-101801 (Santa
Cruz} to determine phosphosmad? fevels; (¢) Dkki-specific antibody s¢-374574 (Santa Cruz) to
determine Dkl levels; (f} Collal-specific antibody sc-8784 {Santa Cruz} to determine collal
ievels; (g) activin-specific antibody A1594 (Sigma Aldrich) to determine activin levels; (h}
BSAP-specific antibody SC-98652 (Santa Cruz) to determine BSAP levels; (1) CTX-specifi
antibody ABIN1173415 (Antibodics Online) to determine CTX levels; (§) Osterix-specific
antibody SC-22538 (Santa Cruz} to determine Osterix levels; (k) Klotho-specific antibody SC-
22218 (Santa Cruz} to determine Klotho levels; (1) alpha-SMA-specific antibody SC- 53142
{Santa Cruz) to determine alpha-SMA levels; (m) MYOCD-specific antibody SC-21561 (Santa
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Cruz) to determine MYOCD levels; (n} Sm22-alpha-specific antibody SC-271719 (Santa Cruz)
to determine Sm22-alpha levels; (o) phosphosmad3-specific antibody sc-11769 (Santa Cruz) to
determine phosphosmad3 lovels; and/or (p) ActRHA-specific antibody ab 135634 (Abcamj) to
determinge ActRUA levels.

16040¢] In certain embodiments, the level of Snail, Dkk1, collal, activin, Runx2, Alp,
BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, phosphosmad3, urinary
protein, ActRIIA, AxinZ, and/or Sm22-alpha is the mRNA level of Snatl, Dkkl, collal, activin,
Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3,
phosphosmad3, urinary protein, ActRIIA, Axin2, and/or Sm22-alpha, respectively. In certain
embodiments, the mRNA level is determined by quantitative reverse transcription polymerase
chain reaction (qRT-PCR). In certain embodiments, the qRT-PCR is performed with (a) Ronx2-
specific privoers (SEQ ID NOS: 48 and 49) to determine Runx?2 levels; (b} Alp-specific primers
(SEQ ID NOS: 50 and 51) to determine Alp levels; {¢) Snatl-~specific primers (SEQ 1D NOS: 78
and 79} to determine Snatl levels; (d) Dikki-specific primers (SEQ ID NOS: 80 and &) to
determine Dkl levels; (¢} colial-specific primers (SEQ TD NOS: 82 and 83) to determine
collal levels; (f) activin-specific primers (SEQ ID NOS: 84 and 85) to determine activin levels;
{g) Osterix-specific primers (SEQ D NOS: 52 and 53} to determine Osterix levels; (hy Klotho-
specific primers {SEQ D NOS: 54 and 55) to determine Klotho tevels; and/or (i) Sm22-alpha-
specitic primers (SEQ 1D NOS: 56 and 57} to determune Sm22-alpha levels.

{8041} In certain embodiments, the Snail, phosphosmad2, Dkk1, collal, activin {e.g.,
free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, Sm22-alpha, MYOCD, phosphosmad3,
urinary protein, ActRHA, AxinZ, ActRIA, Axin2, and/or alpha-SMA levels are in a tissue. In
certain embodiments, the tissue is aorta. In certain ombodiments, the tissue is kidney. In certain
embodiments, the tissue is bone. In certain embodiments, the tissue is serum. i a preferred
embodiment, the Runx2, Dkk1, Alp, osterix, sm22-alpha, Klotho, alpha-SMA, MYOCD
ActRITA, Axin2, levels and/or activity are in aorta. In a preferred embodiment, the
phosphosmad3, urinary protein, phosphosmadZ, ActRIEA, Axin2, and collal levels and/or
activity arc in kidney. In a preferred embodiment, the activin levels and/or activity are in serum.
{06042} In certain cmbodiments, the Snail, phosphosmad2, Dkkl, collal, activin {e.g.,
free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, Sm22-alpha, MYOCD, ActRIIA,

Axin2, and/or alpha-SMA levels are in aorts.
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18043} In certain embodiments, the vascular caleitication is calcific atherosclerosis,
calcitic medial vasculopathy {also known as Monckeberg's medial calcific sclerosis), medial
calcification, elastocalcinosis, calcific uremic arterolopathy, calcific aortic valvular stenosis, or
portal vein calcification.

{0044} In certain embodiments, the cardiovascular discase is a discasce associated with
vascular calcification such as atherosclerosis, hyperlipidemua, osteoporosis, hypertension,
inflammation, type 2 diabetes mellitus, cnd-stage renal discase, required amputation,
pseudoxanthoma clasticum, congenital bicuspid valve, rheumatic heart discase, portal
hypertension, or liver disease.

10045} In certain embodiments, the cardiovascular disease 1s secondary to chronic kidney
disease. In certain embodiments, the chronic kidney disease is stage 3, 4, or S chronic kidney
discase. In certain embodiments, the chronie kidney disease 1s chronic kidney disease mineral
and boue discase.

{0846] In certain embodiments, the subject has high turnover bone disease, e.g., high-
turnover renal osteodystrophy (ROD).

10047} Also provided herein is a method of treating high-turnover bone disease, e.g.,
high-tirnover ROD, comprising administering to a pharmaceutically effective amount of an
ActRH signaling inhibitor to a subject.

{0048} In certain embodiments, the ActRII signaling inhibitor 1s a polypeptide
comprising an amino acid sequence selected from the group consisting of: (a) 90% identical to
SEQ D NG:Z; (b 95% identical to SEQ 1D NO:2; (¢} 98% identical to SEQ ID NO:2; (d) SEQ
1D NG:2; {e) 930% identical to SEQ ID NG:3; () 95% identical to SEQ 1D NG:3; (g} 98%
identical to SEQ ID NG:3; (h)y SEQ ID NO:3; (5) 90% identical to SEQ 1D NO:6; (§) 95%
identical to SEQ 1D NG:6; (k) 98% 1dentical to SEQ ID NO:6; () SEQ ID NO:6; (m) 90%
identical to SEQ ID NO:7; (n) 95% identical to SEQ 1D NO:7; {0} 98% identical to SEQ ID
NOT; {py SEQ ID NO:7; (g3 20% identical to SEQ 1D NG:12; {r) 95% identical to SEQ ID
NO:12; (3) 98% identical to SEQ 1D NO:12; (1) SEQ ID NO:12; (u) 90% identical to SEQ ID
NG:17; {v) 95% identical to SEQ 1D NG:17; {(w) 98% identical to SEQ 1D NO:17; (x) SEQ ID
NO:17; (v) 90% identical to SEQ ID NO:20; (z) 95% identical to SEQ 1D NO:20; {aa) 98%
identical to SEQ ID WNO:20; (bb) SEQ 1D NO:20; (cc) 90% identical to SEQ 1D NO:2§; {dd)
95% identical to SEQ ID NO:21; {ce) 8% identical to SEQ 1D NG:21; and (ff) SEQ ID NO:2L.

In certain embodiments, the ActRIE signaling inhibitor is a polypeptide comprising the aming
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acid sequence of SEQ 1D NG:7. In certain embodiments, the ActRII signaling inhibitor is a
humanized fusion-protein consisting of the extraceHular domain of ActRIIA and the human 1gGl
Fc¢ domain.

{06049} In certain cmbodiments, the ActRIL signaling inhibitor is Sotatercept (SEQ 1D
NGO 7; see, e.g., Section 9). Sotatercept is an activin ligand trap that is uscful in the methods

described herein {see Section 8},

[005¢] In certain embodiments, the subject is human.
7. BRIEF DESCRIPTION OF THE FIGURES
{0051} Fig, 1A depicts increased Activin-A levels {(pg/ml) in the interstitial fibrosis

model of kidney discasc {CKID-3) as compared to wild-type and sham models. Fig, 1B depicis
increased Activin-A levels (pg/ml) in the Alports modcl of kidney discase (Alport200d) as
compared to wildtype (WT) and increased Activin-A levels upon treatment with BMP-7.

[6052] Fig. 2 depicts the increased lovels of Activin A (inhibin beta) mRNA in the
kidney and aorta of a CKD-3 model (CKID-3 V) as compared to sham. Treatment with
mActRIA-Fe decreases Activin A mRNA 10 a CKI-3 model (mAciRITA-Fc).

{0053} Fig. 3A depicts the level of ACTRI in wildtype mouse aorta. Fig. 3B depicts the
ievel of ACTRII in sham-treated mouse aorta. Fig. 3C depicts the increased level of ACTRI in
mouse aorta of a CKD-3 model as compared to Fig. 3A and/or Fig. 3B. Fig. 3D depicts the
decreased level of ACTRI in mouse aorta of a CKD-3 model treated mActRITA-Fe as compared
to Fig. 3C.

{054} Fig. 4A depicts the mRNA levels of Runx2 in a mouse model of chronic kidney
disease in the presence {CKD3+ACtRIE-Fe) and absence {TKD3+v) of treatment with an
inhibitor of ActRII signaling. Fig. 4B depicts the mRNA levels of Alp in a mouse model of
chronic kidney discase in the presence {(CKD3+ActRI-Fe) and absence (CKD3+v) of treatment
with an inhibitor of ActRII signaling. Fig. 4C depicts the mRNA levels of Klotho in a mouse
model of chronic kidney disease in the presence {CKD3+ACtRI-Fo) and absence {TKD34v) of
treatment with an inhibitor of ActRI signaling. Fig. 4D depicts the mRNA levels of myocardin
{(MYQOCD} in a mouse model of chronic kidney disease in the presence {CKD3+ActRIE-Fe) and
absence (CKD3+v} of treatment with an inhibitor of ActRH signaling. Fig. 4E depicts the
mRNA levels of Sm22-alpha {SM22a} in a mouse model of chronic kidney discase in the
presence (CKD3+ActR-Fe) and absence ({CKD3+v) of treatment with an inhibitor of ActRil
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158551 Fig. 4F depicts the protein levels of actin alpha-smooth muscle, Runx?2, Klotho,
MYOCD, and alpha-tubulin in a model of CKD-3 treated with an inhibitor of ActRIl signaling
(CKD3+ActRI-Fc) as compared to CKD3 treated with vehicle alone {CKD3+vehicle) or sham.
[0056] Fig. SA depicts the CKI3-3-induced vascular calcification upon treatmaent with a
vehicle {veh. Rx}. Fig. 8B depicts deercased CKD-3-induced vascular calcification upon
treatment with an inhibitor of ActRIT signaling (mActRITA-Fo Rx).

[0057) Fig. 6A depicts the CKD-3-induced increase in calcium levels (CKD-3 22 wk) as
compared to wildtype (wt}, sham, CKD-3 model treated with a vehicle (CKD-3 Veh), Treatment
with mACctRUA-Fe deercases CKD-3-induced accumulation of calcium (mActRIIA-Fc). Fig., 6B
depicts the bone volume of wildtype mice {wt), sham-treated muce (sham), a2 mouse model of
CKD-3 (CKD-3), or a mouse model CKD-3 treated with an inhibitor of ActRH signaling
{mActRIA-Fe). Fig. 6C depicts the osteoclast namber of wildtype mice (wi}, sham-treated mice
{sham}, a mouse model of CKD-3 (CKD-3}, or a mouse model of CKD-3 treated with an
inhibitor of ActRIT signaling (mActRITIA-F¢). Fig. 6D depicis the osteoclast surface of wildtype
mice {wt), sham-treated mice {sham), a mouse model of CKD-3 (CKD-3}, or a mwouse model of
CKD-3 treated with an inhibitor of ActRIT signaling (mActRITA-Fe).

HHUSYH Fig. TA depicts the strategy for cell lincage tracing as performed in GNZ mice
{(Stoller et al, Genesis, 2008) bred to endothelial specific Tie2-Cre (also referred to as “Tek-Cre”
mice. Fig. 7B depicts endothelial cell lineage tracing in sham mice. Fig. 7C depicts endothelial
cell lincage tracing in CKD mice. Fig. 7B depicts endothelial cell lineage tracing in CKD mice.
EUS Y Fig. 8 depicts the subject disposition. Note: “” indicates the subjects with paired
QCT measurements at bascline and Day 225, **” indicates that the subject receiving placebo has

clevated serum crythropoictin levels, suggesting off-protocol erythropoictin administration.

&G.E..?'?
H

TR X2

indicates a protocol vielation, “I” indicates the subject met stopping rule criteria for elevated
blood pressure on Day 29; study treatment was discontinued, and rescuc therapy was
administered on Day 36, with continued follow-up. Subiject was randomized in error with non-
qualifying blood pressure, based on incomplete evaluation, at baseline .

{0060} Fig. 9A depicts the percentage of subjects in cach treatment category with a
greater than 2% femoral neck cortical bone increase. Fig. 9B depicts the percentage of subjects
in cach trcatmoent group with any increase or decrease in trabecular bone mass in the lumbar

spine.
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{0061} Fig. 10A depicts the percentage of subjects in cach treatment category for change
in the total Agatston score. Fig, 18B depicts the percentage of subjects in cach treatment
category for change in the square root transformed total volume score.

{08062} Fig, 11 depicts the percent change in the bone resorption biomarker CTX for
subjects treated with placebo (PBO), or with an inhibitor of ActRH signaling at a dose o 0.3
mg/kg (0.3 or 0.5 mg/kg (0.5).

18063} Fig. 12A demonstrates that CKID-3 mice treated with mAciRHA-F¢ {(CKD-3 R) at
10 mg/kg twice a week subcutancously had no cffect on inulin clearance. Fig. 12B demonstrates
that CKD-3 mice treated with mActRIIA-Fo (CKD-3 R) at 10 mg/kg twice a week
sabcutancously had no effect on BUN, Fig, 12A and Fig. 128 utilize A model of vascular
calcification with ablative CKD as described in Section 9.4.1.1 was utilized to produce decreased
kidney function similar fo homan CKID stage 3, referred to as CKID-3 (CKD-3 V for vehicle
ireated) with a 70% reduction in GFR compared to WT C37B6 mice (WT) estimated by mnulin
clearances and BUN. Fig. 12C demonstrates that ColdaS deficient mice (Alport) at 200 days of
age have reductions in inglin clearance equivalent to buman stage 3-4 CKD. *p<{.05. Fig. 12D
demonstrates that ColdaS deficient mice {Alport) at 200 days of age have elevations 10 BUN
equivalent to human stage 3-4 CKD. *p<(.05.

18964} Fig. 13 demonstrates that CKD increases Activin in the circulation and the kidney
and aortic ActRIIA expression. “WT =wildtype; “sham”=mice sham treated; “CKD-3 V7=mice
treated with vehicle; “CKD-3 R™=mice treated with mActRIA-Fe. Fig. 13A depicts the
induction of circulating activin-A by CKD in a Idlr-/~ high fat fod CKID-3 mouse model as
described in Scction 9.4.1.1. Fig. 138 depicts the induction of circulating activin-A by CKD in
Alport’s syndrome mice as described in as described in Section 9.4.1.1. Fig. 13C demonstrates
inhibin betaA expression in mouse kidney and aorta {activin-A is formed of homodimers of the
inhibin betaA gene). Fig. 13D demonstrates protein levels for inhibin betaA in kidney
homogenates. 1, 2, and 3, refer to individual samples. Fig. 13E depicts immunohistochemistry
of aortic ActRIA. ActRIA expression was detected in the aortas of wild type (WT) and sham
operated fdir” high fat fed mice (Sham), which was stimulated in CKD-3 mice treated with
vehicle ({CKD-3 V) or mActRUA-Fe (CKD-3 mActRUA-Fe). Scale bar 15 20 um. Fig, 13¥F
demonstrates that there is no change in circulating follistatin levels in CKD-3 mice (treated with
vehicle, CKI3-3 V, or with mActRIIA-Fc¢, CKD-3 R) compared to WT and sham mice. *p<(.05,

*Akn<(3.005. Fig, 136G demonstrates that there is no change in circulating follistatin like 3
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{(Fsti3} levels in CKD-3 mice {treated with vehicle, CKD-3 YV, or with mActRHA-F¢, CKI-3 R)

o]

compared to WT and sham mice. *p<0.05, ***p<0.005.

[6065] Fig. 14 demonstrates CKD stimulated endothelial to mesenchymal transition.

Fig. 14A depicts a diagram of mouse breeding strategy. ROSA2Z6GNZ knock-in mouse (GNZ
mousc) have sequences with stop codons, which prevent expression of nuclear localized GFP-
LacZ reporter {GNZ). When breed with Tek-Cre mouse, which express Cre recombinase (Cre)
in endothelial cells, Cre recombinase {Cre) deletes sequence flanked by loxP and all cells of
endothelial origin produce GNZ reporter protein. ¥Fig, 14B to Fig, 14D demonstrates double
immunostaining of Tek-Cre/GNZ mouse aorta for endothehial cell marker CD31 and GFP with
DAPI nuclear staining. Arrows point o double stained endothelial cells. In a Sham operated
mouse {Fig. 14B) only endothelial cells demonstrate nuclear and cytoplasmic GFP staining. In
CKD3 mice, (Fig, 14C and Fig. 141} in addition to endothelial celis, cells in the aortic media
and adventitia demonstrate GFP staining (arrowheads). Scale bar 15 20 ym. Fig, 14E depicts the
aortic mRINA levels of Snat 1, a transcription factor associated with EoMT (Medici, D., et a/.,
2008. Molecular Biology of the Cell 19:4875-48K7.), are increased in 75 day old Alport’s mice
compared to wild type (WT) mice. Alpha tubulin served as the loading control. 1 and 2 refer to
individual samples.

18066] Fig. 15 depicts the effects of mACtRITA-Fe on vascular calcification in dir-/- high
fat fed mice with CKD-3. Fig. 154 depicts Alizarin Red stained sections of proximal aortic
atherosclerotic plaques from vehicle- (CKD-3 V) and mActRITA-Fe-treated {CKD-3 mActRUA-
Fey CKID-3 mice. Fig, 18B depicts aortic calcium levels in the groups of mice: wild type (wt);
sham operated Zdir-/~ high fat fed (sham}; CKD-3 cuthanasia at 22 weeks, the time of institution
of treatment {CKD-3});, CKD-3 treated with vehicle from 22 to 28 weeks (CKD-3 V), CKD-3
treated with mActRIIA-Fe, 10 mg/kg subcutancous twice weekly from 22 to 28 weeks (CKD-3
R). The boxes represent median (line in box) and interquartile ranges from 25 to 75%
pereentile. The error bars represent 1.5 fold of the interquartile range. Groups were compared
using ANOVA Holm-Sidak method for multiple comparisons with p<0.05 as lovel for significant
difference. * p<(.02, n for cach group 8 — 12.

{0067] Fig, 16 demonstrates the cffects of decreased ActRILA signaling on CKD
stimulated cardiac discase. Fig. 16A demonstrates that CKID-3 in the Idir-/- high fat fod mice
increased heart weight, which was reversed in the mActRITA-Fc treatment group, as compared to

sham treated mice. CKD-3-L refers to CKD-3 mice treated with lanthanum carbonate. Fig, 168
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demonstrates that CKID-3 produced cardiac hypertrophy mainly left ventricular (middle), which
was prevented in the mActRHA-F¢ treatment group (right), as compared to sham mice (Icft).
Trichrome staining, scale bar Imm. Fig, 16C depicts trichrome staining of left ventricular
myocytes at higher magnification, demonstrating no evidence of cardiac fibrosis. Scale har 20
wm.

{0068] Fig, 17 demonstrates the CKD-3 effects on vascular stiffness in /di»/~ high fat fed
CKD-3 mice, and the absence of a Dkk 1 neutralization effect. Fig. 17A dopicts the pressure-
diameter relationships performed as previously reported (Wagenseil, J.E., et af., 2009,
Circulation Research 104:1217-1224; Wagenseil, LE., er al., 2005, AJP - Heart and Civculatory
Physiology 289 H1209-H1217) of left common carotid arteries. Fig, 17 B depicts ascending
aortas from wild- type (WT- 28 wks.}, sham-operated (Sham ~ 28 wks.), CKD-3 (28 wks.), and
CKD-3 treated with Dkk monoclonal antibody (Dkk1 mab — 28 wks.} mice. For Fig. 17, black
represents WT or sham-operated mice, while open ot grey represents CKID-3 mice. Values are
presented as mean + standard deviation. N = 3-6 mice for carotid arteries, 3-6 for ascending
aorias.

[0069] Fig. 18 demonstrates ActRIIA signaling in kidney and aorta. Fig. 18A depicts
activin signaling determined by westerns of kidney (left} and aortic {right} homogenates from
sham, CKD-3 vehicle- (CKDB-3 V) and mActRIA-Fe-treated (CKIx-3 R) mice. Activin levels
were increased in kidney homogenates but not in aortic homogenates, the Alkd (AcvRIB} and
AJk2 (AcvR 1) type 1 receptors were present in kidney homogenates, but CKD-3 did not increase
Alk4 phosphorylation. Alkd and Alkl (AcvRIL1} were present in aortic homogenates, CKD-3
increased smad2/3 phosphorylation in kidneys but not aortas, and increased kidney Coll Al
ievels. mActRUA-Fe treatment decreased kidney phosphosmad2/3 and Coll Al levels. In aortas,
not only was there no effect of CKD-3 on phosphosmad2/3 levels, there was no effect on
phosphoErk 1/2 lovels. Runx2 levels were increased by CKD-3 and normalized by mActRIIA-
Fe. Fig, 18B depicts a decrease of Klotho mRNA expression in kidney of CKD-3 mice and ifs
correction by mActRHA-Fe-treatment. Fig, 18C depicts Wnt signaling as marked by Dkl
protein expression in westerns of kidney and aortic homogenates from sham, CKP-3 vehicle and
mActRUA-Fe treated mice {(left), and the effect of CKD-3 and mActRITA-Fe on plasma Dkkl
igvels (right).

{8076} Fig, 19 depicts plasma activin-A levels in patients with stage 3 CKD (n=30)

versus healthy donors (n=10}. Data were generated by measuring saraples in duplicate using a
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commercial ELISA kit (R&D systems, Minnecapolis, MN). The coctficient of variation was
2.7% for the assay. ¥¥* p<(.002 Student t test.

[0071) Fig. 20 depicts the levels of FGF-23 in wild type mice (WT), sham-treated mice
{sham}, CKD-3 mice (CKD-3 V), or CKD-3 mice treated with mActRIIA-Fe (CKD-3 R).
18072} Fig. 21A depicts the level of circulating activin A in wild type mice {WT), sham-
operated mice {Sham},CKD-3 mice treated with Vehicle (CKD-3 V), or CKD-3 mice treated
mACtRIA-Fc (CKD-3 R). * indicates p<0.005. Fig. 218 depicts the osteoblast number/bone
perimeter number/ 100 mm for sham-operated mice (Sham}, CKD-3 mice treated with vehicle
(CKD3-3 V3, or CKD-3 mice treated with mActRUA-Fe (CKD-3 R). p<0.05 for CKD-3 V vs,
CKD-3. Fig. 21C depicts the percentage of osteoblast surface/bone surface for shar-operated
mice (Sham), CKD-3 mice treated with vehicle (CKD-3 V), or CKID-3 mice treated with
mACRUA-Fe (CKD-3 R). p<0.05 for CKD-3 V vs. CKD-3. Fig. 21D depicts the bone
formation rate/osteoblast for sham-operated mice (Sham), CKD-3 mice treated with vehicle
(CKD-3 V), or CKI3-3 mice treated with mACtRIIA-Fe (CKD-3 R), p<0.05 for CKID-3 V vs,
CKD-3.

[0873] Fig. 22A depicts the subject disposition throughout the course of the study upon
treatment with placebo or mAcCtRHA-Fe at the indicated doses. Each number on the y-axis
represents an individual subject. Fig. 228 depicts the proportions of subjects with <15%
progression in their abdominal aortal total Agatston score upon treatment with placebo or
mActRIA-Fe at the indicated doses. Fig. 22C depicts the proportions of subjects with >2%
increase in femoral neck cortical BMD upon treatment with placebo or mACtRIFA-Fe at the
indicated doses.

{6074} Fig. 23A depicts a schomatic diagram of the mousc fusion protein of the
extracellular domain of ActRHA and the Fe domain of 1gG1 (mActRHA-Fc¢ ). Fig, 23B depicts
an experimental design of mActRIA-Fc cffects on the CKD- MBD in Idir-/- high fat fed mice.
Mice in four groups were fed the high fat dict beginning at 12 weeks {wks} of age. At 12 wks
cither sham operation (SO} or clectrocautery cortical inpury (EC) was performed. At 14 wks
cither SO or contralateral nephrectomy {(NX} was performed. At 22 wks of life, vehicle treatment
or mActRHA-Fc , 10mg/kg subcutancous twice weekly, was instituted. WT, wild type mice on
chow dict for normal reference levels. Sham, sham operated Idlr-/- high fat fed mice; CKD-3,
CKD-3 Idlr-/- high fat fed mice studied at 22 wks to cstablish levels of vascular calcium at the

start of therapy, CKID-3 V, CKD-3 ldir-/- high fat fed mice vehicle treated; CKD-3 R, CKD-3
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idlr-/- high fat fed mice mActRIIA-Fe¢ treated; WY, Sham, CKD-3 V and CKD-3 R mice were
cuthanized at 28 weeks of age.

10075} Fig. 24A depicts expression of ActRIFA in mouse aortas as determined by
westerns for ActRIIA in aortic homogenates. Fig. 248 depicts immunoblot quantitation of Fig,
24A. For the quantitation, n=4, **p<(.0L Fig. 24C depicts immunofluorescent detection of
ActRITA in the aortas of sham mice, Fig. 24D depicts immunofluorescent detection of ActRITA
in the aortas of CKD-3 mice. ActRIIA was expressed in aortic VSMC, but was not detected in
endothelial cells. VSMC ActRIIA levels remained detectable in CKI compared to sham. CD31

{arrows) was used as an endothelial cell marker. Nuclet were stained by DAPL Scale bar 20 um.

10076} Fig. 25A shows that CKD-3 causes increased mRNA expression of osteoblastic
proteins {Runx? and alkaline phosphatase (Alpl)), and decreased levels of aortic smooth muscle

cell 22a {(Taginy which were all reversed by treatment with the mActRITA-Fe. Aortic myocardin
{Myocd} levels were decreased by CKD, but not affected by mActRIIA-Fe. Fig. 258B depicts
westerns for proteins in aortic homogenates. Fig, 25C depicts immunoblot quantitation of the
westerns of Fig, 25B. CKD causes decreased levels of aortic o- sroooth muscle cell actin protein
and increased levels of osteoblastic Runx2, which were reversed by treatment with mActRHA-F¢
, but myocardin levels were not changed. For the quantitation, n=4, **p<().01.

199771 Fig. 26A depicts the effects of CKD and the ActRIIA higand trap on aortic
calcification in ldir-/- high fat fod mice with CKI-3 showing stained sections of proximal aortic
atherosclerotic plaques with Alizarin Red from vehicle., Fig. 26B depicts the effects of CKD and
the ActRIJA higand trap on aortic caleification in Idlr-/~ high fat fed mice with CKB-3 and
treated with mActRIIA-Fe as shown by proximal aortic atherosclerotic plaques stained with
Alizarin Red. Arrow head indicates calcium deposition in intima (i}, m — media. Scale bar 100
wm. Fig, 26 depicts aortic calcium levels in the groups of mice: wild type (WT); sham
operated [dle-/- high fat fod (Sham); CKD-3 cuthanasia at 22 wecks, the time of institution of
treatment {CKD-3); CKD-3 treated with vehicle from 22 to 28 weeks (CKD-3 V), CKD-3 treated
with mActRIIA-Fc¢ , 10mg/kg subcutancous twice weekly from 22 to 28 weeks (CKD-3 R). The
boxes represent median (line in box) and interquartile ranges from 25th to 75th percentilfe. The
crror bars represent 1.5 fold of the interquartile range. Groups were compared using ANOVA
Holm- Sidak method for multiple comparisons with p<0.05 as level for significant difference.

*<(.02; n for cach goup 8-12.
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{B378] Fig. 27A depicts the analysis of ActRIIA signaling by westerns of aortic
homogenates from sham, CKD-3 vehicle and CKI-3 mActRHA-F¢ treated mice. Immunoblots
of homogenates from two aortas of animals in cach group. ActRIIA and Activin (inhibin B-A})
icvels were decreased in aortic homogenates from CKD-3 mice. The Alkd (AcvR1IB) and Alkl
{AcvRL1} type 1 recoptors were present in aortic homogenates, CKD-3 decreased smad2/3

phosphorylation in aortas which was increased by mActRITA-Fe treatment. CKD-3 decreased

phospho- Erk 1/2 levels. Runx2 levels were increased by CKD-3 and normalized by mActRUA
Fe treatment. Fig, 278 depicts p-Smad2/3 immunoblot quantitation, n=4, ¥¥*p<0.01.

[0679] Fig. 28A depicts immunofhuorescence microscopy of beta-catenin expression in
the aortas of wild-type mice. Fig. 28B depicts immunotloorescence microscopy of beta~-catenin
expression in the aortas of a CKD mouse. There was no immunofluorescence for beta- catenin
in the vascular smooth muscle cells. There was beta~-catenin expression in the endothelium of
aortas from CED mice. Arrow heads, beta-catenin and CD31 colocalization 1n endothelial cells.
Scale bar 20 pm. Fig. 28C depicts aortic Axin2 mRNA expression levels, Fig, 28D depicts the
analysis of Wot signaling as marked by DKk protein expression in westerns of aortic
homogenates from sham, CKD-3 V and CKID-3 R treated mice and by immunoblot quantitation,
n=d4, Fig, 2BE depicts the effect of CKE-3V and mActRIIA-Fe on plasma Dikl levels,
*p<Q.05, ¥*p<.01.

{6080 Fig. 29A depicts the effects of mACtRITA-Fe¢ treatment on renal klotho mRNA
levels and demonstrates CKD-3 decrcased klotho gene expression levels in kidoney homogenates,

and mActRIA-F¢ treatment significantly increased them compared to CKD- 3V, #*p<0.05,
*p<(.01, ***p<(.005. Fig. 298 depicts the analysis of ActRUA signaling by westerns of
kidney homogenates from sham, CKE-3 vehicle, and mActRHA-F¢ treated mice. All of the
immunoblots are representative of homogenates from 3 or 4 kidneys. ActRIUA levels were not
affected by CKID-3 or mACtRIA-Fc . Activin A (inhibin B-A} levels were increased in kidney
homogenates of CKID-3 mice (quantitation is shown in Fig. 30A-B) and decreased by
mActRIA-Fo . The Alkd (AcvR1B) and Alk2 (AcvR1) type 1 receptors were present in kidney
homogenates, but CKID-3 YV or CKD-3 R did not significantly affect Alkd phosphorylation.
CKD-3 increased renal smadZ2/3 phosphorylation and mActRUA-Fe treatment decreased kidney
phosphosmad?2/3. Fig, 29C depicts immunoblot quantitation of Fig, 29B8), *p<0.01.

{0081} Fig, 30A dopicts trichrome staining of kidney scetions from CKD-3V mActRIIA-

F¢ treated mice. Fig, 308 depicts trichrome staining of kidney sections from CKD-3V
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mACctRIIA-F¢ treated mice. Fig. 38C depicts trichrome staining of kidney sections from CKD-
3V mActRIA-Fc treated mice. Fig. 38D depicts trichrome staining of kidney sections from
CKD-3 mActRUA-Fc treated mice. Arcas of interstitial fibrosis marked by arrowheads.
Kidneys of CKD-3 mACctRIIA-Fe treated mice had decreased interstitial fibrosis. Scalc bar 50
wm. See Fig. 35 for marking of whole kidney coronal sections as to where the photomicrograph
sections were taken. Fig, 30K depicts the offects of mActRIEA-Fc on urinary protein. There was
significant proteinuria in the CKD-3V mice, which was decreased by mActREA-F¢ treatment,
*1<0.05.

106082} Fig. 31 A depicts induction of circulating activin-A by CKD in atherosclerotic
idlr-/- high fat fed CKD- 3 mice. Fig. 31B depicts induction of circulating activin-A by CKD in
Alport’s syndrome mice as described herein, Fig, 31C depicts inhibin betaA (Inhba) mRNA
expression in mouse kidney {(activin-A s formed of homodimers of inhubin betaA), Fig, 31D
depicts westerns for inhibin B-A in kidney homogenates, Fig. 31E depicts immunoblot
quantitation of Fig. 31D, n=06 for the tmmunoblot quantitation; *p<0.05, **p<.01, ***p<(.005,
{8083} Fig. 32A shows kidoey InhbA immunostaining in: sham. Fig, 32B shows kidney
InhbA immunostaining in CKD-3 Vehicle mice. In Sham mice occasional peritubular interstitial
cells express activin-A, but in CKD-3 mice many more peritubular interstitial cells are positive
for activin-A at varving levels of intensity. Scale bar 50 pm.

{6084} Fig. 33A and Fig. 33B depict chronie kidney disgase in mice analogous to human
stage 3 kidney disease. CKD was staged in the mouse models in a manner analogous to the
staging of human CKD. The model of vascular caleification with ablative CKID as described in
methods (Section 9.10.1) was used to produce decreased kidney function similar to human CKD
stage 3, referred to as CKD-3 {CKD-3 V for vehicle treated) with a 70% reduction in GFR
compared to WT C57B6 mice (WT} estimated by inulin clearances and BUN. Treatment of
CKD-3 mice with mActRIIA-Fe (CKD-3 R), 10 mp/kg twice weekly subcutancously, had no
¢ffect on inulin clearance or BUN.

{6085} Fig. 34 depicts a diagrammatic representation of ActRIIA signaling from
Tsuchida et al {Cell Comm. and Signaling, 2009). Activin, Myostatin, and GDF11 binding to the
type I receptors, ActRILA (primary for activin} and ActRIIB (primary for myostatin and

GDF 11} activate signal transduction pathways including the canonical pathway through smad

i)
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{B086] Fig. 35A and Fig. 358 show kidneys (kidney trichrome staining) of CKD-3
vehicle treated mice. Fig, 35C and Fig. 35D show kidneys (kidney trichrome staining) of CKD-
3 mActRUA-F¢ treated mice. Scale bar linm. The cortical surface scars from the clectrocautery
njury are marked by arrowheads. The arrows designate the point from which the high power
photomicrographs in Fig. 36 were taken. Scale bar 1 mm.

{00871 Fig, 36A dopicts an absence of change in circulating follistatin levels in CKID-3
mice comparcd to WT and sham mice. Fig. 36B depicts an absence of change in circulating
follistatin like 3 (Fsti3) levels in CKD-3 mice compared to WT and sham mice.

[0088] Fig. 37 depicts the levels of Activin Receptor Interacting Proteins (Aripl and
Arip2) in tissues of CKD-3 mice. Aripl is strongly expressed in the reronant kidney of CKID-3
mice, more that twofold greater than Arip2 expression. Aripl 15 expressed at low levels in the

aortas of CKI3-3 mice, while Arip2 expression in the aorta is twice that of Arnipl.

8. DETAILED DESCRIPTION
8.1 OVERVIEW
{6089} Provided herein, in onc aspect, is a method for the treatment and/or prevention of

cardiovascular discase, vascular calcification, cardiovascular discase associated with and/or
resulting from vascular caleification, and/or cardiovascular discase associated with and/or
resulting from renal discase, elevated levels of arterial stiffness {(e.g., as indicated by decreased
vascular compliance), and/or left veuntricular hypertrophy (LVH), including cardiovascular
discase associated with and/or resulting from elevated levels of arterial stiffness and/or LVH,
wherein the method comprises administering an inhibitor of ActRU signaling {e.g., an activin
figand trap) to a subject in need of treatment and/or prevention thereof. In certain embodiments,
the subject is a renal subject. The inhibitor of AciRIT signaling can be an inhibifor of ActRITA
signaling and / or ActRIHB signaling.

{6096} In particalar, provided herein are methods of treating and/or preventing
cardiovascular disease, vascular calcification, cardiovascular discase associated with and/or
resulting from vascular calcification, cardiovascular discase associated with and/or resulting
from renal disease, elevated levels of arterial stiffness, and/or left ventricular hypertrophy (LVH)
by using the level and/or activity of Snail, phosphosmad2, Bkki, collal, activin {e.g., free
activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3,
urinary protein, ActRHA, Axin2, and/or Sm22-alpha, as an indicator of the paticnt population, as

an indicator of responsiveness of a subject to the treatment and/or prevention with an ActRI
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signaling inhibitor, as an indicator of efficacy of the treatment with an ActRH signaling inhibitor,
or as an indicator of appropriate dosage for the treatment with an ActRH signaling inhibitor. The
levels and/or activity of Snail, phosphosmad?2, Dkkl1, collal, activin {e.g., free activin), Runx2,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein,
ActRITA, Axin2, and/or Sm22-alpha can also be utilized to identify discascs and/or conditions
for treatment and/or prevention with an ActRIf signaling inhibitor. An ActRI signaling inhibitor
used in the methods described hercin can be an inhibitor of ActRITA signaling and/or ActRIIB
signaling, such as any of the inhibitors described herein or known in the art. In a preferred
embodiment, an ActRIf signaling inhibitor 18 a humanized fusion-protein consisting of the
extracellular domain of ActRITA and the human IgGl Fe domain (“ActRIIA-Fe,” e.g., SEQ ID
NO:T7).

[0091] The methods provided herein are based, 1o part, on the discovery that the levels of
Suail, phosphosmad?2, Dkkl, collal, activin{e.g., free activing, Runx2, Alp, BSAP, CTX,
phosphosmad3, urinary protein, and Osterix are elevated, and the levels of Klotho, alpha-SMA,
MYOCD, ActRIIA, and Sm22-alpha are decreased in a mouse model of chronic kidney disease-
induced vascular calcification as compared to a wildiype mouse. Further, without being limited
by theory, ligand trapping by mActRIA-F¢ reduces vascular calctfication in a chronie kidney
disease mouse model (Idir-/- mice, high fat diet). As shown in the Examples presented herein
{See Section 9}, treatment of chronic kidney discase mice with mActRIIA-F¢ rednced vascular
calcification, reduced aortic calcium levels, reduced phosphosmad3 tevels, reduced urinary
protein levels, reduced phosphosmad? levels, reduced Dk levels, reduced Runx?2 levels,
reduced Alp levels, reduced BSAP levels, reduced CTX levels, and reduced Osterix levels, and
clevated Klotho levels, elevated alpha-SMA levels, elevated AxinZ levels and clevated Sm22-
alpha levels. Furthermore, the methods provided herein are based, in part, on the discovery that
the decrease in vascular caleification in chronic kidney discase mice upon treatment with
mActRIIA-Fc is correlated with a decrease in Dkkl, phosphosmad?, Runx2, Alp, BSAP, CTX,
phosphosmad3, urinary protein, and/or Osterix lovels, and an increase in Klotho, alpha-SMA,
Axin2, and/or Sm22-alpha levels (See Examples, Section 9). Taken together, the data presented
herein indicate that Snail, phosphosmad?, Dkkl, colial, activin {e.g., frec activin}, Runx2, Alp,
BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRUA,
Axin2, and/or Sm22-alpha levels can identify which subjects may respond to ActRUA-Fe and/or

can be used to monitor clinical response to an ActRII signaling inhibitor and/or sclect target
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patient populations. The data presented herein also indicate that ActRHA-Fc {e.g., mActRIIA-
Fe, or ActRUA-hFc such as SEQ ID NO:7) is usetird in treating vascular calcification associated
with chronic kidney discase. Additionally, the data presented herein also indicate that ActRITA-
Fe (e.g., mActRIA-Fc, or ActRIIA-hFc¢ such as SEQ ID NO:7) is uscful in treating discases
associated with elevated levels of Snail, phosphosmad2, Dkk1, collal, activin {e.g., free activin)
Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, and/or Osterix, or diseases assoctated
with decreased levels of Klotho, alpha-SMA, MYOCD, ActRUA, and/or Sm22-alpha. Finally,
the data presented herein also indicate that ActRIIA-Fe (e.g., mACtRITIA-Fc, or hActRITA-hF¢
such as SEQ ID NO:7) 1s useful in decreasing calcium deposits in aortic atheroma, reducing
aortic calcium levels, reversing the CKD-induced increase in heart weight, and decreasing renal
fibrosis, and accordingly, 1s useful in treating cardiovascular discase,

[0092] The findings described herein, tlustrated in the Examples (See Section 93,
indicate that detection of the levels and/or activity of Snail, phosphosmad?, Dkkl, collal,
activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
phosphosmad3, urinary protein, ACGtiRITA, Axin2, or Sm22-alpha can be used (i) as a marker
{e.g., scrum biomarker) of the extent of vascular calcification in a subject, (11) as a marker to
measure the subject’s response to an ActRI signaling inhibitor (such as ActREA-F¢), or {iit) to
evaluate the pharmacodynamic effects of an ActRI signaling inhibitor (such as ActRIIA-F¢)ina
subject following treatment, wherein the subject is a subject with cardiovascular disease,
vascular caleification, cardiovascular disease associated with and/or resulting from vascular
calcification, and/or cardiovascular discase associated with and/or resulting from renal discase.
Thus, in certain embodiments, Snail, phosphosmad?2, Dkkl, collal, activin {e.g., free activin),
Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYQOCED, phosphosmad3, urinary
protein, Axin2, and/or Sm22-alpha can be used in the methods described herein as an indicator
of ¢fficacy of ActRUA-Fc {e.g., ActRIFA-hFc such as SEQ {D NO:7) treatment and/or as an
indicator of absence of response to the treatment with ActRIIA-Fe {e.g., ActRIA-hFc such as
SECQ ID NO:7). In addition, as described herein, Snail, phosphosmad?2, Dkk1, collal, activin
{e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Kiotho, alpha-SMA, MYOUD,
phosphosmad3, urinary protein, ActRIIA, AxinZ, and/or Sm22-alpha can be used as a reliable
molecular marker to evaluate time-course treatment cfficacy of ActRHA-F¢ {(e.g., ActRIIA-hF¢
such as SEQ 1D NO:7). Further, in a specific embodiment, provided herein is a method which

compriscs detection of the level and/or activity of Snatl, phosphosmad?2, Dkk1, collal, activin
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{e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Kiothe, alpha-SMA, MYOUD,
phosphosmad3, urinary protein, ActRIIA, AxinZ, and/or Sm22-alpha in the blood (e.g., detecting
abnormal cxpression in a discasce associated with impaired vascular smooth muscle cell
function}, and administration of an ActRI signaling inhibitor, such as ActRIHA-Fc, in a dose
dependent on the level and/or activity of Snail, phosphosmad2, Dkkl, collal, activin {e.g., free
activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3,
urinary protein, ActRIEA, Axin2, and/or Sm22-alpha.

{08093} In certain cmbodiments, the ActRIL signaling inhibitor is Sotatercept (SEQ 1D
NGO 7; see, e.g.. Section 9). Sotatercept is an activin ligand trap that is uscful in the methods

described herein {see Section &).

8.2 ABBREVIATIONS
16094] As used herein, “Snat 17 or “Snail” refer to snail homolog 1. See, for example,

Twigg and Wilkie, 1999, Hum Genet. 105(4):320-326 GenBank™ accession number

NM 0059853 provides an exemplary human Snail nucleic acid sequence. GenBank™
accession number NP _005976.2 provides an exemplary human Snail amino acid scquence.
[0095] As used herein, “phosphosmad3” refers to phosphorylated mothers against
decapentaplegic homolog 3. See, for example, Matsuzaki, 2013, Cytokine Growth Factor Rev,
24(4%:385-399. GenBank™ accession number NM_ 005902 .3 provides an exemplary human
phosphosmad3 nucleic acid sequence. GenBank™ accession number NP_005893.1 provides an
exemplary human phosphosmad3 amino acid sequence.
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10096} As used herein, “phosphosmad?2” refers to phosphorylated mothers against
decapentaplegic homolog 2. See, for example, Matsuzaki, 2013, Cytokine Growth Factor Rev,
24(4):385-399. GenBank™ accession number NM_001003652.3 provides an exemplary buman
phosphosmad? nucleic acid sequence. GenBank™ accession number NP_001003652.1 provides
an exemplary human phosphosmad? aminoe acid sequence.

{80971 As used herein, “DKk1™ refers to dickkopf-related protein 1. See, for exampie,
Fang, Y., et al, 2014, ] Am Soc Nephrol 25:1760-1763. GenBank™ accession mumber
NM_012242.2 provides an exemplary human Dkki nucleic acid sequence. GenBank™
accession mimber NP_(36374.1 provides an exemplary human DKk aming acid sequence.
{86098} As used herein, “collal” refers to collagen type 1, alpha 1. See, for example,

Korkko e gf., 1998, Am. J. Hum. Genet,, 62:98-110. GenBank™ accession number
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XM 0052570592 provides an exemplary human collal nucleic acid sequence. GenBank™
accession number XP 005257116.2 provides an exemplary human collal amino acid sequence.
18099} As used herein, “Runx2” refers to runt-related transcription factor 2. See, for
example, Komort, 2010, Adv Exp Med Biol, 658:43-49. GenBank™ accession number

NM 001145920.2 provides an exemplary human Runx2 nucleic acid sequence. GenBank™
accession number NP Q01139392 1 provides an cxemplary human RunxZ amino acid sequence.
100100} As used herein, “Alp” or “Alpl” refers to alkaline phosphatasc. As used herein,
“BSAP” refors to bone-specific alkaline phosphatase. See, for example, Martins ef al., 2013,
Bone, 56(21:390-397. GenBank™ gecession mumber NM 000478 4 provides an cxemplary
human Alp nucleie acid sequence. GenBank™ accession number NP_000469.3 provides an
exemplary human Alp amino acid sequence.

100101} As used herein, “CTX” refers to C-terminal telopeptides type T collagen. See, for
example, Rosen et al, 2000, Caleif Tissue Int. 66(2): 100-103,

100192} As used herein, “Osterix” refers to Osterix, also known as the Sp7 transcription
factor. See, for example, Cao et al,, 2005, Cancer Res, 65(4):1124-1128. GenBank™ accession
number NM_001173467.2 provides an exemplary human Osterix nucleic acid sequence.
GenBank™ accession number NP_(01166938.1 provides an exemplary human Osterix amino
acid sequence.

{60103 As used herein, “Klotho” refers to Klotho. See, for example, Matsumura ef @l.
1998, Biochem Biophys Res Commun, 242:626-630. GenBank™ accession number
NM_004795.3 provides an exemplary human Klotho nugleic acid sequence. GenBank™
accession number NP (04786.2 provides an exemplary human Klotho amino acid sequence.
160104] As used herein, “alpha-SMA” or “aSMA” or “¢-SMA” refers to alpha smooth
nmuscle actin. See, for example, Nowak ef al., 1999, Nat. Genet. 23:208-212. GenBank™
accession number NM 001100.3 provides an exemplary human alpha-SMA nucleic acid
sequence. GenBank™ accession number NP 0010911 provides an exemplary human alpha-
SMA amino acid sequence.

180105] As used herein, “MYOCD” refers to myocardin, See, for example, Imamura ef
al., 2010, Gene, 464:1-10. GenBank™ accession number NM_ 001146312 .2 provides an
exemplary human MYOCD nucleic acid sequence. GenBank™ accession number

WP 001139784.1 provides an exemplary human MYOCD amine acid sequence.
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183106} As used herein, “Sm22-alpha” or “Sm22a” or “Sm22-0” refers to smooth muscle
protein 22 alpha, also known as “transgelin”, “Tagin”, or “Taginl”. See, for example,
Camorctti-Mercado, 1998, Genomics, 49:452-457. GenBank™ accession number

WM Q060015221 provides an cxemplary human Sm2Z2-alpha nucleic acid sequence.
GenBank™ accession number NP_001001522.1 provides an exemplary human Sm22-alpha
amino acid seqguence.

100107} As used herein, “ActRIY” refers to activin receptor type 1. As used herein,
“ActRUA” refers to activin receptor type HHA. See, for example, Mathews and Vale, 1991, Cell
65:973-982. GenBank™ accession number NM 001278579.1 provides an exemplary human
ActRITA nucleic acid sequence. GenBank™ accession number NP_001265508.1 provides an
exemplary human ActRIIA amino acid sequence. As used herein, “ActRIB” refers to activin
receptor type HB. See, for example, Attisano ef al., 1992, Cell 68: 97-108. GenBapk™
accession number NM_001106.3 provides an exemplary human AciRIIB nucleic acid sequence,
GenBank™ accession number NP_001097 2 provides an exemplary human ActRIIB amino acid
sequence.

[801038] As used herein, “Axin2” refers to axis inhibitor 2. GenBank™ accession namber
NM_004655.3 provides an exemplary human Axin2 nucleic acid sequence. GenBank™
accession mimber NP _(04646.3 provides an exemplary human amino acid sequence.

{60109 As used herein, “mActRIA-F¢” or “ActRHA-mFe” refers to a mouse activin type
HA receptor-1gGl fusion protein. See, for example, U.S. Patent No. &,173,601. As used herein,
“mActRIB-F¢” or “ActRIIB-mF¢” refers to a mouse activin type HB receptor-IgG1 fusion
protein. See, for example, U.S. Patent No. 8,173,601, As used hercin, “hActRIIA-FC” or
“ActRIIA-hF¢” refers to a human activin type HA receptor-igG1 fusion protein. See, for
gxample, U.S. Patent No. 8,173,601, As used herein, “hACtRIB-F¢” or “ActRIB-hFe” refers to
a human activin type HB receptor-IgGl fusion protein. See, for example, U.S. Patent No.

8,173,601,

{60116} As used herein, “LVH” refers to left ventricular hypertrophy.

8.3 METHODS OF TREATMENT AND/OR PREVENTION

8.3.1 CARDIOVASCULAR DISEASE AND/OR VASCULAR CALCIFICATION
180111} In certain embodiments, provided herein are methods for treating and/or

preventing cardiovascular disease, vascular calcification, cardiovascular discase associated with
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and/or resulting from vascular calcification, cardiovascular discase associated with and/or
resulting from elevated levels of arterial stiffness, elevated levels of arterial stiffness, loft
ventricular hypertrophy, cardiovascular discasce associated with and/or resulting from left
ventricular hypertrophy, and/or cardiovascular discase associated with and/or resulting from
renal diseasc in g subject, comprising administering to the subject a pharmaceutically cffoctive
dose of an ActRII signaling inhibitor {e.g., an activin ligand trap). In certain embodiments, the
subject is a renal subject. In certain other embodiments, the subject has been diagnosed as
having chronic kidney discase-mincral bone disorder. In certain other cmbodiments, the subject
has not becn diagnosed as having chronic kidney discase-mincral bone disorder.

{80112} In certain embodiments, the subject has elevated levels and/or activity of Runx2
as compared to levels and/or activity of Runx2 in a reference population, elevated levels and/or
activity of Alp as compared to levels and/or activity of Alp in a reference population, elevated
levels and/or activity of Snail as compared to levels and/or activity of Snail in a reference
population, clevated levels and/or activity of phosphosmad? as compared to levels and/or
activity of phosphosmad? in a reference population, elevated levels and/or activity of
phosphosmad3 as compared to levels and/or activity of phosphosmad3 in a reference population,
clevated levels and/or activity of urinary protein as compared to levels and/or activity of urinary
protein in a reference population, elevated levels and/or activity of Dlkl as compared to levels
and/or activity of DKK1 in a reference population, elevated levels and/or activity of activin {e.g.,
free activiny as compared to levels and/or activity of activin {e.g., free activin) in a reference
population, clevated levels and/or activity of collal as compared to levels and/or activity of
collal in a reference population, clevated levels and/or activity of BSAP as compared to levels
and/or activity of BSAP in a reference population, clevated levels and/or activity of CTX as
compared to levels and/or activity of CTX in a reference population, elovated levels and/or
activity of Osterix as compared to levels and/or activity of Osterix in a reference population,
decreased levels and/or activity of Klotho as compared to levels and/or activity of Klotho in a
reference population, decreased levels and/or activity of alpha-SMA as compared to levels
and/or activity of alpha-SMA in a reference population, decreased levels and/or activity of
MYOCD as compared to levels and/or activity of MYOCD in a reference population, decreased
icvels and/or activity of Sm22-alpha as compared to levels and/or activity of Sm22-alphaina
reference population; and/or decreased levels and/or activity of ActRIA as compared to levels

and/or activity of ActRHA in a reference population.
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106113} In certain embodiments, the subject has elevated levels and/or activity of Runx2
as compared to prior fevels and/or activity of Runx2 in the subject, clevated levels and/or activity
of Alp as compared to prior levels and/or activity of Alp in the subject, elevated levels and/or
activity of Snail as compared to prior levels and/or activity of Snail in the subject, clevated
icvels and/or activity of phosphosmad?2 as compared to prior levels and/or activity of
phosphosmad? in the subject, elevated levels and/or activity of phosphosmad3 as compared to
prior levels and/or activity of phosphosmad3 in the subject, elevated levels and/or activity of
urinary protein as compared to prior levels and/or activity of urinary protein in the subject,
elevated lovels and/or activity of Dikl as compared to prior levels and/or activity of DKk in the
sabject, elevated levels and/or activity of activin {e.g., free activin) as compared to prior levels
and/or activity of activin {e.g., free activin} in the subject, elevated levels and/or activity of
collal as compared to prior levels and/or activity of collal in the subject, elevated levels and/or
activity of BSAP as compared to prior levels and/or activity of BSAP in the subject, elevated
ievels and/or activity of CTX as compared to prior levels and/or activity of CTX in the subject,
elevated levels and/or activity of Osterix as compared to prior levels and/or activity of Osterix in
the subject, decreased levels and/or activity of Klotho as compared to prior levels and/or activity
of Klotho in the subject, decreased levels and/or activity of alpha-SMA as compared to prior
levels and/or activity of alpha-SMA in the subject, decreased levels and/or activity of MYOCD
as compared to prior levels and/or activity of MYOCD in the subject, decreased levels and/or
activity of ActRIA as compared to prior levels and/or activity of ActRIIA in the subject, and/or
decreased levels and/or activity of Sm22-alpha as compared to prior levels and/or activity of
Sm22-afpha in the subject. In certain embodiments, the prior levels and/or activity of Runx2 in
the subiect, the prior levels and/or activity of Alp in the subject, the prior levels and/or activity of
Snail in the subject, the prior ievels and/or activity of phosphosmad? in the subject, the prior
ievels and/or activity of phosphosmad3 in the subject, the prior levels and/or activity of urinary
protein in the subject, the prior levels and/or activity of Dkk1 in the subject, the prior levels
and/or activity of activin {(e.g., frec activin} in the subject, the prior levels and/or activity of
collal in the subject, the prior levels and/or activity of BSAP in the subject, the prior levels
and/or activity of CTX in the subject, the prior levels and/or activity of Osterix in the subject, the
prior levels and/or activity of Klotho in the subject, the prior levels and/or activity of alpha-SMA
in the subject, the prior levels and/or activity of MYOCD in the subject, the prior levels and/or

activity of ActRUA in the subject, and/or the prior levels and/or activity of Sm22-alpha in the
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subject are the respective fevels 1,2, 3,4, 5,6, 8, 10, 12, 18, 24, or 48 months before the onsct of
symptoms or the diagnosis of {i} cardiovascular discase; {i1) vascular calcification; (i)
cardiovascular disease associated with and/or resuiting from vascular caleification; (iv)
cardiovascular discase associated with and/or resulting from renal disease; (v) elevated levels of
arterial stiffness; and/or left ventricular hypertrophy (LVH).

[60114] In certain embodiments, the subject is treated in accordance with the methods as
described in 8.3.4. In certain cmbodiments, the vascular calcification in the subject is analyzed
by measuring Agaiston scores as described in Section 8.6,

100115} In certain embodiments, a subject to be treated with the methods provided herein
has the levels and/or activity of Snail, phosphosmad?2, DKk1, collal, activin {e.g., free activing,
Runx2, Alp, BSAP, CTX, Osterix, Klatho, alpha-SMA, MYOCD, phosphosioad3, urinary
protein, ActRITA, Axin2, and/or Sio22-alpha as described in Section 8.6, Thus, in certain
specific embodiments, a method provided herein comprises (i} selecting a subject based on the
ievels and/or activity of Snail, phosphosmad?2, Dkki, collal, activin {e.g., free activin), Runx2,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein,
ActRITA, and/or Sm22-alpha as described in Section §.6; and (11) administering a
pharmaceutically effective dose of an ActRI signaling inhibitor {e.g., an activin ligand trap). In
a specific embodiment, the subject has cardiovascular discase. In a specific embodiment, the
subject has vascular caleification. In a specific embodiment, the subject has cardiovascular
disgase associated with and/or resulting from vascular calcification. In a specific embodiment,
the subject has cardiovascular disease associated with and/or resulting from renal discase. Ina
specific embodiment, the subject has renal discase. In certain other embodiments, the subjoct
has been diagnosed as having chronic kidocy disease-mineral bone disorder. In certain other
embodiments, the subject has not been diagnosed as having chronic kidney discase-mineral bone
disorder. In certain embodiments, the vascular calcification in the subject is analyzed by
measuring Agatston scores as described in Scction 8.6, In specific embodiments, the subject has
been diagnosed with ¢levated levels of arterial stiffness. In a specific embodiment, the subject
has been diagnosed with LVH. In a specific embodiment, the subject has cardiovascular discase
associated with and/or resulting from clevated levels of arterial stiffness. In a specific
embodiment, the subject has cardiovascular diseasc associated with and/or resulting from LVH.
{80116} In certain cmbodiments, the levels and/or activity of Snail, phosphosmad2, Dikd,

collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
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MYOCD, phosphosmad3, urinary protein, ActRIEA, Axin2, and/or Sm22-alpha are determined
as described in Section 8.6. In certain embodiments, the level and/or activity of Snail,
phosphosmad?2, Dkk1, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MY OCD, phosphosmad3, urinary protein, ActRUHA, AxinZ, and/or Sm22-
alpha arc the protein level and/or activity of Snail, phosphosmad?2, Dkkl, collal, activin{e.g.,
free activin), Runx?2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3,
urinary protein, ActRILA, AxinZ, and/or Sm22-alpha, respectively. In certain embodiments, the
level and/or activity of Snatl, phosphosmad2, DKk1, collal, activin {e.g., free activin), Runx2,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein,
ActRITA, Axin2, and/or Sm22-alpha arc the mRNA level and/or activity of Snail,
phosphosmad?2, DKki, colial, activin {e.g., free activing, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-5MA, MYOCD, phosphosmad3, urinary protein, ActRHUHA, Axin2, and/or Sm22-
alpha, respectively. In certain embodiments, the Snail, phosphosmad?, Dk, collal, activin
{e.g., free activing, Runx2, Alp, BSAP, CTX, Osterix, Klotho, Sm22-alpha, MYOCD, and/or
ActRITA, Axin2, alpha-SMA levels are in a tissue. In certain embodiments, the tissue is aorta.
fn certain embodiments, the tissoe 18 Kidney. In certain embodiments, the tissue is bone. In
certain embodiments, the tissue is serum. In a preferred embodiment, the Runx2, Dkki, Alp,
osterix, sm22-alpha, Klothe, alpha-SMA, MYOCD, ActRHA, Axin2 lfevels and/or activity are in
aorta. In a preferred embodiment, the phosphosmad?2, phosphosmad3, urinary protein, ActRIJA,
Axin2, and collal levels and/or activity are in kidney. In a preferred embodiment, the activin
levels and/or activity are tn serom. In certain embodiments, the fevels of activin are elevated in
the subject with respect to a reference population. In certain embodiments, the levels of
follistatin in the subject are about equal to the levels of follistatin in a reference population.
{80117} In certain embodiments, the reference population is a population as described in
Section 8.6, In certain embodiments, the subject is a subject as deseribed in Section 8.4

183118} In certain embodiments, the ActRIf signaling inhibitor is ActRIIA-Fc such as
ActRIA-hFc {e.g., SEQ ID NO:7). In certain embodiments, the ActRI signaling inhibitor is an
ActR1I signaling inhibitor as described in Section 8.5,

[00119] In certain ecmbodiments, the pharmaccutically effective dose s a dose as described
in Section 8.7, In certain embodiments, the pharmaceutically effective dose is an initial dose. In

certain cmbodiments, the pharmaceutically cffectively dosce is administered at a frequency as
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described in Scction 8.7, In certain embodiments, the pharmaceutically effective dose is
administered as described in Section 8.7.

106120¢] In certain embodiments, the methods provided herein arc utilized in combination
with a second pharmaceutically active agent, as described in Section 8.8,

106121} In certain embodiments, “treat,” “treatment,” or “treating,” in the context of
cardiovascular discase or chronic kidney discase, includes ameclioration of at least one symptom
of cardiovascular diseasc or chronic kidney disease, respectively.

160122} As will be recognized by onc of skill in the art, lovels and/or activity of one or
more of Runx2, Alp, Snail, phosphosmad?2, Dkki, collal, activin, BSAP, CTX, osterix, Klatho,
alpha-SMA, MYOCD, ActRIIA, Axin2, Sm22-alpha, phosphosmad3, and urinary protein can be
compared respectively to the level and/or activity 1n a corresponding reference population. Thus,
in certain embodiments, the level and/or activity one of Runx2, Alp, Snail, phosphosmad?,
Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRITA, Axin2, and urinary protein is compared to its level and/or activity in a
corresponding reference population. In certain embodiments, the level and/or activity of two of
Runx?, Alp, Snail, phosphosmadZ, Dkki, collal, activin, BSAP, CTX, osterix, Klotho, alpha-
SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIA, AxinZ, and urinary protein is compared
to its level and/or activity in a corresponding reference population. In certain embodiments, the
ievel and/or activity of three of Runx2, Alp, Snail, phosphosmad2, Bkkli, collal, activin, BSAP,
CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and
urinary protein is compared to its level and/or activity in a corresponding reference population.
in certain embodiments, the level and/or activity of threc of Runx2, Alp, Snail, phosphosmad?,
Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRIA, Axin2, and urinary protein is compared to its level and/or activity in a
corresponding reference population. In certain embodiments, the level and/or activity of four of
Runx2, Alp, Snail, phosphosmad2, DKk, collal, activin, BSAP, CTX, osterix, Kiotho, alpha-
SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIA, AxinZ, and urinary protein is compared
to its level and/or activity in a corresponding reference population. In certain embodiments, the
level and/or activity of five of Runx2, Alp, Snail, phosphosmad?, Dkk1, collal, activin, BSAP,
CTX, osterix, Klotho, alpha-SMA, MYOCD, SmZ2-alpha, phosphosmad3, ActRIIA, Axin2, and
urinary protein is compared to its level and/or activity in a corresponding reference population.

In certain embodiments, the level and/or activity of six of Runx2, Alp, Snail, phosphosmad?2,

i~y
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Dkki, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRITA, Axin2, and urinary protein is compared to its level and/or activity ina
corresponding reference population. In certain embodiments, the level and/or activity of seven
of Runx2, Alp, Snail, phosphosmadZ, Dkki, collal, activin, BSAP, CTX, osterix, Klotho,
alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRHA, Axin2, and urinary protein i
compared to its level and/or activity in a corresponding reference population. In certain
emabodiments, the level and/or activity of cight of RunxZ, Alp, Snail, phosphosmad?2, Dkkl,
collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRIEA, AxinZ2, and urinary protein is compared to its level and/or activity in a
corresponding reference population. In certain embodiments, the level and/or activity of nine of
Runx2, Alp, Snail, phosphosmad?, Dkikl, collal, activin, BSAP, CTX, osterix, Kilotho, alpha-
SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRUA, Axin2, and urinary protein is compared
to s level and/or activity in a corresponding reference population. In certain embodiments, the
fevel and/or activity of ten of Runx2, Alp, Snatl, phosphosmad?2, DKK1, collal, activin, BSAP,
CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and
urinary protein is compared to its level and/or activity in a corresponding reference population,
In certain embodiments, the level and/or activity of eleven of Runx2, Alp, Snail, phosphosmad?,
Dkki, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRILA, Axin2, and urinary protein is compared to its level and/or activity in a
corresponding reference population. In certain embodiments, the level and/or activity of twelve
of Runx2, Alp, Snail, phosphosmadZ2, Dkki, collal, activin, BSAP, CTX, osterix, Kiotho,
alpha-SMA, MYQCD, Sm22-alpha, phosphosmad3, ActRIA, Axin2, and urinary protein is
compared to its level and/or activity in a corresponding reference population. In cortain
embodiments, the level and/or activity of thirtcen of Runx2, Alp, Snail, phosphosmad?2, Dkki,
collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRIA, Axin2, and urinary protein is compared to its level and/or activity in a
corresponding reference population. In certain embodiments, the level and/or activity of
fourteen of Runx2, Alp, Snatl, phosphosmad?, Dkkl, collal, activin, BSAP, CTX, osterix,
Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRUA, AxinZ, and urinary
protein is compared to its level and/or activity in a corresponding reference population, In
certain cmbodiments, the level and/or activity of fificen of Runx2, Alp, Snail, phosphosmad?,

Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
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phosphosmad3, ActRIA, Axin2, and urinary protein is compared to its level and/or activity in a
corresponding reference population. In certain embodiments, the fevel and/or activityof sixtee
of Runx2, Alp, Snail, phosphosmad?2, Dkki, collal, activin, BSAP, CTX, osterix, Kiotho,
alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and urinary protein is
compared to its level and/or activity in a corresponding reference population. In certain
embodiments, the level and/or activity of seventeen of Runx2, Alp, Snail, phosphosmad2, Dikkd,
collal, activin, BSAP, CTX, osterix, Klatho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRITA, Axin2, and urinary protein is comparcd to its level and/or activity ina
corresponding reference population. In certain embodiments, the level and/or activity of cach of
Runx?, Alp, Snail, phosphosmadZ, Dkki, collal, activin, BSAP, CTX, osterix, Klotho, alpha-
SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRITA, Axin2, and urinary profein is compared

to its level and/or activity in a corresponding reference population,

8.3.2 BISEASES ASSOCIATED WITH SNA#L, PHOSPHOSMAD2, DKKI,
COL1AY, ACTIVIN (£.G., FREE ACTIVIN), RUNXZ, ALP, BSAP, CTX,
OSTERIX, KLOTHO, ALPHA-SMA, MYOCD, PHOSPHOSMADS,
URINARY PROTEIN, ACTRIIA, AXINZ, AND/OR SM22-ALPHA

166123] I certain embodiments, provided herein are methods for treating and/or

preventing ong or more discases associated with Snatl, phosphosmad?2, Dkki, collal, activin

{e.g., frec activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,

phosphosmad3, urinary protein, ActRUA, Axin2, and/or Sm22-alpha, comprising administering

to the subject a pharmaceutically effective dose of an AciRII signaling inhibitor {e.g., an activin

figand trap).

{60124} In certain embodiments, the subject is a subject as described in Section 8.4,
100135} In certain embodiments, the ActRIT signaling inhibitor is ActRIIA-F¢ such as

ActRIA-hF¢ {e.g., SEQ ID N(O:7). In certain embodiments, the ActRI signaling inhibitor is an
ActRH signaling inhibitor as described in Section 8.5,

{60126} In certain embodiments, the pharmaceutically effective dose is a dose as described
in Section 8.7. In certain embodiments, the pharmaceutically effective dose is an inttial dose. In
certain embodiments, the pharmaceutically effectively dose 18 administered at a frequency as
described in Section 8.7, In certain embodiments, the pharmaceutically effective dose is
administered as described in Section 8.7, In certain embodiments, the pharmaceutically effective

dosc is adjusted depending on the level and/or activity of certain biomarkers as described herein.
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183127} In certain embodiments, the methods provided herein are utilized in combination

with a second pharmaceutically active agent, as described in Section 8.8,

8.3.3 CHRONIC KIDNEY DISEASE-MINERAL/BONE DISORDER
183128} In certain embodiments, provided herein are methods for treating chronic kidney

discasc-mincral bone disorder in a subject, comprising administering to the subject a
pharmaceutically ctfective dose of an ActRIl signaling inhibitor {e.g., an activin ligand trap). In
certain embodiments, provided herein are methods for reducing bone resorption in a subject,
comprising administering to the subject a pharmaceutically cffective dose of an ActRI] signaling
inhibitor. In certain embodiments, the subject has cardiovascular disease. In certain
embodiments, the subject has vascular calcification. In certain embodiments, the subject has
cardiovascular discase associated with and/or resulting from vascular calcification. In certain
embodiments, the subject has cardiovascular discase associated with and/or resulting from renal
discasc. In certain embodiments, the subject is a renal subject. In certain other cmbodiments,
the subject has been diagnosed as having chronie kidney discase-mineral bone disorder. In
certain other cmbodiments, the subjoct has not been diagnosed as having chronic kidney discase-
mineral bone disorder.

{00129} In certain cmbodiments, the subjoct has clevated levels and/or activity of Runx2
as compared to levels and/or activity of Runx2 in a reference population, elevated levels and/or
activity of Alp as compared to levels and/or activity of Alp in a reference population, elevated
levels and/or activity of Snail as compared to levels and/or activity of Snail in a reference
population, clevated levels and/or activity of phosphosmad? as compared to levels and/or
activity of phosphosmad? in a reference population, elevated levels and/or activity of
phosphosmad3 as compared to levels and/or activity of phosphosmad3 in a reference population,
clevated levels and/or activity of urinary protein as compared to levels and/or activity of urinary
protein in a reference population, elevated levels and/or activity of Dlkl as compared to levels
and/or activity of DKkl in a reference population, clevated levels and/or activity of collal as
compared to levels and/or activity of collal in a reference population, ¢levated tevels and/or
activity of activin e.g., free activin} as compared to levels and/or activity of activin fe.g., free
activin) in a reference population, elevated levels and/or activity of BSAP as compared to levels
and/or activity of BSAP in a reference population, clevated levels and/or activity of CTX as
compared to levels and/or activity of CTX in a reference population, elovated levels and/or

activity of Osterix as compared to levels and/or activity of Osterix in a reference population,
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decreased levels and/or activity of Klotho as compared to levels and/or activity of Klotho in a
reference population, decreased levels and/or activity of alpha-SMA as compared to levels
and/or activity of alpha-SMA 1n a reference population, decreased levels and/or activity of
MYOCD as compared to levels and/or activity of MYOCD in a reference population, decreased
icvels and/or activity of ActRIIA as compared to levels and/or activity of ActRUA in a reference
population, and/or decreased levels and/or activity of Sm22-alpha as compared to levels and/or
activity of Sm22-alpha in a reference population. In certain ernbodiments, the Snail,
phosphosmad?2, Dkkl, collal, activin {e.g., frec activin)}, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, Sm22-alpha, MYOCD, phosphosmad3, urinary protein, ActRIIA, and/or alpha-SMA
fevels are in a tissue. In certamn embodiments, the tissue is aorta. In cerfain embodiments, the
tissue is Kidney. In certain embodiments, the tissue is bone. In certain embodiments, the tissue
is serum. In a preferred embodiment, the Runx2, DRk, Alp, osterix, sm22-alpha, Klotho, alpha-
SMA, MYOCD, and/or ActRIA levels and/or activity are in aorta. In a preferred embodiment,
the phosphosmad?2, phosphosmad3, urinary protein, and collal, and/or ActRUA levels and/or
activity are in Kidney. In a preferred embodiment, the activin levels and/or activity arc in serum.
In certain embodiments, the Snail, phosphosmad2, Dkkl, collal, activin {e.g., {ree activin),
Runx2, Alp, BSAP, CTX, Osterix, Klotho, Sm22-aipha, MYOCD, ActRIIA, and/or alpha-SMA
levels are in aorta.

{60136} In certain embodiments, the subject has elevated levels and/or activity of Runx2
as compared to prior levels and/or activity of Runx2 in the subject, elevated levels and/or activity
of Alp as compared to prior levels and/or activity of Alp in the subject, clevated levels and/or
activity of Snail as compared to prior levels and/or activity of Snail in the subject, clevated
ievels and/or activity of phosphosmad? as compared to prior levels and/or activity of
phosphosmad? in the subject, clevated levels and/or activity of phosphosmad3 as compared to
prior fevels and/or activity of phosphosmad3 in the subject, clevated levels and/or activity of
urinary protein as compared to prior levels and/or activity of urinary protein in the subject,
clevated levels and/or activity of Dikkl as compared to prior fevels and/or activity of Dkk1 in the
subject, clevated levels and/or activity of activin {e.g., free activin) as compared to prior levels
and/or activity of activin {e.g., frec activin) in the subject, elevated levels and/or activity of
collal as comparcd to prior levels and/or activity of collal in the subject, clevated levels and/or
activity of BSAP as comparced to prior levels and/or activity of BSAP in the subject, clevated

icvels and/or activity of CTX as compared to prior levels and/or activity of CTX in the subject,
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clevated fovels and/or activity of Osterix as compared to prior levels and/or activity of Osterix in
the subiject, decreased levels and/or activity of Klotho as compared to prior levels and/or activity
of Klotho in the subject, decreased levels and/or activity of alpha-SMA as compared to prior
icvels and/or activity of alpha-SMA in the subject, decrcased levels and/or activity of MYOCD
as compared to prior levels and/or activity of MYOCD in the subject, decrcased levels and/or
activity of ActRHA as compared to prior levels and/or activity of ActRIIA in the subject, and/or
decrcased levels and/or activity of Sm22-alpha as compared to prior levels and/or activity of
Sm22-alpha in the subject. In certain embodiments, the prior levels and/or activity of Runx2 in
the subject, the prior levels and/or activity of Alp in the subject, the prior levels and/or activity of
Snail in the subject, the prior fevels and/or activity of phosphosmad? in the subject, the prior
levels and/or activity of phosphosmad3 in the subject, the prior levels and/or activity of urinary
protein in the subject, the prior levels and/or activity of Dkl in the subject, the prior levels
and/or activity of activin {e.g., free activin) in the subject, the prior levels and/or activity of
collal in the subject, the prior levels and/or activity of BSAP in the subject, the prior levels
and/or activity of CTX in the subject, the prior levels and/or activity of Osterix in the subject, the
prior levels and/or activity of Klotho in the subject, the prior levels and/or activity of alpha~-SMA
in the subject, the prior levels and/or activity of MYOCD in the subject, the prior levels and/or
activity of ActRHA in the subject, and/or the prior tevels and/or activity of Sm22-alpha in the
subject are the respective levels 1, 2, 3,4, 5,6, 8, 10, 12, 18, 24, or 48 months before the onset of
symptoms or the diagnosis of CKD-MBD.

166131} in certain embodiments, the subject is treated in accordance with the methods as
described in Section 8.3.4. In certain embodiments, the vascular calcification in the subject is
analyzed by measuring Agatston scores as described in Section £.6.

160132) In certain embodiments, a subject to be treated with the methods provided herein
has the levels and/or activity of Snail, phosphosmad?, Dkkl, collal, activin {e.g., free activin),
Ruanx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary
protein, ActRIIA, Axin2, and/or Sm22-alpha as described in Section £.6. Thus, in certain
specific embodiments, a method provided herein comprises (i) selecting a subject based on the
levels and/or activity of Snail, phosphosmad2, Dk, collal, activin {e.g., frec activin}, Runx2,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein,
ActRITA, and/or Sm22-alpha as described in Scction 8.6; and (i) admuinistering a

pharmaceutically cffective dose of an ActRII signaling inhibitor {e.g., an activin ligand trap). In
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a specific embodiment, the subject has cardiovascular discase. In a specific embodiment, the
subject has vascular caleification. In a specific embodiment, the subject has cardiovascular
discase associated with and/or resulting from vascular calcification. In a specific embodiment,
the subject has cardiovascular discase assoctiated with and/or resulting from renal discase. Ina
specific embodiment, the subject has renal discase. In certain other embodiments, the subject
has been diagnosed as having chronic kidney discasc-mincral bone disorder. In certain other
embodiments, the subject has not been diagnosed as having chronic kidney discase-mineral bone
disorder. In a specific embodiment, the subject has elevated levels of arterial stiffness. Ina
specific embodiment, the subject has cardiovascular disease associated with and/or resulting
from elevated levels of arterial stiffness. Tn a specific embodiment, the subject has LVH. Tna
specific embodiment, the subject has cardiovascular disease associated with and/or resulting
from LVH.

180133} In certain embodiments, the levels and/or activity of Snail, phosphosmad?2, Dkkl,
collal, activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, phosphosmad3, urinary protein, ActRITA, Axin2, and/or Sm22-alpha are determined
as described in Section 8.6. In certain embodiments, the elevated levels of Snail,
phosphosmad2, Dkk1, collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX,
phosphosmad3, urinary protein, and/or Osterix are as described in Section £.6. 1o certain
embodiments, the decreased levels of Klotho, alpha-SMA, MYOUD, ActRIIA, and/or Sm22-
alpha are as described in Section 8.6, In certain embodiments, the Snail, phosphosmad2, DkkI,
collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, Sm22-alpha,
MYOCD, phosphosmad3, urinary protein, ActRIIA, and/or alpha-SMA lcovels are in a tissue. In
certain embodiments, the tissue is aorta. In certain ombodiments, the tissue is kidney. In certain
embodiments, the tissue is bone. In certain embodiments, the tissue is serum. i a preferred
embodiment, the Runx2, Dkk1, Alp, osterix, sm22-alpha, Klotho, alpha-SMA, ActRIIA, Axin2,
and MYOCD levels and/or activity are in aorta. In a preferred embodiment, the phosphosmad2,
phosphosmad3, urinary protein, ActRIIA, and collal levels and/or activity are in kidney. Ina
preferred embodiment, the activin levels and/or activity are in serum. In certain embodiments,
the level and/or activity of Snail, phosphosmad2, Dkk1, collal, activin {e.g., free activin),
Runx?2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary
protein, ActRIIA, and/or Sm22-alpha are the protein level and/or activity of Snail,

phosphosmad?2, Dkk1, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
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Kiotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRHA, and/or Sm22-aipha,
respectively. In certain embodiments, the level and/or activity of Snail, phosphosmad?2, Dkki,
collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, phosphosmad3, urinary protein, ActRIA, and/or Sm22-alpha arc the mRNA level
and/or activity of Snail, phosphosmadZ, Dkkl, collal, activin {e.g., free activin), Runx2, Alp,
BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRITA,
and/or Sm22-alpha, respectively. In certain embodiments, the levels of activin are elevated in
the subject with respect to a reference population. In certain embodiments, the levels of
follistatin in the subject arc about equal to the levels of follistatin in a reference population.
{00134} In certain embodiments, the reference population is a population as deseribed 1o
Section 8.6, In certain embodiments, the subject is a subject as described in Section 8.4,
100135} In certain embodiments, the ActRIT signaling inhibitor is ActRIIA-F¢ such as
ActRIA-bFe {e.g., SEQ ID NO:7). In certain embodimaents, the ActRI signaling inhibitor is an
ActRIT signaling inhibitor as described in Sections 8.5,

{00136} In certain embodiments, the pharmaceutically effective dose 1s a dose as descnibed
in Section 8.7, In certain embodiments, the pharmaceutically effective dose 1s an initial dose. In
certain embodiments, the pharmaceutically effectively dose 18 administered at a frequency as
described in Section 8.7, In certain embodiments, the pharmaceutically effective dose is
administered as described in Section 8.7,

1861371 In certain embodiments, the methods provided herein are utilized in combination
with a second pharmaceutically active agent, as described in Section 8.8,

160138} In certain embodiments, provided herein are methods for treating ond-stage
kidney discasc in a subject, comprising administering to the subject a pharmaccutically effective
dosc of an ActRI signaling inhibitor {(e.g., an activin ligand trap), wherein the subject is on
hemodialysis, and wherein the subject has previcusly been administered an erythropoictin-
stimulating agent. In certain embodiments, provided herein are methods for treating ond-stage
kidney discasc in a subject, comprising subcutancously administering to the subjoct 8.13 mg/kg
of an ActRII signaling inhibitor {e.g., an activin ligand trap) at an interval of once every 14 days,
wherein the subject 18 on hemodialysis, and wherein the subject has previously been
administered an erythropoictin-stimulating agent. In certain embodiments, provided hercin are
methods for treating end-stage kidney discase in a subject, comprising subcutancously

administering to the subject 0.26 mg/kg of an ActRH signaling inhibitor {e.g., an activin ligand
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trap) at an interval of once every 14 days, wherein the subject is on hemodialysis, and wherein
the subject has previously been administered an ervthropoictin-stimulating agent. In certain
embodiments, provided hercin are methods for treating end-stage kidney discase in a subject,
comprising subcutancously administering to the subject 8.3 mg/kg of an ActRI signaling
inhibitor {e.g., an activin ligand trap) at an interval of once every 28 days, wherein the subject is
ont hemodialysis, and wherein the subject has previously been administered an erythropoictin-
stimulating agent. In certain embodiments, provided herein are methods for treating cnd-stage
kidney discase in a subject, comprising subcutaneously administering to the subject 0.5 mg/kg of
an ActRII signaling inhibitor {e.g., an activin ligand trap} at an interval of once cvery 28 days,
wherein the sabject is on hemodialysis, and wherein the subject has previously been
administered an ervihropoictin-stimulating agent. In certain embodiments, provided herein are
methods for treating end-stage kidney disease in a subject, comprising subcutancously
admunistering to the subject 0.7 mg/kg of an AciRI signaling inhibitor {e.g., an activin ligand
trap) at an interval of once every 28 days, wherein the subject 1s on hemodialysis, and wherein
the subject has previously been administered an erythropoictin-stimulating agent, In certain
embodiments, provided herein are methods for treating end-stage kidney disecase in a subject,
comprising intravenously administering to the subject 0.1 mg/kg of an ActRIT signaling inhibitor
{e.g., an activin ligand trap} at an interval of once every 14 days, wherein the subject is on
hemodialysis, and wherein the sabject has previously been administered an erythropoietine
stimulating agent. In certain embodiments, provided herein are methods for treating end-stage
kidney disease in a subject, comprising subcutancously administering to the subject 8.2 mg/kg of
an ActRII signaling inhibttor {e.g.. an activin ligand trap} at an interval of once cvery 14 days,
wherein the subject is on hemodialysis, and wherein the subject has previously been
administered an erythropoictin-stimuiating agent. In certain embodiments, the ActRY signaling

inhibitor is ActRHA-hF¢ (SEC ID NO:7).

8.3.4 ADJUSTED DOSING
196139} In certain embodiments, the fevels and/or activity of Snail, phosphosmad2, Dikk1,

collal, activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, Osterix, Kiotho, alpha-SMA,
MYOCD, phosphosmad3, urinary protein, ActRHA, Axin2, and/or Sm22-alpha may be further
used (i) to evaluate appropriate dosing for a subject, wherein the subject is a candidate to be
treated or is being treated with an ActRH signaling inhibitor {e.g., an activin ligand trap); (ii} to

evaluate whether to adjust the dosage of the ActRY signaling inhibitor during treatment; and/or
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(ii1) to gvaluate an appropriate maintenance dose of the ActRIl signaling inhibitor. If the Snail,
phosphosmad?, Dkk1, collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRHA, Axin2, and/or Sm22-
alpha level and/or activity is greater than or less than the level and/or activity in a reference
population, dosing with an ActRI signaling inhibitor may be initiated, increased, reduced,
delayed or terminated depending on the level and/or activity of Snail, phosphosmad?2, Dkk1,
collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, phosphosmad3, urinary protein, ActRHA, Axin2, and/or Sm22-alpha, respectively, In

\e

certain embodiments, provided herein are methods for treating and/or preventing cardiovascular
disease, vascular caleification, cardiovascular discase associated with and/or resulting from
vascular calcification, cardiovascular disease associated with and/or resulting from renal disease,
CKD-MBD, elevated levels of artertal stiffness, LVH, cardiovascular disecase associated with
and/or resulting from clevated levels of arternial stiffness, and/or cardiovascular disease
associated with and/or resulting from LVH, in a subject comprising (1) admimstering to the
subject an initial dose of an ActR signaling inhibitor; (i1) taking a first measurement of the level
and/or activity of Snail, phosphosmad?, DKk, collal, activin {e.g., free activin), Runx2, Alp,
BSAP, CTX, Ostenix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRUA,
Axin2, and/or Sm22-alpha in the subject; (111} after a period of time, taking a second
measurement of the level and/or activity of Snatl, phosphosmad2, Dkk1, collal, activin {e.g.,
free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3,
urinary protein, ActRIFA, Axin2, and/or Sm22-alpha in the subject; and (iv) administering to the
subject an adjusted dose of the ActRH signaling inhibitor. In certain embodiments, the ActRH
signaling inhibitor is ActRIFA-Fc such as ActRHA-hF¢ {e.g., SEQ ID NO:7). In certain
embodiments, the ActRI signaling inhibitor is an ActRH signaling inhibitor as described in
Section 8.5, In certain other embodiments, the subject has been diagnosed as having chronic
kidney discase-mineral bone disorder. In certain other embodiments, the subject has not been
diagnoscd as having chronic kidney discase-mineral bone disorder. In certain embodiments, the
vascular calcification in the subject is analyzed by measuring Agatston scores as described in
Section 8.6.6. In certain embodiments, the adjusted dosc is based on the detected change
between the first measurcment and the sccond measurement.

{00146 In certain cmbodiments, the levels and/or activity of Snail, phosphosmad2, Dikd,

collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
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MYOCD, phosphosmad3, urinary protein, ActRIEA, Axin2, and/or Sm22-alpha are determined
as described in Section 8.6. In certain embodiments, the level and/or activity of Snail,
phosphosmad?2, Dkk1, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MY OCD, phosphosmad3, urinary protein, ActRUHA, AxinZ, and/or Sm22-
alpha arc the protein level and/or activity of Snail, phosphosmad?2, Dkkl, collal, activin{e.g.,
free activin), Runx?2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3,
urinary protein, and/or Sm22-alpha, respectively. In certain embodiments, the level and/or
activity of Snail, phosphosmad?2, Dkkl, collal, activin {e.g., frec activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, phosphosmad3, urinary protein, ActRITA, Axin2,
and/or Sm22-alpha are the mRNA level and/or activity of Snail, phosphosmad?2, Dkk1, colial,
activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
phosphosmad3, urinary protein, ActRIA, Axin2, and/or Sm22-alpha, respectively. Tn certain
erobodiments, the Snail, phosphosmad?2, Dkkl, collal, activin {e.g., free activin}, Runx2, Alp,
BSAP, CTX, Osterix, Klotho, Sm22-alpha, MYOCD, phosphosmad3, urinary protein, ActRIIA,
AxinZ, and/or alpha-SMA levels are in a tissue. In certain embodiments, the tissoe 18 aorta. In
certain cmbodiments, the tissue is kidney. In certain embodiments, the tissuc is bone, In certain
erbodiments, the tissue 18 serum. In a preferred embodiment, the Runx2, DKk, Alp, osterix,
sm22-alpha, Klotho, alpha-SMA, MYOCD, ActRHA, or Axin2 levels and/or activity are in
aorta. In a preferred embodiment, the phosphosmad?2, phosphosmad3, urinary protein, ActRIJA,
Axin2, and collal levels and/or activity are in kidney. In a preferred embodiment, the activin
levels and/or activity are tn serom. In certain embodiments, the fevels of activin are elevated in
the subject with respect to a reference population. In certain embodiments, the levels of
follistatin arc normal in the subject with respect to a reference population. In certain
embodiments, the vascular calcification in the subject is analyzed by measuring Agatston scores
as described in Section 8.6.

{80141} In certain embodiments, the reference population is a population as described in
Section 8.6, In certain embodiments, the subject is a subject as deseribed in Section 8.4
100142} In certain embodiments, the initial dose is a dosc as described in Section 8.7, In
certain cmbodiments, the initial dose is administered at g frequency as described in Section 8.7,
In certain embodiments, the imitial dose is administered as described in Section 8.7.

[60143] In certain embodiments, the first measurement and/or the second measurement is

taken as described in Section 8.6, In certain embodiments, the first measurement is taken prior
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to the commencement of the treatment. In certain embodiments, the first measurement is taken
after the commencement of the treatment or within at most 1 day, 2 days, 3 days, 4 days, 5 days,
6 days, or | week, 2 weeks, 3 weeks, 4 weeks, or two months thereof. In certain embodiments,
the second measurcement is taken immediately after commencement of the treatment or within at
most | day, 2 days, 3 days, 4 days, 5§ days, 6 days, or 1 weck, 2 weeks, | month, 2 months, 3
months, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 1{ months, 11 months, or
12 months thercof.

{00144 In certain embodiments, the adjusted dose of the ActRIl signaling inhibitor is
greater than the initial dose if the level and/or activity of Runx2 is elevated as compared to the
ievel and/or activity of Runx2 in a reference population, the level and/or activity of Alp is
elevated as compared to the level and/or activity of Alp in a reference population, the level
and/or activity of Snail is elevated as compared to the level and/or activity of Snail ina
reference population, the level and/or activity of phosphosmad? is elevated as compared to the
ievel and/or activity of phosphosmad? in a reference population, the level and/or activity of
phosphosmad3 is clevated as coropared to the level and/or activity of phosphosmad3 in a
reference population, the level and/or activity of urinary protein is elevated as compared to the
level and/or activity of urinary protein in a reference population, the level and/or activity of
Dkk1 is elevated as compared to the level and/or activity of Dkl in a reference population, the
ievel and/or activity of cotlal is elevated as compared to the level and/or activity of collal ina
reference population, the level and/or activity of activin {e.g., free activin} 18 clevated as
compared to the level and/or activity of activin {e.g., free activin} in a reference population, the
level and/or activity of BSAP is elevated as compared to the level and/or activity of BSAP ina
reference population, the level and/or activity of CTX is clevated as compared to the level and/or
activity of CTX in a reference population, the level and/or activity of Osterix is clevated as
compared to the level and/or activity of Osterix in a reference population, the level and/or
activity of Klotho is decreased as compared to the level and/or activity of Klotho in a reference
population, the level and/or activity of alpha-SMA is decreased as compared to the level and/or
activity of alpha-SMA in a reference population, the lfovel and/or activity of MYOCD i
decreased as compared to the level and/or activity of MYOCD in a reference population, the
ievel and/or activity of ActRIIA is decreased as compared to the level and/or activity of ActRITA
in a reference population, the level and/or activity of Axin2 is deercased as compared to the level

and/or activity of Axin2 in a reference population, and/or the level and/or activity of Sm22-alpha
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is decreased as compared to the level and/or activity of Sm22-alpha in a reference population. In
certain embodiments, the elevated ievels of Snail, phosphosmad2, Dkk1, collal, activin {e.g.,
free activin), Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, and/or Osterix arc as
described in Section 8.6, In certain embodiments, the decreased levels of Klotho, alpha-SMA,
ALP, ActRIA, Axin2, and/or Sm22-alpha are as described in Section 8.6, In certain
cmbodiments, the Snail, phosphosmad?2, Dkk1, collal, activin {e.g., free activin}, Runx2, Alp,
BSAP, CTX, Osterix, Klotho, Sm22-alpha, MYOCD, phosphosmad3, urinary protein, ActRUA,
Axin2, and/or alpha-SMA levels are in a tissue. In certain embodiments, the tissuc is aorta. In
certain embodiments, the tissue is kidncy. In certain cmbodiments, the tissue is bone. In certain
embodiments, the tissue is serum. In a preferred embodiment, the Runx?, Dkki, Alp, osterix,
sm22-alpha, Klotho, alpha-SMA, ActRIIA, AxinZ, and MYOCD levels and/or activity are in
aorta. In a preferred embodiment, the phosphosmad?2, phosphosmad3, urinary protein, ActRIIA,
Axin2, and collal levels and/or activity are in kidney. In a preferred embodiment, the activin
ievels and/or activity are in serum.

[84145] In certain embodiments, the adjusted dose 1s a dose as deseribed in Section 8.7,
fn certain embodiments, the adjusted dose 1s administered at a frequency as described in Section
&.7. In certain embodiments, the adjusted dose is administered as described in Section 8.7
180146} In certain embodiments, the subject has elevated levels and/or activity of Runx2
as compared to prior levels and/or activity of Runx2 in the subject, clevated levels and/or activity
of Alp as compared to prior levels and/or activity of Alp in the subject, elevated levels and/or
activity of Snatl as compared to prior levels and/or activity of Snail in the subject, elevated
levels and/or activity of phosphosmad? as compared to prior levels and/or activity of
phosphosmad? in the subject, elevated levels and/or activity of phosphosmad3 as compared to
prior levels and/or activity of phosphosmad3 in the subject, elevated levels and/or activity of
urinary protein as compared to prior levels and/or activity of urinary protein in the subject,
clevated fovels and/or activity of Dkl as compared to prior levels and/or activity of Dkkl in the
subject, elevated levels and/or activity of activin {e.g., free activin) as compared to prior levels
and/or activity of activin {e.g., free activin) in the subject, elevated levels and/or activity of
collal as compared to prior levels and/or activity of collal in the subject, clevated levels and/or
activity of BSAP as compared to prior levels and/or activity of BSAP in the subject, elevated
icvels and/or activity of CTX as compared to prior levels and/or activity of CTX in the subiject,

elevated lovels and/or activity of Osterix as compared to prior levels and/or activity of Osterix in
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the subject, decreased levels and/or activity of Klotho as compared to prior levels and/or activity
of Klotho in the subject, decrcased levels and/or activity of alpha-SMA as compared to prior
icvels and/or activity of alpha-SMA in the subject, decrcased levels and/or activity of MYOCD
as compared to prior levels and/or activity of MYOCD in the subject, decreased levels and/or
activity of ActRUA as compared to prior lovels and/or activity of ActRIA in the subject,
decreased levels and/or activity of Axin2 as compared fo prior levels and/or activity of Axin2 in
the subject, and/or decrcased lovels and/or activity of Sm22-alpha as compared to prior levels
and/or activity of Sm22-alpha in the subject. In certain cmbodiments, the prior levels and/or
activity of Runx2 in the subject, the prior levels and/or activity of Alp in the subject, the prior
fevels and/or activity of Snail in the subject, the prior levels and/or activity of phosphosmad? in
the subject, the prior levels and/or activity of phosphosmad3 in the subject, the prior levels
and/or activity of urinary protein in the subject, the prior levels and/or activity of DKk1 in the
subject, the prior levels and/or activity of activin (e.g., free activin} in the subject, the prior levels
and/or activity of collal in the subject, the prior levels and/or activity of BSAP in the subject,
the prior levels and/or activity of CTX in the subject, the prior levels and/or activity of Osterix in
the subject, the prior levels and/or activity of Klotho in the subject, the prior levels and/or
activity of alpha-SMA in the subject, the prior levels and/or activity of MYOCD in the subject,
the prior levels and/or activity of ActRIA in the subject, the prior levels and/or activity of
ActRIIA in the subject, the prior levels and/or activity of Axin2 in the sabject, the prior levels
and/or activity of Axin2 in the subject, and/or the prior levels and/or activity of Sm22-alpha in
the subject are the respective levels 1,2, 3,4, 5, 6, 8, 10, 12, 18, 24, or 4& months before the
onsct of symptoms or the diagnosis of (1) cardiovascular discase; (i1} vascular calcification; (i)
cardiovascular discase associated with and/or resulting from vascular calcification; (iv}
cardiovascular discase associated with and/or resuiting from renal disease; (v) CKD-MBD; (vi}
clevated levels of arterial stiffness; (vii) LVH; {viii) cardiovascuiar discase associated with
and/or resulting from elevated levels of arterial stiffness; and/or {ix} cardiovascular discase
associated with and/or resulting from LVH.

1083147} In certain embodiments, the adjusted dose of the ActRH signaling inhibitor {e.g.,
an activin ligand trap) is less than the initial dose if the level and/or activity of Runx2 is
decrcased as comparced to the level and/or activity of Runx2 in a reference population, the level
and/or activity of Alp is decrecased as compared to the level and/or activity of Alp in a reference

population, the lovel and/or activity of Snail is decreased as compared to the level and/or activity
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of Snail in a reference population, the level and/or activity of phosphosmad? is decreased as
compared to the level and/or activity of phosphosmad? in a reference population, the level and/or
activity of phosphosmad3 is decreased as compared to the level and/or activity of phosphosmad3
in a reference population, the level and/or activity of urinary protein is decrcased as compared to
the level and/or activity of urinary protein in a reference population, the level and/or activity of
Dkkl is deercased as compared to the level and/or activity of DKk1 in a reference population, the
ievel and/or activity of collal is decrcased as compared to the level and/or activity of collal ina
reference population, the level and/or activity of activin {e.g., free activin) 18 decreased as
compared to the level and/or activity of activin {e.g., free activin} in a reference population, the
ievel and/or activity of BSAP is decreased as compared to the level and/or activity of BSAP ina
reference population, the level and/or activity of CTX is decreased as compared to the level
and/or activity of CTX in a reference population, the level and/or activity of Osterix is decreased
as compared to the level and/or activity of Osterix in a reference population, the level and/or
activity of Klotho 1s elevated as compared to the level and/or activity of Klotho 1n a reference
population, the level and/or activity of alpha-SMA is elevated as compared to the level and/or
activity of alpha-SMA in a reference population, the level and/or activity of MYOCD 15 elevated
as compared to the level and/or activity of MYOCUD in a reference population, the level and/or
activity of ActRIA is elevated as compared to the level and/or activity of ActRIIA 1n a reference
population, the level and/or activity of Axin2 1s elevated as compared to the level and/or activity
of Axin2 in a reference population, and/or the level and/or activity of Sm22-alpha is clevated as
compared to the level and/or activity of Sm22-alpha in a reference population. In certain
embodiments, the elevated levels of Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or
Sm22-alpha are as described in Section 8.6, In certain embodiments, the decreased levels of
Snail, phosphosmad?2, Dkkl, collal, activin {e.g., free activin), RunxZ, Alp, BSAP, CTX,
phosphosmad3, urinary protein, and/or Osterix arc as described in Section 8.6, In certain
embodiments, the Snail, phosphosmad?, Dkk1, collal, activin {e.g., free activin}, Runx2, Alp,
BSAP, CTX, Osterix, Klotho, Sm22-alpha, MYOUD, phosphosmad3, urinary protein, ActRIA,
Axin2, and/or alpha-SMA levels are in a tissuc. In certain embodiments, the tissue is aorta. In
certain cmbodiments, the tissuc is kidney. In cortain embodiments, the tissuc is bone. In certain
embodiments, the tissue 18 serum. In a preferred embodiment, the Runx2, Dkkl, Alp, osterix,
sm22-alpha, Klotho, alpha-SMA, ActRUIIA, AxinZ, and MYOCD levels and/or activity arc in

aorta. In a preferred embodiment, the phosphosmad?2, phosphosmad3, urinary protein, AciRITA,
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Axin2, and collal levels and/or activity are in kidney. In a preferred embodiment, the activin
ievels and/or activity are in serum. In certain embodiments, the Snail, phosphosmad?2, Dikl,
collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, Sm22-alpha,
MYOCD, ActRIIA, Axin2, and/or alpha-SMA levels are in aorta.

100148} In certain embodiments, the reference population is a population as described in
Section 8.6. In certain ermnbodiments, the adjusted dose is a dose as described in Section 8.7, In
certain embodiments, the adjusted dose 15 administered at a frequency as described in Scotion
8.7. In certain embodiments, the adjusted dosc 1s administered as described in Section 8.7
[60149] In certain embodiments, the methods provided herein arc utilized in combination
with a second pharmaceutically active agent, as described in Section 8.8.

{00150} As will be recognized by one of skill in the art, levels and/or activity of onec or
more of Runx2, Alp, Snail, phosphosmad2, Dkki, collal, activin, BSAP, CTX, osterix, Klotho,
alpha-SMA, MYOCD, ActRHIA, Axin2, Sm22-alpha, phosphosmad3, and urinary protein can be
compared independently and respectively to the level and/or activity in a corresponding

reference population, such as described above in Section 8.3.1.

8.4 PATIENT POPULATIONS

{00151} The subjects treated in accordance with the methods described herein can be any
mammals such as rodents and primates, and in a preferred cmbodiment, humans, In certain
embodiments, the methods desertbed herein can be used to treat cardiovascular disease, vascular
calcification, cardiovascular disease associated with and/or resulting from vascular calcification,
cardiovascular disease associated with and/or resulting from renal disease, high-turnover ROD,
elevated levels of arterial stiffness, cardiovascular disease associated with and/or resulting from
clevated levels of arterial stiffness, LVH, and/or cardiovascular disease associated with and/or
resulting from LVH; or to monitor and/or decrease vascular calcification, arterial {e.g., vascular)
stiffness, LVH, aortic calcium levels, endothelial to mesenchymal transition, and/or bone
formation, and/or to increase bone mingral density and/or vascular smooth muscle cell function,
in any mammals such as rodents and primates, and in a preferred embodiment, in human
subjects.

180182} In certain embodiments, the subject treated in accordance with the methods
deseribed herein has elevated levels of activin as compared to the levels of activin in a reference
population. In certain embodiments, the activin levels are the kidney, plasma, or aortic activin

fevels. In certain embodiments, the activin is activin A. In certain embodiments, the subject
57,
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treated in accordance with the methods described herein has about equal levels of follistatin as
compared to the levels of follistatin in a reference population. In certain embodiments, the
subject treated in accordance with the methods described herein does not have elevated levels of
follistatin as compared to the levels of follistatin as compared to the levels of follistatin ina
reference population. In certain embodiments, the subject treated in accordance with the
methods described herein does not have decreased levels of follistatin as compared o the levels
of follistatin as compared to the levels of follistatin in a reference population. In certain
cmbodiments, the subjoct treated in accordance with the methods described herein has about
equal lovels of follistatin-like 3 as compared to the levels of follistatin-like 3 in a reference
population. In certain embodiments, the subject treated in accordance with the methods
described herein does not have clevated levels of follistatin-like 3 as compared to the levels of
follistatin-like 3 as compared to the levels of follistatin-like 3 in a veference population. In
certain embodiments, the subject treated 1n accordance with the methods described herein does
not have decreased levels of follistatin-like 3 as compared to the levels of follistatin-like 3 as
compared to the levels of follistatin-like 3 in a reference populdation. In certain embodiments, the
subject treated in accordance with the methods described herein has about equal levels of inhubin
as compared to the levels of inhibin in a reference population. In certain embodiments, the
subject treated 1n accordance with the methods described herein does not have elevated levels of
inhibin as compared to the levels of inhibin as compared to the levels of inhibin in a reference
population. In certain embodiments, the subject treated in accordance with the methods
described herein does not have decreased levels of inhibin as compared to the levels of inhibin as
compared to the levels of inhibin in a reference population. In certain embodiments, the level of
free activin in a subject is determined by the stoichiometry of inhibin, follistatin, and follistatin-
like 3 levels to activin levels, Accordingly, in certain embodiments, the subject treated in
accordance with the methods described herein has an increased level of free activin,

183 183] In certain embodiments, the subject treated in accordance with the methods
deseribed herein does not have an increase in phosphoerk 1/2 as compared to a reference
population as described in Scction 8.6. In certain embodiments, the phosphoerk 1/2 15 aortic
phosphoerk 1/2.

180 154] In certain embodiments, the subject treated in accordance with the methods
described herein has increased endothelial to mesenchymal transition (EnMT) as compared to

EnMT in a reference population. In certain embodiments, the subject treated in accordance with
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the methods described herein has increased expression of transcription factors associated with
EnMT, such as, for example, Snail. In certain ombodiments, the increased EnMT in the subject
results in increased osteoblastic transition in the subject as compared to the osteoblastic
transition in a reference population. In certain ecmbodiments, the increased EnMT in the subject
results in increased vascular stiffness in the subject as compared to the vascular stiffncss in a
reference population. In certain embodiments, the increased EnMT in the subject results in
increasced vascular calcification in the subject as compared to the vascular calcification in a
reference population. In certain embodiments, the increased EnMT in the subject results in
decrcascd vascular smooth muscle function in the subject as compared to the vascular smooth
muscle function in a veference population. In certain embodiments, the increased EnMT in the
subject results in increased LVH inthe subject as compared to the LVH in a reference
population.

[80155] In certain embodiments, the subject treated in accordance with the methods
provided herein has renal fibrosis. In certain embodiments, the subject treated in accordance
with the methods provided herein has glomerulosclerosis.

[80156] In certain embodiments, the subject treated in accordance with the methods
described herein has elevated levels and/or activity of Snail, phosphosmadZ, Dkkl, colial,
activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, and/or
(Osterix, and/or decreased fevels and/or activity of Klothe, alpha-SMA, MYQOCD, ActRHA,
and/or Sm22-alpha, as compared to the levels of Snail, phosphosmad?, Dk, colltal, activin
{e.g., free activin), Runx2, Alp, BSAP, CTX, phosphosmad3, urinary protein, Osterix, Klotho,
alpha-SMA, MYOCD, ActRIA, and/or Sm22-alpha, respectively, in a reference population. In
certain embodiments, the subject treated in accordance with the methods described herein has (i)
vascular caleification; and (i1) elevated levels and/or activity of Snail, phosphosmad2,
phosphosmad3, urinary protein, BDkkl, collal, activin (e.g., free activin), RunxZ, Alp, BSAP,
CTX, and/or Osterix, and/or decreased levels and/or activity of Klotho, alpha-SMA, MYOCD,
ActRIA, and/or Sm22-alpha, as compared to the levels of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkkl, coilal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha, respectively,
in a reference population. In certain embodiments, the subject treated in accordance with the
methods described herein has (i) cardiovascular discase; and (i1) elevated levels and/or activity of

Snail, phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin {e.g., free activin),
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Ruanx2, Alp, BSAP, CTX, and/or Osterix, and/or decreased levels and/or activity of Klotho,
alpha-SMA, MYOCD, ActRIA, and/or Sm22-alpha, as compared to the levels of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), RunxZ,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRHA, and/or Sm22-alpha,
respectively, in a reference population. In certain embodiments, the subject treated in
accordance with the methods described herein has (i) cardiovascular discase associated with
and/or resulting from vascular calcification; and (i1) clevated levels and/or activity of Snail,
phosphosmad2, phosphosmad3, urinary protein, Dkkd, collal, activin {e.g., free activin}, Runx2,
Alp, BSAP, CTX, and/or Osterix, and/or decreased levels and/or activity of Klotho, alpha-SMA,
MYOCD, ActRUA, and/or Sm22-alpha, as compared to the levels of Snail, phosphosmad?,
phosphosmad3, urinary protein, Bk, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRITA, and/or Sm22-alpha, respectively, in a
reference population. In certain embodiments, the subject treated in accordance with the
methods described herein has (1) cardiovascular discase associated with and/or resulting from
renal disease; and (i) clevated levels and/or activity of Snail, phosphosmad?, phosphosmad3,
urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, and/or
(Osterix, and/or decreased fevels and/or activity of Klothe, alpha-SMA, MYQOCD, ActRHA,
and/or Sm22-alpha, as compared to the levels of Snail, phosphosmad?, phosphosmad3, urinary
protein, DKk, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho,
alpha-SMA, MYOCD, ActRILA, Axin2, and/or Sm22-alpha, respectively, in a reference
population. In certain embodiments, the subject treated in accordance with the methods
described herein has (1) CKID-MBD; and {ii) clevated levels and/or activity of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkkl, collal, activin {e.g., free activin}, Runx2,
Alp, BSAP, CTX, and/or Osterix, and/or decreased levels and/or activity of Klotho, alpha-SMA,
MYOCED, ActRUA, and/or Sm22-alpha, as compared to the levels of Snail, phosphosmadZ,
phosphosmad3, urinary protein, Dkkl, coilal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, and/or Sm22-alpha, respectively, in a
reference population. In certain embodiments, the subject treated in accordance with the
methods described herein has (i) elevated levels of arterial stiffness; and (i) clevated levels
and/or activity of Snail, phosphosmad2, phosphosmad3, urinary protein, Dkkl, collal, activin
{e.g., free activin), Runx2, Alp, BSAP, CTX, and/or Osterix, and/or decreased levels and/or

activity of Klotho, alpha-SMA, MYOCD, ActRUA, and/or Sm22-alpha, as compared to the
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levels of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free
activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, and/or
Sm22-alpha, respectively, in a reference population. In certain cmbodiments, the subject treated
in accordance with the methods described herein has (i) cardiovascular discase associated with
and/or resulting from clevated levels of arterial stiffness; and (i1} clevated levels and/or activity
of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin {e.g., free
activin), RunxZ, Alp, BSAP, CTX, and/or Osterix, and/or decreased levels and/or activity of
Klotho, alpha-SMA, MYOCD, ActRIIA, and/or Sm22-alpha, as compared to the levels of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), RunxZ,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, and/or Sm22-alpha,
respectively, in a reference population. In certain embodiments, the subject treated in
accordance with the methods described herein has (i) LVH; and (1) elevated levels and/or
activity of Snail, phosphosmad2, phosphosmad3, urinary protein, DKk, colial, activin {e.g.,
free activin}, Runx?2, Alp, BSAP, CTX, and/or Osterix, and/or decreased levels and/or activity of
Klotho, alpha-SMA, MYOCD, ActRIIA, and/or Sio22-alpha, as compared to the levels of Snail,
phosphosmad?2, phosphosmad3, urinary protein, Dkki, collal, activin {e.z., free activin}, Runx2,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOUCD, ActRHA, and/or Sm22-alpha,
respectively, in a reference population. In certain embodiments, the subject treated in
accordance with the methods deseribed herein has (1) cardiovascular disease associated with
and/or resulting from LVH,; and (1) elevated levels and/or activity of Snail, phosphosmad2,
phosphosmad3, urinary protein, Bkl collal, activin (e.g., free activin), Runx2, Alp, BSAP,
CTX, and/or Osterix, and/or decreased levels and/or activity of Klotho, alpha-SMA, MYOCD,
ActRIA, and/or Sm22-alpha, as compared to the levels of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkkl, coilal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, and/or Sm22-alpha, respectively, in a
reference population.

{66157} In certain embodiments, the subject treated in accordance with the methods
described herein has elevated levels and/or activity of Snail, phosphosmad?, phosphosmad3,
urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, and/or
Osterix, and/or decreased levels and/or activity of Klotho, alpha-SMA, MYOCD, ActRHA,
and/or Sm22-alpha, as comparcd to prior levels of Snail, phosphosmad?, phosphosmad3, urinary

protein, Dkk1, collal, activin {e.g., frec activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho,
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alpha-SMA, MYOCD, ActRUIA, and/or Sm22-alpha, respectively, in the subject 1, 2, 3, 4, 5, 6,
&, 10, 12, 18, 24, or 48 months before the onset of symptoms or the diagnosis of (i}
cardiovascular disease; (it} vascular calcification; (it} cardiovascular discase associated with
and/or resulting from vascular calcification; (iv) cardiovascular discase associated with and/or
resulting from renal disease; (v) CKI3-MBD; (vi) clevated levels of arterial stiffness; (vit) LVH;
{viit} cardiovascular discase associated with and/or resulting from clevated levels of arterial
stiffness; and/or (ix) cardiovascular discase associated with and/or resulting from EVH.,

{00158 In certain other embodiments, the subject has been diagnosed as having chronic
kidney discase-mineral bone disorder. In certain other embodiments, the subject has not been
diagnosed as having chronic kidney disease-maineral bone disorder. In certain embodiments, the
reference population is a population as described in Section 8.6, In certain embodiments, the
clevated levels of Snail, phosphosmad2, phosphosmad3, urinary protein, Dkl , collal, activin
{e.g., free activin), Runx2, Alp, BSAP, CTX, and/or Osterix are as described in Section £.6. In
certain embodiments, the decreased levels of Klotho, alpha-SMA, MYOCD, ActRHA, and/or
Sm22-alpha arc as described in Section 8.6,

[80159] In certain embodiments, the subject treated in accordance with the methods
provided herein has a discase associated with elevated Snatl levels. In certain embodiments, the
subject treated in accordance with the methods provided herein has a disease associated with
clevated phosphosmad? levels. In certain embodiments, the subject treated in accordance with
the methods provided herein has a disease assoctated with elevated phosphosmad3 levels. In
certain embodiments, the subject treated in accordance with the methods provided hercin has a
discase associated with ¢levated urinary protein levels. In certain embodiments, the subject
treated in accordance with the methods provided herein has a disease associated with clevated
Dkk1 evels. In certain embodiments, the subject treated in accordance with the methods
provided hercin has a discase associated with elevated Collal levels. In certain embodiments,
the subject treated in accordance with the methods provided herein has a discase associated with
clevated Runx2 levels. In certain embodiments, the subject treated in accordance with the
methods provided herein has a discasc associated with elevated Alp ievels. In certain
cmbodiments, the subjoct treated in accordance with the methods provided herein has a discase
associated with elevated BSAP levels. In certain embodiments, the subject treated in accordance
with the methods provided herein has a discase associated with clevated CTX levels. In certain

embodiments, the subject treated in accordance with the methods provided herein has a disease
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associated with clevated Osterix fevels. In certain embodiments, the subject treated in
accordance with the methods provided hercin has a discase associated with clevated ActRIA
icvels. In certain embodiments, the subject treated in accordance with the methods provided
herein has a discase associated with decreased Klotho levels. In certain embodiments, the
subject treated in accordance with the methods provided herein has a discase associated with
decreased alpha-SMA levels. In certain embodiments, the subject treated in accordance with the
methods provided herein has a discasc associated with decreased MYOCD levels. In certain
cmbodiments, the subjoct treated in accordance with the methods provided herein has a discase
associated with decrcased Sm22-alpha levels. In certain embodiments, the subject treated in
accordance with the methods provided herein has 8 disease associated with decreased AciRIIA
levels,

[80166] In certain embodiments, the subject treated in accordance with the methods
provided herein has cardiovascular disease. In certain embodiments, the subject treated in
accordance with the methods provided hercin has vascular caleification. In certain embodiments,
the subject treated 1n accordance with the methods provided herein has a cardiovascular discase
associated with and/or resulting from vascular calcification. In certain embodiments, the
vascular caleification is determined as described in Section 8.6, In certain embodiments, the
vascular caleification is determined by Agatston score. In cortain embodiments, the vascular
calcification is caleific atherosclerosis, calcific medial vasculopathy (also known as
Manckeberg’s medial caleific sclerosis), medial calcification, elastocalcinosis, calcific uremic
arterolopathy, calcific aortic valvular stenosis, and/or portal vein calcification. In certain
embodiments, the disease associated with caleific atherosclerosis is atherosclerosis,
hyperlipidemia, osteoporosis, hyvpertension, inflammation, type 2 diabetes mellitus, end-stage
renal disease, required amputation, pseudoxanthoma clasticum, end-stage renal discase,
hyperlipidemia, congenital bicuspid valve, rheumatic heart discase, and/or fiver discase. In
certain embodiments, the subject treated in accordance with the methods provided herein has
CKD-induced increased heart weight. In certain embodiments, the subject has cardiac
hypertrophy. In certain embodiments, the subject has myocyte hypertrophy. In certain
embodiments, the subjoct has increased arterial and/or vascular stiffness. In certain
embodiments, the subject has LVH.

{00161} In certain embodiments, the subject treated in accordance with the methods

described herein has an undesirably high level of aortic calcium, vascular calcification, elevated

-58-



WO 2016/069234 PCT/US2015/054674

levels of arterial stiffness, and/or osteoblast numbers as compared to a reference population as
described in Section 8.6, In certain embodiments, the subject treated in accordance with the
methods described herein s at risk for developing undesirably high level of sortic calcium,
vascular calcification, clevated levels of arterial stiffness, and/or osteoblast numbers, such as a
subject with chronic kidney discase as compared to a reference population as described in
Section 8.6, In certain embodiments, the subject treated in accordance with the methods
provided herein has calcium deposits in gortic atheromas as comparcd to a reference population
as described in Scction 8.6, In certain embodiments, the subject treated in accordance with the
methods provided herein has clevated levels of arterial stiffness in the form of aortic stiffness as
compared to a reference population as described in Section 8.6, In certain embodiments, the
subject treated in accordance with the methods provided herein has a level of elevated levels of
arterial stiffness that increases hypertension as compared to a reference population as described
in Section K.6.

{80162} In certain embodiments, the subject treated in accordance with the methods
provided herein has cardiovascular disease 1s associated with and/or results from renal disease.
fn certain embodiments, the renal disease is chronic Kidney disease. In certain embodiments, the
subject treated in accordance with the methods provided herein has chronic kidney discase. In
certain embodiments, the subject has cardiovascular disease secondary to chronic kidney disecase.
In certain embodiments, the chronic kidney disease has reached stage 3, stage 4, stage 5, or stage
5D, Ina specific embodiment, the kidney disease is end-stage kidney disease. In certain
ernbodiments, the subject has a glomerular filtration rate of less than 60 mi/min/1.73m’ in adults
or less than 89 mi/min/1.73m" in pediatric subjects. See, Mog ef g/, 2006, Kidney International
69:1945-1953. In certain embodiments, the subject is an adult, whercin the subject has a
glomerular filtration rate of less than 50 mU/min/1 73m°, 40 mYmin/1.73m%, 30 mi/min/1.73m?%,
20 mi/min/1.73m’, or less than 10 mU/min/1.73m". In certain embodiments, the subjectis a
pediatric subject, wherein the pediatric subject has a glomerular filtration rate of less than 80

A~y
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mi/min/1 .73m?‘, 70 mbmin/1 .73111?‘, 60 mi/min/1 .73m7‘, 50 mi/min/l. .%ng 40 mi/min/1 .73m?‘, 30
ml/min/1.73m’, 20 mi/min/1.73m’", or less than 10 mPmin/1.73m”. Without being bound by
theory, a glomerular filtration rate of less than 60 ml/min/1.73m” in adult subjects and less than
89 ml/min/1.73m’ in pediatric subjects results in detectable abnormalitics in caleium levels,
phosphorus levels, PTH levels, and vitamin D metabolism; and abnormal levels of these markers

result in bone disease. In certain embaodiments, the subject has reduced inulin clearance a
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referonce population, such as a reference population as described in Section 8.6, In certain
embodiments, the subjoct has reduced blood urea nitrogen levels a reference population, such as
a reference population as described in Section 8.6, In certain embodiments, the subject is
hyperphosphatemic. In certain embodiments, the subject has renal fibrosis,

1080163} In certain embodiments, the subject has Alport’s syndrome. In certain
embodiments, the subjoct has one or more somatic mutations in the COL4AS gence associated
with Alport’s syndrome.

{00164] In certain embodiments, the subject treated in accordance with the methods
provided herein has a bone pathology associated with chronic kidney discase, i.e., CKD-
Mineral/Bone Disorder (CKD-MBD). See Moc ef af., 2006, Kidney International 63:1945-1953.
In certain embodiments, the subject has decreased trabecular bone volume as compared to
trabecular bone volume i a reference population, such as a reference population as described in
Section 8.6, In certain embodiments, the subject has decreased trabecunlar thickness as compared
to trabecular thickness in a reference population, such as a reference population as described in
Section 8.6. In certain embodiments, the subject has increased erosion surface to bone surface
ratio as compared to crosion surface to bone surface ratio in a reference population, sach as a
reference population as described in Section .6, In certain embodiments, the subject has
inereased osteoclast fevels as compared to osteoclast levels in a reference population, such as a
reference population as described in Section .6, In certain embodiments, the subject has
increased osteoblast surface to bone surface ratio as compared to osteoblast surface to bone
surface ratio in a reference population, such as a reference population as described in Section 8.6.
in certain embodiments, the subject has increased ostesblast levels as compared to osteoblast
ievels in a reference population, such as a reference population as described in Section 8.6, In
certain embodiments, the subject has reduced bone formation rate as compared to bone formation
rate in a reference population, such as a reference population as described in Section 8.6, In
certain embodiments, the CKD-MBD consists of renal osteodystrophy and vascular calcification.
In certain embodiments, the CKD-MBD consists of renal osteodystrophy. In certain
embodiments, the CKD-MBD is low-turnover CKD-MBD. In certain embodiments, the CKID-
MBD consists of elevated levels of arterial stiffness and/or LVH., Low-turnover CKD-MBD can
be diagnosed by the histological features set forth in Table 1 below. See National Kidney
Foundation, Kidncy Disease Qutcomes Quality Initiative Guidelines at the website of the

Mational Kidney Foundation. In certain embodiments, the subject has high-turnover ROD.
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(0165 Table 1. Histological Features of Low-Turnover CKD-MBD
Feature Advnamic {Isteomalacia
Bone Formation
Trabecular bone volume Normal, low Variable
Low, normal or high
Osteoid volume Normal, low High-very high
Osteoid scam thickness Normal, low High-very high
Number of osteoblasts Low Low
Bone formation rate Low-very low Low-very low
Mineralization lag time Normal Prolonged
Bone Resorption
Ercoded bone perimeter Normal, low Variable
Often low, may be high
Number of osteoclasts Low Low, may be normal or high
Marrow fibrosis Absent Absent
{60166} in certain embodiments, the subject is undergoing hemodialysis.
180167} In certain embodiments, the subject treated in accordance with the methods

deseribed herein has end-stage renal discase. In certain embodiments, the subject treated in
accordance with the methods described herein undergoes dialysis.

166168} in certain embodiments, the subject treated in accordance with the methods
described herein has increased bone resorption as compared to bone resorption in a reference
population. In certain embodiments, the increased bone resorption is determined by the levels of
CTX. In certain embodiments, the levels of CTX are determined as deseribed in Section 8.6, In
certain embodiments, the bone resorption is assessed as described in Section 8.6.

183169} In certain embodiments, the subject treated in accordance with the methods
described here can be of any age. In certain embodiments, the subject treated in accordance with
the methods described herein is less than 18 years old. In a specific embodiment, the subject
treated in accordance with the methods described hercin is less than 13 years old. In another
specific embodiment, the subject treated in accordance with the methods described hercin is less
than 12, less than 11, less than 10, less than 9, less than §, less than 7, less than 6, or less than 5
vears old. In another specific embodiment, the subject treated in accordance with the methods
described herein is 1-3 years old, 3-5 years old, 5-7 vears old, 7-9 vears old, 9-11 years old, 1 1-
13 years old, 13-15 years old, 15-20 years old, 20-25 years old, 25-30 years old, or greater than
30 vears old. In another specific embodiment, the subject treated in accordance with the
methods described herein is 30-35 vears old, 35-40 years old, 40-45 years old, 45-50 vears old,

50-55 years old, 53-60 vears old, or greater than 60 vears old. In another specific embodiment,
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the subject treated in accordance with the methods described herein is 60-65 years old, 65-70
years ofd, 70-75 years old, 75-80 years old, or greater than 80 years old.

180178] In certain embodiments, a subject treated in accordance with the methods
provided hercin has end-stage kidney disease. In certain embodiments, a subject treated in
accordance with the methods provided herein is on hemodialysis. In certain embodiments, a
subject treated in accordance with the methods provided hercin has previously been administered
an crythropoictin-stimulating agent. In certain ermnbodiments, a subject treated in accordance
with the methods provided herein has end-stage kidney discase, is on hemodialysis, and has
previously been administered an erythropoictin-stimulating agent.

100171} As will be recognized by one of skill in the art, levels and/or activity of one or
more of Runx2, Alp, Snail, phosphosmad?2, Dkki, collal, activin, BSAP, CTX, osterix, Klatho,
alpha-SMA, MYOCD, ActRIIA, Axin2, Sm22-alpha, phosphosmad3, and urinary protein can be
compared independently and respectively to the level and/or activity in a corresponding

reference population, such as described above in Section 8.3.1.

8.5 INHIBITORS OF ACTRII SIGNALING

100172} The ActRIl signaling inhibitors described in this section and known in the art can
be used in the methods provided herein. In cortain embodiments, the ActRIT signaling inhibitors
described in this section can be used in the methods provided herein (See, Section §.3).

100173} Inhibitors of ActRIT signaling receptors cncompassed herein include ActRIIA
signaling inhibitors and ActRHB signaling inhibitors {see below), In certain embodiments, an
ActRIT signaling inhibitor 18 specific to ActRIIA signaling. In other embodiments, an ActRIT
signaling inhibitor 18 specific to ActRIIB signaling. In certain embodiroents, an ActRIT signaling
inhibitor preferentially inhibits ActRIA signaling. In other embodiments, an ActRY signaling
inhibitor preferentially inhibits ActRIB signaling. In certain embodiments, an ActRII signaling
inhibitor inhibits both ActRHA signaling and ActRIIB signaling.

166174} in certain embodiments, inhibitors of ActRIT signaling can be polypeptides
comprising activin-binding domains of ActRI. Without being bound by theory, such activin-
binding domain comprising polypeptides sequester activin and thereby prevent activin signaling.
These activin-binding domain comprising polypeptides may comprise all or a portion of the
extracellular domain of an ActRH {i.e., all or a portion of the extraceliular domain of ActRIIA or
all or a portion of the extracellular domain of ActRIB}. In specific embodiments, the

extraceilular domain of an ActR1l is soluble.
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[B3175] In certain embodiments, the activin-binding domain comprising polypeptides are
finked to an F¢ portion of an antibody (e.2.. a conjugate comprising an activin-binding domain
comprising polypeptide of an ActRII receptor and an Fe portion of an antibody is generated).
Without being bound by theory, the antibody portion confers increascd stability on the conjugate.
In certain embodiments, the activin-binding domain is linked to an Fe¢ portion of an antibody via
a linker, e.g., a peptide linker.

1080176} The inhibitors of ActRII signaling usced in the compositions and methods
described herein comprise molecules that inhibit ActRIIA signaling and/or ActRIIB signaling,
directly or indircetly, cither extracellularly or intraccllularly. In some embodiments, the
inhibitors of ActRIIA signaling and/or ActRIIB signaling used in the compositions and methods
described herein mmhibit ActRIIA signaling and/or ActRIIB signaling via interactions with the
receptor(s) iiself. In other embodiments, the inhibitors of ACiRITA signaling and/or ActRIIB
signaling used in the compositions and methods described hercin inhibit ActiRITA signaling

and/or ActRIIB signaling via interactions with an ActRIIA and/or ActRIIB ligand, e.g., Activin,

8.5.1 INHIBITORS OF ACTRITA SEGNALING
1080177} As used herein, the term “ActRHA™ refers to g family of activin receptor type HA

{ActRIIA) proteins from any specics and variants derived from such ActRIIA proteins by
mutagenesis or other modification. Reference to ActRUA hercin is understood to be a reference
to any one of the currently identified forms. Members of the AciRITA family are generally
transmembrane proteins, composed of a ligand-binding extracellular domain with a cysteine-rich
region, a transmermbrane domain, and a cytoplasmic domain with predicted serine/threonine
kinase activity.

100178} ActRITA signaling inhibitors to be used in the compositions and methods
described herein include, without limitation, activin-binding soluble ActRIIA polypeptides;
antibodies that bind to activin {particularly the activin A or B subunits, also referred to as fia or
B} and disrupt ActRIA binding; antibodies that bind to ActRUA and disrupt activin binding;
non-antibody proteins selected for activin or ActRIIA binding (see e.g., WO/2002/088171,
WO/2006/055689, WO/2002/032925, WO/2005/037989, US 2003/0133939, and US
2005/0238646, cach of which is incorporated herein by reference in its entirety, for examples of
such proteins and methods for design and selection of same}; and randomized peptides selected

for activin or ActRUA binding, which can be conjugated to an Fc¢ domain.
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166179] In certain embodiments, two or more different proteins {or other moicties) with
activin or ActRIIA binding activity, especially activin binders that block the type 1 {e.g., a
sohuble type 1 activin receptor) and type I {e.g., a soluble type U activin receptor) binding sites,
respectively, may be linked together to create a bifunctional or multifunctional binding molecule
that inhibits ActRIA signaling and thus can be used in the compositions and methods described
herein. In certain embodiments, Activin-ActRITA signaling axis antagonists that inhibit ActRITA
signaling include nucleic acid aptamers, small molecules and other agents are used in the

compaositions and methods described herein include.

8.5.1.1 ActRIA Signaling Inhibitors Comprising ActRIIA Polypeptides
{00180} The term “ActRITA polypeptide” includes polypeptides comprising any naturally

occurring polypeptide of an ActRIA family member as well as any variants thercof (including
mutants, fragments, fusions, and peptidomimetic forms) that retain a uscful activity. For
example, ActRUA polypeptides include polypeptides derived from the sequence of any known
ActRIA having a scquence at least about 80% identical to the sequence of an ActRIIA
polypeptide, and optionally at least 85%, 90%, 35%, 97%, 98%, 99% or greater identity. For
example, an ActRHA polypeptide may bind to and inhibit the function of an ActRITA protein
and/or activin. An ActRIIB polypeptide may be selected for its ability to promote bone growth
and bone mineralization. Examples of ActRILA polypeptides inclode human ActRIA precursor
polypeptide (SEQ ID NO: 1) and soluble human ActRITA polypeptides {e.g., SEQ ID NOS: 2, 3,
7 and 12}, With respect to the ActRIA precursor polypeptide whose amino acid sequence is
depicted at SEQ 1D NO:1, the signal peptide of the human ActRIA precursor polypeptide
located at amino acid positions | to 28; the extracellnlar domain 15 located at amino acid
positions 21 to 135 and the N-linked glycosylation sites of the human ActRIIA precursor
polypeptide (SEQ 1D NO: 1) are located at amino acid positions 43 and 56 of SEQ 1D NO: 1.
The nucleic acid sequence encoding the human ActRIIB precursor polypeptide of SEQ 1D NO:1
is disclosed as SEQ 1D NG:4 {(nucleotides 164-1705 of Genbank entry NM_001616). The
nucleic acid sequence encoding the soluble human ActRIIA polypeptide of SEQ ID NO:2 1s
disclosed as SEQ ID NO:5. See Table 21 for a description of the sequences.

D018} In specific embodiments, the ActRIA polypeptides used in the compositions and
methods described herein are soluble ActRIA polypeptides. An cxtracellular domain of an
ActRHA protein can bind to activin and is generally soluble, and thus can be termed a soluble,

activin-binding ActRIIA polypeptide. Thus, as used hercin, the term “soluble ActRIIA
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polypeptide” generally refers to polypeptides comprising an extraceliular domain of an ActRIA
protein, including any naturally occurring extracellular domain of an ActRHA protein as well as
any variants thercof (including mutants, fragments and peptidomimetic forms). Soluble ActRIIA
polypeptides can bind to activin; however, the wild type ActRIIA protein doces not exhibit
significant sclectivity in binding to activin versus GDF&/1E, Native or altered ActRUA proteins
may be given added specificity for activin by coupling them with a sccond, activin-selective
binding agent. Examples of soluble, activin-binding ActRUA polypeptides include the soluble
polypeptides illustrated in SEQ ID NOS: 2, 3, 7, 12 and 13. Other examples of soluble, activin-
binding ActRIIA polypeptides comprise a signal sequence in addition to the extracellular domain
of an ActRIIA protein, for example, the honey bee mellitin leader sequence (SEQ 1D NO: 8), the
tissue plasminogen activator (TPA) leader (SEQ 1D NO: 9) or the native ActRITA leader (SEQ
1D NO: 10). The ActRIFA-hF¢ polypeptide iHustrated in SEQ D NO: 13 uses a TPA leader.
(68182} In certain embodiments, the inhibitors of ActRITA signaling used in the
compostiions and methods described herein comprise a conjugate/fusion protein comprising an
activin-binding domain of ActRHA linked to an Fe portion of an antibody. In certain
embodiments, the activin-binding domain 1s linked to an Fe portion of an antibody via a linker,
e.g., a peptide hinker. Optionally, the Fo domain has one or more mutations at restdues such as
Asp-265, tysine 322, and Asn-434. In certain cases, the mutant Fe domain having one or more
of these mutations {e.g., an Asp-265 mutation) has a reduced ability to bind to the Foy receptor
relative to a wild-type Fe domain. In other cases, the mutant Fe domain having one or more of
these mutations {(e.2., an Asn-434 mutation} has an increased ability to bind to the MHC class I
related Fe-receptor {(FeRING relative to a wild-type Fe domain. Exemplary fusion proteins
comprising a soluble extraceliular domain of ActRIA fused to an Fc domain are set forth in
SEQIDNQGs: 6,7, 12, and 13,

{66183} In a specific embodiment, the ActRIIA signaling inhibitors used in the
compositions and methods described herein comprise the extracellular domain of ActRIIA, ora
portion thereof, linked to an Fe portion of an antibody, wherein said ActRIA signaling inhibitor
compriscs an amino acid scquence that is at least 75% identical to an amino acid sequence
selected from SEQ ID NOs: 6,7, 12, and 13, In another specific embodiment, the ActRIIA
signaling inhibitors used in the compositions and mcthods described herein comprise the
extraceilular domain of ActRIIA, or a portion thereof, linked to an Fe portion of an antibody,

wherein said ActRILA signaling inhibitor comprises an amino acid scquence that is at lcast 80%,
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85%., 90%, 95%, 96%, 97%, 98%. or 99% identical to an amino acid sequence selected from
SEQGID NOs: 6,7, 12, and 13.

100184} In certain embodiments, the inhibitors of ActRUA signaling uscd in the
compositions and methods described herein comprise a truncated form of an extracellular
domain of ActRHA. The truncation can be at the carboxy terminus and/or the amino terminus of
the ActRIIA polypeptide. In certain embodiments, the truncationcan be 1,2, 3,4, 5,6, 7,8, 9,
10, 11, 82,13, 14, 15, 16, 17,18, 19,20, 21, 22, 23, 24, or 25 amino acids long relative to the
mature ActRHB polypeptide extraccllular domain. In certain embodiments, the truncation can be
1,2,3,4,5,6,7,8 9, 10,11, 12,13, 14, 15, 16, 17, 18, 19,20, 21,22, 23, 24, or 25 N-tcrminal
amino acids of the mature ActRIIA polypeptide extracellular domain. In certain embodiments,
the truncation canbe 1, 2,3,4,5,6,7,8, 8,10, 11, 12, 13, 14, 15, 16,17, 18, 19, 28, 21, 22, 23,
24, or 25 C-terminal amino acids of the mature ActRUA polypeptide extracellular domain. For
example, truncated forms of ActiRIA imclude polypeptides with amino acids 20-119; 20-128; 20-
129; 20-130; 20~131; 20-132; 20~133; 20-134; 20-131; 21-131; 22-131; 23-131; 24-131; and 25-
131, wherein the amino acid positions refer to the amino acid positions in SEQ 1D NO: L.

[80185] In certain embodiments, the inhibitors of ActRITA signaling used in the
compositions and methods deseribed herein comprise an extracelinlar domain of ActRIA with
one or more amino acid substitutions. In certain embodiments, the inhibitors of ActRHA
signaling used in the compositions and methods described hergin comprise 8 truncated form of
an ActRIIA extracellular domain that also carries an amino acid substitution.

{60186} in a specific embodiment, the ActRHA signaling inhibitor to be used in the
composttions and methods described herein is a fusion protein between the extracellular domain
of the human ActRUA receptor and the Fe portion of IgG1l. In another specific embodiment, the
ActRIA signaling inhibitor to be used in the compositions and methods described herein is a
fusion protein between a truncated extracellular domain of the human ActRIA receptor and the
F¢ portion of IgG1l. In another specific embodiment, the ActRIIA signaling inhibitor to be used
in the compositions and methods described hercin is a fusion protein between a truncated
extracellular domain of the human ActRIA receptor and the Fe portion of 1gG1, whercin the
truncated cxtraccliular domain of the human ActRHA receptor possesses one or more aming acid
substitutions.

{60187} Functionally active fragments of ActRIIA polypeptides can be obtained, for

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

{60188] In addition, functionally active variants of ActRIIA polypeptides can be obtained,
for example, by screening librarics of modified polypeptides recombinantly produced from the
corresponding mutagenized nucleic acids encoding an ActRIA polypeptide. The variants can be
produced and tested to identify those that can function as antagonists (inhibitors) of ActRUHA
protein or signaling mediated by activin. In certain embodiments, a functional variant of the
ActRIA polypeptides comprises an amino acid sequence that is at least 75% identical to an
amino acid sequence selected from SEQ ID NOs: 2 or 3. In certain cases, the functional vanant
has an amine acid sequence at least 80%, 85%, 30%, 95%, 97%, 98%, 99% or 100% 1dentical to
an amino acid sequence selected from SEQ ID NOs: 2 or 3.

{00189} Functional variants may be generated, for exarople, by modifving the structure of
an ActRITA polypeptide for such purposes as enhancing therapeutic efficacy, or stability {e.g., ex
vivo shelf life and resistance to proteolytic degradation in vivo). Such modified ActRUIA
polypeptides when selected to retain activin binding, can be considered functional equivalents of
the natwrally-cccurring ActREA polypeptides. Modified ActRILA polypeptides can also be
produced, for instance, by amino acid substitution, deletion, or addition. For instance, it is
reasonable to expect that an isolated replacement of a feucine with an isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a similar replacement of an amino acid
with a structurally related amino acid {e.g., conservative mutations) will not have a major effect
on the biological activity of the resulting molecule. Conservative replacements are those that
take place within a family of amino acids that are related in their side chains, Whether a change
in the amino acid sequence of an ActRIIA polypeptide results in a functional homolog can be
readily determined by assessing the ability of the variant ActRHA polypeptide to producc a
response in cells in a fashion similar to the wild-type ActRHA polypeptide.

{00196} In certain cmbodiments, the ActRIIA signaling inhibitor to be used in the
compositions and methods described herein provided hercin may comprise an ActRITA
polypeptide having one or more specific mutations that can alter the glycosylation of the

polypeptide. Such mutations may introduce or climinate one or more glycosylation sites, such as
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O-linked or N-linked glycosylation sites. Asparagine-linked glycosylation recognition sites
generally comprise a tripeptide sequence, asparagine-X-threoning {or asparagines-X-sering)
{where “X” is any amino acid} which is specifically recognized by appropriate cellular
glycosylation enzymes. The alteration may also be made by the addition of, or substitution by,
one or more serine or threonine residucs to the sequence of the wild-type ActRIIA polypeptide
{for O-linked glycosylation sites). A varicty of amino acid substitutions or deletions at onc or
both of the first or third amino acid positions of a glycosylation recognition site {(and/or aming
acid deletion at the scecond position) results in non-glycosylation at the modified tripeptide
sequence. Another means of increasing the number of carbohydrate moictics on an ActRUIA
polypeptide is by chemical or enzymatic coupling of glycosides to the ActRUA polypeptide.
Depending oun the coupling mode used, the sugar(s) may be attached to {a) arginine and histidine;
{(b) free carboxyl groups; (¢} free sutthvdryl groups such as those of cysteine; {d) free hydroxyl
groups such as those of serine, threonine, or hydroxyproline; (¢} aromatic residoes sach as those
of phenvlalanine, tyrosine, or tryptophan; or (f) the amude group of glutamine. These methods
are described o WO 87/05330 published Sep. 11, 1987, and in Aplin and Wriston (1981) CRC
Crit. Rev. Biochem., pp. 259-306, incorporaied by reference hercin. Removal of one or more
carbohydrate moictics present on an ActRIEA polypeptide may be accomplished chemically
and/or ¢nzymatically. Chemical deglycosylation may involve, for example, exposure of the
ActRIA polypeptide to the compound trifhioromethanesulfonic acid, or an equivalent
compound. This treatment results in the cleavage of most or all sugars except the linking sugar
{N-acetylghicosamine or N-acetylgalactosamine), while leaving the amino acid sequence intact.
Chemical deglycosylation is further described by Hakimuddin er o, (1987) Arch. Biochem.
Biophys. 259:52 and by Edge ef ¢f. (1981) Anal. Biochem. 118:131. Enzymatic cleavage of
carbohydrate motctics on ActRIEA polypeptides can be achieved by the use of a varicty of endo-
and exo-glycosidases as described by Thotakura o7 o/, (1987 Meth. Enzymol. 138:350. The
sequence of an ActRIA polypeptide may be adjusted, as appropriate, depending on the type of
cxpression system used, as mammalian, veast, inscct and plant cells may all introduce differing
glvcosylation patterns that can be affected by the amino acid sequence of the peptide. In general,
ActRITA proteins for usc in humans can be cxpressed in a mammalian ccl line that provides
proper glycosylation, such as HEK293 or CHO cell lines, although other expression systerms,
such as other mammalian expression cell lines, yeast cell lines with engincered glycosylation

enzymes and insect cells, are expecied to be useful as well,
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183191} Further provided herein are methods of generating mutants, particularly sets of
combinatorial mutants of an ActRHA polypeptide, as well as truncation mutants; pools of
combinatorial mutants arc espectally uscful for identifying functional variant sequences. The
purpose of screening such combinatorial librarics may be to generate, for example, ActRIA
polypeptide variants which can act as cither agonists or antagonist, or alternatively, which
posscss novel activitics all together. A variety of screcning assays are provided below, and such
assays may be used to cvaluate variants. For example, an ActRIIA polypeptide variant may be
screened for ability to bind to an ActRHA ligand, to prevent binding of an ActRHA ligand to an
ActRIA polypeptide or to interfere with signaling caused by an ActRHA ligand.

{00193} Combinatorially-derived variants can be generated which have a selective or
generally increased potency relative to a naturally occurring ActRILA polypeptide. Likewise,
mutagenesis can give rise to variants which have intracellular half-lives dramatically different
than the corresponding a wild-type ActRIIA polypeptide. For exarople, the altered protein can
be rendered either more stable or less stable to proteolytic degradation or other cellular processes
which result in destruction of, or otherwise inactivation of a native ActRIA polypeptide. Such
variants, and the genes which encode them, can be utilized to alter ActRUA polypeptide levels
by modulating the half-life of the ActRHA polypeptides. For instance, a short half-life can give
rise to more transient biological effects and can allow tighter control of recombinant ActRITA
polypeptide levels within the subject. In an Fe fusion protein, mutations may be made in the
linker (if any) and/or the Fe portion to alter the half-life of the protein.

{60193} A combinatorial library may be produced by way of a degenerate library of genes
encoding a library of polypeptides which cach inchade at least a portion of potential ActRIIA
polypeptide sequences. For instance, a mixture of synthetic oligonuciootides can be
enzymatically ligated into gene sequences such that the degencrate set of potential ActRIIA
polypeptide nucleotide sequences are expressible as individual polypeptides, or alternatively, as
a sct of larger fusion proteins {e.g., for phage display).

{60194} There arc many ways by which the library of potential homologs can be generated
from a degenerate oligonuciootide sequence. Chemical synthesis of a degenerate gene sequence
can be carricd out in an automatic DINA synthesizer, and the synthetic genes then be ligated into
an appropriate vector for expression. The synthesis of degenerate oligonucleotides 15 well
known in the art (see, for cxample, Narang, S A (1983) Tetrahedron 39:3; Itakurs ef af., (1981)

Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton, Amsterdam:

-69-
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Elsevier pp 273-289; Itakura ef af., (1984) Annu. Rev. Biochem. 53:323; {takura 7 o/., (1984)
Science 198:1056; tke ef af., {1983) Nucleic Acid Res. 11:477). Such techniques have been
emaployed in the dirccted evolution of other proteins (see, for example, Scott ef af., (1990)
Science 249:386-390; Roberis er af., (1992) PNAS USA §9:2429-2433; Devlin e al., (1990}
Scicnce 249: 404-406; Cwirla ef al., (1990) PNAS USA 87: 6378-6382; as well as U.S. Pat. Nos.
5,223,409, 5,198,346, and 5,096,815},

100195} Alternatively, other forms of mutagenesis can be utilized to gencrate a
combinatorial library. For cxample, ActRUA polypeptide variants can be generated and isolated
from a library by screening using, for cxample, alanine scanning mutagenesis and the like (Ruf ef
al., (1994} Biochernistry 33:1565-1572; Wang et a/., (1994} J. Biol. Chern. 269:3095-3099;
Balint ef al., (1993} Gene 137:109-118; Grodberg er ¢l., (1993) Eur. J. Biochem. 218:597-601;
Wagashima ef al., (1993} J. Biol. Chem. 268:2888-2892; Lowman ef a/., (1991) Bilochemistry
30:10832-10838; and Cunningham e o/., (1389} Science 244:1081-1085), by hinker scanning
mutagenesis {Gustin ef @l., {1993) Virology 193:653-660; Brown ef af., (1992} Mol. Cell Biol
12:2644-2632; McKnight er al., {1982) Science 232:316); by saturation mutagenesis {Mevers et
al., (1986) Science 232:613); by PCR mutagenesis (Leung ef of., (1989) Method Cell Mol Biol
1:11-19}; or by random mutagenesis, including chemical mutagenesis, ete. (Miller e7 af., (1992}
A Short Course in Bacterial Genetics, CSHL Press, Cold Spring Harbor, N.Y.; and Greener ef
al., (1994) Strategies in Mol Biol 7:32-34). Linker scanning mutagenesis, particularly in a
combinatorial setting, is an attractive method for wdentifving truncated (bioactive) forms of
ActRIIA polypeptides.

183196} A wide range of techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations and truncations, and, for that matter, for
screening ¢DNA libraries for gene products having a certain property. Such techniques will be
generally adaptable for rapid screening of the gene librarics generated by the combinatorial
natagenesis of ActRIA polypeptides. The most widely used techniques for screening large
gene libraries typically compriscs cloning the gene library into replicable expression vectors,
transforming appropriate cells with the resulting library of vectors, and expressing the
combinatorial genes under conditions in which detection of a desired activity facilitates relatively
easy isolation of the vector encoding the gene whose product was detected. Preferred assays

include activin binding assays and activin-mediated cell signaling assays,
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183197} In certain embodiments, ActRIA polypeptides used in the inhibitors of the
methods and compositions described hercin may further comprise post-transiational
modifications in addition to any that arc naturally present in the ActRUA polypeptides. Such
modifications may include, but arc not limited to, acetylation, carboxylation, glycosylation,
phosphorylation, lipidation, and acylation. As a result, the modified ActRUA polypeptides may
contain non-amino acid clements, such as polyethyiene glveols, lipids, poly- or mono-saccharide,
and phosphates, Effccts of such non-amino acid clements on the functionality of an ActRUIA
polypeptide may be tested by any method known to the skilled artisan. When an ActRITA
polypeptide 18 produced in cells by cleaving a nascent form of the ActRUHA polypeptide, post-
translational processing may also be important for correct folding and/or function of the protein.
Different cells (such as CHO, HeLa, MDCK, 293, W38, NIH-3T3 or HEK293) have specific
cellular machinery and characteristic mechanisms for such post-translational activities and may
be chosen to ensure the correct modification and processing of the ActRITA polypeptides.
[80198] In certain aspects, functional variants or modified forms of the ActRITA
polypeptides used in the inhibitors of the methods and compositions described herein include
fusion proteins having at least a portion of the ACtRITA polypeptides and one or more fusion
domains. Well known examples of such fusion domains include, but are not limited to,
polvhistiding, Glu-Glu, ghitathione 8§ transferase (GST), thioredoxin, protein A, protein G, an
immunoglobulin heavy chain constant region (Fe), maltose binding protein (MBP}, or human
serum albumin, A fusion domain may be selected so as to confer a desired property. For
example, some fuston domains are particularty useful for isolation of the fusion proteins by
affinity chromatography. For the purpose of affinity purification, relevant matrices for affinity
chromatography, such as glutathione-, amylase-, and nickel- or cobalt-conjugated resins are
used. Many of such matrices are available in “kit” form, such as the Pharmacia GST purification
system and the QGlAexpress. TM. system (Qiagen) useful with (HIS,) fusion partners. As another
example, a fusion domain may be selected so as to facilitate detection of the ActRHA
polypeptides. Examples of such detection domains include the various fluorescent proteins {e.g.,
GFEP} as well as “cpitope tags,” which arc usually short peptide sequences for which a specific
antibody s available. Well known epitope tags for which specific monoclonal antibodics are
readily available include FLAG, influcnza virus hemagglutinin (HA), and ¢-myc tags. In some
cascs, the fusion domains have a protease cleavage site, such as for Factor Xa or Thrombin,

which allows the relevant protease to partially digest the fusion proteins and thereby liberate the
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recombinant proteins therefrom. The liberated proteins can then be isolated from the fusion
domain by subscquent chromatographic separation. In certain preferred embodiments, an
ActRIA polypeptide 1s fused with a domain that stabilizes the ActRUA polypeptide invivo {a

(34

“stabilizer” domain). By “stabilizing” is meant anything that increases serum half life,
regardiess of whether this is hecausc of decrcased destruction, decreased clearance by the
kidney, or other pharmacokinctic cffoct. Fusions with the Fe portion of an immunoglobulin are
known to confer desirable pharmacokinctic propertics on a wide range of proteins. Likewise,
fusions to human serum albumin can confer desirable propertics. Other types of fusion domains
that may be selected include multimerizing (e.g., dimerizing, tetramerizing ) domains and
functional domains (that confer an additional biological fumction, such as further stiroulation of
bone growth or muscle growth, as desired).

[B0199] It is understood that different elements of the fusion proteins may be arranged in
any manner that is consistent with the desired functionality. For example, an ActRITA
polypeptide rmay be placed C-terminal to a heterologous domain, or, alternatively, a heterclogous
domain may be placed C-terminal to an ACtRITA polypeptide. The ActRIIA polypeptide domain
and the heterologous domain need not be adjacent in a fusion protein, and additional domains or
amino acid sequences may be included C- or N-termunal to either domain or between the
domains.

{60200} In certain embodiments, the ActRIIA polypeptides used in the inhibitors of the
methods and compositions described hercin may contain one or more modifications that are
capable of stabilizing the ActRIIA polypeptides. For example, such modifications may enhance
the in vitro half life of the ActRIIA polypeptides, enhance circulatory half life of the ActRUA
polypeptides or reduce proteoiytic degradation of the ActRHA polypeptides. Such stabilizing
modifications may include, but are not imited to, fusion proteins {inchuding, for example, fusion
proteins comprising an ActRUA polypeptide and a stabilizer domain}, modifications of a
glvcosylation site (including, for example, addition of a glycosylation site to an ActRIIA
polypeptide}, and modifications of carbohydrate moiety (including, for cxample, removal of
carbohydrate motctics from an ActRHA polypeptide). In the case of fusion proteins, an AciRUA
polypeptide is fused to a stabilizer domain such as an 1gG molecule {e.g., an Fe domain}, As
used herein, the term “stabilizer domain™ not only refers to a fusion domain (e.g., Fc} as in the
case of fusion proteins, but also includes nonproteinaccous modifications such as a carbohydrate

moicty, or nonproteinaceonus polymer, such as polyethylene glyveol.
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180201} In certain embodiments, isolated and/or purified forms of ActRIFA polypeptides,
which arc isolated from, or otherwise substantially free of, other proteins can be used with the
methods and compositions described herein. ActRIIA polypeptides can generally be produced
by expression from recombinant mucleic acids.

100202} In certain aspects, the ActRIIA polypeptides used in the compositions and
methods described herein are generated using isolated and/or recombinant nucleic acids
encoding any of the ActRIIA polypeptides {e.g., soluble ActRIA polypeptides), including
fragments, functional variants and fusion proteins disclosed hercin, For example, SEQ ID NO: 4
encodes the naturally occurring human ActRHA precursor polypeptide, while SEQ 1D NO: 5
encodes the processed extracellolar domain of ActRIA. Such nucleic acids may be single-
stranded or double stranded. Such nucleic acids may be DNA or RNA molecules. These nucleic
acids may be used, for example, in methods for making ActRIIA polypeptides or as direct
therapentic agents {e.g., n a gene therapy approach),

{00203} In certain aspects, nucleie acids encoding ActRILA polypeptides may include
nucleic acids that are variants of SEQ 1D NO: 4 or 5. Variant nucleotide sequences include
sequences that differ by one or more nucleotide substitutions, additions or deletions, such as
allelic variants.

180204] In certain embodiments, isolated or recombinant nucleic acid sequences encoding
ActRIIA polypeptides may be least 83%, 85%, 90%, 85%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 4 or S, Une of ordinary skill in the art will appreciate that nucleic acid sequences
complementary to SEQ 1D NO: 4 or S, and variants of SEQ 1D NG: 4 or 5 may be used in the
production of ActRIA polypeptides suitable for use in the methods and compositions described
herein. In further embodiments, such nucleic acid sequences can be isolated, recombinant,
and/or fiased to a heterologous nuclcotide sequence, or be from a DNA library.

{60205] In other embodiments, nucleic acids used in the production of ActRIIA
polypeptides suitable for use in the methods and compositions deseribed herein may include
nucleotide sequences that hybridize under highly stringent conditions to the nuclestide sequence
designated in SEQ 12 NO: 4 or 5, complement sequence of SEQ 1D NG: 4 or 5, or fragments
thereof. One of ordinary skill in the art will understand that appropriate stringency conditions
which promote DNA hybridization can be varied. For example, onc can perform the
hybridization at 6.0 tumes sodium chloride/sodium citrate (SSC) at about 45 degree Celsius,

followed by a wash of 2.0 times S8C at 50 degree Celsius. For cxample, the salt concentration
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in the wash step can be selected from a low stringency of about 2.0 times SSC at 50 degree
Celsius to a high stringency of about 0.2 times SSC at 5O degree Celsius. In addition, the
temperature in the wash step can be increased from low stringency conditions at room
temperature, about 22 degree Celsius, to high stringency conditions at about 65 degree Celsius,
Both temperature and salt may be varied, or termperature or salt concentration may be held
constant while the other variable is changed. In one embodiment, nucleic acids which hybridize
under low stringency conditions of 6 times SSC at room tempersture followed by a wash at 2
times SSC at room temperature can be used with the methods and compositions described herein.
160206] Isolated nucleic acids which differ from the nucleic acids as set forth in SEQ 1D
WOs: 4 or 5 due to degencracy in the genctic code also can be used o the prodoction of ActRUA
polypeptides suitable for use in the methods and compositions described herein. For example, a
number of amino acids are designated by more than one triplet. Codons that specify the same
arnino acid, or synonyms {for exaraple, CAU and CAC are synonyms for histidine) may result in
“silent” mutations which do not affect the amino acid sequence of the protein. However, it is
expected that DNA sequence polymorphisms that do lead to changes in the arino acid sequences
of the subject proteins will exist among mammalian cells. One skilled in the art will appreciate
that these variations in one or more nucleotides (up to about 3-5% of the nucleotides) of the
nucleic acids encoding a particular protein may exist among individuals of a given species due to
natural allelic variation.

{00207} In certain embodiments, the recombinant nucleic acids may be operably linked to
one or more regulatory nuclectide sequences in an expression construct. Regalatory nucleotide
sequences will generally be appropriate to the host cell used for expression. Numerous types of
appropriate expression vectors and suitable regulatory sequences are known in the art for a
varicty of host cells. Typically, said one or more reguiatory nuclestide sequences may include,
but are not limited to, promoter sequences, feader or signal sequences, ribosomal binding sites,
transcriptional start and termination sequences, translational start and termination sequences, and
enhancer or activator sequences. Constitutive or inducibie promoters as known in the art are
contemplated herein, The promotors may be cither naturally occurring promoters, or hybrid
promoters that combine clements of more than once promoter. An cxpression construct may be
present in a cell on an episome, such as a plasmid, or the expression construct may be inserted in

a chromosome. In a preferred embodiment, the cxpression vector contains a sclectable marker
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gene to allow the selection of transformed host cells. Sclectable marker genes are well known in
the art and will vary with the host cell used.

[00208] In certain aspects, the a nucleic acid used in the production of ActRIA
polypeptides suitable for use in the methods and compositions described herein can be provided
in an cxpression vector comprising a nuclestide sequence encoding an ActRILA polypeptide and
operably linked to at least one regulatory sequence. Regulatory sequences are art-recognized and
arc sclected to direct expression of the ActRIIA polypeptide. Accordingly, the term regulatory
sequence includes promoters, enhancers, and other cxpression control clements. Excmplary
regulatory sequences are described in Goeddel, Gene Expression Technology: Methods in
Enzymology, Academuc Press, San Dicgo, Califl (1990). For instance, any of a wide variety of
expression control sequences that control the expression of a DNA sequence when operatively
finked to 1t may be used in these vectors to express DNA sequences encoding an ActRITA
polypeptide. Such aseful expression control sequences, include, for example, the early and late
prorooters of SV4Q, tet promoter, adenovirus or eytomegaloviras immediate early promoter,
RSV promoters, the lac system, the trp system, the TAC or TRC system, T7 promoter whose
expression 1s directed by T7 RNA polymerase, the major operator and proroter regions of phage
lambda, the control regions for fd coat protein, the promoter for 3-phosphoglycerate kinase or
other glveolytic enzymes, the promoters of acid phosphatase, e.g., PhoS5, the promoters of the
yeast .alpha.-mating factors, the polvhedron promoter of the baculovirus system and other
sequences known to control the expression of genes of prokaryotic or eukarvotic cells or their
viruses, and vartous combinations thereotf. It should be understood that the design of the
expression vector may depend on such factors as the choice of the host ccll to be transformed
and/or the type of protein desired to be expressed. Moreover, the vector’s copy number, the
ability to control that copy number and the expression of any other protein encoded by the
vector, stich as antibiotic markers, should also be considered.

180209} A recombinant nucleic acid used in the production of ActRIA polypeptides
suitable for use in the methods and compositions described herein can be produced by ligating
the cloned gene, or a portion thercof, into a vector suitable for expression in either prokaryotic
celis, cukaryotic cells (yeast, avian, insect or mamumalian}, or both. Expression vehicles for
production of a recombinant ActRIIA polypeptide include plasmids and other vectors. For

instance, suitable vectors include plasmids of the types: pBR322-derived plasmids, pEMBL-
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derived plasmids, pEX-derived plasmids, pBTac-derived plasmids and pUC-derived plasmids for
cxpression in prokaryotic cells, such as E. coli.

100210} Some mammalian expression vectors contain both prokaryotic scguences to
facilitate the propagation of the vector in bacteria, and one or more cukaryotic transcription units
that arc expressed in cukaryotic celis. The peDNAVamp, pcDNAFaco, pRo/CMV, pSV2gpt,
pSV2uco, pSV2-dhifr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived vectors are
examples of mammalian expression vectors suitable for transfection of cukaryotic cells. Some of
these vectors are modified with sequences from bacterial plasmids, such as pBR322, to facilitate
replication and drug resistance sclection in both prokaryotic and cukaryotic cells. Alicrnatively,
dertvatives of viruses such as the bovine papilloma viras (BPV-1), or Epstein-Barr virus
{pHEBo, pREP-derived and p205) can be used for transient expression of proteins in cukaryotic
cells. Examples of other viral (including retroviral) expression systems can be found below in
the description of gene therapy delivery systems. The various methods emploved in the
preparation of the plasmids and 1o transformation of host organisms are well known in the art.
For other suttable expression systems for both prokaryotic and eukaryotic cells, as well as
general recombinant procedures, see Molecular Cloning A Laboratory Manual, 3vd Ed., ed. by
Sambrook, Fritseh and Maniatis (Cold Spring Harbor Laboratory Press, 2031}, Insome
instances, it may be desirable to express the recombinant polypeptides by the use of a
baculovirus expression system. Examples of such baculovirus expression systems include pVL-
dertved vectors (such as pVL1392, pVE1393 and pVL%4 1), pAcUW-derived vectors {such as
pActIW1), and pBlueBac-derived vectors (such as the beta.-gal containing pBlneBac 1)
100211} Vectors can be designed for production of the subject ActRHA polypeptides in
CHO cclls, such as a Pemv-Script vector (Stratagene, La Jolla, Calif)), pcDNA4 vectors
(Invitrogen, Carlsbad, Calif.} and pCl-neo vectors (Promega, Madison, Wis.}. As will be
apparent, the subject gene constructs can be used to cause cxpression of the subject ActRIA
polypeptides in cells propagated in culture, e.g., to produce proteins, inchiding fusion proteins or
variant proteins, for purification.

{60212} Host cells transfected with a recombinant gene including a coding sequence (2.g.,
SEQ 1D NO: 4 or 5) for one or morc of the subject ActRITA polypeptides can be used in the
production of ActRIA polypeptides suitable for use in the methods and compositions described
herein. The host ccll may be any prokaryotic or eukaryotic cell. For cxample, an ActRIIA

polyvpeptide provided herein may be expressed in bacterial celis such as E. coli, inscct eclls {e.g.,
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using a baculovirus expression system}, yeast, or mammalian cells. Other suitable host cells are
known to those skilled in the art.

1080213} Accordingly, provided herein arc methods of producing the ActRIA
polypeptides. For example, a host cel transfected with an cxpression vector encoding an
ActRIA polypeptide can be cultured under appropriate conditions to allow cxpression of the
ActRITA polypeptide to occur. The ActRIIA polypeptide may be scereted and isolated from a
mixture of cells and medinm containing the ActRUA polypeptide. Alternatively, the ActRITA
polypeptide may be retained cytoplasmically or in a membrane fraction and the cclls harvested,
iysed and the protein isolated. A cell culture includes host cclls, media and other byproducts.
Suitable media for cell colture are well known in the art, The subject ActRIA polypeptides can
be wsolated from cell culture roedinm, host cells, or both, using technigues known in the art for
puritying proteins, ncluding ion-exchange chromatography, gel filtration chromatography,
ultrafiltration, electrophoresis, immunoattinity purification with antibodies specific for particular
epttopes of the ActRIIA polypeptides and atfinity porification with an agent that binds to a
domain fused to the ActRITA polypeptide (e.g., a protein A column may be used to purify an
ActRITA-Fe¢ fusion). In a preferred embodiment, the ActRUA polypeptide is a fusion protein
containing 8 domain which facilitates its purification. In one embodiment, purification is
achieved by a series of colomn chromatography steps, including, for example, three or more of
the following, in any order: protein A chromatography, Q sepharose chromatography,
phenyisepharose chromatography, size exchusion chromatography, and cation exchange
chromatography. The purification could be completed with viral filtration and butfer exchange.
As demonstrated herein, ActRIIA-hFc protein was purified to a purity of >98% as determined by
size exchusion chromatography and >95% as determined by SDS PAGE. This level of purity
was sufficient to achicve desirable effects on bone in mice and an acceptable safety profile in
mice, rats and non-human primates.

180214] In another embodiment, a fusion gene coding for a purification leader sequence,
such as a poly-(His)/enterokinase cleavage site sequence at the N-terminus of the desired portion
of a recombinant ActRHA polypeptide, can allow purification of the cxpressed fusion protein by
affinity chromatography using a Ni'~ metal resin. The purification leader sequence can then be
subsequently removed by treatment with cnterokinase to provide the purified ActRIIA
polypeptide {e.g., see Hochuli ef al., (1987} J. Chromatography 411:177; and Janknccht ef af.,
PNAS USA 88:89712).

~3
~3
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180215} Techniques for making fusion genes are well known. Essentially, the joining of
varigus DNA fragments coding for different polypeptide sequences is performed in accordance
with conventional techniques, cmploying blunt-cnded or stagger-ended termini for ligation,
restriction enzyme digestion to provide for appropriate termini, filling-in of cohesive ends as
appropriate, alkaline phosphatasc treatment to avoid undesirable joining, and cnzymatic ligation.
in another embodiment, the fusion gene can be synthesized by conventional techniques including
automated DNA synthesizers. Alternatively, PCR amplification of gene fragments can be
carricd out using anchor primers which give risc to complementary overhangs between two
consceutive gene fragments which can subscquently be anncaled to generate a chimeric gene
sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel ef ¢/, John
Wiley & Sons: 1992},

100216} ActRIIA-Fo fusion protein can be expressed in stably transfected CHO-DUKX Bl
{ cells from a pAID4 vector (SV40 orv/enhancer, CMV promoter), using a tissue plasminogen
icader sequence of SEQ D NG9, The Fe portion is a human IgGl Fo sequence, as shown in
SEQ ID NG:7. In certain embodiments, upon expression, the protein contained has, on average,
between about 1.5 and 2.5 moles of sialic acid per molecule of ActRIA-Fe¢ fusion protein,
166217} in certain embodiments, the long serum half-life of an ActRITA-Fc fusion can be
25-32 days in human subjects. Additionally, the CHO celf expressed material can have a higher
affinity for activin B ligand than that reported for an ActRIIA-hFe fusion protein expressed in
human 293 cells {del Re ef o/, J Biol Chem. 2004 Dec 17;279(511:53126-35). Additionaily,
without being bound by theory, the use of the TPA leader sequence provided greater production
than other leader sequences and, unlike ActRUA-Fe expressed with a native leader, may provide
a highly pure N-terminal scquence. Use of the native leader sequence may result in two major

species of ActRIIA-F¢, cach having a different N-terminal sequence.

8.5.2 INHIBITORS OF ACTRIB SIGNALING
{60218} As used herein, the term “ActRHIB” refers to a family of activin receptor type [iB

{ActRIB) proteins from any species and variants derived from such ActRHB proteins by
mutagencsis or other modification. Reference to ActRIB herein 18 understood to be a reference
to any one of the currently identified forms of the receptor. Members of the ActRIIB family are
generally transmembrane proteins, composed of a ligand-binding extracellular domain with a
cysteine-rich region, a transmembrane domain, and a cytoplasmic domain with predicted

serine/threonine kinase activity.
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183219 ActRIB signaling inhibitors to be used in the compositions and methods
described herein include, without limitation, activin-binding soluble ActRIIB polypeptides;
antibodies that bind to activin {particularly the activin A or B subunits, also referred to as B or
By} and disrupt ActRIIB binding; antibodies that bind to ActRUB and disrupt activin binding;
non-antibody proteins sclected for activin or ActRIIB binding; and randomized peptides sclected
for activin or ActRIIB binding, which can be conjugated to an Fe domain.

160220] In certain embodiments, two or more different proteins {(or other moictics) with
activin or ActRIIB binding activity, especially activin binders that block the type I {e.g., a
soluble type 1 activin receptor) and type I {e.g., a soluble type I activin receptor) binding sites,
respectively, may be linked together to create a bifunctional or multifunctional binding molecule
that inhibits ActRIIB and thus can be used in the compositions and methods deseribed herein
include. In certain embodiments, Activin-ActRIIB signaling axis antagounists that inhibit
ActRIIB include nacleic acid aptaroers, small molecules and other agents are used in the

compostiions and ruethods described herein include.

8.5.2.1 ActRIIB Signaling Inhibitors Comprising ActRIB Polypeptides
{00221} As used herein, the term “ActRIB polypeptide” refers to polypeptides comprising

any naturally cccurring polypeptide of an ActRIIB family member as well as any variants thereof
{including woutants, fragments, fusions, and peptidomimetic forrs) that retain a useful activity,
For example, ActRIB polypeptides include polvpeptides derived from the sequence of any
known ActRIIB receptor having a sequence at least about 80% dentical to the sequence of an
ActRHB polypeptide, and optionally at least 85%, 30%, 95%, 96%. 97%, 98%, 99% or greater
identity. For example, an ActRIB polypeptide may bind to and mhibit the function of an
ActREB protein and/or activin, An exampie of an ActRIIB polypeptide includes the human
ActRIIB precursor polypeptide (SEQ 1D NO: 16 or SEQ 1D N(O:28). With respect to the
ActRHB precursor polypeptide whose amino acid sequence is depicted as SEQ ID NO:16 or
SEQ D NG2E {i.e, the buman ActRIIB precursor polypeptide), the signal peptide of the
ActRHB precursor polypeptide is located at amino acids | to 18; the extraceliular domain is
iocated at amino acids 19 to 134 and the potential N-linked glycosylation sites are located at
amino acid positions 42 and 65, The nucleic acid sequence encoding the human ActRIIB
precursor polvpeptide of SEQ 1D NO:16 is disclosed as SEQ 1D NG:19 (SEQ 1D NG9
provides an alanine at the codon corresponding to amino acid position 64, but could be readily
moditied by one of skill in the art using methods known in the art to provide an arginine at the
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codon corresponding o amino acid position 64 instead}. See Table 21 for a description of the
sequences.

100222} The numbering of amino acids for all of the ActRUIB-related polypeptides
described herein is based on the amino acid numbering for SEQ ID NO: 16 and SEQ 1D NO:28
{which only differ in the amino acid expressed at position 64}, unless specifically designated
otherwise. For example, if an ActRIIB polypeptide is described as having a
substitution/mutation at amino acid position 79, then it is to be understood that position 79 refers
to the 79 amino acid in SEQ ID NO:16 or SEQ 1D NO:28, from which the ActRIIB polypeptide
is derived. Likewise, if an ActRUB polypeptide is described as having an alanine or an arginine
at amino acid position 64, theu it is to be understood that position 64 refers to the 64™ amino acid
in SEQ 1D NO: 16 or SEQ ID NO:2E, from which the ActRIIB polypeptide is derived.

100233} In certain embodiments, the inhibitors of ACtRIIB signaling used in the
compositions and methods deseribed herein comprise polypeptides comprising an activin-
binding domain of ActRIIB. In some embodiments, the activin-binding domains of ActRIIB
comprise the extraccliular domain of ActRIRB, or a portion thereof. In specific embodiments, the
extracellular domain or portion thereof of AciRIB is soluble. Hhustrative modified forms of
ActRIIB polypeptides are disclosed in ULS. Patent Application Publication Nos. 20090005308
and 20100068215, the disclosures of which are incorporated herein by reference in their
entireties.

1083324} In specific embodiments, the ActRIB polypeptides used in the compositions and
methods deseribed herein are soluble ActRIIB polypeptides. The term “soluble ActRIIB
polypeptide” generally refers to polypeptides comprising an cxtracelivlar domain of an ActRIIB
protein, including any naturally occurring cxtracellular domain of an ActRHB protein as well as
any variants thercof (including mutants, fragments and peptidomimetic forms}. Soluble ActRIIB
polypeptides can bind to activin; however, the wild type ActRIIB protein does not exhibit
significant sclectivity in binding to activin versus GDFE/11, In certain embodiments, altered
forms of ActRHB with diffcrent binding propertics can be used in the methods provided herein.
Such altered forms are disclosed, e.g., in international patent application publication Nos. WO
2006/012627 and WO 2010/019261, the disclosures of which arc incorporated hercin by
reference in their entiretics, Native or altered ActRUB proteins may be given added specificity

for activin by coupling them with a second, activin-sclective binding agent. Excmplary soluble
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ActRIIB polypeptides include the extraceliular domain of a human ActRHEB polypeptide {e.g.,
SEQ D NOs: 17, 18, 23,26, 27,29, 30, 31, 32, 33,36, 37, 42, and 43).

1080225} An Fe fusion protein having the ActRIB extracclular sequence disclosed by
Hilden er /. (Blood, 1994, 83(8):2163-70), which has an alaninc at the position corresponding to
amino acid 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ 1D NO: 16 (herein
referred to as “A647), has been demonstrated to possess a relatively low affinity for activin and
GDF-11. By contrast, an Fc fusion protein with an arginine at position 64 of the ActRIIB
precursor amino acid sequence (herein referred to as “R64™) has an affinity for activin and GDF-
11 in the low nanomolar to high picomolar range (see, e.g., U.S. Patent Application Publication
Mo, 20100068215, the disclosure of which 1s herein incorporated in ifs entirety). An ActRIIB
precursor amino acid sequence with an arginine at position 64 s presented in SEQ ID NO:26.
As such, in certain embodiments, the ActRIIB polypeptides used in accordance with the
compositions and methods described herein may comprise etther (i} an alanive at the position
corresponding to amino acid 64 of the ActRIIB precursor amino acid sequence, i.e., SEQ ID NO:
16; or {i1} an arginine at position 64 of the ActRIIB precursor amino acid sequence, 1.e., SEQ ID
WO 28, In other embodiments, the ActRIIB polypeptides used in accordance with the
compositions and methods described herein may comprise an amino acid that is not alaning or
argining at the position corresponding to amino acid 64 of the ActRIIB precursor amino acid
sequence, L.e., SEQ ID NO: 16 or SEQ ID N(O:28.

186226} It has been shown that a deletion of the proline knot at the C-terminus of the
extracellular domain of ActRIIB reduces the athinity of the receptor for activin (see, e.g.,
Attisano ef gf., Cell, 1992, 68(1):97-108). An ActRIIB-Fc¢ fusion protein containing amino acids
203-119 of SEQ 1D NO: 28 {(i.e., SEQ 1D NG:32}, “ActRIIB{20-119}-F¢” has reduced binding to
GDF-11 and activin relative to an ActRIB-Fe fusion protein containing amino acids 20-134 of
SECQ ID NO: 28 (e, SEQ D NO3L), “ActRIIB(20-134)-F¢”, which includes the proline knot
region and the complote juxtamembrane domain. However, an ActRIIB-Fc fusion protein
containing amino acids 20-129 of SEQ D NO: 28, “ActRIB(20-129)-Fc” retains similar but
somewhat reduced activity relative to the non-truncated extracellufar domain of ActRIB, even
though the proline knot region is disrupted. Thus, ActRIIB polypeptides comprising
extraceilular domains that stop at amino acid 134, 133, 132, 131, 130 and 129 of SEQ ID NGO: 28
{or SEQ 1D NO:16) arc all expected to be active, but constructs stopping at amino acid 134 or

133 may be most active. Similarly, mutations at any of residues 129-134 are not cxpected to
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alter igand binding affinity by large margins, as indicated by the fact that mutations of P129 and
P130 of SEQ 1D NO: 28 do not substantially decrease ligand binding. Thercfore, the ActRUB
polypeptides used in accordance with the methods and compositions described hercin may cnd as
carly as amino acid 109 {i.e., the final cysteine) of SEQ 1D NG:28 (or SEQ 1D NO: 16}, howoever,
forms cnding at or between amino acid positions 109 and 119 of SEQ 1D NG:28 (or SEQ ID
NQ:16) are expected to have reduced ligand binding ability.

100227} Amino acid 29 of SEQ D NO:16 and SEQ 1D NO:28 represents the initial
cysteine in the ActRIIB precursor sequence. It is expocted that an ActRIIB polypeptide
beginning at amino acid 29 of the N-terminus of SEQ 1D NO:16 or SEQ ID NO:28, or before
these amino acid posttions, will retain ligand binding activity, An alanine fo asparagine mutation
at position 24 of SEQ 1D NO: 16 or SEQ ID NO:28 introduces an N-linked glycosylation
sequence without substantially affecting higand binding. This confirms that routations in the
region between the signal cleavage peptide and the cysteine cross-linked region, corresponding
to aminoe acids 20-29 of SEQ ID NO:16 or SEQ 1D NO:2R, arc well tolerated. In particular,
AciRIIB polypeptides beginning at amino acid position 20, 21, 22, 23 and 24 of SEQ ID NO:16
or SEQ 1D NO:28 will retain activity, and ActRIIB polypeptides beginning at amino acid
positions 25, 26, 27, 28 and 29 of SEQ ID N(O:16 or SEQ 1D NO:28 are also expected to retain
activity. An ActRIIB polypeptide beginning at amino acid posttion 22, 23, 24 or 25 of SEQ ID
NO:16 or SEQ 1D NO:2& will have the most activity.

[B33228] Taken together, the active portions {1.e., ActRIIB polypeptides) of the ActRIIB
precursor protein (Le., SEQ ID NO:16 or SEQ 1D NO:28) to be used in accordance with the
methods and compositions described herein will gencrally comprise amino acids 29-109 of SEQ
D NO:16 or SEQ 1D NO:28, and such ActRIIB polypeptides may, for example, begin at a
residue corresponding to any one of amino acids 19-29 of SEQ D NO:16 or SEQ ID NO:28 and
end at a position corresponding to any one of aming acids 109-134 of SEQ D NO:16 or SEQ ID
N(:28. Specific examples of ActRIB polypeptides encompassed herein include those that
begin at an amino acid position from 19-29, 20-29 or 21-29 of SEQ ID NO:16 or SEQ 1D NO:28
and cnd at an amino acid position from 119-134, 119-133 or 129-134, 129-133 of SEQ 1D
WO:16 or SEQ ID NO: 28, Other specific examples of ActRIB polypeptides encompassed
herein include those that begin at an amino acid position from 20-24 {or 21-24, or 22-25) of SEQ
1D NO:16 or SEQ 1D NO:28 and cnd at an amino acid position from 109-134 {or 109-133), 119-
134 {or 119-133) or 129-134 (or 129-133) of SEQ ID NO:16 or SEQ 1D NO:28. Variant
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ActRIB polypeptides falling within these ranges are also contemplated, particularly those
having at least 80%., 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence
identity or sequence homology to the corresponding portion of SEQ 1D NO:16 or SEQ ID
NO:ZS.

166229] In certain embodiments, the inhibiiors of ActRIIB signaling used in the
compositions and methods described herein comprise a truncated form of an extracellular
domain of ActRUB. The truncation can be at the carboxy terminus and/or the aminoe terminus of
the ActRIIB polypeptide. In certain embodiments, the truncationcanbe 1,2, 3,4, 5,6, 7, 8, 9,
10, 11, 82,13, 14, 15, 16, 17,18, 19,20, 21, 22, 23, 24, or 25 amino acids long relative to the
mature ActRIB polypeptide extracellular domain. In certain embodiments, the truncation can be
1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, or 25 N-tcrminal
amino acids of the mature ActRIB polvpeptide extraceliular domain. Tn certain embodiments,
the truncation canbe 1, 2,3,4,5,6,7,8, 8,10, 11, 12, 13, 14, 15, 16,17, 18, 19, 28, 21, 22, 23,
24, or 25 C-terminal amino acids of the matare ActRIB polypeptide extracetlular domain. For
example, truncated forms of ActRIB inchude polypeptides with amino acids 20-119; 20-128; 20-
129; 20-130; 20~131; 20-132; 20~133; 20-134; 20-131; 21-131; 22-131; 23-131; 24-131; and 25-
131, wherein the amino acid positions refer to the amino acid positions in SEQQ D NO: 16 or
SEQ ID NO:2K.

{60236} Additional exemplary trancated forms of ActRHB include (1) polypeptides
beginning at amino acids at any of amino acids 21-29 of SEQ ID NO:16 or SEQ} 1D NO:28
{optionally beginning at 22-25 of SEQ 1 NO:16 or SEQ ID N(O:28) and ending at any of amino
acids 109-134 of SEQ ID NO:16 or SEQ 1D NO:2&; (ii) polypoptides beginning at any of aming
acids 2(-29 of SEQ 1D NO:16 or SEQ ID NO:28 (optionally beginning at 22-25 of SEQ 1D
N6 or SEQ 1D NO:28) and ending at any of aming acids 109-133 of SEQ 12 NO: 16 or SEQ
1D NO:2Z8; (111} polypeptides beginning at any of amino acids 20-24 of SEQ 1D NO:16 or SEQ
1D NO:28 (optionally beginning at 22-25 of SEQ ID NO:16 or SEQ 2 NO:28} and ending at
any of amino acids 109-133 of SEQ 1D NO:16 or SEQ 1D NG:2§; (iv) polypeptides beginning at
any of aming acids 21-24 of SEQ 1D NO:16 or SE(} ID NO:28 and ending at any of amino acids
109-134 of SEQ 1D NO: 16 or SEQ 1D NO:28; (v} polypeptides beginning at any of aming acids
20-24 of SEQ 1D NO:16 or SEQ 1D NO:28 and ending at any of amino acids 118-133 of SEQ 1D
W16 or SEQ 1D NO:28; (vi) polypeptides beginning at any of amino acids 21-24 of SEQ ID
NO:16 or SEQ 1D NO:28 and ending at any of amino acids 118-134 of SEQ ID NO:16 or SEQ
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1D NO:2&; {vii} polypeptides beginning at any of aming acids 23-24 of SEQ 1D NO:16 or SEQ
1D NO:28 and ending at any of amino acids 128-133 of SEQ 1D NOG:16 or SEQ ID NO:2E&; (viii)
polypeptides beginning at any of amino acids 20-24 of SEQ ID NGO 16 or SEQ ID NO:28 and
ending at any of amino acids 128-133 of SEQ ID NO:16 or SEQ 1D NG:28; (ix) polypeptides
beginning at any of aming acids 21-29 of SEQ 1D NO:16 or SEQ ID NO:28 and ending at any of
amino acids 118-134 of SEQ 1D NO:16 or SEQ 1D NO:28; (x) polypeptides beginning at any of
amino acids 20-29 of SEQ 1D NO:16 or SEQ D NO:28 and ending at any of amino acids 118-
133 of SEQ 1D NO:16 or SEQ ID NO:28; (xi) polypeptides beginning at any of amino acids 21-
29 of SEQ ID NO:16 or SEQ ID NO:28 and ending at any of amino acids 128-134 of SEQ ID
WO:16 or SEQ D NO:28; and (xai) polypeptides beginning at any of amino acids 20-29 of SEQ
D NO:16 or SEQ 1D NO:28 and ending at any of amino acids 128-133 of SEQ ID NO: 16 or
SEQ 1D NO:28. In a specific embodiment, an ActRIIB polypeptides comprises, consists
essentially of, or consists of, an arino acid sequence beginning at amino acid position 25 of SEQ
D NO: 16 or SEQ 1D NO:28 and ending at amino acid position 131 of SEQ ID NO:16 or SEQ
D NO:28. In another specific embodiment, an ActRIIB polypeptide consists of, or consists
essentially of, the amino acid sequence of SEQ 1D NO:17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36,
37,42, or 43.

{80231} Any of the ActRIIB polypeptides used in the compositions and methods described
heretn may be produced as a homodimer. Any of the ActRIRB polypeptides used in the
composttions and methods described herein may be formulated as a fusion protein having a
heterologous portion that comprises a constant region from an IgG heavy chain, such as an Fe
domain. Any of the ActRIIB polypeptides used in the compositions and methods described
herein may comprise an acidic amino acid at the position corresponding to position 79 of SEQ
1D NO:16 or SEQ 1D NO:Z8, optionally in combination with one or more additional amino acid
substitutions, deletions or insertions relative to SEQ ID NO:16 or SEQ 1D NO:2K.

10883232} In specific embodiments, the inhibitors of ActRIIB signaling used in the
compositions and methods described herein comprise an extracellular domain of ActRIIB with
one or more aming acid substitutions/mutations. Such an amino acid substitution/mutation can
be, for example, an exchange from the leucine at amino acid position 79 of SEQ ID NG 16 or
SEQ 1D NO:2§E to an acidic amino acid, such as aspartic acid or glutamic acid. For example,
position L79 of SEQ 1D NO:16 or SEQ 1D NO:2&8 may be altered in ActRIIB extraceilular

domain polypeptides to confer altered activin-myostatin {GDF-11) binding propertics. L79A and
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| 79P mutations reduce GDF-11 binding to a greater extent than activin binding. L79E and
L79D mutations retain GDF-11 binding, while demonstrating greatly reduced activin binding.
166233} In certain embodiments, the inhibitors of ActRIIB signaling used in the
compaositions and methods described herein comprise a truncated form of an ActRIIB
extracellular domain that also carries an amino acid substitution, e.g., an cxchange from the
icucine at amino acid position 79 of SEQ ID NO:16 or SEQ 1D NO:28 to an acidic amino acid,
such as aspartic acid or glutamic acid. In a specific embodiment, the truncated form of an
extraccllular domain of ActRIIB polypeptide that also carrics an amino acid substitution used in
the compositions and methods described herein is SEQ 1D NO:23. Forms of ActRIIB that are
truncated and/or carry one or more amino acid substitutions can be linked to an Fe domain of an
antibody as discussed above,

{00234} Functionally active fragments of ActRIIB polypeptides can be obtained, for
example, by screening polypeptides recombinantly produced from the corresponding fragment of
the nucleic acid encoding an ActRIB polypeptide. In addition, fragments can be chemically
synthesized using technigues known in the art such as conventional Merritfield solid phase f-Moc
or t-Boce chemistry. As will be recognized by one of skill in the art, other techniques, including
for example various resins and solution phase systems for peptide synthesis can be used to
synthesize peptidyl fragments described herein. The fragments can be produced (recombinantly
or by chemical synthesis) and tested to identify those peptidy! fragments that can function as
antagonists (inhibitors) of ActRIB protein or signaling mediated by activin,

{60235} In addition, functionally active variants of ActRHUB polypeptides can be obtained,
for example, by screening libraries of modified polypeptides recombinantly produced from the
corresponding mutagenized nucleic acids encoding an ActRIB polypeptide. The variants can be
produced and tested to identify those that can function as antagonists (inhibitors} of ActRHB
protein or signaling mediated by activin. In certain embodiments, a functional variant of the
ActRIB polypeptides comprises an amino acid sequence that is at least 75% identical to an
amino acid sequence selected from SEQ 1D NO:17, 18, 23, 26, 27, 29, 368, 31, 32, 33, 36, 37, 42,
and 43. In cortain cmbodiments, the functional variant has an amino acid scquence at least 80%,
&5%, 90%, 5%, 96%, 97%, 8%, or 99% identical to an amino acid sequence sclected from
SEQ ID NOG:17, 18, 23, 26,27, 29,30, 31, 32, 33, 36, 37, 42, and 43.

{00236} Functional variants may be generated, for example, by modifying the structure of

an ActRIIB polypeptide for such purposes as enhancing therapeutic efficacy, or stability {e.g., ex
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vivg shelf life and resistance to proteolytic degradation in vivo). Such modified ActRUB
polypeptides when selected to retain activin binding, are considered fumctional equivalents of the
naturally-occurring ActRIIB polypeptides. Modified ActRIIB polypeptides can also be
produced, for instance, by amino acid substitution, deletion, or addition. For instance, it is
reasonable to expect that an isolated replacement of a leucine with an isoleucine or valing, an
aspartatc with a glutamate, a threonine with a serine, or a similar replacement of an amino acid
with a structurally related amino acid {e.g., conservative mutations} will not have a major effect
on the biological activity of the resulting molecule. Conscrvative replacements arc those that
take place within a family of amino acids that are related in their side chains, Whether a change
in the amino acid sequence of an ActRIIB polypeptide resulis in a functional homolog can be
readily determined by assessing the ability of the variant ActRIIB polypeptide to produce a
response i cells in a fashion simular to the wild-type ActRIIB polypeptide.

180237} ActRIIB polypeptide mutants, particularly sets of combinatorial mutants of an
ActRIIB polypeptide, as well as truncation mutants; pools of combinatorial mutants are
especially useful for identifying functional variant sequences can be ased 1o the methods and
compostiions described herein. The purpose of screening such combinatorial libraries may be to
generate, for example, ActRIIB polypeptide variants which can act as either agonists or
antagonist, or alternatively, which possess novel activities all together.

{60238} It has been demonstrated that the ligand binding pocket of A¢tRIIB is defined by
residues Y31, N33, N35, L38 through T41, E47, ESO, Q53 through K35, L57, HSK, Y6({, 862,
K74, W78 through NB3, Y85, R87, A92, and E%4 through F10} of SEQ ID NOG:16 or SEQ ID
N2, Atthese positions, it is expected that conservative mutations will be tolerated, although
a K74A mutation is well-tolerated, as are R40A, KS55A, F82A and mutations at position L.79.
R4 i3 a K in Xenopus, indicating that basic amino acids at this position will be tolerated. Q53 is
R in bovine ActRIIB and K in Xenopus ActRIB, and therefore amino acids including R, K, Q,

MN and H will be tolerated at this position. Thus, a general formula for an ActRHEB polypeptide

for use in the methods and compositions described herein is one that comprises amino acids 29
109 of SEQ ID NGO 16 or SEQ 1D NO:28, but optionally beginning at an amino acid position
ranging from 20-24 or 22-25 of SEQ ID NO:16 or SEQ 1D NO:28 and ending at an amino acid
position ranging from 129-134 of SEQ 1D NO: 16 or SEQ ID NO:28, and comprising no more
than 1, 2, 5, or 15 conservative amino acid changes in the ligand binding pocket, and zero, one or

more non-conservative altorations at amino acid positions 40, 53, 535, 74, 79 and/or 82 of SEQ 1D
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NC:16 or SEQ 1D NO:28 in the ligand binding pocket. Such an ActRIUB polypeptide may retain
greater than 80%, 90%, 95% or 99% sequence identity or sequence homology to the sequence of
amino acids 29-109 of SEQ 1D NO:16 or SEQ 1D NO:28. Sites outside the binding pocket, at
which variability may be particularly well tolerated, include the amino and carboxy termini of
the extracellular domain of ActRIIB, and positions 42-46 and 65-73. An asparagine to alaning
altcration at position 65 of SEQ ID NO:16 or SEQ ID NO:28 (N65A) actually improves ligand
binding in the A64 background, and is thus cxpected to have no detrimental effect on ligand
binding in the R64 background. This change probably climinates glycosylation at N65 in the
A64 background, thus demonstrating that a significant change in this region is likely to be
tolerated. While an R64A change is poorly tolerated, R64K 15 well-tolerated, and thus another
basic residue, such as H may be tolerated at position 64,

100239} As a specific example of an ACtRIIB polypeptide with a mutation in the ligand
binding domain, the positively-charged amino acid residue Asp (D80) of the ligand-binding
domain of ActRIIB can be mutated to a different anmuno acid residue such that the variant
ActRIIB polypeptide preferentially binds to GDFE, but not activin. In a specific erobodiment,
the DRO residue is changed to an amuno acid residue selected from the group consisting of! an
uncharged amino acid residue, a negative amino acid residue, and a hydrophobic amino acid
residue. As a further specific example, the hydrophobic residue L79 can be altered to the acidic
amino acids aspartic acid or glutamic acid to greatly reduce activin binding while retaining
GDFIH binding. As will be recognized by one of skill in the art, most of the described
mutations, variants or modifications may be made at the nucleic acid level or, in some cases, by
post translational modification or chemical synthesis. Such techniques are well known in the art.
{60246} In specific embodiments, the inhibitors of ActRHB signaling used in the
composttions and methods described herein comprise a conjugate/fusion protein comprising an
extracellular domain {e.g., an activin-binding domain) of an ActRIIB receptor linked to an Fe
portion of an antibody. Such conjugate/fusion proteins may comprise any of the ActRIB
polypeptides disclosed herein {e.g., any of SEQ D NOS:17, 18, 23, 26, 27, 29, 30, 31, 32, 33,
36, 37, 42, or 43), any ActRIIB polypeptides known in the art, or any ActRIIB polypeptides
generated using methods known in the art and/or provided hercin

160241} In certain embodiments, the extracellular domain is linked to an Fe portion of an
antibody via a linker, e.g., a peptide linker. Excmplary linkers include short polypeptide

sequences such as 2-10, 2-5, 2-4, 2-3 amino acid residues {e.g., glycine residues), such as, for
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example, a Gly-Gly-Gly linker. In a specific embodiment, the linker comprises the amino acid
sequence Gly-Gly-Gly (GGG). In another specific embodiment, the linker comprises the aming
acid sequence Thr-Gly-Gly-Gly (TGGG). Optionally, the Fe domain has one or more mutations
at residucs such as Asp-265, lysine 322, and Asn-434. In certain cases, the mutant Fe domain
having onc or more of these mutations {e.g., an Asp-265 mutation} has a reduced ability to bind
to the Fey receptor relative to a wild-type Fo domain. In other cases, the mutant Fe domain
having onc or more of these mutations {e.g., an Asn-434 mutation} has an increased ability to
bind to the MHC class I- related Fe-receptor (FeRN) relative to a wild-type Fe domain.
Exemplary fusion proteins comprising a soluble extracellular domain of ActRUB fused to an Fe
domain are set forth in SEQ 1D NOs:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47.
166242} In a specific embodiment, the ActRIIB signaling inhibitors ased in the
composttions and methods described herein comprise the extracellular domain of ActRIIB, ora
portion thercof, linked to an Fo portion of an antibody, wherein said ActRIB signaling inhubitor
comprises an amino acid sequence that is at least 75% wdentical to an amino acid sequence
selected from SEQ 1D NOs:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47. Tn another
specific erobodiment, the ActRIB signaling inhibitors used in the compositions and methods
described herein comprise the extracellular domain of ActRIIB, or a portion thereof, linked to an
F¢ portion of an antibody, wherein said ActRIIB signaling inhibitor comprises an amino acid
sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to an amino
acid sequence selected from SEQ D NOS:20, 21, 24, 25, 34, 35, 38, 39, 40, 41, 44, 46, and 47.
1602431 In a speeific embodiment, the ActRIIB signaling inhibitor to be used in the
composttions and methods described herein is a fusion protein between the extracellular domain
of the human ActRIB receptor and the Fe portion of IgG1. In another specific embodiment, the
ActRIB signaling inhibitor to be used in the compositions and methods described herein is a
fusion protein between a truncated extracelluiar domain of the human ActRIB receptor and the
Fe portion of IgG1l. In another specific embodiment, the ActRIIB signaling inhibitor to be used
in the compositions and methods described hercin is a fusion protein between a truncated
extracellular domain of the human ActRIB receptor and the Fe portion of ig(G1, wherein the
truncated cxtraccliular domain of the human ActRHB receptor possesses an amine acid
substitution at the amine acid position corresponding to amino acid 79 of SEQ 1D NO:16 or SEQ

1D NO:28. In one embodiment, the amino acid substitution at the amino acid position
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corresponding to amino acid 79 of SEQ 1D NO:16 or SEQ 1D NO:28 is substitution of Leucine
for Aspartic Acid {{.e., an L79D mutation).

100244} In a specific embodiment, the ActRIB signaling inhihitor to be used in the
compositions and methods described herein s SEQ 1D NG:24 or 25, which represents a fusion
protein between the extracellular domain of the human ActRIIB receptor and the Fo portion of
1g(G1, wherein said ActRIIB extracellular domain comprises aming acids 25-131 of SEQ 1D
N(O:28 with an L7920 mutation. The nucleic acid scquence encoding the ActRIIB-Fe fusion
protein of SEQ 1D NO:24 is presented in SEQ ID NO:45.

100245} In another specific cmbodiment, the ActRYIB signaling inhibitor to be used in the
compostiions and methods described herein is SEQ ID NG:34 or 35, which represents a fusion
protein between the extracellular domain of the human ActRIIB receptor and the Fe portion of
fgG1, wherein said ActRIIB extracellular domain comprises amino acids 23-131 of SEQ ID
NO:16 with an L7900 mutation.

100246} Asparagine-linked glycosylation recognition sites generally comprise a tripeptide
sequence, asparagine-X-threonine {or asparagine-X-serine) (where “X” 1s any amino acid) which
is specifically recognized by appropriate cellular glycosylation cozymes. The alteration may
also be made by the addition of, or substitation by, onc or more sering or threonine residues to
the sequence of the wild-type ACtRIIB polypeptide (for O-linked glycosylation sites). A variety
of amino acid substitutions or deletions at one or both of the first or third amino acid positions of
a glycosylation recognition site (and/or amino acid deletion at the second position) results in
non-glycosylation at the modified tripeptide sequence. Another means of inereasing the number
of carbohydrate moictics on an ActRIB polypeptide is by chemical or enzymatic coupling of
glycosides to the ActRIIB polypeptide. Depending on the coupling mode used, the sugar(s) may
be attached to (a) arginine and histidine; (b} free carboxyl groups; (¢} frec suithydryi groups such
as those of cysteine; {d) frec hydroxy! groups such as those of serine, threonine, or
hydroxyproline; {c¢} aromatic residucs such as those of phenylalanine, tyrosine, or tryptophan; or
{f) the amide group of glutamine. These methods are described in International Patent
Application No. W 87/05330 published Sep. 11, 1987, and in Aplin and Wriston (1981) CRC
Crit. Rev. Biochem., pp. 259-306, incorporated by reference hercin. Removal of one or more
carbohydrate moictics prosent on an ActRUB polypeptide may be accomplished chemically
and/or cnzymatically. Chemical deglycosylation may involve, for example, cxposure of the

ActRIIB polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent
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compound. This treatment results in the cleavage of most or all sugars cxcept the linking sugar
{N-acetylghicosamine or N-acetylgalactosamine), while icaving the amino acid sequence intact.
Chemical deglycosylation is further described by Hakimuddin er af. (1987) Arch. Biochem.
Biophys. 259:52 and by Edge ef af. (1981} Anal. Biochem. 118:131. Enzymatic cleavage of
carbohydrate moictics on AciRIIB polypeptides can be achicved by the use of a variety of endo-
and exo-glycosidases as described by Thotakura ef af. (1987} Meth. Enzymol. 138:350. The
sequence of an ActRIIB polypeptide may be adjusted, as appropriate, depending on the type of
cxpression system used, as mammalian, yeast, insect and plant cells may all introducce differing
glvcosylation patterns that can be affected by the amino acid sequence of the peptide. In general,
ActRIIB proteins for use in humans will be expressed 1o a mammalian cell hine that provides
proper glycosylation, such as HEK293 or CHO cell hines, although other expression systeros,
sach as other mammalian expression cell hines, veast cell lines with engineered glycosylation
enzymes and insect cells, are expected to be useful as well,

100247} In specific erobodiments, mutated ACiRIIB polypeptides comprising the addition
of a further N-linked glycosylation site (N-X-S/T} that increases the serum half-life of an
ActRIIB-Fc fusion protein, relative o the AciRIIB(R64)-Fc form can be used in the methods and
compositions described herein. In a specific embodiment, introduction of an asparagine at
position 24 of SEQ ID NO:16 or SEQ 1D NO:28 (AZ4N) results in the creation of an NXT
sequence that confers a longer half-life. Other NX(T/5) sequences can be found at 42-44 (NQS)
and 65-67 (NSS}, although the latter may not be efficiently glyeosylated with the R at position
64 (i.e., in R64 polypeptides). N-X-5/T sequences may be generally introduced at positions
outside the ligand binding pocket of ActRIIB, which is detaifed above. Particularly suitable sites
for the introduction of non-endogenous N-X-8/T sequences include amino acids 20-29, 20-24,
22-25, 109-134, 120-134 or 129-134 of SEQ ID NO:16 or SEQ 1D NO:28, N-X-5/T scquences
may also be introduced into the linker between the ActRHEB sequence and the Fe or other fusion
component. Such a site may be introduced with minimal ¢ffort by introducing an N in the
correct position with respect to a pre-existing S or T, or by introducing an S or T at a position
corresponding to a pre-cxisting N, Thus, desirable alterations that would create an N-linked
glycosylation sitc arc: AZ4N, R64N, S67N (possibly combined with an N65A altcration),
ELOoN, REI2N, GI20N, E123N, Pi29N, AI32N, R112S and R112T (with all amino acid
positions corresponding to the positions they can be found in SEQ ID NG:16 or SEQ 1D NO:28).

Any S that is predicted to be glycosylated may be altered to a T without creating an
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immunogenic site, because of the protection afforded by the glycosylation. Likewise, any T that
is predicted to be glycosylated may be altered to an 8. Thus the alterations S67T and 5447 are
encompassed herein. Likewise, in an AZ4N variant, an S267T alicration may be used.
Accordingly, an ActRUB polypeptide may include one or more additional, non-endogenous N-
linked glycosylation consensus scquences.

{00248 A varicty of screening assays may be used to evaluate ActRIIB polypeptide
variants. For example, an ActRIIB polypeptide variant may be screencd for ability to bind to an
ActRIIB higand, to prevent binding of an ActRIB ligand to an ActRIIB polypeptide or to
interfere with signaling caused by an ActRIIB ligand. The activity of an ActRIIB polypeptide or
its variants may also be tested in a cell-based or in vivo assay.

1060249} Combinatorially-derived variants can be generated which have a selective or
generally increased potency relative to a naturally occurring AciRIIB polypeptide. Likewise,
mutagencsis can give rise fo variants which have intracellular half-lives dramatically different
than the corresponding wild-type ActRIIB polypeptide. For exarople, the altered protein can be
rendered either more stable or less stable o proteolytic degradation or other cellular processes
which result in destruction of, or otherwise inactivation of a native ActRIIB polypeptide. Such
variants, and the genes which encode them, can be utilized to alter ActRIIB polypeptide levels
by modulating the half-life of the ActRIB polypeptides. For instance, a short half-life can give
rise to more transient biclogical effects and can allow tighter control of recombinant ActRIIB
polypeptide levels within the subject. In an Fe fusion protein, mutations may be made in the
Hinker (if any} and/or the Fe portion to alter the half-hife of the protein.

180258] A combinatorial library may be produced by way of a degenerate library of genes
encoding a library of polypeptides which each include at least a portion of potential ActRIIB
polypeptide sequences. For instance, a mixture of synthetic oligonucleotides can be
enzymatically ligated into gene sequences such that the degenerate set of potential ActRIIB
polypeptide nucleotide scquences are expressible as individual polypeptides, or alternatively, as
a s¢t of larger fusion proteins {e.g., for phage display).

{83251} There are many ways by which the library of potential homologs can be generated
from a degencrate oligonucleotide sequence. Chemical synthesis of a degencrate gene sequence
can be carricd out inn an automatic DNA synthesizer, and the synthetic genes then be ligated into
an appropriate vector for expression. The synthesis of degencrate oligonucleotides is well

known in the art (see for cxample, Narang, § A (1983) Tetrahedron 39:3; Itakura ef /., (1981)
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Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton, Amsterdam:
Elsevier pp 273-289; ltakura er ¢f., (1984} Annu. Rev. Biochem. 53:323; ltakura er ¢f., (1984)
Science 128:1056; fke er al., (1983) Nucleic Acid Res. 11:477). Such techniques have been
employed in the directed evolution of other proteins {(see, for example, Scott ef al., (1990
Science 249:356-320; Roberts ef af., (1992) PNAS USA 89:2429-2433; Devlin ef al., (1990)
Scicnce 249 404-406; Cwirla er al., (1990) PNAS USA 87: 6378-6382; as well as U.S. Pat. Nos,
5,223,409, 5,198,346, and 5,096,815).

{00252} Alternatively, other forms of mutagenesis can be utilized to generate a
combinatorial library. For example, ActRIIB polypeptide variants can be generated and isolated
from a library by screening using, for example, alanine scanning mutagenesis and the like (Ruf et
al., (1994) Biochemistry 33:1565-1572; Wang ef al., (1994} J. Biol. Chem. 269:3095-3099;
Balint et /., {1993) Gene 137:109-118; Grodberg ef ol., (1993) Eur. I. Biochem. 218:597-601;
Nagashima et ¢/, (1993} I. Biol. Chem. 268:2888-2892; Lowman ef af., {1991) Biochemistry
30:10832-10838; and Cunningham ef af., (1989) Science 244:1081-1085}, by linker scanning
mutagenesis (Gustin ef al., (1993} Virology 193:653-660; Brown ef al., (1992} Mol. Cell Biol.
12:2644-2652; McKnight ef af., (1982) Science 232:316); by saturation mutagenesis {(Meyers ef
af., (1986) Science 232:613); by PCR mutagenesis (Leung et of., {1989) Method Cell Mol Biol
1:11-19); or by random mutagenesis, including chemical mutagenesis, ete. (Miller ez o/, {1992)
A Short Course tn Bacterial Genetics, CSHL Press, Cold Spring Harbor, N.Y.; and Greener &
al., (1994) Strategies in Mol Biol 7:32-34}. Linker scanning mutagenesis, particularly ina
combinatorial setting, is an attractive method for identifying truncated (bioactive) forms of
ActRIB polypeptides.

{B0253] A wide range of techniques are known in the art for screcning genc products of
combinatorial libraries made by point mutations and truncations, and, for that matter, for
screening ¢DNA librarics for gene products having a certain property. Such techniques will be
generally adaptable for rapid screening of the gene libraries generated by the combinatorial
mutagencsis of ActRIB polypeptides. The most widely used techniques for screening large
gene libraries typically comprises cloning the gene Hbrary into replicable expression vectors,
transforming appropriate cclls with the resulting library of vectors, and cxpressing the
combinatorial genes under conditions in which detection of a desired activity facilitates relatively
casy isolation of the vector encoding the gene whose product was detected. Preferred assays

include activin binding assays and activin-mediated cell signaling assays.
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183254 In certain embodiments, ActRIB polypeptides used in the methods and
compositions described herein may further comprise post-transiational modifications in addition
to any that are naturally present in the ActREB polypeptides. Such modifications include, but
are not limited to, acctylation, carboxylation, glycosylation, phosphorylation, lipidation, and
acylation. As a result, the modificd ActRIIB polypeptides may contain non-amino acid clemoents,
such as polyethyvlene glycols, lipids, poly- or mono-saccharide, and phosphates. Effects of such
non-amino acid clements on the functionality of an ActRIIB polypeptide may be tested by any
method known to the skilled artisan. When an ActRIUB polypeptide is produced in cells by
cleaving a nascent form of the ActRHUB polypeptide, post-translational processing may also be
important for correct folding and/or function of the protein, Different cells (such as CHO, Hela,
MDCK, 293, W138, NIH-3T3 or HEK293) have specific cellular machinery and characteristic
mechanisms for such post-translational activities and may be chosen to ensure the correct
modification and processing of the ActRIB polypeptides.

[80255] In certain aspects, functional variants or modified forms of the ActRIIB
polypeptides include fusion proteins having at least a portion of the ActRIB polypeptides and
one or more fusion domains. Well known examples of such fusion domains include, but are not
Himited to, polvhistiding, Glu-Ghy, glutathione S transferase (GST), thioredoxin, protein A,
protein G, an immunoglobulin heavy chain constant region (Fe), maltose binding protein (MBP},
or human serum albumin, A fusion domain may be selected so as to confer a desired property.
For example, some fusion domains are particularly usefl for isolation of the fusion proteins by
affinity chromatography. For the purpose of affinity purification, relevant matrices for affinity
chromatography, such as glutathione-, amylase-, and nickel- or cobalt-conjugated resins are
used. Many of such matrices are available in “kit” form, such as the Pharmacia GST purification
system and the (J1AcxpressTM system {((Jagen} usctud with (HIS6} fusion partners. As another
example, a fusion domain may be selected so as to facilitate detection of the ActRIIB
polypeptides. Examples of such detection domains include the various fluorescent proteins {e.g.,
(GFP) as well as “cpitope tags,” which arc usually short peptide sequences for which a specific
antibody is available. Well known epitope tags for which specific monoclonal antibodics are
readily available include FLAG, influcnza virus hemagglutinin (HA), and ¢-myc tags. In some
cases, the fusion domains have a protease cleavage site, such as for Factor Xa or Thrombin,
which allows the relevant protease to partially digest the fusion proteins and thereby liberate the

recombinant proteins thercfrom. The liberated proteins can then be isolated from the fusion

LY



WO 2016/069234 PCT/US2015/054674

domain by subscquent chromatographic separation. In certain preferred embodiments, an
ActRIIB polvpeptide is fused with a domain that stabilizes the ActRIIB polypeptide in vivo {a
“stabilizer” domain). By “stabilizing” is meant anything that increascs serum half life,
regardless of whether this is because of decreased destruction, decrcased clearance by the
kidney, or other pharmacokinetic cffect. Fusions with the Fe portion of an immunoglobulin are
known to confer desirable pharmacokinetic propertics on a wide range of proteins. Likewise,
fusions to human serum albumin can confer desirable propertics. Other types of fusion domains
that may be selected inchude multimerizing (e.g., dimerizing, tetramerizing) domains and
functional domains (that confer an additional biological function, such as further stimulation of
bone growth or mascle growth, as desired).

{00256} It 1s understood that different elements of the fusion proteins may be arranged in
any manner that 15 consistent with the desired fonctionality, For example, an ActRIIB
polypeptide may be placed C-terminal to a heterologous domain, or, alternatively, a heterologous
domain may be placed C-terminal to an ActRIUB polypeptide. The ActRIIB polypeptide domain
and the heterologous domain need not be adjacent in a fusion protein, and additional domains or
amino acid sequences may be included C- or N-termoinal o either dornain ot between the
domains.

{0287} In certain embodiments, the ActRIIB polypeptides used in the methods and
compositions described herein contain one or more modifications that are capable of stabilizing
the ActRHB polypeptides. For example, such modifications enhance the in vitro half life of the
AciRIIB polypeptides, enhance circulatory half hife of the AciRIIB polypeptides or reduce
proteolytic degradation of the ActRIB polypeptides. Such stabilizing modifications include, but
are not limited to, fusion proteins (including, for cxample, fusion proteins comprising an
ActRIB polypeptide and a stabilizer domain}, modifications of a glycosylation site (including,
for example, addition of a glycosylation site to an ActRIB polypeptide), and modifications of
carbohydrate moiety {including, for example, removal of carbohydrate moicties from an ActRIIB
polypeptide}. In the case of fusion proteins, an ActRIIB polypeptide is fused to a stabilizer
domain such as an IgG molecule (e.g., an Fc domain). As used herein, the term “stabilizer
domain” not only refers to a fusion domain {e.g., Fc) as in the case of fusion proteins, but also
includes nonproteinaceous modifications such as a carbohydrate moiety, or nonproteinaceous

polymer, such as polyethylene glycol.
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100258 In certain embodiments, the methods and compositions described herein use
isolated or purified ActRIUB polypeptides, i.e., ActRIUB polypeptides which are isolated from, or
otherwise substantially free of, other proteins can be used with the methods and compositions
described herein. ActRUB polypeptides will generally be produced by expression from
recombinant nucleic acids,

[60259] In certain aspects, the ActRUB polypeptides used in the methods and
compositions described herein are encoded by isolated and/or recombinant nucleic acids,
including fragments, functional variants and fusion proteins disclosed herein. For example, SEQ
1D NO: 19 encodes the naturally occurring human ActRIIB precursor polypeptide. The subject
nucleic acids may be single-stranded or double stranded. Such naocleic acids may be DNA or
RNA molecules. These nucleic acids may be used, for example, i methods for making ActRURB
polypeptides or as direct therapeutic agents {e.g., in a gene therapy approach).

160260} In certain aspects, the nucleic acids that can be used to produce ActRIIB
polypeptides suitable for use in the methods and compositions described herein are further
understood to include nucleie acids that are variants of SEQ 1D NO: 19 as well as variants of
those nucleic acid sequences that encode soluble ActRIIB polvpeptides (e.g., nucleic acids that
encode SEQ ID NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43}. Vanant
nucleotide sequences include sequences that differ by one or more nucleotide substitutions,

additions or deletions, such as allelic variants.

180261} In certain embodiments, the isolated or recombinant nucleic acid sequences that
can be used to produce ActRIB polypeptides suitable for use in the methods and compositions

described herein are at least 80%, 85%, 90%, 95%, 97%, 38%, 99% or 100% identical to SEQ
1D NO: 19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides (e.g.,
nucleie acids that encode SEQ 1D NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37,42, and 43).
Une of ordinary skill in the art will appreciate that macleic acid sequences complementary to
SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRIB polypeptides {e.g..
nucleic acids that encode SEQ 1D NQGs: 17, 18, 23, 26,27, 29, 30, 31, 32, 33, 36, 37, 42, and 43},
and variants of SEQ 1D NO: 19 or those nucleic acid sequences that encode soluble ActRHB
polypeptides {e.g., nuclcic acids that encode SEQ 1D NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33,
36, 37, 42, and 43) can be used with the methods and cormpositions described herein. In further
embodiments, the nucleic acid sequences can be isolated, recombinant, and/or fused with a

heterologous nucleotide sequence, or in a DNA library,

B8,



WO 2016/069234 PCT/US2015/054674

160262] In other embodiments, nucleic acids that can be used to produce ActRIB
polypeptides suitable for use in the methods and compositions described herein include
nucleotide secquences that hybridize under highly stringent conditions to the nucleotide scquence
designated in SEQ ID NO:19 or those nuclete acid sequences that encode soluble ActRIIB
polypeptides {e.g., nucleic acids that encode SEQ 1D NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33,
36, 37, 42, and 43}, complement sequence of SEQ ID NG: 19 or those nucleic acid sequences that
encode soluble ActRIIB polypeptides {e.g., nucleic acids that cncode SEQ 1D NOs: 17, 18, 23,
26, 27,29, 30, 31,32, 33,36, 37,42, and 43), or fragments thereof. One of ordinary skill in the
art will understand that appropriate stringency conditions which promote DNA hybridization can
be varied. For example, one can perform the hybridization at 6.0 tiraes sodium chloride/sodium
citrate {(SSC) at about 45 degree Celsius, followed by a wash of 2.0 times SSC at 50 degree
Celsius. For example, the salt concentration in the wash step can be selected from a low
stringency of about 2.0 times SSC at 50 degree Celsius to a high stringency of about 0.2 times
SSC at 50 degree Celsius, In addition, the temperature in the wash step can be increased from
low stringency conditions at room temperature, about 22 degree Celsius, to high stringency
conditions at about 65 degree Celsius. Both temperature and salt may be varied, or teroperature
or salt concentration may be held constant while the other variable is changed. Inone
embodiment, nucleic acids which hybridize ander low stringency conditions of 6 times SSC at
room temperature followed by a wash at 2 times SSC at room temperatare can be used with the
methods and compositions described herein.

(66263} isolated nucieic acids which differ from the nucleic acids as set forth in SEQ 1D
MN(:19 or those nucleic acid sequences that encode soluble ActRIIB polypeptides {e.g., nucleic
acids that encode SEQ 1D NOs: 17, 18, 23, 26, 27, 29, 30, 31, 32, 33, 36, 37, 42, and 43) duc to
degencracy in the genetic code can also be used to produce ActRUB polypeptides suitable for
use in the methods and compositions described herein. For example, a number of amino acids
are designated by more than one triplet. Codons that specify the same amino acid, or synonyms
{for example, CAU and CAC are synonyms for histidine) may result in “silent” mutations which
do not affect the amino acid sequence of the protein. However, it is cxpected that DNA
sequence polymorphisms that do lcad to changes in the amino acid sequences of the subject
proteins will exist among mammalian cells. Onc skilled in the art will appreciate that these
variations in one or more nucleotides (up to about 3-5% of the nucleotides) of the nucleic acids

encoding a particular protein may cxist among individuals of a given specics due to natural
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allelic variation. Any and all such nucleotide variations and resulting amino acid polymorphisms
can be used with the methods and compositions described herein.

160264] In certain embodiments, the recombinant nucleic acids that can be used to
produce ActRIIB polypeptides suitable for use in the methods and compositions described herein
may be operably linked to one or more regulatory nucleotide scquences in an expression
construct. Regulatory nucicotide sequences will gencrally be appropriate to the host cell used for
expression. Numerous types of appropriate expression vectors and suitable regulatory sequences
are known in the art for a variety of host cells. Typically, said onc or more regulatory nucleotide
sequences may include, but are not limited to, promoter sequences, leader or signal sequences,
ribosomal binding sites, transcriptional start and termination sequences, translational start and
termination sequences, and enhancer or activator sequences. Constitutive or inducible promoters
as known in the art can be used with the methods and compositions described herein. The
promoters may be either naturally occurring promoters, or hybrid promoters that combine
clements of more than one promoter. An expression construct may be present ina cell onan
episome, such as a plasmid, or the expression construct may be inserted in a chromosome. Tna
preferred embodiment, the expression vector contains a selectable marker gene to allow the
selection of transformed host eells. Selectable marker genes are well known in the art and will
vary with the host cell used.

{66265} in certain aspects, the nucleic acids that can be used to produce ActRIIB
polypeptides suitable for use in the methods and compositions described herein are provided in
an expression vector comprising a nucleotide sequence encoding an ActRUB polypeptide and
operably linked to at least one regulatory scquence. Regulatory sequences are art-recognized and
are selected to dircct expression of the ActRIB polypeptide. Accordingly, the term regulatory
sequence includes promoters, enhancers, and other expression control clements. Exemplary
regulatory sequences are described in Goeddel;, Gene Expression Technology: Methods in
Enzymology, Academic Press, San Diego, Calif. (1990). For instance, any of a wide varicty of
cxpression control sequences that control the expression of a DNA sequence when operatively
linked to it may be used in these vectors to express DNA sequences encoding an ActRIB
polypeptide. Such useful expression control scquences, include, for example, the carly and late
promaters of SV40, tet promoter, adenovirus or cytomegalovirus immediate carly promoter,
RSV promoters, the lac systom, the trp system, the TAC or TRC system, T7 promoter whose

expression is directed by T7 RNA polymerase, the major operator and promoter regions of phage
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lambda, the control regions for fd coat protein, the promoter for 3-phosphoglyeerate kinase or
other glycolytic enzymes, the promoters of acid phosphatase, e.g., PhoS, the promoters of the
yeast .alpha.-mating factors, the polyhedron promoter of the baculovirus system and other
sequences known to control the expression of gencs of prokaryotic or cukaryotic cells or their
viruses, and various combinations thercof. It should be understood that the design of the
cxpression vector may depend on such factors as the choice of the host cell to he transformed
and/or the type of protein desired to be expressed. Moreover, the vector’s copy number, the
ability to control that copy number and the expression of any other protein encoded by the
vector, such as antibiotic markers, should also be considered.

100266} A recombinant nucleic acid can be produced by ligating the cloned gene, ora
portion thercof, into a vector suitable for expression in either prokaryotic cells, cukaryotic cells
{yeast, avian, insect or mamunalian), ot both, Expression vehicles for produoction of a
recombinant AciRIIB polypeptide include plasmids and other vectors. For instance, suitable
vectors include plasmuds of the types: pBR322-derived plasmids, pEMBL-derived plasmds,
pEX-derived plasmids, pBTac-derived plasmids and pUC-derived plasmids for expression in
prokaryotic cells, such as E. coli.

1602671 Some mammalian expression vectors contain both prokarvotic sequences to
facilitate the propagation of the vector in bacteria, and one or more cukaryotic transcription units
that are expressed in eukaryotic cells. The pcDNAVamp, pcBNAneo, pRe/CMV, pSV2gpt,
pSV2Zneo, pSV2-dhir, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived vectors are
examples of mammalian expression vectors suitable for transfection of eukaryotic cells. Some of
these vectors are modified with sequences from bacterial plasmids, such as pBR322, to facilitate
replication and drug resistance selection in both prokaryotic and cukaryotic cells. Alternatively,
derivatives of viruses such as the bovine papilioma virus (BPV-1}, or Epstein-Barr virus
{pHEBo, pREP-derived and p205} can be used for transient expression of proteins in cukaryotic
cells. Examples of other viral {including retroviral) expression systems can be found below in
the description of genc therapy delivery systems. The various methods employed in the
preparation of the plasmids and in transformation of host organisms are well known in the art.
For other suitable expression systems for both prokaryotic and eukaryotic cells, as well as
general recombinant procedures, see Molecular Cloning A Laboratory Manual, 3rd Ed., ed. by
Sambrook, Fritsch and Maniatis {Cold Spring Harbor Laboratory Press, 2001}, In some

instancces, it may be desirable to express the recombinant polypeptides by the use of a
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baculovirus expression system. Examples of such baculovirus expression systems include pVL-
derived vectors {such as pV L1392, pVL1393 and pVL941)}, pAcUW-derived vectors (such as
pAcUWI1 ), and pBlucBac-derived vectors (such as the .beta.-gal containing pBlueBac i),
[00268] In onc embodiment, a voctor can be designed for production of the ActRIIB
polypeptides used in the methods and compositions described herein in CHO cells, such as a
Pemv-Script vector (Stratagene, La Jolla, Califl}, pcDNA4 vectors (Invitrogen, Carlsbad, Calif)}
and pCl-neco vectors {Promega, Madison, Wis.). As will be apparent, the subject gene constructs
can be used to causc expression of the subject ActRUB polypeptides in cells propagated in
culture, e.g., to produce proteins, including fusion proteins or variant proteins, for purification.
[00269] Host cells transfected with a recombinant gene including a coding sequence (e.g.,
SEQ ID NO:19 or those nucleic acid sequences that encode soluble ActRHB polypeptides {e.g.,
nucleic acids that encode SEQ ID NOs: 17, 18, 23, 26, 27,29, 30, 31, 32, 33, 36,37, 42, and 43})
for one or more of the subject ActRIIB polypeptides can be used to produce ActRIIB
polypeptides suitable for use in the methods and compositions described herein, The host cell
may be any prokaryotic or cukaryotic cell. For example, an ActRIR polypeptide may be
expressed in bacterial cells such as B, coli, insect cells {e.g., using a baculovirus expression
system}, yeast, or mammalian cells. Other suitable host eells are known to those skilled in the
art.

166270} Accordingly, provided heretn are methods of producing the ActRHB polypeptides
used in the methods and compositions described herein. For example, a host cell transfected
with an expression vector encoding an ActRHIB polypeptide can be cultured under appropriate
conditions to allow expression of the ActRUB polypeptide to occur. The ActRIB polypeptide
may be scereted and isolated from a mixture of cells and medium containing the ActRIIB
polypeptide. Alternatively, the ActRHB polypeptide may be retained cytoplasmically orina
membrane fraction and the cells harvested, lysed and the protein isolated. A cell culture inchudes
host cells, media and other byproducts. Suitable media for cell culture are well known in the art,
The subject ActRIIB polypeptides can be isolated from cell culture medium, host cells, or both,
using techniques known in the art for purifying proteins, inchuding ion-exchange
chromatography, gel filtration chromatography, ultrafiltration, clectrophoresis, immunoatfinity
purification with antibodics specific for particular cpitopes of the ActRIIB polypeptides and
attinity purification with an agent that binds to a domain fused to the ActRIB polypeptide (e.g.,

a protein A column may be used to purify an ActRUB-Fe fusion). In a preferred embodiment,
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the ActRHB polypeptide is a fusion protein containing a domain which facilitates its purification.
In a preferred embodiment, purification is achieved by a series of column chromatography steps,
including, for example, three or more of the following, in any order: protein A chromatography,
(J sepharosc chromatography, phenyisepharose chromatography, size cxclusion chromatography,
and cation cxchange chromatography. The purification could be completed with viral filtration
and buffer cxchange. As demonstrated herein, ActRUB -hFc protein was purified to a purity of
>08% as determined by size exclusion chromatography and >95% as determined by SDS PAGE.
This level of purity was sufficient to achicve desirable effects on bone in mice and an acceptable
safety profile in mice, rats and non-human primates.

100271} In another embodiment, a fusion gene coding for a purification leader sequence,
such as a poly~-(His)enterokinase cleavage site sequence at the N-termivus of the desired portion
of the recombinant ActRIIB polypeptide, can allow purification of the expressed {usion protein
by affinity chromatography using a Ni2+ metal resin. The purification leader sequence can then
be subsequently removed by treatment with enterokinase to provide the purified ActRIIB
polypeptide {e.g., see Hochult ef al., (1987} J. Chromatography 411:177; and Janknecht 7 al.,
PNAS USA 58:8972).

166272} Technigues for making fusion genes are well known. Essentially, the joining of
various DNA fragments coding for different polvpeptide sequences is performed in accordance
with conventional techniques, employing blunt-ended or stagger-ended termini for ligation,
restriction enzyme digestion to provide for appropriate terming, filling-in of cohesive ends as
appropriate, alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation.
in another embodiment, the fusion gene can be synthesized by conventional techniques including
automated DNA synthesizers. Alternatively, PCR amplification of gene fragments can be
carricd out using anchor primers which give rise to complementary overhangs between two
consecutive gene fragments which can subsequently be anncaled to gencrate a chimeric genc
sequence {see, for example, Current Protocols in Molecular Biology, eds. Ausubel ¢f @/, John
Wiley & Sons: 1992},

183273} ActRIB -Fc fusion protein can be expressed in stably transfected CHO-DUKX Bl
{ cells from a pAID4 vector (SV40 ori/enhancer, CMV promoter), using a tissue plasminogen
icader sequence of SEQ ID NO:S. The Fe portion can comprise a human IgGl Fe sequence, as

shown in SEQ ID NO:7. In certain embodiments, upon expression, the protein contained has, on
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average, between about 1.5 and 2.5 moles of sialic acid per molecule of ActRIB-Fe fusion
protein.

180274) In certain embodiments, the long serum half-life of an ActRIIB-Fe fusion can be
25-32 days in human subjects. Additionally, the CHO cell cxpressed material can have a higher
affinity for activin B ligand than that reported for an ActRIIB-hFc fusion protein expressed in
bhuman 293 cells {del Re e ¢f., J Biol Chemu 2004 Dec 17;279(51):53126-35). Additionally,
without being bound by theory, the use of the TPA leader sequence provided greater production
than other leader sequences and, unlike ActRIIB-Fe expressed with a native leader, may provide
a highly purc N-terminal sequence. Use of the native leader sequence may result in two major

species of ActRUB-Fe, each having a differcnt N-terminal sequence.

8.5.3 OTHER ACTRII RECEPTOR SIGNALING INHIBITORS

168275] In certain embodiments, the inhibitors of ActRIl signaling used in the
compaositions and methods described herein are nucleic acid compounds.

100276} Examples of catcgories of nucleic acid compounds that inhibit ActRI receptors
inchude antisense nucleic acids, siRNA or RNA{ constructs and catalytic nucleic acid constructs.
A nucleic acid compound may be single- or double-stranded. A double-stranded compound may
also include regions of overhang or non-complementarity, where one or the other of the strands
is single-stranded. A single-stranded compound may include regions of self-complementarity,
meaning that the compound may form a so-called “hairpin” or “stem-loop” structure, with a
region of double helical structuore.

{80277} In certain embodiments, the nucleic acid compounds that inhibit ActRIT receptors
may coroprise a nucleotide sequence that is coraplementary to a region consisting of no more
than 1000, no more than 504, no more than 250, no roore than 190 or no more than 50, 38, 30,
25,22, 20 or 18 nucleotides of the full-length ActRI receptor nucleie acid sequence or activin
nucleic acid sequence {e.g., the nucleic acid sequence of an activin A or activin B subunit, also
referred to as Ba or Be). In specific embodiments, the region of complementarity will be at least
8 nucleotides, and optionally at least 10 or at Jeast 15 nucleotides, and optionally between 15 and
25 nucleotides. A region of complementarity may fall within an intron, a coding sequence or a
noncoding sequence of the target transeript, such as the coding sequence portion. Generally, a
nucleic acid compound that inhibits an ActRII receptor will have a length of about 8 to about 500
nucleotides or base pairs in length, and optionally the length will be about 14 to about 50

nucleotides. A nucleic acid compound that inhibits an ActRII receptor may be a DNA
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{(particularly for usc as an antisense), an RNA, or an RNADNA hybrid. Any one strand may
include a mixture of DNA and RNA, as well as modified forms that cannot readily be classified
as cither DNA or RNA. Likewise, a double stranded nucleic acid compound may be DNA:DNA,
DNARNA, or RNARNA, and any one strand may also include a mixture of DNA and RNA, as
well as modificd forms that cannot readily be classified as cither DNA or RNA.

160278] The nucleic acid compounds that inhibit an ActRIl receptor may include any of a
varicty of modifications, including one or modifications to the backbone {the sugar-phosphate
portion in a natural nucleic acid, including internucleotide linkages) or the base portion {the
puring or pyrimidine portion of a natural nucleic acid). In certain embodiments, an antisense
nucleic acid compound will have a length of about 15 to about 30 nucleotides and will often
contain one or more modifications to improve certain characteristics, such as stability in the
serurmn, stability in a cell, or stability in a place where the compound 18 likely to be delivered,
such as, e.z., the stornach in the case of orally delivered compounds and the Tung for inhaled
compounds. In the case of an RNA1 construct, the strand complementary to the target transcript
will generally be RNA or modifications thereof. The other strand may be RNA, DNA, or any
other variation. The duplex portion of double stranded or single stranded “hairpin” RNA
construct may, in certain embodiments, have a length of 18 to 40 nucleotides in length and
optionally about 21 to 23 nucleotides in length, so long as it serves as a Dicer substrate,
Catalytic or enzymatic nucleic acids may be ribozymes or DNA enzymes and may also contain
modified forms. In certain embodiments, nucleic acid compounds that inhibit ActRIT receptors
may inhibit expression of their target by about 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%,
99%., or more under physiological conditions and at a concentration where a nonsense or sense
control has little or no effect. Concentrations for testing the effect of nucleic acid compounds
inchade 1, 5, 10 micromolar, or more.

{60279} In other cmbodiments, the inhibitors of ActRI signaling used in the compositions
and methods described herein are antibodies. Such antibodies include antibodies that bind to
activin {particularly the activin A or B subunits, also referred to as BA or BB) and disrupt ActRH
receptor binding; and antibodics that bind to ActR1I receptor polypeptides {e.g., a soluble
ActRIIA or soluble ActRIIB polypeptide) and disrupt activin binding.

100280} By using immunogens derived from an ActRII receptor polypeptide or an activin
polypeptide, anti-protein/anti-peptide antisera or monoclonal antibodies can be made by standard

protocols {see, for cxample, Antibodies: A Laboratory Manual ¢d. by Harlow and Lanc {Cold
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Spring Harbor Press: 1988)). A mammal, such as a mouse, a hamster or rabbit can be
immunized with an immunogenic form of the ActRH receptor polypeptide, an antigenic fragment
which is capable of cliciting an antibody response, or a fusion protein. Technigues for
conferring immunogenicity on a protein or peptide include conjugation to carriers or other
technigues well known in the art. An immunogenic portion of an ActRII receptor or activin
polypeptide can be administered in the presence of adjuvant. The progress of immunization can
be monitored by detection of antibody titers in plasma or serum. Standard ELISA or other
immunoassays can be used with the immunogen as antigen to assess the levels of antibodics.
100281} Following immunization of an animal with an antigenic preparation of an ActRIl
receptor polypeptide, antisera can be obtained and, if desired, polyclonal antibodies can be
isolated from the serum. To produce monoclonal antibodies, antibody-producing cells
{lymphocytes) can be harvested from an immunized animal and fused by standard somatic cell
fusion procedures with imunortalizing cells such as myeloma cells to vield hybridoma cells.

Such techuigques are well known 1n the art, and include, for exarople, the hybridoma technigue
{originally developed by Kohler and Milstein, (1975) Nature, 256: 485-497), the human B cell
hybridoma technique (Kozbar ef al., (1983) Immunology Today, 4: 72}, and the EBV-hybridoma
technique to produce human monoclonal antibodics (Cole ef ¢/, (19851 Monoclonal Auntibodics

77
i

and Cancer Therapy, Alan R, Liss, Inc. pp. 77-96). Hybridoma cells can be screened
immunochemically for production of antibodies specifically reactive with an ActRI receptor
polypeptide and monoclonal antibodies isolated from a culture comprising such hybridoma cells.
{60282} The term “antibody™ as used herein is intended to inchide fragments thereof
which are also specifically reactive with a subject polypeptide. Antibodics can be fragmented
using conventional technigues and the fragments screcned for utility in the same manner as
described above for whole antibodies. For example, F(ab)2 fragments can be gencrated by
treating antibody with pepsin. The resulting F(ab)2 fragment can be treated to reduce disulfide
bridges to produce Fab fragments. An antibody is further intended to include bispecific, single-
chain, chimeric, humanized and fully human molecules having affinity for an ActRI receptor or
activin polypeptide conferred by at least one CDR region of the antibody. An antibody may
further comprise a label attached thereto and able to be detected {(e.g., the labelcanbe a
radioisotope, fluorescent compound, enzyme or enzyme co-factor).

[06283] In certain embodiments, the antibody 18 a recombinant antibody, which term

encompasscs any antibody generated in part by techniques of molecular biology, including CDR-
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grafted or chimeric antibodics, human or other antibodies assembled from library-selected
antibody domains, single chain antibodics and single domain antibodies {e.g., human Vy proteins
or camelid Vg proteins). In certain embodiments, an antibody can be a monoclonal antibody,
and in certain embodiments. For cxample, a method for gencrating a monocional antibody that
binds specifically to an ActRIT receptor polypeptide or activin polypeptide may comprise
administering to a mouse an amount of an immunogenic composition comprising the antigen
polypeptide cffective to stimulate g detectable immunc responsc, obtaining antibody-producing
cells {e.g., cells from the spleen) from the mousce and fusing the antibody-producing cells with
mycloma cells to obtain antibody-producing hybridomas, and testing the antibody-producing
hybridomas to identify a hybridoma that produces a monoclonal antibody that binds specifically
to the antigen. Once obtained, a hybridoma can be propagated in a cell culture, optionally in
culture conditions where the hybridoma-derived cells produce the monoclonal antibody that
binds specifically to the antigen. The monoclonal antibody may be purified from the cell culture.
{00284} The adjective “specifically reactive with” as used 1o reference to an antibody 1is
intended to mean, as is generally understood in the art, that the antibody s sufficiently selective
between the antigen of interest {e.g., an ActRII receptor polvpeptide) and other antigens that arc
not of interest that the antibody is usetul for, at minimmim, detecting the presence of the antigen
of interest in a particular type of biological sample. In certain methods employing the antibody,
such as therapeutic applications, a higher degree of specificity in binding may be desirable.
Monoclonal antibodies generally have a greater tendency {as compared to polyelonal antibodies)
to discriminate effectively between the desired antigens and cross-reacting polypeptides. One
characteristic that influences the specificity of an antibody antigen interaction is the affinity of
the antibody for the antigen. Although the desired specificity may be reached with a range of
different affinitics, generally preferred antibodics will have an affinity {a dissociation constant}
of about 107, 107, 10, 107 or less. Given the extraordinarily tight binding between activin and
an ActRII receptor, it is expected that a neutralizing anti-activin or anti-ActRII receptor antibody
would generally have a dissociation constant of 107" or less.

100285} I addition, the technigues used to screen antibodies in order to identify a
desirable antibody may influcnce the properties of the antibody obtained. For exampile, if an
antibody is to be used for binding an antigen in solution, it may be desirable to test solution
binding. A variety of diffcrent technigues are available for testing interaction between antibodics

and antigens to identify particularly desirable antibodies. Such techniques inchude ELISAs,
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surface plasmon resonance binding assays {e.g., the Biacore. TM. binding assay, Biacore AB,
Uppsala, Sweden), sandwich assays {e.g., the paramagnetic bead system of IGEN International,
Inc., Gaithersburg, Md.}), Western blots, immunoprecipitation assays, and
immunchistochemistry.

[00286] In certain embodiments, ActRI signaling inhibitors to be used in the
compaositions and methods described herein include alternative forms of activin, particularly
those with alterations in the type I receptor binding domain can bind to type I receptors and fail
to form an active ternary complex. In certain embodiments, nucleic acids, such as antisense
molccules, siRNAs or ribozymes that inhibit activin A, B, C or E, or, particularly, ActRIl
receptor expression, can be used in the compositions and methods described herein, In certain
erobodiments, the ActRIT signaling intubitors o be used in the compositions and methods
described herein exhibit selectivity for inhibiting GDF11-mediated signaling versus other
members of the TGF-beta family, particularly with respect to GDFS and activin,

100287} In other embodiments, the inhibitors of ActRIT signaling used in the compositions
and methods deseribed herein are non-antibody proteins with ActRIT receptor antagonist activity,
including inhibin (7. e., inhibin alpha subunit), follistatin {e.g., follistatin-288 and follistatin-3135),
Cerberus, follistatin related protein (“FSRP™), endoglin, activin C, alpha{2}-macroglobulin, and
an M108A {methionine to alanine change at position 108) mutant activin A.

{00288} in a specific embodiment, the ActRI signaling inhibitor to be used in the
composttions and methods described herein is a follistatin polypeptide that antagonizes activin
bioactivity and/or binds to activin, The term “follistatin polypeptide” includes polypeptides
comprising any naturally occurring polypeptide of follistatin as well as any variants thereof
{inchuding mutants, fragments, fusions, and peptidomimetic forms} that retain a uscful activity,
and further includes any functional monomer or multimer of follistatin, Variants of follistatin
polypeptides that retain activin binding propertics can be identified based on previous studics
involving follistatin and activin interactions, For example, WO2008/030367, which is included
by reference herein in its entirety, discloses specific follistatin domains (“FSDs”) that arc shown
to be important for activin binding. Follistatin polypeptides include polypeptides derived from
the sequence of any known follistatin having a sequence at lcast about 80% identical to the
sequence of a follistatin polypeptide, and optionally at least 85%, 90%, 95%, 96%, 97%., 98%,
99% or greater identity. Examples of follistatin polypeptides include the mature follistatin

polypeptide or shorter isoforms or other variants of the human follistatin precursor polypeptide
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as described, for cxample, in WO2005/025601, which is included by reference hercin in its
entirety.

100289 In a specific embodiment, the ActRH signaling inhibitor to be used in the
compaositions and methods described herein is a follistatin-like related gene (FLRG) that
antagonizes activin bioactivity and/or binds to activin. The term “FLRG polypeptide” includes
polypeptides comprising any naturally occurring polypeptide of FLRG as well as any variants
thereof {including mutants, fragments, fusions, and peptidomimetic forms) that retain a uscful
activity. Variants of FLRG polypeptides that retain activin binding propertics can be identified
using routing methods to assay FLRG and activin interactions. See, for example, U.S. Pat. No.
6,537,966, which is included by reference heretn in its entivety. FLRG polypeptides include
polypeptides derived from the sequence of any known FLRG having a sequence at least about
80% 1dentical to the sequence of an FLRG polypeptide, and optionally at least §5%, 90%, 95%,
96%, 97%, 38%, 99% or greater identity.

[96294¢] In certain embodiments, functional variants or modified forms of the follistatin
polypeptides and FLRG polypeptides inchude fusion proteins having at least a portion of the
follistatin polypeptides or FLRG polypeptides and one or more fusion domains, such as, for
example, domains that facilitate isolation, detection, stabilization or multimerization of the
polypeptide. Suitable fusion domains are discussed in detail above with reference to the
ActRIIA and ActRIIB polypeptides. In one embodiment, an ActRII signaling inhibitoris a
fusion protein comprising an activin binding portion of a follistatin polypeptide fused to an Fo
domain. In another embodiment, an ActRI signaling inhibitor is a fusion protein comprising an

activin binding portion of an FLRG polypeptide fused to an Fe domain,

8.6 ARSAYS
160291} Various ActRU polypeptide variants, or soluble ActRII polypeptide variants, may

be tested for their ability to inhibit ActRIL In addition, compounds can be tested for their ability
to inhibit ActRIL Once inhibitors of ActRI signaling activity are confirmed, these compounds
can be used with the methods provided herein, ActRI can be ACtRIIA or ActRIIB. The assays

below are described for ActRITA but can be performed analogously for ActRUB.
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8.6.1 ASKESSING SNALL, PHOSPHOSMAD2, PHOSPHOSMAD3, URINARY
PROTEIN, DKKI, COLIAL ACTIVIN (£.6G.,, FREE ACTIVIN), RUNXZ,
ALP, BSAP, CTX, OSTERIX, KLOTHO, ALPHA-SMA, MYOCD,
ACTRIIA, AXINZ, AND/OR SM22-A1LPHA LEVEL AND/OR ACTEIVITY
183292} The level and/or the activity of Snail, phosphosmad?2, phosphosmad3, urinary
protein, Dkki, coilal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho,
alpha-SMA, MYOUCD, ActRIIA, Axin2, and/or Sm22Z-alpha can be determined by any method
known in the art or described herein. For example, the level of Snail, urinary protein, Dkki,
collal, activin, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA,
Axin2, and/or Sm22-alpha in 3 tissuc sample can be determined by assessing {e.g., quantifying)
transcribed RNA of Snatl, urinary protein, DkKI, collal, activin, Runx2, Osierix, Alp, BSAP,
CTX, Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha, respectively, in the
sample using, e.g., Northern blotting, PCR analysis, real time PCR analysis, or any other
technique known in the art or described herein, It will be recognized by one of skill in the art,
icvels and/or activity of onc or more of Runx2, Alp, Snail, phosphosmad?, Dkkl, collal,
activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, ActRUA, Axin2, Sm22-alpha,
phosphosmad3, and urinary protein can be compared independently and respectively to the level
and/or activity in a corresponding reference population, such as described above in Section 8.3.1.
In one embodiment, the level of Snail, urinary protein, Dkki, collal, activin, Runx2, Alp,
BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alphain a
tissue sample can be determined by assessing {e.g., quantifying} mRNA of Snail, vrinary
protein, Dkkl, collal, activin, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
ActRIA, AxinZ, and/or Sm22-alpha, respectively, in the sample. In a specific embodiment, the
mRNA level of Snail, urinary protein, Bkkli, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, AxinZ, and/or Sm22-alpha is determined by
quantitative reverse transcriptase polymerase chain reaction (gRT-PCR}. In a specific
embodiment, the micleie acid sequence of the Runx2 mRNA comprises the nuecleie acid
sequence of SEQ 1D NO: 58, In a specific embodiment, the nucleic acid sequence of the Alp
mRNA compriscs the nucleic acid sequence of SEQ 1D NOG: 59, In a specific embodiment, the
nucleic acid sequence of the Snail mRNA comprises the nucleic acid sequence of SEQ D NO:
74. In a specific embodiment, the nucleic acid sequence of the Dkkl mRNA comprises the
nucleic acid sequence of SEQ ID NO: 75, In a specific embodiment, the nucleic acid sequence

of the collal mRNA comprises the nucleic acid sequence of SEQ 1D NG: 76, In a specific
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embodiment, the nucleic acid sequence of the activin mRNA comprises the nucleic acid
sequence of SEQ 1D NG: 77, In a specific embodiment, the nucleie acid sequence of the Osterix
mRINA compriscs the nucleic acid sequence of SEQ 1D NO: 60. In a specific embodiment, the
nucleic acid scquence of the Klotho mRNA compriscs the nucleic acid sequence of SEQ 1D NO:
61. In a specific embodiment, the nucleic acid sequence of the alpha-SMA mRNA compriscs the
nucleic acid sequence of SEQ 1D NO: 70. In a specific embodiment, the nucleic acid sequence
of the MYOCD mRNA comprises the nucleic acid sequence of SEQ 1D NG: 71, In a specific
cmbodiment, the nucleic acid sequence of the Sm22-alpha mRNA comprises the nucleic acid
sequence of SEQ 1D NO: 62, In a specific embodiment, the gRT-PCR is performed with Runx2-
specific privoers (SEQ ID NOS: 48 and 49) o determine Runx2 levels. Tn a specific
erobodiment, the gRT-PCR is performed with Alp-specific primers (SEQ 1D NOS: 530 and 51} to
deterraine Alp levels. In a specific embodiment, the qRT-PCR is performed with Snail-specific
primers {SEQ ID NOS: 78 and 79) to determine Snail levels. In a specific embodiment, the
gRT-PCR is performed with Dkk-specific primers (SEQ 1D NOS: 80 and 81) to determine
Dkki levels. In a specific erobodiment, the gRT-PCR is performed with collal-specific primers
(SEQ 1D NOS: 82 and 83} to determine collal levels. In a specific embodiment, the gRT-PCR
is performed with activin-specific primers (SEQ ID NOS: &4 and &5) to determine activin levels,
In a specific embodiment, the qRT-PCR s performed with Osterix-specific primers (SEQ 1D
NOS: 52 and 53) to determine Osterix levels. In a specific embodiment, the gRT-PCR 15
performed with Klotho-specific primers {(SEQ ID NOS: 54 and 55) to determine Klotho levels.
In a specific embodiment, the gRT-PCR is performed with Sm22-alpha-specific primers {SEQ
1D NOS: 56 and 57} to determine Sm22-alpha levels.

{60293} The fevel of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkki, collal,
activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
ActRIIA, AxinZ, and/or Sm22-alpha in a tissuc sample can also be determined by assessing {e.g.,
quantifying) the level of protein expression of Snail, phosphosmad?2, phosphosmad3, urinary
protein, Bkki, coilal, activin {e.g., free activin), Runx2, Alp, BSAP, UTX, Osterix, Klotho,
alpha-SMA, MYOUCD, ActRIIA, Axin2, and/or Sm22Z-alpha, respectively, in the sample using,
e.g., immunohistochemical analysis, Western blotting, ELISA, immunoprecipitation, flow
cytometry analysis, or any other technique known in the art or described herein. In a specific
cmbodiment, the amino acid scquence of the Runx? protein comprises the amino acid sequence

of SEQ 1D NO: 63. In a specific embodiment, the amine acid sequence of the Alp protein
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compriscs the amino acid sequence of SEQ 1D NO: 64, In a specific embodiment, the amino
acid sequence of the Snail protein comprises the amino acid sequence of SEQ ID NO: 86, Ina
specific embodiment, the aming acid scquence of the Dkki protein comprises the amino acid
sequence of SEQ 1D NO: 87, In a specific embodiment, the amino acid sequence of the collal
protein comprises the amine acid sequence of SEQ 1D NO: 8. In a specific embodiment, the
amino acid sequence of the activin {e.g., free activin) protein compriscs the amino acid sequence
of SEQ 1D NO: 89. In a specific embodiment, the amino acid sequence of the BSAP protein
comprises the amino acid scquence of SEQ ID NO: 72, In a specific embodiment, the amino
acid sequence of the Osterix protein comprises the amino acid sequence of SEQ ID NO: 65, Ina
specific erobodiment, the amino acid sequence of the Klotho protein comprises the amino acid
sequence of SEQ 1D NO: 66. In a specific embodiment, the amino acid sequence of the alpha-
SMA protein comprises the amino acid sequence of SEQ 1D NO: 68, In a specific embodiment,
the amino acid sequence of the MYOCD comprises the aminoe acid sequence of SEQ 1D NO: 69,
In a specific embodiment, the amino acid sequence of the Sm22-alpha protein comprises the
arnino acid sequence of SEQ ID NO: 67, Tu a speeific embodiment, the aminoe acid sequence of
the ActRIA protein coroprises the amino acid sequence of SEQ ID NO: L. To a specific
embodiment, the amine acid sequence of the ActRIIA protein comprises the amino acid
sequence of SEQ ID NG: 2. In a specific embodiment, the amino acid sequence of the ActRIIA
profein comprises the amino acid sequence of SEQ 1D NO: 3. In a specific embodiment, the
amino acid sequence of the ActRIIA protein comprises the amino acid sequence of SEQ 1D NO:
4. Ina specific embodiment, the amino acid sequence of the ActRIEA protein comprises the
amino acid sequence of SEQ 1D NO: 5. In a specific embodiment, the amino acid sequence of
the AxinZ protein compriscs the amino acid sequence of SEQ 1D NO: €7, In particular
embodiments, the level and/or activity of Snail, phosphosmadZ, phosphosmad3, urinary protein,
Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRHA, Axin2, and/or Sm22-alpha is determined by western blot. In a particular
embodiment, the activity of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkl
collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRUA, Axin2, and/or Sm2Z-alpha is determined by western blot analysis of a
protein modulated by Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkkl, collal,
activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,

ActRIA, Axin2, or SM22-alpha. In particular cmbodiments, the level of Snail, phosphosmad2,
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phosphosmad3, urinary protein, Dkkl, coilal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha is determined
by a mcthod capable of quantifying the amount of Snail, phosphosmad?2, phosphosmad3, urinary
protein, Dkkl, collal, activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho,
alpha-SMA, MYOCD, ActRUA, Axin2, and/or Sm22-alpha, respectively, present in a tissue
sarnple of a subject {e.g., in human serum), and/or capable of detecting the correction of the level
of Snail, phosphosmad2, phosphosmad3, urinary protein, Dkkl, collal, activin {e.g., free
activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2,
and/or Sm22-alpha, respectively, following treatment with an ActRH signaling inhibitor. In onc
embodiment, the level of Snail, phosphosad?2, phosphosmad3, urinary protein, Dkkl, collal,
activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
ActRITA, Axin2, and/or Sm22-alpha in a tissue sample 1s determuned by assessing (e.g.,
quantifying) protein expression of Snail, phosphosmad2, phosphosmad3, urinary protein, DKk,
collal, activin {e.g., free activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRITA, Axin2, and/or Sm22-alpha, respectively, in the sample using ELISA. For
example, Snail, phosphosmad?, phosphosmad3, arinary protein, Dkki, collal, activin {e.g., free
activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2,
and/or Sm22-alpha can be identified and quantified in the human serum using ELISA method.
The ELISA method for use in determining the level of Snail, phosphosmad?2, phosphosmad3,
urinary protein, Dkki, coltal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha in a tissue sample can
comprise coating of ELISA plates with the tissuc sample {e.g., human serum}, and detecting
Snail, phosphosmadZ, phosphosmad3, urinary protein, Dkkl, collal, activin {e.g., free activin,
Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or
Sm22-alpha, respectively, in the tissue sample {e.g., human serum} that bind to Snail-,
phosphosmad?2-, phosphosmad3-, urinary protein-, Dkkl-, colial- activin- (e.g., free activin),
Runx2-, Alp-, BSAP-, CTX-, Osterix-, Klotho-, alpha-SMA-, MYOCD-, ActRIFA-, AxinZ-,
and/or Sm22-alpha-specific antibodies, respectively. In some embodiments, the method for use
in determining the fevel and/or activity of Snatl, phosphosmad?2, phosphosmad3, urinary protein,
Dkkl, collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRUA, Axin2, and/or Sm2Z-alpha as described herein {e.g., ELISA) is capable of

detecting from 100 pg/ml of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkkl,
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collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRUA, AxinZ, and/or SmZ2-alpha. In a specific embodiment, the ELISA is
performed with Runx2-specific antibody 5C-390715 {Santa Cruz) to determine Runx2 levels. In
a specific embodiment, the ELISA is performed with Alp-specific antibody SC-98652 (Santa
Cruz} to determine Alp levels. In a specific embodiment, the ELISA is performed with Snail-
specific antibody s¢-393172 (Santa Cruz) to determine Snail levels, In a specific embodiment,
the ELISA is performed with phosphosmadZ-specific antibody sc-101801 (Santa Cruz) to
determine phosphosmad? levels. In a specific embodiment, the ELISA is performed with
phosphosmad3-specific antibody sc-130218 (Santa Cruz) to determine phosphosmad? levels. In
a specific embodiment, the ELISA s perforrmed with Dkl -specific antibody 5¢-374574 (Santa
Cruz} to determine DKk fevels. In a specific embodiment, the ELISA is performed with collal-
specific antibody s¢-8784 (Santa Cruz) to determine collal levels. In a specific embodiment, the
ELISA 18 performed with activin-specific antibody A1594 (Sigma Aldrich) to determine activin
{e.g., free activiny levels. In a specific embodiment, the ELISA is performed with BSAP-specific
antibody SC-98652 (Santa Cruz) to determime CTX levels. In a specific embodiment, the ELISA
is performed with CTX-specific antibody ABIN1173415 (Antibodies Online) to determine CTX
levels. In aspecific embodiment, the ELISA is performed with Osterix-specific antibody SC-
22538 (Santa Cruz) to determine Osterix levels, In a specific embodiment, the ELISA is
performed with Klotho-specific antibody SC-22218 (Santa Cruz) to determine Klotho fevels, In
a specific embodiment, the ELISA is performed with alpha-SMA-specific antibody 5C-53142
{Santa Cruz) to determune alpha-SMA levels. In a specific embodiment, the ELISA 1s performed
with MYOCD-specific antibody SC-21561 (Santa Cruz} to determine MYOCD levels, Ina
speeitic embodiment, the ELISA is performed with Sm22-alpha-specific antibody SC-271719
{Santa Cruz) to determine Sm22-alpha levels. In a specific embodiment, the ELISA is performed
with ActRITA-specific antibody ab 135634 {(Abcam) to determine ActRIIA lovels.

183294} The levels of one or more of Runx2, Alp, Snail, phosphosmad?Z, Dkki, colial,
activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOUCD, ActRUA, Axin2, Sm22-alpha,
phosphosmad3, and urinary protein described in the Elisa assays described herein can be
compared independently and respectively to the level and/or activity in a corresponding
reference population, such as described above in Section 8.3.1,

[60295] Antibodics for usc in assays that measure the levels of Snatl, phosphosmad?,

phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
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CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in a sample
{e.g., in a tissue sample, e.g., a sample of aorta, blood, serum, plasma, liver, spleen, and/or bone
marrow} are known in the art or could be readily developed using approaches known to those of
skill in the art. Examples of monoclonal antibodies that can be used in assays that measure the
ievels of Runx2 in a sample include antibodies from LifeSpan Biosciences Inc., Seattle, WA,
with catalog numbers LS-B4293, L.5-B4294, LS8-B4296; antibodics available from Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, with catalog number s¢-390715; and antibodies available
from Sigma-Aldrich Co. LLC, with product number: WHOG00860M1. Examples of monoclonal
antibodies that can be used in assays that measure the levels of Alp in a sample include
antibodies from LifeSpan Bioscicnces Inc., Seattle, WA, with catalog numbers LS-B2877, LS~
B18&44, L.S-C169212; antibodies available from Santa Cruz Biotechuology, Tnc., Santa Cruz, CA,
with catalog number: 5¢-98652; and antibodies available from Sigma-~Aldrich Co. LLC, with
product number: SAB1405449. Examples of monocional antibodies that can be used in assays
that measure the levels of Snail in a sample include antibodies from LifeSpan Biosciences Inc.,
Seattle, WA, with catalog numbers LS-C161335, LS-C198229, and L5-C16929%; antibodices
available from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, with catalog murmber: sc-
393172 and antibodies available from Sigma-Aldrich Co. LLC, with product number:
SABI404386 Examples of antibodies that can be used in assays that measure the levels of
phosphosmad?2 in a sample include antibodies from Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, with catalog number: s¢-131801; and antibodies available from Sigma-Aldrich Co. LLC,
with product numbers: SAB4200251 and SAB4300252. Examples of antibodics that can be used
in assays that measurce the levels of phosphosmad3 in a sample include antibodics from Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, with catalog number: sc-130218; and antibodics
avatlable from Sigma-Aldrich Co. LLC, with product numbers: SAB4300253 and SAB4504210.
Examples of monoclonal antibodics that can be used in assays that measure the levels of Dkkl in
a sample include antibodics from LifeSpan Biosciences Inc., Scattle, WA, with catalog numbers
LS-C1G8793, LS-C105116, and LS-C105117; antibodics available from Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, with catalog mumber: sc-374574; and antibodics available
from Sigma-Aldrich Co. LLC, with product number: WHO022943M1. Examples of monoclonal
antibodies that can be used in assays that measure the levels of collal in a sample include
antibodics from LifeSpan Biosciences Inc., Seattle, WA, with catalog number LS-B5932;

antibodies available from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, with catalog mumber:
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s¢c-8784; and antibodies available from Sigma-Aldrich Co. LLC, with product number: 2456,
Examples of monoclonal antibodics that can be used in assays that measure the levels of activin
{e.g., free activin) in a sample include antibodics from LifeSpan Bioscicnces Inc., Scattie, WA,
with catalog number L5-C308491; and antibodics available from Sigma-Aldrich Co. LLC, with
product number: A1719. Examples of monoclonal antibodics that can be used in assays that
measure the levels of BSAP in a sample include antibodies from LifeSpan Biosciences Inc.,
Scattle, WA, with catalog numbers LS-B2877, L5-B1844, LS-C169212; antibodies available
from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, with catalog nomber: s¢-98652; and
antibodies avatlable from Sigma-Aldrich Co. LLC, with product number: SAB 1405449,
Examples of monoclonal antibodics that can be used 1 assays that measure the levels of CTX in
a sample include ABINI 173415 (Antibodies Online}. Examples of monoclonal antibodies that
can be used n assays that measure the levels of Osterix in a sample include antibodies from
LifeSpan Biosciences Inc., Scattle, WA, with catalog numbers LS-CI39215, LS-C132610, LS~
B63531; antibodies available from Santa Cruz Biotechnology, Tnc., Santa Cruz, CA, with catalog
number: s¢-133871; and antibodies available from Sigma-Aldrich Co. LLC, with product
number: WHO121340M1, Examples of mmonoclonal antibodies that can be used in assays that
measure the levels of Klotho 1n a sample include antibodies from LifeSpan Biosciences Inc.,
Scattle, WA, with catalog numbers LS-C165587, LS-C1456898, L8-CK376; antibodies available
from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, with catalog mamber: s¢-22218; and
antibodies avatlable from Sigma-Aldrich Co. LLC, with product mumber: SAB1306662.
Examples of antibodies that can be used in assays that measure the levels of alpha-SMA ina
sample include antibodics from LifeSpan Biosciences Inc., Seattle, WA, with catalog numbers
LS-B6000, LS-B5%966, L8-B2161; antibodies available from Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, with catalog number: SC-21561; and antibodies available from Sigma-Aldrich
Co. LLC, with product number: A5228. Exampics of antibodics that can be used in assays that
measure the levels of MYOCD in a sample include antibodies from LifeSpan Biosciences Inc.,
Seattle, WA, with catalog numbers LS-C37407, LS-C153495, LS-c137255; antibodics available
from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, with catalog mumber: SC-53142; and
antibodics avatlable from Sigma-Aldrich Co. LLC, with product number: M&948. Examples of
monoclonal antibodics that can be used in assays that measure the levels of Sm22-alpha in a
saraple include antibodics from LifeSpan Biosciences Inc., Scattle, WA, with catalog numbers

L8-B2563, LS-C139114, L5-C210979; antibodics available from Santa Cruz Biotechnology,
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inc., Santa Cruz, CA, with catalog number: s¢c-271719; and antibodies available from Sigma-
Aldrich Co. LLC, with product number: SAB2501014. Examples of monoclonal antibodies that
can be used in assays that measure the levels of ActRHA in a sample include antibodics from
Abcam with product code: ab135634.

100296} The activity of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dk,
collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRIIA, Axin2, and/or Sm22-alpha can be measured by any assay known in the art
including, without limitation, a reporter gene assay {e.g., containing Snail-, phosphosmad2-,
phosphosmad3-, urinary protein-, Dkki-, collal-, activin-, Runx2-, Alp-, BSAP-, CTX-,
Osterix-, Klotho-, alpha-SMA-, MYOCD-, ActRITA-, Axin2-, or Sm22-alpha-responsive
reporter gene construct, respectively) or any other bicactivity assay.

100297} The level and/or activity of Snail, phosphosmad2, phosphosmad3, urinary
protein, DKk, collal, activin {e.g., {ree activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho,
alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha can be assessed in any tissue sample
obtained from a subject treated in accordance with the methods described herein. In certain
embodiments, Snatl, phosphosmad2, phosphosmad3, urinary protein, DKK1, colial, activin
{e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Kiotho, alpha-SMA, MYOCD, ActRIIA,
Axin2, and/or Sm22-alpha level and/or activity is assessed in a sample obtained from aorta,
serum, liver, spleen or bone marrow of a subject treated in accordance with the methods
described herein. In one ermbodiment, Snatl, phosphosmad2, phosphosmad3, urinary protein,
Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRIA, Axin2, and/or Sm22-alpha ievel and/or activity is assessed in a sample
obtained from serum of a subject treated in accordance with the methods described herein. In
another embodiment, Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkki, collal,
activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
ActRHA, Axin2, and/or Sm22-alpha level and/or activity is assessed in a sample obtained from
aorta, spleen of a subject treated in accordance with the methods described herein. In yet another
embodiment, Snail, phosphosmad?, phosphosmad3, urinary protein, Dkki, collal, activin {e.g.,
free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIA, Axin2,
and/or Sm22-alpha level and/or activity 1s assessed in a sample obtained from bone marrow of a

subject treated in accordance with the methods deseribed herein,
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183298} It will be recognized by one skilled in the art that the activity of one or more of
Runx2, Alp, Snail, phosphosmad?2, Dkk1, collal, activin, BSAP, CTX, osterix, Klotho, alpha-
SMA, MYOCD, ActRHA, Axin2, Sm22-alpha, phosphosmad3, and urinary protein determined
using assays known in the art and deseribed herein, can be compared respectively to the level
and/or activity in a corresponding reference population, such as described above in Section 8.3.1.
{00299} In some cmbodiments, the level and/or activity of Snatil, phosphosmad?,
phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha in a tissue
sample of a subject is compared to the level and/or activity of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Ostenix, Klotho, alpha-SMA, MYOCD, ActRUA, Axin?, and/or Sm22-alpha, respectively,
in fissue samples {e.g., in samples from the sare tissue) of a reference population as described in
Section 8.6. In some embaodiments, the level and/or activity of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Ostenix, Klotho, alpha-SMA, MYOCD, ActRUIA, Axin2, and/or Sm22-alpha 1o a tissue
sample of a subject 1s compared to the level and/or activity of Snail, phosphosmad?,
phosphosmad3, urinary protein, Bkl collal, activin (e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha, respectively,
in a tissue sample {e.g., in a sample from the same tissue) of the subject at an carlier ime point
{e.z., before the onset of disease, before the onset of treatment, or during treatment). In some
embodiments, the level and/or activity of Snail | phosphosmad?2, phosphosmad3, urinary protein,
Dkki, colial, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA,
MYOCD, ActRUIA, AxinZ, and/or Sm2Z-alpha in a tissue sample {(e.g., aorta, serum, spleen,
liver, or blood marrow} of a subject is compared to the level and/or activity of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkkli, collal, activin {e.g., free activin}, Runx2,
Alp, BSAP, CTX, Osterix, Klotho, and/or Sm22-alpha, respectively, in another tissue sample of
the subject. In some embodiments, the fevel and/or activity of Snail, phosphosmad2,
phosphosmad3, urinary protein, Dkkl, coilal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha in a tissue
sample of a subject is compared to the level and/or activity of another gene product in the tissuc

sarnple of the subject {e.g., b-actin, Activin A, Activin B}
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160300] In some embodiments, the level and/or activity of Snatl, phosphosmad2,
phosphosmad3, urinary protein, BDkkl, collal, activin (e.g., free activin), RunxZ, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRUIA, Axin2, and/or Sm22-alpha in a tissue
sarnple of a subject is compared to the level and/or activity of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha, respectively,
in the tissue sample in a reference population. In some embodiments, detection of the clevated
icvel and/or activity of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkkl, colial,
activin {e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD,
ActRITA, Axin2, and/or Sm22-alpha in comparison to the level and/or activity of Snail,
phosphosmad?2, phosphosmad3, arinary protein, Dkkl, collal, activin {e.g., free activin), Runx2,
Alp, BSAP, CTX, Ostenix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha,
respectively, in a reference population, is followed by administration of an activin recepior
signaling inhibitor (such as one or more activin receptor signaling inhibitors described herein),
In some erobodiments, adminisiration of an activin receptor signaling inhibitor {such as one or
more activin receptor signaling inhibitors described herein) s followed by monitoring of the
ievel and/or activity of Snail, phosphosmad2, phosphosmad3, urinary protein, Dkkl, colial,
activin {e.g., free activin}, Runx2, Alp, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA,
AxinZ, and/or Sm22-alpha and, optionally, comparing the level and/or activity of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkki, collal, activin (e.z., free activin), RunxZ2,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOUCD, ActRIA, Axin2, and/or Sm22-alpha
to the level and/or activity of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkki,
collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Kiotho, alpha-SMA,
MYOCD, ActRHA, Axin2, and/or Sm22-alpha, respectively, in a reference population. In some
embodiments, administration of a first dosc of ActRII signaling inhibitor {e.g., ActRIA-hF¢
such as SEQ ID N(:7) is followed by determining the level and/or activity of Snail,
phosphosmad?, phosphosmad3, urinary protein, Bkkli, collal, activin {e.g., free activin}, Runx2,
Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRHA, AxinZ, and/or Sm22-alpha,
and if the level and/or activity of Snail, phosphosmad2, phosphosmad3, urinary protein, Dk,
collal, activin {e.g., free activin), Runx2, Alp, BSAP, CTX, and/or Osterix is clevated as
compared to the level and/or activity of Snail, phosphosmad?2, phosphosmad3, urinary protein,

Dkkl, collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, and/or Osterix, respectively,
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in a reference population, and/or if the level and/or activity of Klotho, alpha-SMA, MYOCD,
ActRIA, AxinZ, and/or Sm22-alpha is decreased as compared to the level and/or activity of
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha, respectively, in a reference
population, administering a sccond dose of the ActRI signaling inhibitor which is higher {e.g.,
1.25,1.5,8.75,2,2.5,3,4,5,6,7, 8,9, or 10 times higher) than the first dose, and if the level
and/or activity of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkkl, collal, activin
{e.g., frec activin), Runx2, Alp, BSAP, CTX, and/or Osterix is decreased as compared to the
icvel and/or activity of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkkl, colial,
activin {e.g., frec activin), Runx2, Alp, BSAP, CTX, and/or Osterix, respectively, in a reference
population, and/or if the level and/or activity of Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2,
and/or Sm22-alpha is elevated as compared to the level and/or activity of Klotho, alpha-SMA,
MYOCD, ActRUA, Axin2, and/or Sm22-alpha, respectively, in a reference population,
administering a sccond dose of the ACtRIT signaling inhubitor which is lower (e.g., 1.25, 1.5,
1.75,2,2.5,3,4,5,6,7,8,9, or 10 times lower) than the first dose. In certain embodiments, the
reference population is a population as described in Section 8.6,

100301} In some embodiments, the level and/or activity of Snatl, phosphosmad?,
phosphosmad3, urinary protein, Bkl collal, activin (e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRITA, Axin2, and/or Sm22-alpha in a tissue
sample of the treated subject is compared to the level and/or activity of Snail, phosphosmad2,
phosphosmad3, urinary protein, Dkki, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha, respectively,
in a sample from the same tissuc of onc or more healthy subjects. In some embodiments, the
tissue in which the level and/or activity of Snail, phosphosmad?2, phosphosmad3, urinary
protein, Dkkl, collal, activin (e.g., free activin), Runx2, Alp, BSAP, CTX, Osterix, Kloths,
alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha is assessed is aorta, blood serum,
bone marrow, liver, or spleen. In one embodiment, the tissue in which the level and/or activity
of Snail, phosphosmad?, phosphosmad3, uwrinary protein, Dkkl, collfal, activin (e.g., free
activin), RunxZ, Alp, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOUCD, ActRIIA, AxinZ,
and/or Sm22-alpha is asscssed 18 serum.

180302) In certain embodiments, the elevated level and/or activity of Snail,
phosphosmadZ2, phosphosmad3, urinary protein, Dkkl, collal, activin {e.g., free activin}, Runx2,

Alp, BSAP, CTX, and/or Osterix is about 10%, 20%, 25%, 30%. 40%, 50%, 60%, 70%, 75%,
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80% 90%, 100%, 200%, or 500% greater than the level and/or activity of Snail, phosphosmadZ,
phosphosmad3, urinary protein, BDkkl, collal, activin (e.g., free activin), RunxZ, Alp, BSAP,
CTX, and/or Osterix, respectively, in a reference population; and/or the decreased levels of
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha is about 10%, 20%, 25%
30%, 40%, 50%, 60%, 70%, 75%, R0% 90%, or 100% less than the level and/or activity of
Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha, respectively, in a reference
population. In certain embodiments, the clevated level and/or activity of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkkl, collal, activin {e.g., free activin), Runx2, Alp, BSAP,
CTX, and/or Osterix is equal to or about 10%, 20%, 25%. 30%, 40%, 50%, 60%, 70%, 75%.
80%, 90%, 100%, 200%., or 500% greater than the level and/or activity of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dk, collal, activin (p , free activin), Runx2, Alp, BSAP,
CTX, and/or Osterix, respectively, in the top 10%, top 5%, top 4%, top 3%, top 2%, ortop 1% in
the reference population; and/or the decrcased levels of Klotho, alpha-SMA, MYOCD, AciRIIA,
Axin?, and/or Sm22-alpha is equal to or about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%,
75%, 80%, 90%, or 100% less than the level and/or activity of Klotho, alpha-SMA, MYOCD,
ActRITA, Axin2, and/or Sm22-alpha, respectively, in the bottom 10%, bottom 5%, hottom 4%,
bottom 3%, bottom 2%, or bottom 1% in the reference population. In certain embodiments, the
reference population is as described in Section 8.6,
REERTIRY in certain embodiments, the elevated level and/or activ ity of Klotho, alpha-SMA,
MYOCD, ActRIA, Axin2, and/or Sm22-alpha is about 10%, 20%, 30%, 40%, 30%, 60%
70%, 75%, 80% 90%, 100%, 200%, or 500% greater than the level and/or activity of Klotho,
alpha-SMA, MYOUCD, ActRUIA, Axin2, and/or Smi22-alpha, respectively, in the reference
population; and/or the decreased level and/or activity of Snail, phosphosmad?, phosphosmad3,
urinary protein, Dkkl, collal, activin {e.g., free activin), RunxZ, Alp, BSAP, CTX, and/or
Osterix 1s about 10%, 209, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80% 90%, or 100% lcss
than the fevel and/or activity of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkkl,
collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, and/or Osterix, respectively, ina
reference population. In certain embodiments, the elevated fovel and/or activity of Klotho,
alpha-SMA, MYOCD, ActRIIA, Axin2, and/or Sm22-alpha is cqual to or about 10%, 20%, 25%,
30%., 40%, 50%, 60%, 70%, 75%, 80%, 90%, 100%, 200%, or 5300% greater than the level
and/or activity of Klotho, alpha-SMA, MYOCD, ActRITA, Axin2, and/or Sm22-alpha in the top

10%, top 5%, top 4%, top 3%, top 2%, or top 1% in the reference population; and/or the
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decreased level and/or activity of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkki,
collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, and/or Osterix is ¢qual to or about
10%, 20%. 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 90%, or 100% less than the level
and/or activity of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkkl, collal, activin
{e.g., frec activin), Runx2, Alp, BSAP, CTX, and/or Osterix in the bottom 10%, bottom 3%,
bottom 4%, bottom 3%, botiom 2%, or bottom 1% in the reference population. In certain
embodiments, the reference population is as deseribed in Section 8.6,

[66304] In certain embodiments, the levels of activin are the levels of free activin , such
as, for cxample, activin not in association with, for example, follistatin, follistatin-like 3, or
inhibin. The level of free activin can be determined by, for example, (1) guantifving the
concentration of activin in a sample, e.g., in the plasma; (i) quantifying the concentration of
proteins that associate with activin, such as, e.g., follistatin, follistatin-like 3, and inhibin in the
sample; and (111} caleulating the stoichiometric ratio of the activin concentration to the
concentration of the activin-associated proteins.

[60305] The assays described berein can also be utilized to determine the level and/or
activity of other proteins and/or transcripts, such as, for example, FGF23, follistatin, follistatin-
fike 3, inhibin, proteins and/or transcripts involved in endothelial to mesenchymal transition,
133306} In certain embodiments, the level and/or activity of Snail, phosphosmad?,
phosphosmad3, urinary protein, Bkl collal, activin (e.g., free activin), Runx2, Alp, BSAP,
CTX, Osterix, Klotho, alpha-SMA, MYOCD, ActRITA, Axin2, and/or Sm22-alpha is in a tissue
{e.g., tissue sample). In certain embodiments, the tissue is aorta. In certain embodiments, the
tissue is kidney. In certain embodiments, the tissuc is bone. n certain embodiments, the tissue
is serum. In a preferred embodiment, the Runx2, DKk, Alp, osterix, sm22-alpha, Klotho, alpha-
SMA, ActRUA, AxinZ, and MYOCD levels and/or activity arc in aorta. In a preferred
embodiment, the phosphosmad?, phosphosmad3, urinary protein, ActRUA, AxinZ, and colial
levels and/or activity are in kidney. In a preferred embodiment, the activin levels and/or activity
are in serum. In certain embodiments, the clevated activin levels are in peritubular
myofibroblasts. In certain embodiments, the clevated activin levels are not in the renal

cpithclium. In certain embodiments, the clevated activin levels are in the peritubular

mycofibroblasts, and the elevated activin levels are not in the renal epithclium,
1080307} It will be recognized by one skilled in the art that the levels and/or activity of one

or more of Runx2, Alp, Snaii, phosphosmad2, Dk, collal, activin, BSAP, CTX, osterix,
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Kiotho, alpha-SMA, MYOCD, ActRIIA, Axin2, Sm22-alpha, phosphosmad3, and urinary
protein can be compared independently and respectively to the level and/or activity in a

corresponding reference population, such as described above in Section 8.3.1.

£.6.2 REFERENCE POPULATION
{80308] In certain embodiments, data {e.g., biomarker levels or clinical symptoms)

obtained from a reference population desceribed herein is utilized to determine whether analogous
data obtained from a subject treated or to be treated in accordance with the methods provided
herein is pathologically high (e.g., increased) or low {e.g., decreasced).

{60309 In certain embodiments, the size of the reference population can be 1, 5, 140, 25,
50, 75, 100, 200, 235G, 300, 400, 500, or 1000 individuals. In certain embodiments, the reference
population consists of random volunteers. In certain embodiments, the reference population
consists of healthy people. In certain embodiments, the reference population consists of peopic
of the same age, weight, and/or gender as the patient population as described in Scction 8.4, In
certain embodiments, the reference population consists of people without cardiovascular discasc.
in certain embodiments, the reference population counsists of people without vascular
calcification. In certain embodiments, the reference population consists of people without
cardiovascular discase. In certain embodiments, the reference population consists of people
without cardiovascular discase associated with and/or resulting from vascular calcification. In
certain embodiments, the reference population consists of people without renal disecase. In
certain embodiments, the reference population consists of people without chronic kidney discase.
In certain embodiments, the reference population consists of people without pathologically
elevated levels of arterial stiffness. In certain embodiments, the reference population counsists of
people without cardiovascular disease associated with and/or resulting {from elevated levels of
arterial stiffness. In certain embodiments, the reference population consists of people without
LVYH. In certain embodiments, the reference population consists of people without
cardiovascular discase associated with and/or resulting from LVH.

{00314} In certain embodiments, the reference population refers to a subject treated in
accordance with the methods provided herein prior to the onset of one or more symptoms of
cardiovascular disgase. In certain embodiments, the reference population refers to a subject
treated in accordance with the methods provided herein prior to the onset of one or more
symptoms of vascular calcification. In certain embodiments, the reference population refers to a

subject treated in accordance with the methods provided herein prior to the onsct of one or more
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symptoms of chronic kidney discase. In certain embodiments, the reference population refers to
a subject treated in accordance with the methods provided herein prior to the onset of one or
more symptoms of elovated levels of arterial stiffness. In certain embodiments, the reference
population refers to a subject treated in accordance with the methods provided herein prior to the
onsct of one or more symptoms of LVH. In certain embodiments, the reference population refers
to a subject treated in accordance with the methods provided herein prior to diagnosis of
cardiovascular disease in the subject. In certain embodiments, the reference population refers to
a subject treated in accordance with the methods provided herein prior to diagnosis of vascular
calcification in the subject. In certain embodiments, the reference population refers to a subject
treated in accordance with the methods provided herein prior to diagnosis of chronic kidney
discase in the subject. In certain embodiments, the reference population refers to a subject
treated in accordance with the methods provided herein prior to diagnosis of stage 1 chronic
kidney discase. In certain embodiments, the reference population refers to a subject treated n
accordance with the methods provided herein prior to diagnosis of stage 2 chronie kidney
disecase. In certain embodiments, the reference population refers to a subject treated 1o
accordance with the methods provided herein prior to diagnosis of stage 3 chronie kidney
disease. In certain embodiments, the reference population refers to a subject treated in
accordance with the methods provided herein prior to diagnosis of stage 4 chronie kidney
disease. In certain embodiments, the reference population refers to a subject treated in
accordance with the methods provided herein prior to diagnosis of stage 5 chronie kidney
disease. In certain embodiments, the reference population refers to a subject treated in
accordance with the methods provided herein prior to diagnosis of elevated levels of arterial
stiffness in the subject. In certain embodiments, the reference population refers to a subject
treated in accordance with the methods provided herein prior to diagnosis of LVH in the subject.
iIn certain embodiments, the reference population consists of people who display an increase in
arterial stiffness prior to being treated according to the methods provided herein or being
diagnoscd with a discase described herein. In certain embodiments, the reference population
consists of pcople who display an upward trend of one of the markers recited in the Summary
{see Section 6) prior to treatment according to the methods provided herein or being diagnosed
with a discasc described herein,  In certain embodiments, the reference population counsists of
people who display an increased level of Runx2, Alp, Snatl, phosphosmadZ2, Dkki, collal,

activin, BSAP, CTX, Osterix, phosphosmad3, and/or urinary protein prior to treatmont according
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to the methods provided herein or being diagnosed with a discase described herein. In certain
embodiments, the reference population consists of people who display a downward trend of one
of the markers recited in the Summary {see Section 6} prior to treatment according to the
methods provided hercin or being diagnosed with a discase described herein.  In certain
embodiments, the reference population consists of people who display a decreased level of
alpha-SMA, MYOCD, Sm22-alpha, or ActRIIA prior to treatiment according to the methods

provided herein or being diagnosed with a discase described hercin,

8.6.3 ENDOTHELIAL-MESENCHYMAL TRANSITION
1663114 In certain embodiments, EnMT in a subject treated according to the methods

provided herein can be monitored through a lincage tracing assay to determine the fate of a cell
population. In certain embodiments, EnMT in a subject treated according to the methods
provided herein can be monitored by quantifying the level and/or activity of onc or more proteins

or transcripts associated with EnMT, such as, for example, Snail.

8.6.4 BONE TURNOVER
180312} Various circulating markers of bone turnover can be used to diagnose bone

disorders, such as low bone turnover. Circulating markers of bone turnover are markers of bone
formation such as bone specific alkaline phosphatase (bAP), osteocalcin, procollagen type 1 C-
terminal propeptide (PICP) and insulin-like growth factor-1 (1GF-1), some being markers of
bone resorption such as pyridinoline, deoxypyridinoline, tartrate-resistant acid phosphatase
{TRAP), TRAP type 5b, pyridinoline, deoxypyridinoline and procollagen type { C-terminal
telopeptide (ICTP), serum or urine collagen cross-links (N-telopeptide or C-telopeptide), and 25
hydroxyvitamin D, Assays to measure the entire parathyroid hormonce (PTH} molecule can also
be used. The skilled artisan is aware of imaging methods allowing the asscssment of bone
mineral density (BMD), bone volume, trabecular bone volume, and trabecular thickness, See,
e.g., Tilman B. Drucke and Sharon M. Moe, Disturbances of bone and mineral metabolism in
chronic kidney disease: an international inttiative to tmprove diagnosis and treatment, Nephrol
Dial Transplant (20043 19: 534-536; Okuno S, Inaba M., Biochemical markers of bone turnover.
New aspeet. Dialysis and bone metabolic marker, Clin Calcium. 2009 Aug;19(8):1084-91;
Herberth J, Monier-Faugere MC, Mawad HW, Branscum AJ, Herberth 7, Wang G, Cantor T,
Malluche HH, The five most commouly used intact parathyroid hormone assays are useful for

screening but not for diagnosing bone turnover aboormalitics in CKD-3 subjects, Clin Nephrol.
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2009 Jul;72{1):5-14; Lchmann G, Ott U, Kaemmerer D, Schuctze |, Wolf G., Bone
histomorphometry and biochemical markers of bone turnover in subjects with chronic kidney
disease Stages 3 — 5, Clin Nephrol, 2008 Oct;70(4):296-305; Driicke TB., Is parathyroid
hormone measurement useful for the diagnosis of renal bone discasce?, Kidney Int. 2008
Mar;73(6):674-6; Yamada 8, Inaba M, Kurajoh M, Shidara K, Imanishi Y, Ishimura E,
Wishizawa Y., Utility of serum tartrate-resistant acid phosphatasc (TRACP3b) as a bone
resorption marker in subjects with chronic kidney discase: independence from renal dysfunction,,
Clin Endocrinol (Oxf). 2008 Aug;6%(2):189-96. Epub 2008 Jan 23. See also, Paul D, Miller,
Diagnosis and Treatment of Osteoporosis in Chronic Renal Discase, 2009.

100313} Another marker for monitoring bone resorption in CKD subjects with mild renal
dysfunction s serum concentration of type I collagen N-telopeptide (S-NTX}. See, e.g., Hamano
T, Fujul N, Nagasawa Y, Isaka Y, Moriyama T, Okada N, Imai E, Horio M, Tto T., Serum NTX 18
a practical marker for assessing antiresorptive therapy for glucocorticoid treated subjects with

chronic kidney disease., Bone. 2006 Nov;39(5):1067-72. Epub 2006 Jun 16.

{00314} (Juantitative computed tomography (QCT) can also be used to determine bone
turnover.
{60315} Markers, such as, for example, Runx2 and Alp can be ¢valnated to monitor the

osteoblastic transition in a subject. Markers, such as, for example, Sm22-alpha can be evaluated
to monitor vascular smooth muscle function and the levels of differentiated vascular smooth

muscle cells.

8.6.5 CALCIUM LEVELS

{60316} Caleium levels can be assayed by methods known to one skilled in the art, sach
as, e.g., caleium ion selective electrode. In certain embodiments, total caleium levels are

meastred in serum, blood, aorta, or urine.

8.6.6 "ASCULAR CALCIFICATION

100317} Nown-contrast computed tomography (CT) for imaging the extent of coronary
artery calcification {CAC) and contrast CT for nominvasive coronary angiography (CTA) are
developments generally used to diagnose obstructive coronary disease. Radionuchide stress
testing, coronary artery caleium scanning, and noninvasive coronary angiography for diagnostic
and prognostic cardiac assessment can also be used. See: Berman DS, Shaw LI, Hachamovitch

R, Friedman ID, Polk DM, Hayes SW, Thomson LE, Germano G, Wong ND, Kang X, Rozanski
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A., Comparative use of radionuclide stress testing, coronary artery calcium scanning, and
noninvasive coronary angiography for diagnostic and prognostic cardiac asscssment, Semin Nucl
Med. 2007 Jan;37(1):2-16.

{60318} Coronary calcium screening results from asymptomatic subjocts can b used as a
comparison. For example, calcium screening results obtained prior to the onset of kidney discasc
can be used as a comparison when vascular calcification is related to the kidney discase.

100319} Possible methods of detecting and quantifying coronary artery calcification
{CAC) inchude, but arc not limited to, x-ray computed tomography and myocardial perfusion
single photon cmission computed tomography (SPECT). Moser KW, O'Kecte JH Jr, Bateman
T™, McGhie TA., Coronary calcium screening in asympiomatic subjects as a guide to risk factor
modification and stress myocardial perfusion imaging, J Nucl Cardiol. 2003 Nov-Dec; H(6):590-
8. Multi-detector computed tomography (MDCT) also can be used to detect vascular
calcification (see, e.g., Burnill et al., 2007, Postgrad. Med. 1. 83(985):698-704).

(86334} Another diagnostic method for vascular caleification is fluorine 18
fluorodeoxyglucose (FDG) uptake in the thoracic aortic wall at combined positron emission
tomography (PETVcomputed tomography {(CT). See: Tatsumi M, Cohade C, Nakamoto Y, Wahl
RL., Fluorodeoxyglucose uptake in the aortic wall at PET/CT: possible finding for active
atherosclerosis, Radiology. 2003 Dec;229(3):831-7. Epub 2003 Oct 30,

180321} in even another embodiment, ultrafast CT can be used to detect the presence of
atherosclerotic coronary discase. See, e.g., Breen JF, Sheedy PF 2nd, Schwartz RS, Stanson
AW, Kaufmann RB, Moll PP, Rumberger JA, Coronary artery calcification detected with
uitrafast CT as an indication of coronary artery discase, Radiclogy. 1992 Nov;185(2}:435-9.
{60322} Electron-beam computed tomography scanning can also be used to diagnose
coronary artery disease. See: Schmermund A, Baumgart D, Sack S, Mdhlenkamp S,
Grinemeyer D, Seibel R, Erbel R., Assessment of coronary calcification by ¢lectron-beam
computed tomography in symptomatic subjects with normal, abnormal or equivocal exercise
stress test, Eur Heart §. 2000 Oct;21(201:1674-82.

1883323} Another test for vascular calcification regards the plaque composition in
plexogenic and thrombocmbolic pulmonary hypertension. Chronic thromboembolic pulmonary
hypertension is associated with atheroscleratic plagues with glycophorin-rich pultaceous cores,
and plexogenic pulmonary hypertension with fibrous plaques. Thromboembaolic material plays a

critical role in the formation of pultaccous cores, of which erythrocyte membrane derived
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glvcophorin is a major component. Thercby, chronie thromboembolic and plexogenic
pulmonary hypertension (primary and secondary {Eisenmenger syndrome}) are investigated.
See: Arbustini E, Morbini P, D’ Armini AM, Repetto A, Minziont G, Piovella F, Vigand M,
Tavazzi L, Plague composition in plexogenic and thromboembolic pulmonary hypertension: the
critical role of thrombotic material in pultaceous core formation, Heart. 2002 Aug 88(2):.177-82.
1060324} Agatston scoring, a calcium scoring system based on density measurements of
deposited calcium plagues, can be used to quantify vascular caleification. In this system, levels
of vascular calcification can be measured by multi-detector computed tomography (MDCT) and
attenuations in the rate of progression in the Agatston score can be assessed {see, e.g., Sharma et
al., 2010, Vasc, Health Risk Manag. 6:603-611).

[80325] Further, vascular calcification can be assessed using the methods described in
Adragao et al., 2004, Nephrol, Dial. Transplant 19:1480-1488.

1080326} Another assay for use in quantifying vascular calcification in a subject is the
iesion~specific calcium score, which comprises a method of calciurn measurement that results
from a CT test for coronary artery calcification. This method is described by, e.g., Akram and

Voros, 2008, Int, J. cardiovac. Imaging 14:743-749,

8.6.7 HEART SIZE AND CARDIAC HYPERTROPHY
100327} Heart size and cardiac hypertrophy can be determined by any method known to
the skilled artisan, such as, for example, magnetic resonance imaging, clectrocardiography,

echocardiography, and noncontrast-enhanced cardiac computed tomography.

8.6.8 ARTERIAL STIFFNESS

160328] The levels of arterial stiffness can be determined by any mcethod known to the
skilled artisan, such as, for cxample, ultrasonic Doppler tests, magnetic resonance imaging
including magnectic resonance arteriography, computerized tomography {(CT) including CT

angiography, and other forms of angiography known in the art.

8.6.9 KIDNEY DISEASE
1663291 Glomerular filtration rate, mulin clearance, hyperphosphatemia, and BUN levels

can be determined by any method known to the skilled artisan to determine kidney disease.
Renal fibrosis and/or glomerulosclerosis can be diagnosed and/or monitored by any method
known to the skilled artisan, such as, for example, biopsy of kidncy tissue and cxamination of the
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tissue for scarring. Renal fibrosis and/or glomerulosclerosis can also be diagnosed and/or
monitored by, for example, measuring the glomerular filtration rate and/or performing ultrasound

of the kidney. See website of the National Kidney Foundation.

£.6.1¢ ANIMAL MODELS
{60336} Atherosclerotic low density lipoprotein receptor-deficient {Idir-/-) males

(C57BY/6) background} can be purchased from Jackson Laboratories and fed high fat diet (42%
cafories from fat) (Teklad #) beginning at 12 weeks of age. The mice are obese, insulin resistant
at 22 weceks of age, diabetic at 28 weeks of age and hypercholesterolemic.

{60331} A two-step procedure can be utilized to create chronie kidney discase as described
previousty (Davies, MR, er o/, 2003. J Am Soc Nephrol 14:1559-1567; Davies, MR, ef af,,
2005, F Am Soc Nephrol 16:917-928.). Electrocautery can be applied to the right kidney through
a 2 em flank incision at 12 weeks post natal, followed by left total nephrectomy at 14 weeks of
age. The intensity of the cautery is varied to produce moderate {CKD-3) renal injury that is
confirmed by inulin clearances at age 20 weeks. A control group of mice, wild type C57BV6]
mice, are fed a regular chow diet, which is a normal renal function and dict group used for
normative control values. A sccond group is /dir-/- mice that are fed a high fat dict and sham
operated, which have normal renal function, and serve as the control group to determine the
effect of kidney discase. A third group is /dir-/~ mice with GFR reduced equivalent to human
CKD stage 3 fed high {at diet (CKD-3) with cuthanasia at 22 weeks, the baseline vascular
calcitication group (CKD-3). The fourth group is Idlr-/- mice with CKID-3 receiving
sabcutancous injections of vehicle twice a week beginning at 22 weeks until cuthanasia at
28 weeks (CED-3 V). The fitth group s ldlr-/~ mice with CKD-3 receiving subcutancous
mjections of mACtRIFA-Fe (Celgene, Summit, NJ}, 10 mg/kg twice a week beginning at 22
weeks until euthanasia at 28 weeks (CKE-3 mActRIIA-F¢). The dose used was previgusly
shown in PK/PD studies to be an efficacious dose for stimulation of bone formation (Lotinun, S.,
et af., 2010, Bone 46:1082-108K.).

180332] A second model of CKD used is the muring homolog of X-linked Alport’s
syadrome, which is a deficiency in the gene for the a5 chain of type IV collagen, COL4AS
(Rheault, MLN., ef o/, 2004. Journal of the American Socicty of Nephrology 15:1466-1474.).
This is a model of spontaneous kidney discase. Breeding pairs can be purchased from Jackson
Laboratories and bred for experiments. Hemizygote males spontancously develop kidney

discasc comparabic with human CKD stage 3-4 at 200 days after birth.
~126-



WO 2016/069234 PCT/US2015/054674

168333} A third model of CKD is renal ablation, similar to the {dir-/~ protocol, ina
transgenic mouse Hine used for cellular lincage tracing, the GNZ mouse. GNZ reporter fomale
mice {Stoller, J.7., et o, 2008, Genesis (New York, N.Y. 2000} 46:200-204.) and Tek-Cre
transgenic male mouse (Kont, P.A, er @, 2001, The Journal of Experimental Medicine 193:741-
754y can be purchased from Jackson Laboratories and bred to produce GNZ / Tek-Cre + mice
for experiments. GNZ/ Tek-Cre — littermates serve as negative controls.  Mouse genotyping can

be performed by using specific primers recommended for GNZ and Tok-Cre mouse strains by

manufacturer.
8.0.11 TRANSCRIPTIONAL RESPONSE ASSAY
168334} In certain embodiments, a transcription response assay can be used to test an

ActRI] signaling inhibitor or activity of Snail, phosphosmad?2, phosphosmad3, urinary protein,
Dkkl, collal, activin {e.g., frec activin}, Runx2, Alp, BSAP, CTX, Osterix, Klotho, AciRITA,
Axin2, and/or Sm22-alpha. Upon ActRIL, Snail, phosphosmad2, phosphosmad3, urinary
protein, Dkk1, collal, activin {e.g., frec activin), Runx2, Osterix, Alp, BSAP, CTX, Klotho,
ActRITA, AxinZ, and/or Sm22-alpha signaling, transcription of certain genes is up- or
downregulated. A ccll culture system used and the transcriptional response can be measured
{e.g., by RT-PCR). The effect of an agent on the transcriptional responsc is a measure of its
effectivencss or activity. In certain embodiments, the promoter region that is known to be
responsive to ActRI, Snatl, phosphosmad?, phosphosmad3, urinary protein, Dkkl, colial,
activin {e.g., free activin), Runx2, Osterix, Alp, BSAP, CTX, Klotho, ActRIIA, AxinZ, and/or
Sm22-alpha signaling can be cloned upstream of a reporter gene. In this way, the assay can be

simplified such that ounly the activity of the reporter gene needs to be assayed.

8.6.12 SCREENING ASSAYS
{00335} Various ActRIf polypeptide variants, or soluble ActRII polypeptide variants, may

be tested for their ability to inhibit ActRIL In addition, compounds can be tested for their ability
to inhibit ActRH. Once inhibitors of ActRIT signaling activity are confirmed, these compounds
can be used with the methods provided herein. ActRU can be ACtRITA or ActRIB. The assays
below are described for ActRIA but can be performed analogously for ActRIIB.

180336} For example, the effect of an ActRUA polypeptide variant on the expression of
genes involved in bone production or bone destruction may be assessed. This may, as needed, be

performed in the presence of one or more recombinant ActRUA ligand proteins {e.gz., activin),
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and cells may be transfected so as to produce an ActRIA polypeptide and/or variants thereof,
and optionally, an ActRIIA ligand. Likewise, an ActRIIA polypeptide may be administered to a
mouse or other animal, and one or more bone propertics, such as density or volume may be
assessed. The healing rate for bone fractures may also be evaluated. Dual-cnergy x-ray
absorptiometry (DEXA} is a well-established, non-invasive, quantitative technique for assessing
bone density in an animal. In humans central DEXA systems may be used to evaluate bone
density in the spinc and pelvis. These are the best predictors of overall bone density. Peripheral
DEXA systems may be used to evaluate bone density in peripheral bones, including, for
example, the bones of the hand, wrist, ankie and foot. Traditional x-ray imaging systers,
including CAT scans, may be used to evaluate bone growth and fracture healing. In addition,
bone density can be measured using quantitative computed tomography (qCT). The mechanical
strength of bone may also be evaluated.

{60337} In certain aspects, provided hercin 1s the use of ActRUA polypeptides (e.g.,
soluble ActRITA polypeptides) and activin polypeptides to identify compounds {agents) which
are agonust or antagonists of the activin-ActRITA signaling pathway. Compounds dentified
through this screening can be tested to assess their ability to modulate bone growth or
mineralization in vitro, Optionally, these compounds can further be tested in amimal models to
assess thetr ability to modulate tissue growth in vivo.

{60338} There are numerous approaches to screening for therapeutic agents for modulating
tissue growth by targeting activin and ActRHIA polypeptides. In certain embodiments, high-
thronghput screening of compounds can be carried out to identify agents that perturb activin or
ActRA-mediated cffects on bone. In certain embodiments, the assay is carried out to screen
and identify compounds that specifically inhibit or reduce binding of an ActRIA polypeptide to
activin. Alternatively, the assay can be used to identify compounds that enhance binding of an
ActRIIA polypeptide to activin. In a further embodiment, the compounds can be identified by
their ability to interact with an activin or ActRIA polypeptide.

{60339} A varicty of assay formats will suffice and, in light of the present disclosure, those
not expressly described herein will nevertheless be comprehended by one of ordinary skill in the
art. As described herein, the test compounds {agents) used herein may be created by any
combinatorial chemical method. Alternatively, the subject compounds may be naturally
occurring biomaolecules synthesized in vivo or in vitro. Compounds {agents} to be tested for their

ability to act as modulators of tissue growth can be produced, for cxample, by bacteria, yeast,
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plants or other organisms (e.g., natural products}, produced chemically {e.g., small molecuies,
including peptidomimetics), or produced recombinantly. Test compounds contemplated hercin
include non-peptidyl organic molecules, peptides, polypeptides, peptidomimetics, sugars,
hormones, and nucleic acid molecules. In a specific embodiment, the test agent is a small organic
molecule having a molecular weight of less than about 2,000 daltons.,

{00340} The test compounds can be provided as single, discrete entities, or provided in
ibraries of greater complexity, such as made by combinatorial chemistry. These libraries can
comprise, for cxample, alcohols, alkyl halides, amines, amides, esters, aldehydes, ethers and
other classes of organic compounds. Presentation of test compounds to the test system can be in
cither an solated form or as muxtures of compounds, especially in inttial screening steps.
Optionally, the compounds may be denivatized with other compounds and have derivatizing
groups that facilitate isolation of the compounds. Non-limiting examples of derivatizing groups
include biotin, fluorescein, digoxygenin, green fluorescent protein, isotopes, polyhistiding,
magnetic beads, glotathione S transferase (GST), photoactivatible crosslinkers or any
combinations thercof,

100341} In many drug screening programs which test libraries of compounds and nataral
extracts, high throughput assays are desirable in order to maximize the number of compounds
surveyed in a given period of time. Assays which are performed in cell-free systems, such as
may be derived with purified or semi-purified proteins, are often preferred as “primary” sereens
in that they can be generated to permit rapid development and relatively casy detection of an
alteration in a molecular target which is mediated by a test compound.  Moreover, the effects of
cellular toxicity or bicavailability of the test compound can be generally ignored in the in vitro
system, the assay instead being focused primarily on the effect of the drug on the molecular
target as may be manifest in an alteration of binding affinity between an ActRIA polypeptide
and activin,

183342} Merely to iHustrate, in an exemplary screening assay, the compound of interest is
contacted with an isolated and purificd ActRUA polypeptide which is ordinarily capable of
binding to activin. To the mixture of the compound and ActRHA polypeptide is then added a
composition containing an ActRIIA ligand. Detection and quantification of ActRIIA/activin
complexes provides a means for determining the compound’s efficacy at inhibiting {or
potentiating) complex formation between the ActRITA polypeptide and activin. The efficacy of

the compound can be assessed by generating dose response curves from data obtained using
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various concentrations of the test compound. Morcover, a control assay can also be performed to
provide a bascline for comparison. For example, in a control assay, isolated and purified activin
is added to a composition containing the ActRIIA polypeptide, and the formation of
ActRITA/activin complex is quantitated in the abscnce of the test compound. It will be
understood that, in general, the order in which the reactants may be admixed can be varied, and
can be admixed simultancously. Morcover, in place of purified proteins, ccliular extracts and
ysates may be used to render a suitable cell-free assay system.

{00343} Complex formation between the ActRITA polypeptide and activin may be
detected by a variety of techniques. For instance, modulation of the formation of complexes can
be quantitated using, for example, detectably labeled proteins such as radiolabeled {e.g., 7P, 78,
¢ or 'H), fluorescently labeled {e.g., FITC), or enzymatically labeled ActRIIA polypeptide or
activin, by immunoassay, or by chromatographic detection.

{60344 In certain embodiments, contemplated herein is the use of fluorescence
polarization assays and fluorescence resonance cnergy transter (FRET) assays in measuring,
either directly or indirectly, the degree of interaction between an ActRIA polypeptide and s
binding protein. Further, other modes of detection, such as those based on optical waveguides
{PCT Publication WO 96/26432 and U.S. Pat. No. 5,677,196}, surface plasmon resonance (SPR},
surface charge sensors, and surface force sensors, are compatible with many embodiments
desecribed herein.

188345} Moreover, an interaction trap assay, also known as the “two hybrid assay,” can be
used for identifying agents that disrupt or potentiate interaction between an ActRIIA polypeptide
and its binding protein. See for example, U.S. Pat. No. 5,283,317 Zervos ef af. (1993} Cell
72:223-232; Madura ef af. (1993} 1 Biol Chom 26&:12046-12054; Bariel ef af. (1993}
Biotechniques 14:920-924; and Iwabuchi e ¢l {1993} Oncogene €:1693-1696). In a specific
embodiment, contemplated herein is the use of reverse two hybrid systems to identify
compounds {e.g., small molecules or peptides) that dissociate interactions between an ActRIIA
polypeptide and its binding protein. See for example, Vidal and Legrain, {1999) Nucleic Acids
Res 27:919-29; Vidal and Legrain, {1999} Tronds Biotechnol 17:374-81; and U.S. Pat. Nos.
5,525,490; 5,955,280; and 5,965,368,

100346} In certain embodiments, the subject compounds are identificd by their ability to
interact with an ActRITA or activin polypeptide. The interaction between the compound and the

ActRIA or activin polypeptide may be covalent or non-covalent. For example, such interaction
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can be identified at the protein level using in vitro biochemical methods, including photo-
crosslinking, radiolabeled ligand binding, and affinity chromatography (Jakoby W B er /., 1974,
Mecthods in Enzymology 46: 1), In certain cases, the compounds may be screencd ina
mechanism based assay, such as an assay to detect compounds which bind to an activin or
ActRIA polypeptide. This may include a solid phase or fluid phasc binding cvent.
Alternatively, the gene encoding an activin or ActRUA polypeptide can be transfected with g
reporter system {e.g., B-galactosidase, luciferase, or green fluorescent protein) into a cell and
screened against the hibrary preferably by a high throughput screening or with individual
members of the library. Other mechanism based binding assays may be used, for example,
binding assays which detect changes in free energy. Binding assays can be performed with the
target fixed to a well, bead or chup or captured by an immobilized antibody or resolved by
capillary clectrophoresis. The bound compounds may be detected usually using colorimetric or
fluorescence or surface plasmon resonance.

160347} In certain aspects, provided herein are methods and agents for modulating
{stimulating or inhibifing) bone formation and increasing bone mass. Therefore, any compound
identified can be tested in whole cells or tissues, in vitro or in vivo, to confirm their ability to
modulate bone growth or muneralization. Various methods known in the art can be atilized for
this purpose. In particular, the compounds can be tested for their ability to increase bone
mrnover.

1833438} For example, the effect of the ActRUA or activin polypeptides or test compounds
on bone or cartilage growth can be determined by measuring indaction of Msx2 or differentiation
ot osteoprogenitor cells into osteoblasts in cell based assays (see, e.g., Daluiski er ¢f., Nat Genet.
2001, 27(1):84-8; Hino ¢/ af., Front Biosci. 2004, 9:1520-9). Another example of cell-based
assays inchudes analyzing the osteogenic activity of the subject ActRHA or activin polypeptides
and test compounds in mesenchymal progenitor and osteoblastic eclls. To illustrate, recombinant
adenoviruses expressing an activin or ActRUA polypeptide can be constructed to infoct
pluripotent mesenchymal progenitor C3HIOT1/2 cells, preosteoblastic C2C12 cells, and
osteoblastic TE-85 cells. Ostoogenic activity is then determined by measuring the induction of
alkaline phosphatase, osteocalcin, and matrix mincralization {see, e.g., Cheng et @/, J bone Joint
Surg Am. 2003, 85-A(8): 1544-52).

160349] Also provided herein arc in vive assays to measure hone or cartilage growth, For

example, Namkung-Matthat ef g/, Bone, 28:80-86 (2001} discloses a rat osteoporotic model in
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which bone repair during the carly period after fracture is studied. Kubo ef ¢/, Steroid
Biochemistry & Molecular Biology, 68:197-202 {1999) also discloses a rat osteoporotic model in
which bone repair during the late period after fracture is studied. Andersson ef ¢f., J. Endocrinol.
170:529-537 describe a mouse osteoporosis model in which mice are ovaricctomized, which
causes the mice to lose substantial bone mincral content and bone mincral density, with the
trabecular bone losing roughly 50% of bone mincral density. Bone density could be increased in
the ovaricctomized mice by administration of factors such as parathyroid hormone. In certain
aspects, fracture healing assays that arc known in the art can be used. Thesc assays inchude
fracture technique, histological analysis, and biomechanical analysis, which arc described in, for
example, U.S. Pat, No. 6,521,750, which is incorporated by reference in its entirety for ifs
disclosure of experimental protocols for cansing as well as measuring the extent of fractures, and

the repair process.

8.7 BOSE OF ACTIVIN RECEPTOR TYPE I SIGNALING INHIBITOR
160350] In certain embodiments, an ActRI signaling inhibitor is an inhibitor of ActRIIA
signaling as sct forth in Section €.5.1. In other embodiments, an ActRIT inhibitor is an inhibitor
of ActRIIB signaling as set forth in Scction 8.5.2. In certain embaodiments, an ActRH signaling
inhibitor is a combination of an ActRIIA signaling inhibitor and an ActRIIB signaling inhibitor.
100351} In certain embodiments, the ActRIT signaling inhibitor is dosed at intervals and
amounts safficient to achieve serum concentrations of 0.2 microgram/kg or greater, and serum
levels of | mucrogram/kg or 2 microgramvkyg or greater are desirable for achieving significant
cffects on bone density and strength, Dosing regimens may be designed to reach serum
concentrations of between .2 and 15 microgramvkg, and optionally between 1 and 5
microgram/kg. In humans, seram levels of 0.2 microgram/kg may be achieved with a single
dose of 0.1 mg/kg or greater and serum levels of T microgram/kg may be achieved with a single
dose of 0.3 mg/kg or greater. The observed serum half-life of the molecule i3 between about 20
and 30 days, substantially longer than most Fe fusion proteins, and thus a sustained effective
serum level may be achieved, for example, by dosing with 0.2-0.4 mg/kg on a weekly or
biweckly basis, or higher doses may be used with longer intervals between dosings. For
example, doses of 1-3 mg/kg might be used on a monthly or bimonthly basis, and the effect on
bone may be sufficiently durable that dosing is necessary only once every 3,4, 5, 6,9, 12 or

more months, Serum levels of the ActRH signaling inhibitor can be measured by any means
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known to the skilled artisan. For example, antibodics against the ActRY signaling inhibitor can
be used to determine the serum fovels of the ActRIT signaling inhibitor using, e.g., an ELISA.
100352} In certain embodiments, the dosc of the ActRIT signaling inhibitor ranges from
0.01 to 3.0 mg/kg intravenously or from 0.03 to 0.1 mg/kg subcutancously. In certain
embodiments, the dosc of ActRH signaling inhibitor is about 0.01 mg/kg, about 0.1 mg/kg, about
0.13 mg/kg, about 0.2 mg/kg, about 0.26 mg/kg, about 0.3 mg/kg, about 0.4 mg/kg, about 0.5
mg/kg, about 0.6 mg/kg, about 0.7 mg/kg, about 0.8 mg/kg, about .9 mg/kg, about 1.0 mg/kg,
about 1.5 mg/kg, about 2.0 mg/kg, about 2.5 mg/kg, about 3.0 mg/kg, about 3.5 mg/kg, about 4.0
mg/kg, about 4.5 mg/kg, or about 5.0 mg/kg. In certain embodiments, the dose of ActRII
signaling inhibitor is about 10.0 mg/kg, about 15.0 mg/kg, about 20.0 mg/kg, about 25.0 mg/kg,
or about 30.0 mg/kg. In certain embodirnents, the dose of ActRIT signaling hibitor is between
0.01 rog/kg and 0.1 mg/kg, between 0.1 mg/kg and 0.3 mg/'kg, between 0.3 mg/kg and 0.5
mg/kg, between .3 mg/kg and 0.8 mg/kg, between (.5 mg/kg and 1.0 mg/kg, between 1.0 mg/kg
and 2.0 mg/kg, between 1.0 mg/kg and 3.0 mg/kg, between 2.0 mg/kg and 3.0 mg/kg, between
2.0 mg/kg and 4.0 mg/kg, between 3.0 mg/kg and 5.0 mg/kg, between 5.0 mg/kg and 10.0
mg/kg, between 10.0 mg/kg and 15.0 mg/kg, between 10.0 mg/kg and 20.0 mg/kg, between 15.0
meg/kg and 20.0 mg/kg, or between 20.0 mg/kg and 30.0 mg/kg. In certain embodiments, the
dose is about 15 mg, about 30 mg, about 45 mg, about 60 mg, about 75 mg, about 90 mg, or
about 1 g. In certain embodiments, the dose 13 about 0.1 mg/kg. In certain embodiments, the
dose is about 0.3 mg/kg. In certain embodiments, the dose is about 8.5 mg/kg. In certain
embodiments, the dose s about 0.7 mg/kg.

168353} In certain embodiments, the dosc is a pharmaceutically effective dose. In cortain
embodiments, the pharmaccutically effective dose is about 15 mg, about 30 mg, about 45 mg,
about 60 mg, about 75 mg, about 30 mg, or about 1 g, or about 8.1 mg/kg, about .13 mg/kg,
about .2 mg/kg, about .26 mg/kg, about .3 mg/kg, about (.4 mg/kg, about 0.5 mg/kg, about
0.6 mg/kg, about (.7 mg/kg, about 0.8 mg/kg, about 0.9 mg/kg, about 1.0 mg/kg, about 1.1
mg/kg, about 1.2 mg/kg, about 1.3 mg/kg, about 1.4 mg/kg, or about 1.5 mg/kg. In cortain
embodiments, the pharmaceutically effective dosc is about 0.1 mg/kg. In certain embodiments,
the pharmaccutically effective dose is about 0.3 mg/kg. In certain embodiments, the
pharmaceutically effective dosc is about 0.5 mg/kg. In certain embodiments, the

pharmaccutically effective dose is about 0.7 mg/kg.
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160354} In certain cmbodiments, the dose is an initial dose. In certain embodiments, the
initial dose is about 15 mg, about 30 mg, about 45 mg, about 60 mg, about 75 mg, about 90 mg,
or about 1 g, or about 0.1 mg/kg, about 0.13 mg/kg, about 0.2 mg/kg, about 0.26 mg/kg, about
0.3 mg/kg, about 0.4 mg/kg, about 0.5 mg/kg, about 0.6 mg/kg, about 0.7 mg/kg, shout 0.8
mg/kg, about 0.9 mg/kg, about 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/kg, about 1.3 mg/kg,
about 1.4 mg/kg, or about 1.5 mg/kg. In ceriain embodiments, the pharmaceutically effective
dosc is about 0.1 mg/kg. In certain embodiments, the initial dose is about 0.3 mg/kg. In certain
cmbodiments, the initial dose is about 8.5 mg/kg. In certain embodiments, the initial dose 15
about 0.7 mg/kg. In certain embodiments, the initial dose is administered (i} once cvery 28 days;
or {11} once every 42 days. In certain ermbodiments, the initial dose 18 admirustered once every
14 days. To certain erobodiments, the 1nitial dose is administered once every 21 days.

(88355} In certain embodiments the initial dose 1s administered once every 1,2, 3,4, 5, 6,
7,8,910, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21,22,23,24, 25,26, 27, or 28 days. In certain
embodiments the imtial dose is administered once every 1, 2, 3, 4, 5, or 6 weeks. In cerfain
erobodiments, the imitial dose 18 administered once every 2 weeks. In certain embodiments, the
initial dose is about 0.1 mg/kg, about 0,13 mg/keg, about 0.2 mg/kg, about .26 mg/kg, about .3
mg/kg, about 8.4 mg/kg, about .5 mg/kg, about 8.6 mg/kg, about 0.7 mg/kg, about 8.8 mg'ke,
about 8.9 mg/kg, about 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/kg, about 1.3 mg/kg, about 1.4
meg/kg, or about 1.5 mg/kg and is administered onee every 1, 2, 3,4, 5, or 6 weeks, In certain
embodiments, the initial dose is between about 0.3 to about .8 mg/kg and is administered once
every 2 weeks. In certain erbodiments, the initial dose is about 0.1 mg/kg, about .13 mg/kg,
about .3 mg/kg, about .4 mg/kg, about 0.5 mg/kg, about 8.6 mg/kg, about .7 mg/kg, about (0.8
mg/kg, about 0.9 mg/kg, about 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/kg, about 1.3 mg/ke,
about 1.4 mg/kg, or about 1.5 mg/kg and is administered once every 1,2, 3,4, 5, or 6 weeks. In
certain embodiments, the initial dose is about 0.3 mg/kg, about 8.4 mg/kg, about (1.5 mg/kg,
about .6 mg/kg, about .7 mg/kg, about 0.8 mg/kg, about 8.9 mg/kg, about 1.0 mg/kg, about 1.1
mg/kg, about 1.2 mg/kg, about 1.3 mg/kg, about 1.4 mg/kg, or about 1.5 mg/kg and is
administered once every 2 weeks. In certain embodiments, the initial dose is about (1.3 mg/kg
and is administered once every 2 weeks. In certain embodiments, the initial dose is about 0.5
mg/kg and is administercd once every 2 weeks. In certain embodiments, the initial dosc is about
0.7 mg/kg and is administered once cvery 2 weeks, In certain embodiments, the initial dose is

about 0.8 mg/kg and is administered once every 2 wecks.
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180356] In certain embodiments, the dosc is an adjusted dose. In certain embodiments, the
adjusted dose is greater than the initial dose. In certain embodiments, the adjusted dose is about
2.5 mg, sbout 5 myg, about 10 mg, about 15 mg, about 20 mg, or about 35 mg greater than the
initial dose, or about 8.05 mg/kg, about 0.1 mg/kg, about §.15 mg/kg, about 8.25 mg/kg, about
0.3 mg/kg, about .35 mg/kg, about 0.4 mg/kg, or about 0.5 mg/kg greater than the initial dosc.
In certain embodiments, the adjusted dose is administered more frequently than the initial dose.
In certain embodiments, the adjusted dose is administered every 5, 10, 15, 20, 25, 28, 30, 35, or
44 days.

{80387} In certain embodiments, the adjusted dose is less than the initial dose. In certain
embodiments, the adjusted dose is about 2.5 mg, about 5 mg, about 10 mg, about 15 myg, about
20 mg, or about 35 mg less than the inttial dose, or about 0.05 mg/kg, about 8.1 mg/kg, about
0.15 rog/kg, about .25 mg/kg, about 0.3 mg/kg, about .35 mg/kg, about .4 mg/kg, or about .5
mg/kg less than the initial dose. In certain embodiments, the adjusted dose 15 administered less
frequently than the inutial dose. In certain erobodiments, the adjusted dose is adminustered every
30, 35, 40,42, 50, 60, 70, 80, or 90 days.

[86358] In certain embodiments, the dose is administered via injection. In certain
embodiments, the dose is administered once every 28 days or once every 42 days. In certain
embodiments, the dose is administered contimaously and/or indefinitely

[60359] in certain embodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease activin levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 5%, 55%, 60%, 65%, 70%, 75%, &0%, 85%, 30%, 95%., or
at most 100% as compared to activin levels and/or activity in a reference population {e.g., a
reference population as described in Section £.6). In certain embodiments, the activin is free
activin, e.g., activin not associated with follistatin, follistatin-like 3, or inhibin. In certain
embodiments, the activin is activin A, In certain embodiments, activin levels and/or activity are
determined by an assay as described in Section 8.6,

{00360} In certain cmbodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrcase Smad-dependent
signaling in the subject by at lcast 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%. 65%, 70%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 0%, 15%,
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20%., 25%, 30%, 35%, 40%, 45%, 580%, 55%, 60%, 65%, 70%, 75%. 80%, 85%, 90%, 95%, or
at most 1{{% as compared to Smad-dependent signaling in a reference population {e.g., a
reference population as described in Scction 8.6). In certain embodiments, Smad-dependent
signaling is determined by an assay as described in Scction 8.6.

168361} In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease Runx? levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 7T0%, 75%, 80%., 85%, 90%, 35%, or at least 100%, or by at most 5%, 10%, 15%,
20%, 25%. 30%, 35%, 40%, 45%, 50%, 55%. 60%, 65%, 70%, 75%, 80%, §5%, 20%, 95%, or
at most 100% as compared to Runx2 levels and/or activity of in a reference population {e.g.,
reference population as deseribed in Section 8.6). In certain embodiments, Runx? levels and/or
activity are determined by an assay as described in Section 8.6.

{60362} In certain embodiments, the dose of an ActRI signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease Alp levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, &(%, §5%, 9%, 95%, or
at most 100% as compared to Alp levels and/or activity in a reference population {e.g., a
reference population as described in Section .63, In certain embodiments, Alp levels and/or
activity are determined by an assay as described in Section 8.6,

1603631 In certain embodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease Snail levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%.,
60%., 65%, T0%, 75%, 8(%, 85%, 90%., 95%, or at fcast 100%, or by at most 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 5%, 55%, 60%, 65%, 70%, 75%, &0%, 85%, 30%, 95%., or
at most 100% as compared to Snail levels and/or activity in a reference population {e.g., a
reference population as deseribed in Section £.6). In certain embodiments, Snail levels and/or
activity is determined by an assay as described in Section 8.6.

{00364 In certain cmbodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrcase phosphosmad? levels
and/or activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 35%, or at least 100%, or by at most 5%, 10%,
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15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, &5%, 90%,
95%, or at most 100% as compared to phosphosmad? levels and/or activity in a reference
population {e.g., a reference population as described in Section 8.6). In certain embodiments,
phosphosmadfz levels and/or activity are determined by an assay as described in Scction 8.6,
[68365] In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease phosphosmad3 levels
and/or activity in the subject by at least 5%, 10%, 15%., 20%, 25%, 30%, 35%, 40%, 45%., 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%,

15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%. 55%, 60%, 65%, 70%, 75%, 80%. 85%, 90%,

3

95%, or at most 180% as compared to phosphosmad3 levels and/or activity in a reference
population {e.g., a reference population as described 1 Section 8.6). In certain embodiments,
phosphosmad3 levels and/or activity are determined by an assay as described in Section 8.6,
{60366} In certain embodiments, the dose of an ActRI signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease urinary protein levels
and/or activity in the subject by at least 5%, 10%, 159%, 20%, 25%, 30%, 35%, 40%, 45%., 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 35%, or at least 100%, or by at most 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 8(%, 85%, 90%,
95%, or at most 180% as compared to urinary protein levels and/or activity in a reference
population {(e.g., a reference population as described in Section 8.6). In certain embodiments,
urinary protein levels and/or activity are determined by an assay as described in Section 8.6,
1603671 In certain embodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrcase Dkl levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%.,
60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 8(%, 85%, 9%, 95%, or
at most 100% as compared to Dkk1 levels and/or activity in a reference population {e.g., a
reference population as described in Section £.6). In certain embodiments, Dkk1 levels and/or
activity arc determined by an assay as described in Scction £.6.

{00368 In certain cmbodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease collal levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%. 35%, 40%, 45%, 50%, 55%,
60%, 65%., 70%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%,
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280%, 25%, 30%, 35%, 40%, 45%, 580%, 55%, 60%, 65%, 7(%, 75%, 80%., 85%, 30%, 95%, or
at most 100% as compared to collal levels and/or activity in a reference population {e.g., a
reference population as described in Section 8.6). In certain embodiments, collal levels and/or
activity are determined by an assay as described in Section 8.6.

[60369] In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease BSAP levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 7T0%, 75%, 80%., 85%, 90%, 35%, or at least 100%, or by at most 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, §5%, 90%, 95%, or
at most 100% as compared to BSAP levels and/or activity in a reference population {e.g., 4
reference population as deseribed in Section 8.6}, In certain embodiments, BSAP levels and/or
activity are determined by an assay as described in Section 8.6.

184378} In certain embodiments, the dose of an ActRIT signaling inhibitor adrmmnistered to
a subject according to the methods provided herein is sufficient to decrease CTX levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, &(%, §5%, 9%, 95%, or
at most 100% as compared to CTX levels and/or activity in a reference population{e.g., a
reference population as described in Section .63, In certain embodiments, CTX levels and/or
activity are determined by an assay as described in Section 8.6,

160371} In certain embodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease Osterix levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%.,
60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 5%, 55%, 60%, 65%, 70%, 75%, &0%, 85%, 30%, 95%., or
at most 100% as compared to Osterix levels and/or activity in a reference population {e.g., a
reference population as deseribed in Section €.6). In certain embodiments, Osterix fevels and/or
activity arc determined by an assay as described in Scction £.6.

1080372} In certain cmbodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrcase ActRUA levels
and/or activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 35%, or at least 100%, or by at most 5%, 10%,
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15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, &5%, 90%,
5%, or at most 100% as compared to ActRIIA levels and/or activity in a reference population
{e.g., areference population as described in Section 8.6). In certain embodiments, ActRITA
levels and/or activity are determined by an assay as described in Section 8.6.

168373} In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein 1s sufficient to increase Klotho levels and/or
activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
6%, 65%, 70%, 75%. 80%, 85%, 90%, 95%, 100%, 125%., 150%, 175%, 200%, 250%., 300%,
350%, 400%, 450%, or by at lcast 53060%, or by at most 5%, 10%, 15%, 20%, 25%, 30%, 35%
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, &0%, 85%, 909%, 35%, 100%, 125%, 150%

(0%, 250%, 300%, 350%, 400%, 450%, or by at roost 500% as compared o Klotho

i

i\)

1759
ievels and/or activity in a reference population {e.g., a refercnce population as described in
Section 8.6). In certain embodiments, Klotho levels and/or activity are determined by an assay
as deseribed in Section 8.6,

180374} In certain embodiments, the dose of an ActRIT signaling inhibitor adrmmnistered to
a subject according to the methods provided herein is sufficient to increase alpha-SMA levels
and/or activity in the subject by at least 5%, 10%, 153%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 68%, 65%, 70%, 75%, 80%, 85%, 90%, 35%, 100%, 125%, 150%, 175%, 200%, 250%
$30%, 350%, 400%, 450%, or by at least S00%, or by at most 3%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 6%, 65%, T0%, 75%, &0%, §5%, 9%, 95%, 100%, 125%, 150%,

175%, 200%, 250%, 300%, 350%, 400%, 450%, or by at most 500% as compared to alpha-SMA

78]

levels and/or activity in a reference population {e.g., a reference population as described in
Section 8.6). In certain embodiments, alpha-SMA levels and/or activity are determined by an
assay as described in Section 8.6,

1663751 In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to increcase MYOUD levels
and/or activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 68%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 100%, 125%, 150%, 175%, 200%, 250%,
300%, 350%, 400%, 450%, or by at lcast 500%, or by at most 5%, 10%, 15%, 20%., 25%, 30%,
35%., 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 30%, 95%, 100%, 125%, 150%,
175%, 200%, 250%., 300%, 350%, 400%, 450%, or by at most 500% as compared to MYOCD

icvels and/or activity in a reference population {e.g., a reference population as described in
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Section 8.6}, In certain embodiments, MYOCD levels and/or activity are determined by an assay

as described in Section 8.6.

168376} In certain embodiments, the dose of an ActRIY signaiing inhibitor administered to
a subject according to the methods provided herein is sufficient to increase Axin2 levels and/or

activity in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%. 85%, 90%, 95%, 100%, 125%. 150%, 175%, 200%, 250%, 300%.
350%, 400%, 450%, or by at lcast 5300%, or by at most 5%, 10%, 15%, 20%, 25%, 30%, 35%.,
4%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 125%. 150%,
175%, 200%, 250%, 300%, 350%, 400%, 450%, or by at most 500% as compared to Axin2
ievels and/or activity in a reference population {e.g., a refercnce population as described in
Section 8.6). In certain embodiments, Axin2 levels and/or activity are determined by an assay as
described in Section 8.6,

1843771 In certain embodiments, the dose of an ActRIT signaling inhibitor adrmmnistered to
a subject according to the methods provided berein is safficient to increase vascular smooth
muscle protemn levels, such as, for example, Sm22-alpha, in the subject as compared to vascular
smooth muscle protein levels reference population (e.g., a reference population as described in
Section 8.6). In certain embodiments, vascular smooth muscle protein levels and/or activity are
determined by an assay as described in Section 8.6, In certain embodiments, the dose of an
ActRI signaling inhibitor administered to a subject according to the methods provided herein is
sufficient to increase Sm22-alpha levels and/or activity in the subject by at least 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 6{%, 65%, 70%, 75%, &0%, 85%, 3%, 95%,
100%, 125%, 150%, 175%, 200%, 250%, 300%, 350%, 400%, 4580%, or by at least 500%, or by
at most 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 6(%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 100%, 125%, 150%, 175%, 200%, 250%, 300%, 350%, 400%, 450%, or
by at most 500% as compared to Sm22-alpha levels and/or activity in a reference population
{e.g., arcference population as described in Section 8.6). In certain embodiments, Sm22-alpha
ievels and/or activity are determined by an assay as described in Section 8.6,

180378} In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to increase bone volume in the
subject by at least 5%, 10%, 15%. 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 6%, 65%,
T0%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%, 20%, 25%,
30%, 35%., 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%. 95%, or at most
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100% as compared to bone volume in a reference population {e.g., a reference population as
described in Section 8.6). In certain embodiments, bone volume is determined by an assay as

described in Section 8.6.

{80379} In certain cmbodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease osteoclast pit surface

1 the subject by at least 3%, 10%, 15%, 20%, 25%., 30%, 35%, 40%, 45%, 50%. 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, or at least 100%, or by at most 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 95%, or at most
100% as compared to osteociast pit surface in a reference population {e.g., a reforence population
as deseribed in Section 8.6). In certain embodiments, osteoclast pif surface is deterroined by an
assay as described in Section 8.6,

100380} In certain embodiments, the dose of an ActRIT signaling intubitor administered to
a subject according to the methods provided herein is sufficient to maintain bone formation rates
in the subject, or minirmally increase or decrease bone formation rates in the subject, such as, by
at most 1%, 2.5%, 5%, 10%., or 15% as compared o bone formation rates in a reference
population {e.g., a reference population as described in Section £.6). In certain erobodiments,
bone formation rate is determined by an assay as described in Section 8.6,

196381} In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided heretn is sufficient to maintain the osteoblast surface
in the subject, or minimally increase or decrease the osteoblast surface in the subject, such as, by
at most 1%, 2.5%, 5%, 10%, or 15 as compared to osteoblast surface in a reference population
{e.g., arcference population as described in Section 8.6}, In certain embodiments, osteoblast
surface is determined by an assay as described in Section 8.6.

180382} In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decreasce aortic osteoblastic
transition in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%., 50%, 55%,
6%, 65%, 70%, 5%, 80%, &5%, 9(%, 35%, or at least 100%, or by at most 5%, 1(%, 15%.,
20%., 25%, 30%, 35%, 40%, 45%, 580%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
at most 100% as compared to aortic osteoblastic transition in a reference population {e.g., a
reference population as described in Scction 8.6). In cortain embodiments, aortic osteoblast

transition is determined by an assay as described in Section 8.6,
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180383] In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease osteoblast number in
the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
T0%, 75%, 80%, 85%, 90%, 5%, or at least 100%, or by at most 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 8(%, 85%, 90%, 95%, or at most
100% as compared osteoblast number in a reference population {e.g., a reference population as
described in Scction 8.6). In certain embodiments, ostcoblast number is determined by an assay
as described in Scction 8.6,
160384 In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided berein is sufficient to decrease osteoblast sarface to
bone surface ratio in the subju? by at feast 59, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%
S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or at lcast 100%, or by at most 5%,
10%, 159, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
9%, 35%, or at most 100% as compared osteoblast surface to bone surface ratio in a reference
population {e.g., a reference population as described in Section 8.6). In certain embodiments,
osteoblast surface to bone surface ratio is determined by an assay as deseribed in Section 8.6,
[G0385] in certain embodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease osteoclast number in
the subject by at least 5%, 10%, 15%, 20%, 25%, 30%., 35%, 40%, 45%, 5%, 55%, 60%, 65%,
T0%, 75%, 80%, 5%, 9%, 95%, or at least 100%, or by at most 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, T0%, 75%, 80%, &5%, 90%, 95%, or at most
100% as compared osteoclast number in a reference population {e.g., a reference population as
described in Section 8.6). In certain embodiments, osteoclast number is determined by an assay
as described in Section 8.6,
{60386} In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided hercin is sufficient to decrease osteoclast surface to
bone surface ratio in the subject by at feast 5%, 10%, 15%, 20%., 25%, 30%, 35%, 40%, 45%,
50%., 55%, 60%, 65%, 70%, 75%, 80%., 85%, 30%, 95%, or at lcast 100%, or by at most 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%., 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, or at most 100% as compared osteoclast surface to bone surface ratio in a reference
population {e.g., a reference population as described in Section 8.6). In certain embodiments,

osteoclast surface to bone surface ratio is determined by an assay as described in Section 8.6,
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180387} In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to increase trabecular bone
volume in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
6%, 65%, 70%, 75%. 80%, 85%, 90%, 95%, 100%, 125%., 150%, 175%, 200%, 250%., 300%,
350%, 400%, 450%, or by at lcast 53060%, or by at most 5%, 10%, 15%, 20%, 25%, 30%, 35%
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 125%, 150%,
175%, 200%, 250%, 300%, 350%, 400%. 450%, or by at most 500% as compared to trabecular

-}

bone volume in a reference population {e.g., a reference population as described in Section 8.6).
In certain embodiments, trabecular bone volume is determined by an assay as described in
Section 8.6,

{00388} In certain embodiments, the dose of an ActRI signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to increase trabecular thickness
in the subject by at least 5%, 10%, 153%, 20%, 25%, 30%, 35%, 40%, 43%, 50%, 55%, 60%,
65%, T0%, 75%, 80%, 85%, 90%, 95%, 100%, 125%, 150%, 175%, 200%, 250%, 300%, 350%
400%, 450%, or by at least 500%, or by at most 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%
45%, 50%, 55%, 6%, 65%, T0%, 75%, BO0%, 85%, 90%, 95%, 100%, 125%, 150%, 175%,
200%, 250%, 300%, 350%, 400%, 450%, or by at most S00% as compared to trabecular
thickness in a reference population {e.g., a reference population as described in Section 8.6). In
certain embodiments, trabecular thickness is determined by an assay as described in Section £.6.
1883389} In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to ingrease vaseular smooth
nmuscle function in the subject by at least 3%, 10%, 15%, 20%., 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 0%, 85%, 90%, 95%, 100%, 125%, 150%, 175%, 200%,
250%, 300%, 350%, 400%, 450%, or by at least 500%, or by at most 5%, 10%, 15%, 20%., 25%,
3%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, €5%, 90%, 95%, 100%, 125%,
158%, 175%, 200%, 250%, 300%, 350%, 400%, 450%, or by at most S00% as compared to
vascular smooth muscle function in a reference population {e.g., a reference population as
described in Section 8.6}, In certain embodiments, vascular smooth muscle function is
determined by an assay as described in Section 8.6,

160390¢] In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease vascular caleification

in the subject by at least 5%, 10%. 15%, 20%, 25%, 30%, 35%., 40%, 45%, 50%, 55%., 60%,
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65%, T0%, 75%, 80%, 85%, 90%, 95%, or at lcast 100%, or by at most 5%, 18%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 6%, 65%, 70%, 75%, 80%, &5%, 9%, 95%, or at most
100% as compared to vascular calcification in a reference population {e.g., a reference
population as described in Section 8.6). In certain embodiments, vascular caleification is
determined by an assay as described in Section 8.6, In certain embodiments, the dose of an
ActRI] signaling inhibitor administered according to the methods provided herein is sufficient to
decrease vascular calcium levels by at least 5%, 10%, 15%., 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%. 75%, 80%, 85%. 90%, 95%. or at least 100%, or by at most 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%., 50%, 55%, 60%, 65%, 70%, 75%, 80%, &5%,
9%, 95%, or at most 100% as corapared to vascular calciom levels in a reference population

o]

{e.g., areference population as described in Section §.6). In certain embodiments, vascular
calcium levels are deternmuned by an assay as described in Section 8.6,

{60391} In certain embodiments, the dose of an ActRI signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease aortic calcium levels
in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 43%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, §5%, 90%, 95%, or at least 100%, or by at most 3%, 0%, 15%, 20%

25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, &5%, 9%, 95%, or at most
180% as compared to aortic calcium levels in a reference population {(e.g., 8 reference population
as described in Section 8.6). In certain embodiments, aortic calcium levels are determuined by an
assay as described in Section 8.6, In certain embodiments, the dose of an ActRIT signaling
inhibitor administered to a subject according to the methods provided herein i3 sufficient to
decrcase calcitim deposits in aortic atheromas in the subject by at least 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 78%, 75%, 80%, 85%, 90%, 95%, or at least
1080%, or by at most 3%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
T0%, 75%, 80%., 85%, 0%, 95%, or at most 100% as compared to calcium deposits in aortic
athcromas in a reference population {e.g., a reforence population as described in Section 8.6}, In
certain embodiments, calcium deposits in aortic atheromas are determined by an assay as
described in Section 8.6.

{00392} In certain cmbodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrcase CK D-induced
endothelial to mesenchymal transition (EnMT) in the subject by at least 5%, 10%, 15%, 20%,

25%, 30%. 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, %5%, or at least
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180%, or by at most 5%, 10%, 15%, 20%., 25%, 30%, 35%, 4(%, 45%, 50%, 55%, 60%, 65%,
T0%, 75%, 80%, 85%, 0%, 95%, or at most 100% as compared to EnMT in a reference
population {e.g., a reference population as described in Section 8.6). In certain embodiments,
EnMT is determined by an assay as described in Section 8.6,

166393 In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decrease heart size {e.g., heart
weight) in the subjoct by at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or by at least 10%, or
by at most 1%, 2%, 3%, 4%, 5%, 6%, 7%, §%, 9%, or by at lcast 10% as compared to heart size
{e.g., heart weight) in a reference population {e.g., a reference population as described in Section
8.6}, In certain embodiments, heart size is determined by an assay as described in Section 8.6.
{00394} In certain embodiments, the dose of an ActRI signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to increase the levels of
differentiated vascular smooth muscle cells in the subject by at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 35%, 100%, 125%,
150%, 175%, 200%, 250%, 300%, 350%., 400%, 450%, or by at least 500%, or by at most 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 953%, 100%, 125%, 150%, 175%, 200%, 250%, 300%, 350%, 400%, 450%, or by at most
5800% as compared to differentiated vascular smooth muscle cell levels in a reference population
{e.g., areference population as described in Section €.6}. In certain embodiments, levels of
differentiated vascular smooth muscle cells are determined by an assay as described in Section
&.6.

180395] In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to decreasce elevated levels of
arterial stiffiness in the subject by at least 3%, 18%, 15%, 20%, 25%, 30%, 35%, 40%, 45%.,
50%, 55%, 60%, 65%, T0%, 75%, 0%, 83%, 90%, 95%, or at lcast 100%, or by at most 5%,
10%, 15%, 20%, 25%, 3(%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, &5%,
9%, 95%, or at most 100% as compared to arterial stiffncss in a reference population {(e.g., a
referonce population as described in Section 8.6). In certain embodiments, arterial stiffness is
determined by an assay as doscribed in Section 8.6, In certain embodiments, the dose of an
ActRI signaling inhibitor administered according to the methods provided herein is sufficient to
decrease elevated levels of arterial stiffiiess in the subject by at least 5%, 10%, 15%, 20%, 25%,

30%., 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 8(%, 85%, 90%, 95%, or at lcast

~145-



WO 2016/069234 PCT/US2015/054674

180%, or by at most 5%, 10%, 15%, 20%., 25%, 30%, 35%, 4(%, 45%, 50%, 55%, 60%, 65%,
T0%, 75%, 80%, 85%, 0%, 95%, or at most 100% as compared to arterial stiffness in a
reference population {e.g., a reference population as described in Section £.6). In certain
cmbodiments, arterial stiffness is determined by an assay as described in Scction 8.6.

168396] In certain embodiments, the dosc of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein 1s sufficiont to maintain mineral apposition
rate in the subject, or minimally increase or decrcasc minimal apposition rate in the subject, such
as, by at most 1%, 2.5%, 5%, 10%, or 15% as comparcd to mineral apposition rate in a reference
population {e.g., a reference population as described in Section £.6). In certain embodiments,
mineral apposition rate 15 determuned by an assay as described i Section 8.6.

1843971 In certain embodiments, the dose of an ActRIT signaling inhibitor adrmmnistered to
a subject according to the methods provided herein is sufficient to maintain hyperphosphateroia
in the subject, or nunimally inerease or decrease hyperphosphatemia in the subject, such as, by at
most 1%, 2.5%, 5%, 10%, or 15% as compared to hyperphosphatemia in a reference population
{e.g., arefercnce population as described in Section §.6). In certain embodiments,
hyperphosphatenua is determined by an assay as described in Section 8.6.

{60398} in certain embodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to maintain the levels of FGF23
in the subject, or mimimally increase or decrease the levels of FGEF2Z3 in the subject, such as, by
at most 1%, 2.5%, 5%, 10%, or 15% as compared to FGF23 levels in a reference population
{e.g., a reference population as described in Section 8.6}, In certain embodiments, FGF levels
are determined by an assay as described in Section 8.6,

1663991 In certain embodiments, the dose of an ActRII signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to reduce renal fibrosis in the
subject by at feast 5%, 10%, 15%, 20%. 25%, 30%, 35%, 40%, 45%, 50%. 55%, 60%, 65%,
70%, 75%, 80%, &5%, 9(%, 95%, or at lcast 100%, or by at most 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 9%, 95%, or at most
100% as compared to renal fibrosis in a reference population {e.g., a reference population as
described in Section §.6). In certain embodiments, renal fibrosis is determined by an assay as
described in Scction 8.6, In certain cmbodiments, the dose of an ActRIT signaling inhibitor
administered to a subject according to the methods provided hercin is sufficient to reduce

glomerulosclerosis in the subject by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
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50%., 55%, 60%, 65%, 70%, 75%, 80%., 85%, 30%, 95%, or at lcast 100%, or by at most 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, or at most 100% as compared to glomerulosclerosis in a reference population {e.g., a
reference population as described in Scetion 8.6}, In certain embodiments, glomerulosclerosis is
determined by an assay as described in Section 8.6,

{00400} In certain cmbodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided hercin is sufficient to normalize the levels of one or
more of the biomarkers provided herein {e.g., Runx2, Alp, Snail, phosphosmad2, Dkkl, collal,
activin, BSAP, CTX, Osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3,
urinary protein, and/or ActRHA). For example, in certain embodiments, the dose of an ActRII
signaling inhibitor admimstered to a subject according to the methods provided herein is
sufficient to increase or decrcase the levels of one or more of the biomarkers provided herein
{e.g., Runx2, Alp, Snatl, phosphosmad?, Dkk1, collal, activin, BSAP, CTX, Osterix, Klotho,
alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, urinary protein, and/or ActRIIA) to the
ievels of the respective biomarkers in a reference population {e.g., a reference population as
described n Section 5.6},

(60431} in certain embodiments, the dose of an ActRIT signaling inhibitor administered to
a subject according to the methods provided herein is sufficient to treat and/or prevent cardiac
hypertrophy in the subject. In certain embodiments, cardiac hypertrophy is determined by an
assay as described in Section 8.6, In certain embodiments, the dose of an ActRIT signaling
inhibitor administered to a subject according to the methods provided herein is sufficient to treat
and/or prevent LVH in the subject.

{60402} When used in conjunction with a dose provided herein (e.g., a dose of an ActRi]
signaling inhibitor or a dose of a second active agent), the word “about” refers to any number
within 1, 5 or 10% of the referenced number,

180403} In certain embodiments, an ActRII signaling inhibitor as described herein is
administered to a subject according to the methods provided herein subcutaneously or
intravenously.

160404] In certain embodiments, .13 mg/kg of ActRUA-hF¢ (SEQ 1D NO:7) 15
administered subcutancously to a subject treated in accordance with the methods provided at an
interval of once every 14 days. In certain embodiments, 0.26 mg/'kg of ActRITA-hFc (SEQ ID

NO:7) 1s administered subcutaneously to a subject treated in accordance with the methods
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provided at an interval of once every 14 days. In certain embodiments, (.1 mg/kg of ActRIA-
hFc (SEQ ID N7} is administered intravenoushy to a subject treated in accordance with the
methods provided at an interval of once every 14 days. In certain embodiments, 0.2 mg/kg of
ActRITA-hF¢ (SEQ 1D NO:7) is administered imntravenously to a subject treated in accordance
with the methods provided at an interval of once cvery 14 days. In certain embodiments, 0.3
mg/kg of ActRUA-hFc (SEQ 1D NO:7) is administered subcutancously to a subject treated in
accordance with the methods provided at an interval of once every 28 days. In certain
cmbodiments, 0.5 mg/kg of AciRITA-hFc (SEQ ID NG:7) is administered subcutancously to a
subject treated in accordance with the methods provided at an interval of once every 28 days. In
certain embodiments, 0.7 mg/kg of ActRHA-hF¢ (SEQ ID NO:7) 1s administered subcutancously

to a subject treated in accordance with the methods provided at an interval of once every 28 days.

8.8 COMBINATION THERAPY

[60405] In certain cmbodiments, the methods provided herein are performed in
combination with a second pharmaceutically active agent. Such combination therapy may be
achicved by way of the simultancous, sequential, or separate dosing of the individual
componcnts of the treatment. Additionally, when administered as a componcut of such
combination therapy, the ActRII signaling inhibitor and the second pharmaceutically active agent
may be synergistic, such that the daily dose of cither or both of the components may be reduced
as compared to the dose of either component that would normally be given as a monotherapy.
Alternatively, when admnistered as a component of sach combination therapy, the ActRI
signaling inhibitor provided herein and the second pharmacceutically active agent may be
additive, such that the daily dose of each of the coraponents is similar or the same as the dose of
gither coroponent that would normally be given as a monotherapy.

{60406} In certain embodiments, the ActRIT signaling inhibitor provided herein is
administered on the same day as a second pharmaceutically active agent. In certain
embodiments, the ActRIT signaling inhibitor 1s administered one, two, three, or more days before
a second pharmaceutically active agent. In certain embodiments, the ActRIT signaling inhibitor
is administered ong, two, three or more days after a second pharmaceutically active agent. In
certain embodiments, the ActRIT signaling inhibitor 1s administered within ong, two, three or
more weeks of a second pharmaceutically active agent.

183407} In certain embodiments, the second pharmaccutically active agent is an antagonist

of Snail, phosphosmad?, phosphosmad3, uwrinary protein, Dkkl, collfal, activin (e.g., free
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activin), RunxZ, Alp, BSAP, CTX, and/or Osterix, such as an antibody or fragment thereof, a
smalt molecule signaling inhibitor, an antisense nuecleic acid, a small interfering nucleic acid, a
dominant negative protein or fragment thereof. In certain embodiments, the second
pharmaccutically active agent is an agonist of Klotho, aipha-SMA, MYOCD, Axin2 and/or
Sm22-alpha, such as an antibody or fragment thercof or a small molecule.

{00408 In certain cmbodiments, the sccond pharmaccutically active agent is an active
agent used to treat cardiovascular discase, vascular calcification, cardiovascular discase
associated with and/or resulting from vascular calcification, and/or cardiovascular discase
associated with and/or resulting from renal discase, such as, for example, an aldosterone
signaling inhibitor, an angiotensin I receptor blocker, a beta-blocker, a calcium channel blocker,
a cholesterol-lowering drug, digoxin, a diuretic, an inotropic therapy, potassivm or magnesium, a
vasodilator, and/or warfarin,

{00409} In certain embodiments, the second pharmaceutically active agent is an active
agent used to treat chronie kidney disease, such as, for example, an angiotensin I receptor
blocker, a beta-blocker, a calciurn chaonel blocker, direct renmun signaling inhibitor, a diuretic, a
vasodilator, erythropoietin therapy, iron replacerent therapy, and/or vitamin D,

(6064101 in certain embodiments, the methods provided herein are performed in
combination with a method for treating or ameliorating cardiovascular disease, vascular
calcification, cardiovascular disease associated with and/or resulting from vascnlar calcification,
and/or cardiovascular disease associated with and/or resulting from renal disease, and/or chronic

kidney disease.

8.9 PHARMACEUTICAL COMPOSITIONS
100411} In certain embodiments, activin-ActRI antagonists {e.g., ActRU polypeptides) are

formulated with a pharmaceutically acceptable carrier for use with the methods described herein.
For example, an ActRH polypeptide can be administered alone or as a component of a
pharmaceutical formulation (therapeuntic composition). The subject compounds may be
formulated for administration in any convenient way for use in human or veterinary medicine.
ActRI can be ActRIIA or ActRIIB.

{83412} In certain embodiments, the therapeutic methods provided herein include
administering the composition {comprising an ActRII signaling inhibitor} systemically, or locally
as an implant or device. When administered, the therapeutic composition for uses provided

herein is in a pyrogen-free, physiologically acceptable form. Therapeutically uscful agents other
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than the ActR1I antagonists which may also optionally be included in the composition as
deseribed above, may be administered simultancousty or sequentially with the subject
compounds {e.g., ActRH polypeptides, such as ActRUA and / or AciRIIB polypeptides (see,
Section 8.5)).

100413} Typically, ActRI antagonists will be administered parenterally, Pharmaceutical
compositions suitable for parenteral administration may comprisc one or more ActRH
polypeptides in combination with onc or more pharmaceutically acceptable sterile isotonic
aqueous or nonaqucous solutions, dispersions, suspensions or emudsions, or sterile powders
which may be reconstituted into sterile injectable solutions or dispersions just prior to use, which
may contain antioxidants, buffers, bacteriostats, solutes which render the formulation isotonic
with the blood of the intended recipient or suspending or thickening agents. Examples of
suitable aqueous and nonagueous carriers which may be employed in the pharmaceutical
compositions for use in the methods described herein inclode water, ethanol, polyols (such as
glveerol, propylene glyeol, polyethylene glycol, and the like), and suitable mixtores thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as cthyl oleate. Proper
fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use of surfactants,
{80414} Further, the composition may be encapsulated or injected in a form for delivery to
a target tissue site {e.g., bone). In certain embodiments, compositions for use in the methods
described herein may include a matrix capable of delivering one or more therapeutic compounds
{e.g., ActRIIA polypeptides) to a target tissue site {e.g., bone), providing a structure for the
developing tissue and optimally capable of being resorbed into the body. For example, the matrix
may provide slow release of the ActRIIA polypeptides. Such matrices may be formed of
materials presently in use for other implanted medical applications.

{60415} The choice of matrix material is based on biccompatibility, biodegradability,
mechanical propertics, cosmetic appearance and interface properties. The particular application
of the subject compositions will define the appropriate formulation. Potential matrices for the
composttions may be biodegradable and chemically defined calcium sulfate,
tricalciumphosphate, hydroxyapatite, polylactic acid and polyanhydrides. Other potential
materials arc hiodegradable and biologically well defined, such as bone or dermal collagen.
Further matrices are comprised of pure proteins or exiracelular matrix components. Other

potential matrices arc non-biodegradable and chemically defined, such as sintered
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hydroxyapatite, bioglass, aluminates, or other ceramics. Matrices may be comprised of
combinations of any of the above mentioned types of material, such as polylactic acid and
hydroxyapatite or collagen and tricalciumphosphate. The bioceramics may be altered in
composition, such as in calcium-aluminate-phosphate and processing to alter pore size, particle
sizg, particle shape, and biodegradability.

[60416] In certain embodiments, the compositions for usc in the methods described herein
{comprising ActRII signaling inhibitor} can be administered orally, e.g., in the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or tragacanth},
powders, granules, or as a solution or a suspension in an agqucous or non-agueous liquid, or as an
oil-in-water or water-in-oil liguid emulsion, or as an ¢lixir ot syrup, or as pastilles {using an inert
base, such as gelatin and glycerin, or sucrose and acacia) and/or as mouth washes and the like,
cach containing a predetermined amount of an agent as an active ingredient. An agent may also
be adnunistered as a bolus, electuary or paste.

{00417} In solid dosage forms for oral administration {(capsules, tablets, pills, dragees,
powders, granules, and the like), one or more therapeutic compounds described herein may be
mixed with one or more pharmaceutically acceptable carriers, such as sodium citrate or
dicalcium phosphate, and/or any of the following: (1} fillers or extenders, such as starches,
lactose, sucrose, ghicose, mannitol, and/or silicic acid; {2} binders, such as, for example,
carboxymethyleellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose, and/or acacia; (3)
humectants, such as glycerol; (4} disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5) solution
retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary ammonium
compounds; {7} wetting agents, such as, for example, cetyl aleohol and glycerol monostearate;
(8 absorbents, such as kaolin and bentonite clay; (9) lubricants, such as talc, calcium stearate,
magnesium stearate, solid polyethylene ghyeols, sodium lauryl sulfate, and mixtures thereot, and
(10} coloring agents. In the casc of capsules, tablets and pills, the pharmaceutical compositions
may also comprise buffering agents. Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugars,
as well as high molecular weight polycthylenc glycols and the like.

{00418} Liguid dosage forms for oral administration include pharmaceutically acceptable
cemulsions, microcmulsions, solations, suspensions, syrups, and elixirs, In addition to the active

ingredient, the liguid dosage forms may contain incrt diluents commonlty used in the art, such as
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water or other solvents, solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl

veol, 1,3-

o

alcohol, cthyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene gl
butylene glycol, oils (in particular, cottonsced, groundnut, corn, gorm, slive, castor, and scsame
oils}, glycerol, tetrahydrofuryl alcohol, polyethyvlene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral corapositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, swectening, flavoring, coloring, perfuming,
and prescrvative agents.

{00419} Suspensions, in addition to the active compounds, may contain suspending agents
such as cthoxylated isosteary! alcchols, polvoxyethyiene sorbitol, and sorbitan csters,
microcrystalline cellulose, aluminum metahydroxide, bentoniie, agar-agar and tragacanth, and
mixtures thereof,

{00420} The compositions described herein may also contain adjuvants, such as
preservatives, wetting agents, emulsifying agents and dispersing agents. Prevention of the action
of microorganisms may be ensured by the inclusion of various antibacterial and antifungal
agents, for exarple, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
desirable to include isotonic agents, such as sugars, sodinm chloride, and the like into the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption, such as aluminam monostearate
and gelatin,

{00421} It is understood that the dosage regimen will be determined by the attending
physician considering various factors which modify the action of the compounds described
herein {e.g., ActRI polypeptides, such as ActRIA and / or ActRUB polypeptides (see, Section
8.511. The various tactors include, but are not limited to, amount of bone weight desired to be
formed, the degree of bone density loss, the site of bone damage, the condition of the damaged
bone, the subject’s age, sex, and diet, the severity of any disease that may be contributing to bone
loss, time of administration, and other clinical factors. Optionally, the dosage may vary with the
type of matrix used in the reconstitution and the types of compounds in the composition. The
addition of other known growth factors to the final composition, may also affect the dosage.
Progress can be monitored by periodic assessment of bone growth and/or repair, for example, X-
rays (inchuding DEXA), histomorphometric determinations, and tetracycline labeling.

{00422} In certain cmbodiments, provided herein is gene therapy for the in vive

production of ActRI polypeptides. Such therapy would achieve its therapeutic effect by
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introduction of the ActRIl polynucleotide sequences into cells or tissues having the disorders as
fisted above. Delivery of ActRII polynucicotide sequences can be achieved using a recombinant
expression vector such as a chimeric virus or a colloidal dispersion system. Preferred for
therapeutic delivery of ActRH polynucleotide sequences is the use of targeted liposomes. The
ActRII polypeptides can be ActRIIA and / or ActRIIB polypeptides {see, Section 8.5)).

{00423} Various viral vectors which can be utilized for gene therapy as taught herein
include adenovirus, herpes virus, vaccinia, or, preferably, an RNA virus such as a retrovirus,
Preferably, the retroviral vector is a derivative of a murine or avian retrovirus. Examples of
retroviral vectors in which a single foreign gene can be inserted include, but are not limited to:
Moloney murine leukemia virus (MoMuaL'V), Harvey murine sarcoma virgs (HaMuSV), murine
mammary tumor virgs (MuMTV}, and Rous Sarcoma Virus {RSV). A number of additional
retroviral vectors can incorporate multiple genes. All of these vectors can transfer or incorporate
a gene for a selectable marker so that fransduced cells can be wdentified and generated.

Retroviral vectors can be made target-specific by attaching, for example, a sugar, a glycolipid, or
a protein. Preferred targeting is accomplished by using an antibody. Those of skall in the art will
recognize that specific polymucleotide sequences can be ingerted into the retroviral genome ot
attached to a viral envelope to allow target specific delivery of the retroviral vector containing
the ActRH polynucleotide. In a preferred embodiment, the vector is targeted to bone or cartilage.
{60424} Alternatively, tissue culture cells can be directly transfected with plasmids
encoding the retroviral structural genes gag, pol and env, by conventional caleitim phosphate
transfection. These cells are then transfected with the vector plasmud contaiming the genes of
interest. The resulting cells release the retroviral vector into the culture medium.

{60425} Another targeted delivery system for ActRI polynucleotides is a colloidal
dispersion system. Colloidal dispersion systems include macromolecule complexes,
nanocapsules, microspheres, beads, and lipid-based systems including otl-in-water emuldsions,
micelles, mixed micellies, and liposomes. The preferred colloidal system for use in the methods
deseribed herein is a liposome. Liposomes are artificial membrane vesicles which are uscful ag
delivery vehicles in vitro and i vive. RNA, BNA and intact virions can be encapsulated within
the aqueous interior and be delivered to cells in a biclogically active form (see e.g., Fraley, er al.,
Trends Biochem. Sei., 6:77, 1981). Methods for efficicnt gene transfer using a liposome vehicle,
are known in the art, see e.g., Mannino, ef gl., Biotechniques, 6:682, 1988, The composition of

the liposome is usually a combination of phospholipids, usually in combination with steroids,
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especially cholesterol. Other phospholipids or other lipids may also be used. The physical
characteristics of liposomes depend on pH, ionic strength, and the presence of divalent cations.
100426} Examples of lipids useful in liposome production include phosphatidyl
compounds, such as phosphatidylglycerol, phosphatidylcholine, phosphatidyiserine,
phosphatidylcthanolamine, sphingolipids, cercbrosides, and gangliosides. Hlustrative
phospholipids include cgg phosphatidylcholine, dipalmitoylphosphatidylcholine, and
distearoylphosphatidylcholine. The targeting of liposomes is also possibic basced on, for example,
organ-specificity, cell-specificity, and organclle-specificity and is known in the art.

100427} In certain embodiments, the ActRIT signaling inhibitor is substantially purcin a
pharmaceutical composition. Specifically, at most 20%, 109, 5%, 2.5%, 1%, 0.1%, or at most
0.05% of the compounds n the pharmaceutical composition are compounds other than the
ActRIT signaling inhibitor and the pharmaceutical acceptable carrier.

8.16 KITS

100428} Provided herein 18 a kit comprising one or more containers filled with one or more
reagent to determine the level of one or more biomarkers described herein {e.g., Runx2, Alp,
Snail, phosphosmad?, Dkkl, colial, activin, BSAP, CTX, osterix, Klotho, alpha-SMA,
MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and urinary protein} in g sample
obtained from a subject described hercin. In certain embodiments, the kit comprises one or more
reagent to determine the level of one biomarker described herein {e.g., Runx2, Alp, Snati,
phosphosmad?, DKK1, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD,
Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and urinary protein) in a sample obtained from a
subject described herein, Tn certain ernbodiments, the kit comprises one or more reagent to
deterraine the level of Runx2 in a sample obtained from a subject described herein. In certain
embodiments, the kit comprises one or more reagent to determine the level of Alp in a sample
obtained from a subject described herein. In certain embodiments, the kit comprises one or more
reagent to determine the level of Snatl in a sample obtained from a subject described herein, In
certain embodiments, the kit comprises one or more reagent to determine the level of
phosphosmad?2 in a sample obtained from a subject described herein, In certain embodiments,
the kit comprises one or more reagent to determine the level of Dkl in a sample obtained from a
subject described herein, In certain embodiments, the kit comprises one or more reagent {o
determine the level of collal in a sample obtained from a subject described herein, In certain

embodiments, the kit comprises one or more reagent to determine the level of activin in a sample
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obtained from a subject described herein. In certain embodiments, the kit comprises one or more
reagent to determine the level of BSAP in a sample obtained from a subject described hercin. In
certain embodiments, the kit comprises one or more reagent to determine the level of CTX in a
sarnple obtained from a subject described hercin, In certain embodiments, the kit comprises one
or more reagent to determine the level of osterix in a sample obtained from g subject described
herein. In certain embodiments, the kit comprises one or more reagent to determine the level of
Klotho in a sample obtained from a subject described herein, In certain embodiments, the kit
comprises onc or more reagent to detcrmine the level of alpha-SMA in g sample obtained from a
subject described herein. In cortain ermbodiments, the kit comprises one or more reagent to
deterraine the level of MYOCD in a sample obtained from a subject described herein, In certain
erobodiments, the kit comprises one or more reagent to determine the level of Sm22-alpha ina
sample obtained from a subject deseribed herein. In certain ernbodiments, the kit comprises one
or more reagent to determine the level of phosphosmad3 in a sample obtained from a subject
described herein. In certain embodiments, the kit comprises one or more reagent to determine
the level of urinary protein 1n a sample obtained from a subject described herein. In certain
embodiments, the kit comprises one or more reagent to determune the level of ActRTIA ina
sample obtained from a subject described herein. In certain embodiments, the kit comprises one
or more reagent to determine the level of Axin2 in a sample obtained from a subject described
herein.

196429} In certain embodiments, the kit comprises ong or more reagent 1o determineg the
ievel of two biomarkers described herein {e.g., two biomarkers selected from the group
consisting of Runx2, Alp, Snail, phosphosmad?2, Dkkl, collal, activin, BSAP, CTX, osterix,
Klotho, alpha-SMA, MY OCD, Sm22-alpha, phosphosmad3, ActRHA, AxinZ, and urinary
protein} in a sample obtained from a subject described herein. In certain embodiments, the kit
comprises one of more reagent to determine the level of three biomarkers described herein (e.g.,
three biomarkers selected from the group consisting of Runx2, Alp, Snail, phosphosmad2,
Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRIA, AxinZ, and urinary protein) in a sample obtained from a subject
described herein. In certain embodiments, the kit comprises onc or more reagent to determine
the level of four biomarkers described herein {e.g., four biomarkers selected from the group
consisting of Runx2, Alp, Snail, phosphosmad?2, Dkk1, collal, activin, BSAP, CTX, osterix,
Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIA, Axin2, and urinary
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protein} in a sample obtained from a subject described herein. In certain embodiments, the kit
comprises one of more reagent to determine the level of five biomarkers deseribed herein (e.g.,
five biomarkers selected from the group consisting of RunxZ, Alp, Snail, phosphosmad?2, Dkkl,
collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRIIA, Axin2, and urinary protein) in a sample obtained from a subject
described herein. In certain embodiments, the kit comprises onc or more reagent to determine
the level of six biomarkers described herein {e.g., six biomarkers sclected from the group
consisting of Runx2, Alp, Snail, phosphosmad?2, Dkk1, collal, activin, BSAP, CTX, osterix,
Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRHA, Axin2, and urinary
protein) in a sample obtained {rom a subject described herein, In certain embodiments, the kit
comprises one or more reagent to determine the level of seven biomarkers described herein {e.g.,
seven biomarkers selected from the group consisting of Runx2, Alp, Snail, phosphosmad?,
Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, AciRITA, Axin2, and urinary protein) in a sample obtained from a subject
described herein. In certain embodiments, the kit coraprises one or more reagent to determine
the level of eight biomarkers deseribed herein {e.g., cight biomarkers selected from the group
consisting of Runx2, Alp, Snatl, phosphosmad?2, Dkk1, collal, activin, BSAP, CTX, osterix,
Klotho, alpha-SMA, MYOUCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and urinary
protein) in a sample obtained from a subject described herein. In certain embodiments, the kit
comprises one or more reagent to determine the level of ning biomarkers described herein(eg.,
nine biomarkers selected from the group consisting of Runx2, Alp, Snail, phosphosmad?2, Dkki,
collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha,
phosphosmad3, ActRIIA, Axin2, and urinary protein} in a sample obtained from a subject
described herein. In certain embodiments, the kit comprises one or more reagent to determing
the level of ten biomarkers described herein {e.g., ten biomarkers selected from the group
consisting of Runx2, Alp, Snail, phosphosmad?2, Dkkl, collal, activin, BSAP, CTX, osterix,
Klotho, alpha-SMA, MY OCD, Sm22-alpha, phosphosmad3, ActRHA, AxinZ, and urinary
protein} in a sample obtained from a subject described herein. In certain embodiments, the kit
comprises onc or more reagent to determine the level of eleven biomarkers described herein
{e.g., eleven biomarkers sclected from the group consisting of Runx2, Alp, Snail,
phosphosmad?2, Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD,

Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and urinary protein) in a sample obtained from a
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subject described herein. In certain embodiments, the kit comprises one or more reagent to
determing the level of twelve biomarkers described herein {e.g., twelve biomarkers sclected from
the group consisting of Runx2, Alp, Snail, phosphosmad2, Dkk1, collal, activin, BSAP, CTX,
osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and
urinary protein} in a sample obtained from a subject described herein. In certain embodiments,
the kit comprises one or more reagent to determine the level of thirteen biomarkers described
herein {e.g., thirtcen biomarkers selected from the group counsisting of Runx2, Alp, Snail,
phosphosmad?2, Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD,
Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and urinary protein) in a sample obtained from a
subject deseribed herein, In certain embodiments, the kit comprises one or more reagent o
determine the level of fourteen biomarkers described herein {(e.z., fourteen biomarkers selected
from the group consisting of Runx2, Alp, Snail, phosphosmad2, Dkki, collal, activin, BSAP,
CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and
urinary protein} in a sample obtained from a sobject described herein. In certain embodiroents,
the kit comprises one or more reagent to determine the level of fifteen biomarkers described
herein (e.g., fiftcen biomarkers selected from the group consisting of Runx2, Alp, Snail,
phosphosmad?, Dkk1, collal, activin, BSAP, UTX, osterix, Klotho, alpha-SMA, MYOCD,
Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and urinary protein} in a sample obtained from a
subject described herein, In certain embodiments, the kit comprises one or more reagent {o
determine the level of sixteen biomarkers described herein {(e.g., sixteen biomarkers selected
from the group consisting of Runx2, Alp, Snail, phosphosmad?2, Dkk1, collal, activin, BSAP,
CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, AxinZ, and
urinary protein} in a sample obtained from a subject described herein. In certain embodiments,
the kit comprises one or more reagent to determine the level of seventeen biomarkers described
herein {e.g., scventeeon biomarkers selected from the group consisting of Runx2, Alp, Snail,
phosphosmad?, Dkkl, collal, activin, BSAP, CTX, osterix, Klotho, alpha-SMA, MYOCD,
Sm22-alpha, phosphosmad3, ActRIIA, AxinZ, and urinary protein) in a sample obtained from a
subject described herein. In certain embodiments, the kit comprises one or more reagent to
determine the level of cighteen biomarkers described hercin {e.g., cighteen biomarkers selected
from the group consisting of Runx2, Alp, Snail, phosphosmad?2, Dkk1, collal, activin, BSAP,
CTX, osterix, Klotho, alpha-SMA, MYOCD, Sm22-alpha, phosphosmad3, ActRIIA, Axin2, and

urinary protein} in a sample obtained from a subject described herein. In certain embodiments,
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the one or more reagent to determine the level of the biomarker is as described in Section .6.1.
iIn certain embodiments, the kit further comprises ActRIFA-hF¢ (SEQ 1D NG:7). In certain
embodiments, the kit further comprises a sccond container comprising ActRIIA-hFc (SEQ ID

NOT).

9. EXAMPLES
180438] The cxamples presented herein demonstrate that Runx2, Alp, BSAP, CTX, and

Osterix mRNA levels are elevated and Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2, and
Sm22-alpha mRNA levels can be decreased in certain forms of chronic kidney discase. These
examples further demonstrate that treatment with an activin ligand trap decreases Runx2, Alp,
CTX, ActRIIA, and/or Osterix mRNA levels and increases Klotho, alpha-SMA, MYOCD,
AxinZ, and/or Sm22-alpha mRNA levels, which is associated with a decrease in vascular
calcification. Accordingly, the examples provided herein demonstrate that Runx?2, Alp, CTX,
Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, AxinZ, and/or Sm22-alpha can be used as a
biomarker(s) for treating cardiovascular disease, vascular calcification, cardiovascular discase
associated with and/or resulting from vascular calcification, cardiovascular disease associated
with and/or resulting from renal disease, elevated levels of arterial stiffvess, cardiovascular

disease associated with and/or vesulting from elevated levels of arterial stiffness, LVH, and/or

cardiovascular disease associated with and/or resulting from LVH.
8.1 EXAMPLE 1. TREATMENT OF THE CKD-MBD WITH A LIGAND

TRAP FOR THE ACTIVIN RECEPTOR TYPE 2A
{00431} CKD-MBD can comprisc vascular calcification, an osteodystrophy, and
stimulation of skeletal osteocyie FGF23 secrction at its inception, and hyperphosphaterma,
develops later in the course to further stimulate vascular calcification. This example
demonstrates that inhibition of ActRIIA signaling, a member of the TGFP superfamily signaling
through the activin type HA recepior (ActRUA), induced by CKID inhibits vascular calcification

and prevents cardiac hypertrophy.

2.1.1 METHODS
1060432} CKD with hyperphosphatemia and 60% reduction in GFR (CKD-3) was induced

at 14 wecks of age in a type 2 diabetes Idir-/- mice, high fat fed model of vascular calcification.

Some CKD mice were treated with an activin receptor type 2A (mActRIIA) ligand trap

mACIRITA-Fe, injected 1P weekly beginning at 22 weeks of age, and studied at 28 weeks. Aortic
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Ca” levels, expression of osteoblastic and vascular smooth muscle proteins, skeletal
histomorphometry and microCT imaging, serum chemistries and FGF23 and PTH leovels were
measured. Activin, Follistatin and Inhibin levels were measured by ELISA, RT-PCR and

Western blots,

9.1.2 RESULTS
183433} Circulating Activin levels were increased in two different kidney disease models:

interstitial fibrosis and X-linked Alports (Fig. 1A and Fig. 1B). Morcover, Activin A mRNA
levels were increased in the aorta and kidney of a CKD model {(Fig. 2}, Activin levels were
increased in the vasculature and the circulation without changes in follistatin (Figure ZA, Figure
28, and Figure 2C). CKD stimulated vascular calcification which was reduced below 22 week
ievels by treatment with an activin receptor type 2A (mActRUA} ligand trap (mActRIIA-Fe; see,
e.g., U8, Patent No. §,173,601, the disclosure of which is hereby incorporated by reference in its
entirety) (Fig. 3A, Fig. 3B, Fig. 3C, Fig. 3D, Fig. 5A, and Fig. 5B), and cardiac hypertrophy was
prevented. CKD induced expression of aortic Runx2, osterix, and Alp message and protein, and
these were reversed by treatment with an activin receptor type 2A (mActRITA) ligand trap
mACtRITA-Fc (Fig. 4A and Fig. 4B for Runx2? and Alp mRNA, respectively; Fig. 4F for Runx2
protein}. CKD reduced Klotho and Sm22-alpha message and protein, and treatment with an
activin receptor type 2A (mActRIIA) ligand trap mActRITA-F¢ normalized Klotho and Sm22-
alpha expression (Fig. 4C and Fig. 4E for Klotho and Sm22-alpha mRNA, respectively; Fig. 4F
for protein}. Moreover, CED reduced MYOCD message (Fig. 4D). In addition, CED reduced
alpha-smooth muscle actin (actin alpha-smooth muscle) protein (Fig. 4F). Further, CKD
stirmtlated increased levels of caletum which were reduced by treatment with mActRIIA-Fe (Fig.
6A). Bone volurae was increased by treatment with an activin receptor type 2A (mACtRIA)
figand trap mACtRIA-Fc¢, and osteoclast pit surface was decreased, but bone formation rates and
osteoblast surfaces were not affected (Fig. 6B, Fig. 6C, and Fig. 61}, Hyperphosphatemia and
FGF23 levels were not changed by treatment with an activin receptor type 2A (mActRHIA)
ligand trap mActRIIA-Fc.

160434} Treatment with an activin receptor type 2A {(mACtRIIA) ligand trap mActRIHA-F¢
inhibited bone resorption and inereased bone volume. Treatment with an activin receptor type
2A {mActRIIA} ligand trap mActRIIA-F¢ inhibited Smad dependent signaling, blocked aortic
osteoblastic transition, increased vascular smooth muscle protein levels and decreased CKD

stimulated vascular calcification and cardiac hypertrophy.
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9.2 EXAMPLE 2. CHRONIC KIDNEY DISEASE (CKD} STIMULATES
AQRTIC ENDOTHELIAL TO MESENCHYMAL TRANSITION (ENMT)
WHICH CAUSES VASCULAR CALCIFICATION AND IS INBIBITED
BY AN ACTIVIN LIGAND TRAP
183435} The molecular mechanism underlying vascular calcification in chronic kidney
discasc is incompletely understood. However, activin levels are inereased in CKD-stimulated
vascular ealcification. To assess the role of activins in CKD-stimulated vascular calcification, a
recombinant fusion protein that binds a number of TGF-beta superfamily ligands was used in a
mouse model of chronic kidney discase in a model of atherosclerosis and type-2 diabetes. The
ActRITA-Fc fusion protein consists of the extracellular domain of Activin Receptor HA
{ActRIIA)} linked to an immunoglobulin 1 {IgG1) Fe domain and the protein acts as a ligand trap
for TGF-beta family members like activin A, activin B, growth differentiation factor-11
{GDF11) and bone morphogenctic protein-10 (BMP-10}.
{00436} It has previously been shown that kidney discases causces vascular calcification by
producing systemic Wnt inhibition during kidoey repair. This example demonstrates that the
vascular effects of CKD stirnulated Wat inhibition are stimulation of vascular activin as well as
induction of Smad dependent EnMT, and that an activin receptor ligand trap, inhibits EnMT and

vascular calcification.

9.2.1 METHODS

180437} CKD with elevated Wit inhibitors was induced in the mouse models for lincage
tracing and vascular calcification. Activin, Follistatin and Inhibin levels were measured by
ELISA, RT PCR and Western blots. Cell hineage tracing was performed in GNZ mice (Stoller et
al, Genesis, 2008) bred to endothelial specific Tie2-Cre mice. Mice harboring kunock in of GNZ

express noclear GFP and lacZ following Cre-mediated recombination.

89.2.2 RESULTS
[60438] Activin levels were increased in the vasculature and the circulation without

changes in follistatin levels in mouse models of kidney discase and CKD stimulated vascular
calcification. CKD induced cxpression of GFP and lacZ in cells of the adventia and media of
GNZ; TieZ-Cre CKD mice compared to GNZ; Tie2-Cre mice with normal kidney function
wherein the GFP and lacZ were limited to the aortic endothelium. Tic2 is an endothelial lincage

specific receptor, and this dernonstrates that CKIJ induces aortic EnMT (Fig. 7A, Fig. 7B, Fig.
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7C, and Fig. 70). CKD stimulated aortic EnMT produced decreased vascular smooth muscie
function, osteoblastic transition and calcification. Treatment with an activin roceptor type ZA
(mACtRIIA) ligand trap (mActRHA-F¢; see, e.g., U.S. Patent No. 8,173,601, the disclosure of
which is hercby incorporated by reference in its entirety), inhibited Smad dependent signaling,
blocked aortic osteoblastic transition, increased vascular smooth muscle function and decreased
CKD stimulated vascular calcification. Thus, CKD induced vascular activin and EnMT, and
treatment with an activin receptor type 2A (mActRUA) ligand trap decreased activin signaling

inhibiting vascular dedifferentiation, osteoblastic transition and vascular caleification.

9.3 EXAMPLE 3. INITIAL  SIGNAL-SEEKING  QUANTITATIVE
COMPUTED TOMOGRAPHY RESULTS FOR BONE MASKE AND
VASCULAR CALCIFICATION M HEMODIALYSIS SUBJECTS
TREATED WITH ESCALATING DOSES
{00439} High turnover renal osteodystrophy (ROD) is marked by increased cortical
porosity, higher trabecular bone mass, and increcascd risk of fracture. ActRUA-Fc, an activin A
RUA-1g(G1 fusion protein higand trap under stady for the correction of anemia in hemodialysis
{(HD) subjects, blocks activin A signaling and may reduce ostecoclastogencsis and promote
osteoblast mataration in bone. The current analysis in HD subjects evaluated the effect of
ActRITA-Fc¢ on bone mincral density (BMD) and vascular calcification using quantitative

computed-tomography (QCT).

931 METHODS
160440} Hemaodialysis subjects treated with an ActRIIA signaling inhibitor who were

erythropoictin-stimulating agent (ESA)-responsive were washed out of ESA effect until
hemoglobin (Hb) was <10 g/dL, then randomized to treatment with an ActRIFA signaling
inhibitor at the following doses: 8.3 mg/kg (=9}, 0.5 mg/kg (n=8), 0.7 mg/kg (n=6}, or placcho
{(PBO; n=7) subcutancously every 28 days for up to § dosc cycles. Subjects were assessed for
effects on Hb, bone mincral density (BMD), and biomarkers of bone turnover. Treatment
failures (Hb <9 g/dL) were rescued with ESA and/or red blood cell transfusion. Quantitative
computed tomography (QCT) of the hip and lumbar spine, was obtained at baschine and after the
225-day treatment phase. Biomarkers, BSAP and CTX, are measured at bascline and after dose
cycles 3, 5, and 7.

100441} QCT of the hip, lurobar spine, and abdominal aorta were obtained at bascline and

after the 225-day treatment phase. Subjects were positioned supine on a Mindways calibration
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WO 2016/069234 PCT/US2015/054674

phantom {(Model 3; Mindways Software, Inc., Austin, TX). The slice thickness of 2.5 mm and
512 x 512 matrix is reconstructed using a standard soft-tissue kernel. Mindways analysis
software (version 5.0.3) was used to assess volumetric BMD (vBMD). Trabecular vBMD
{mg/cm3) was determined for 2 vertebrae within L1-4 (typically L1-2). The left proximal
femurs were analyzed for vBMD of the cortical, trabecular, and integral bone compartments of
the total hip, femoral neck, and trochanteric regions.

180442} Vascular calcification of the abdominal aorta was assessed using software that
semi-automatically segments the arca and volume of calcifications within the region adjacent to
the top of L1 through the bottom of L4, The number and location of slices was maintained
across visiis per subject. Agatston and square root transformed volumetric scores were
determined as described in Agatston et al., J Am Coll Cardiol. 1990; 15:827-832 and Hokanson
et al., AJR AM J Roentgenol. 2004;182:1327-1332. Lower total Agatston and square root
transformed total volume scores (mm3) indicate lower levels of vascular caleification (VCL
60443} Al image quality control and blinded analyses are performed centrally by
PAREXEL imaging (PAREXEL International Corp. Waltham, MA}.

{00444} Biomarkers, including bone-specific alkaline phosphatase (BSAP), pro-collagen
type 1 N-terminal propeptide (PINP), and C-termunal type 1 collagen telopeptide (CTX), were

measured at baseline and after dose cvcles 1, 3, 5, and 7.

9.3.2 RESULTS
[80445] A total of 31 subjects were randomized and receive more than one dose of study
medication.
{00446} Table 2. Randomized Subjects and QCT Analysis Subset
ActREfA-Fc

Subjects, n Placebeo §.3mg/kg G5 mghkg 8.7 mgke
Randomized and received =1 dose of 8 9 3 6

study medication
(JCT measures at baseline and Day 225 3 6 5 2
{60447} The subject disposition is described in Fig. 8, including the subjects with paired
(CT measurements at bascline and Day 225,
160448] Muost subjects were discontinued from study treatment after freatment failure

requiring rescue (generally because of Hb <9 g /dL); no subject discontinues treatment because
of an adverse event {AE).
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{60449} Of the 16 subjects with paired QCT measurements, ¢ required rescue therapy
during the treatment phasce, 8 of whom required rescue within the first 3 dose cycles.

[00450] Among subjects with paired QCT measurements, baseline demographic and
clinical characteristics were generally similar across treatment groups (Table 3); however, there
was g substantially longer time on dialysis in the placebo group, which was also the youngest
group. There were also differcnces between groups in baseline biomarker and Agatston scores
{Tablc 4).

160451} Table 3. Bascline Demographic and Chinical Characteristics of Subjects With

Paired QCT Measurcmcenis

ActREA-F¢

Placebo 8.3 megkg 0.5 mg/kg 8.7 mg/kg

r=3 B=0 B=3 n=2

Age, mean, years 54.4 57.3 6.8 69.0
Female, v (%) 3 {0.0) 4 {66.7) 8 {0.0) 1 (50.0)
Race, n (%)

White F33.0) 3(50.0) 3(60.0) 1 {300}

Black F(33.0) 3(50.0) 2(40.0) 1 {50.0)

Asian F(33.0) 0 (0.0) 0 (0.0) 0 {0.0)
Ethnicity, n (%)

Hispani¢ 3{0.0) 2{33.0) 3¢60.0} 1(50.0)

Non-Hispanic 3{100.0) 4{66.7} 2 (40.0) 1(50.0}
Postdialysis weight, mean, kg 70.4 80.3 794 54.4
Body mass index, mean, kg/m” 254 27.7 26.9 292
Dhabetes, n (%) 2{66.7) 5(83.3) 5 (100.0} 2 (160.0)
Parathyroidectomy, n (%) 3 {0.0) 0 (0.0} 0 (0.0} 0¢0.0)
Time on dialysis, mean, months 1012 433 224 113
Non-calcium phosphate binder, 0 (%o)* 3 (100.0) 3(50.0) 3 (60.(0) (0.0

Calcium-based phosphate binder, , . R . 2{100.0
e{a(}'(/;};;m sased phosphate binder, o 1 (33.3) 4(66.7) 4.(30.0) { }

Calcimimetic, n (%)* F{33.3) 2(33.3) 0¢0.0) 0 {0.0)

1,25-0OH vitamin I analog, n (%) 2 (66.7} 5(83.3) 2¢40.09 2{100.0)
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1804582] Table 4. Mcan Bascline Biomarker, Arcal BMD, and Agatston Scores of Subjects
With Paired QUT Measurements
AcIRIA-F¢
Placebeo 8.3 mg/kg 65mgkg 0.7mgkg
=3 w6 w3 =
Bascline whole PTH, pg/mL 2614 104.8 135.5 1004
BSAP, ug/l. 283 18.0 13.2 7.5
PINP, ng/ml 623.7 376.2 468.4 308.0
CTX, pg/mL 3,417.7 2,062.5 2,266.8 1,377.0
Total hip integral BMD, mg/em’ 2794 306.2 2689 285.4
Femoral neck cortical BMD, mg/cm’ 633.1 666.9 593.1 566.5
Mean spine (L1, 1.2} BMD, 1231 125.6 1491 i50.6
mg/em’
V{ total Agatston score® 8,665.0 94727 36185 8232

PTH=paraythroid hormone.
*Lower Agatston scores indicate lower levels of vascular caleification.

{00433}

cortical, hip cortical, and lumbar spine arcal BMD measurements,
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183454 Table 5. Bascline and Percent Change From Baseline in Hip Integral, Fomoral

Neck Cortical, and Eumbar Spine Arcal BMD

ActRHA-Fc¢
Placebo 8.3 mgkg G5 mgkg $.7 mg/kg
=3 =6 =8 =2

Total hip iniegral

Baseline BMD, mg/em’ 2794 306.2 2089 2854

% Change from bascline BMD (n) (.2 (3) 2.5(5) 4.0 (5} LB (1)
Femoral neck cortical

Baseline BMD (mg/cnr’) 653.1 666.9 583.1 565.5

% Change from baseline BMD (n) (.9 (3) -1.4 (8} 1.6 (5} 3.0
Total hip, cortical

Baseline BMD {mg/om’) 708.6 668.4 6473 635.6

% Change from baseling BMD (n) -3.1 (3) 1.1 (5) 0.5(5) 2.7(H
Mean fumbar spine (L1, L.2)

Bascline BMD {mg/em’) 1231 125.6 1491 150.6

% Change from bascline BMD (n} 12.6 (3) 8.0{0) 0.5¢5) =27 (2}
{00455] A 2% increase in cortical bone may reduce fracture risk. ACTRIIA signaling

inhibitor treatment was associated with a dose-dependent increase in the proportion of subjects
with a greater than or equal to 2% increase in fermoral neck cortical boue (Table 5 and Fig. 9A.
080456} In high-turnover ROD, trabecular bone mass jncreases (1.¢., poorer quality bone),
was measured by humbar spine BMD, without a reduction 1o vertebral fracture rates in ESKD
compared with the general population. Treatment with ACTRHA prevented the increase in
trabecular bone mass in the lumbar spine (Table 5 and Fig. 9B).

{00457} The changes from baseline in abdominal aorta total Agatsion scores are provided
in Table 6. Categories of change in the total Agatston score and square root transformed total

volume score are shown in Fig. 9 and Table 7.
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160458] Table 6. Bascline and Change From Bascline in Abdominal Aorta Total Agatston

Score and Square Root Transformed Total Volume Score

ActRITA-F¢

Placebe 03 mgkg 0.5 mgkg 6.7 mg/kg

n=3 1= n=5 n=2
Abdominal aorta total Agatston score
Baseline total Agatston score 8,665 9473 3,619 823
Change from baseline total Agatston score 1,0504 §,578.9 2257 43.4
% Change from bascline total Agatston 58.4 249 i7.3 34
SCOTE
Square root fransformed tofal volume
seore
Baseline square root of total volume, mm’ 52.0 46.2 33.1 16.9
Change from basecline square root of total 4.5 i1 2 0.4

3
volume, pun

*Lower total Agatston and square root transformed total volume scores indicate lower levels of
vascular caleification.

{00459} Eleven subjects had bascline Agatston scores that were distributed between 10
and 10,000. Five subjects may be considered outliers at bascline {low outliers: 0.0, 1.1, and 1 4
Agatston scores; high outliers: 21,033 and 44,356 Agatston scores). Therefore, the Agatston
scores were analyzed without the outliers (Table 7 and Fig. 10).

180460] Table 7. Bascline and Change in Total Agatston Score Exchuding S Outliers

ActRUA-F¢

Placebe 03 mgkg G.5mgkg 0.7 mgkg

=1 =4 =4 p=2
Re-bascline total Agatston score, 4,960 3,120 4,523 823
excluding 5 outlicrs
Change from bascline total Agatston score, 27113 2877 282.0 434
cxcluding 5 outliers
% Change from bascline, excluding 5 547 9.0 5.0 3.4
outliers

*Lower total Agatston and square root transformed total volume scores indicate lower levels of
vascular caleification.
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{00461} Subiects were analyzed by duration of exposure to the ActRIIA signaling
inhibitor. Subjects were analyzed by exposure status: ActRIIA-Fc¢ subjects receiving up to 3
doses, regardless of dose level (n=6), and ActRITA-Fe subjects receiving >3 doses, regardless of
dose level (n=7 ). The placebo group (n=3) was unchanged. Other than gender and Agatston
score, key bascline characteristics were generally similar between those recciving <3 doscs of
ActRITA-Fc¢ and those recciving >3 doscs {(Table 8). An exposure cffect on VI remained intact
in all ActRITA-Fc¢ subjects {Table 9), as well as when excluding outliers (Table 10).

{80462} Table 8, Bascline Demographic and Clinical Characteristics of Subjects, by

ActRHA-F¢ Exposure

ActRHA-Fc
<3 Dioses >3 Doses
=0 n=7
gAgc, mean, years 59.0 61.7 s
Female, n (56} 4 (66.7) i(14.3)
Race, n (%)
White 3 {50.0) 4{57.1}
Black 3(50.0 3(42.9)
Asian (3 (0.0} 0 (0.0)
Body roass index, mean, kg/m® 257 29.3
Diabetes, n (%6} 5(83.3) 7 {(100.0}
Time on dialysis, months 31.3 240
Calcium-based phosphate binder, n (%) 4 (66.7) 6 (85.7)
Calcimimcetic, n (%) 1(16.7) 1{14.3)
1,25-0CH vitamin D analog, n (%) 4{66.7} 5{71.43
Bascline whole PTH, mean, pg/mL i04.5 1257
BSAP, mean, pg/L i9.8 0.6
PINP, mecan, ng/mL 4322 374.6
CTX, mean, pg/mbL 24103 1,714 4
YV total Agatston score, mean 8,350 3,782
Square root of volume, mro’ 38.2 35.3
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183463} Table 9. Bascline and Change From Bascline in Total Agatston Score and Square

Root Transformed Total Volume Score, by ActRIIA-F¢ Exposure®

ActRIFA-F¢

<3 Boses >3 Daoses
n=0 B=7
Rascline total Agatston score &,350 3,782
Change from bascline total Agatston score K461.4 2743
% Change from bascline total Agatston score 337 5.8
Bascline square root of total volume, mm’ 382 353
Change from bascline square root of total volume, mm’ 1.6 i4

*Lower total Agatston scores and sguare root transformed total volume scores indicate fower
ievels of vascular calcification.

[60464] Table 18, Bascline and Change From Baseline in Total Agatston Score,

Excluding 5 Outliers, by ActRUA-Fc Exposure®

ActRIFA-F¢

<3 Doses >3 Doses
=3 =7
Re-baseline total Agatston score, 1,914 3,782
excluding 5 outliers
Change from baseline total Agatston score, 148.4 2743
excluding 5 outliers
% Change from bascline, cxcluding 5 7.5 5.8

outliers

*Lower total Agatston scores and square root transformed total volume scores indicate lower
levels of vascular caleification.

{80465} Bone turnover biomarkers were evaluated. The placebo group had the highest
PTH, BSAP, PINP, and CTX levels at baseline (Table 4). No consistent changes from baseline
in phosphorous, PTH, FGF-23, or sclerostin levels were observed, except that PTH was fower at
all time points than at baseline in the placebo group (-15.2 10 -100.7 ng/L ). For bone
biomarkers, no clear changes were seen in percent change in the formation markers BSAP and
PINP; percent change in the resorption marker CTX is shown in Fig. 11,

More subjects receiving 0.5 mg/kg of the ACTRIIA signaling inhibitor had meaningful,

persistent decreases in the resorption marker CTX.
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9.3.3 CONCLUSIONS
160466] Of the 30 randomized subjects, 13 had paired QUT assessments (n=3, 6, and 4 for

PBO, 0.3 mg/kg, and 0.5 mg/kg, respectively). Relative BMD changes from bascline for PBO,
0.3 mg/kg, and 0.5 mg/kg were -0.9%, -1.4%, and +1.9% of the fomoral neck cortical, and
+12.6%, +8.0%, and -1.9% of the lumbar spine, respectively. Biomarker changes with 8.5
mg/kg suggest a beneficial antiresorptive effect.

{60467} These data demonstrate an emerging dose effect with ActRHA-F¢ 0.5 mg/kg,
which appears to reverse the effects of high turnover ROD on cortical and cancellous bone. PBO

results are as cxpected.

9.4 EXAMPLE 4. KIDNEY DISEASE PRODUCED CIRCULATING RENAL
REPAIR FACTORS CAUSE CARDIOVASCULAR DISEASE
{00468} Kidney discases are associated with an extremely high mortality, which is related
to their production of cardiovascular discase {(Sarnak, ML1. er ¢f., 2003. Circulation 108:2154-
2169.). An ancillary study of the ongoing REGARDS project, demonstrated that in patients
having sustained a coronary artery event {cardiac ischemia or non-fatal myocardial infarction)
the incidence of second cardiovascular events over a median follow-up of 4 years was 35% in
patients with kidney discase, compared to 19% in a high risk group {smokers, diabetes,
hypercholesterolemia), and that the incidence of ali-cause mortality in the high risk group was
half that of the chronic kidney discase (CKD) group (Baber, U., ef g/, 2013, Am Heart J
166:373-380.). The causes of the increased cardiovascular risk associated with kidney discases
reside in a syndrome named in 2006 —the chronic kidney discase — mineral bone disorder (CKD-
MBI} (Moe, 5., e al., 2006, Kidney Tot 69:1945-1953.). In the CKD-MBD, three novel
cardiovascular risk factors have been discovered (Block, G.A., e af., 1998, Am J Kidoey Dis
31:607-617; Blacher, 1., ef af., 2001, Hypertension 38:938-942; Gutierrez, O.M., et al., 2008,
Wew Engl J Med 359:584-592.), and their risk factor status confirmed in the general population
{Dhingra, R., e @l., 2007. Arch Intern Med 167:879-585; Matsushita, K., ef ¢/., 2014. Journal of
the American Socicty of Nephrology; Dalal, M., er af, 2011, European Journal of Endocrinology
165:797-803.). These are hyperphosphateraia, vascular calcification, and elevated fibroblast
growth factor 23 (FGF23} levels. The CKD-MBD begins in the carly stages of CKD (stage 2}
(Fang, Y., ef al., 2014, Kidney Int 85:142-130; Percira, R.C,, et of., 2009. Bone 45:1161-1168;
Fang, Y., ef al., 2009. ] Am Soc Nephrol 28:36A; Hu, M.C., et af., 201 1. J Am Soc Nephrol

22:124-136.) consisting of vascular dedifferentiation/calcification, an osteodystrophy, loss of
~169-
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Kiotho and increased FGF23 sceretion (Fang, Y., ef al., 2014, Kidney Int €5:142-130.3, but while
progress into the causcs of the CKD-MBD in carly kidoey failure have been made (Hu, M.C,, e
al., 2011, J Am Soc Nephrol 22:124-136; Fang, Y., ef al., 2014. F Am Soc Nephrol 25:1760-
1763; de Oliveira, R.B., ef ¢f., 2013. Nephrology Dialysis Transplantation 28:2510-2517;
Sabbagh, Y. 2012. J. Bone Mincr. Res. 27:1757-1772.), they arc mostly unknown.

{00469] It has been demonstrated that kidney discases reactivate developmental programs
involved in nephrogenesis during discase stimulated renal repair (Surendran, K, ef ¢/, 2002, Am
J Physiol Renal Physiol 282:F431-F441; Surendran, K, er af., 2005, J Am Soc Nephrol 16:2373-
2384; Macshima, A, er al., 2001, Cytokine & Growth Factor Reviews 12:289-298; Terada, Y.,
ef al., 2003, Journal of the American Society of Nephrology 14:1223-1233; Kawakami, T., ef al.,
2013, J Pathol 229:221-231.). Among the nephrogenic factors reactivated in renal repatr, the
Wat {portmantean of Wingless and Integrated) family is critical for tubular epithelial
reconstitution (Terada, Y, et al., 2003, Journal of the American Socicty of Nephrology 14:1223-
1233; Kawakami, T., ef al., 2013, J Pathol 229:221-231; Rinkevich, Y., et al., 2014. Cell Reports
7:1270-1283.). In the control of Wit function, canonical signaling transcriptionally induces the
expression of a family of Wut inhibitory proteins which are secrcted proteins that serve to restrict
the distances of Wnt stimulation to autocrine or paracrine factors (Nitda, A, et af., 2004,
Oncogene 23:8520-8526; Nichrs, C. 2006, Oncogene 25:7469-7481; Reya, T., er af., 2003.
Nature 423:409-414; Chamorro, MN., ef of., 2004, The EMBO Joumal 24:73-84; Gonzalez-
Sancho, .M., 2004, Oncogene 24:1098-1103.). The Wnt inhibitors are circulating factors, and
the Wit inhibitor family includes the Dickkopfs (Dkk}, the secreted frizzled related proteins
(S{rps), scierostin, sostDoc |, crescent, Wnt inhibitor factor T (Wifl) and Icat (Nichrs, C. 2006.
Uncogene 25:7469-7481). Various forms of kidney discase increase renal expression of Wat
inhibitors and increase their levels in the circulation (Fang, Y., ef @/, 2014, J Am Soc Nephrol
25:1760-1763; Surendran, K., ef «f., 2005. J Am Soc Nephrol 16:2373-2384.).

160476} Neutralization of a key Wnt inhibitor clevated in the circulation in CKD, Dkki,
inhibits CKI» induced vascular dedifferentiation, vascular calcification, and renal osteodystrophy
(Fang, Y., ef gl., 2014. J Am Soc Nephrol 25:1760-1763.). This effect is surprising since Wnt
signaling in the vascular smooth muscle is tmplicated in stimulating osteoblastic transition and
vascular calcification (Al-Aly, Z., et «l., 2007. Arteriosclerosis, Thrombosis, and Vascular
Biology 27:2589-2596; Shao, 1.S., ef al., 2005, Journal of Clinical Investigation 115:1210-

1220.). However, recent studies demonstrate that Dkk1 mediated inhubition of aortic Wnt7b
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stimulates smad-mediated aortic endothelial-mesenchymal transition (EnMT) and vascular
calcification (Cheng, 8.-L., et gf., 2013, Arteriosclerosis, Thrombosis, and Vascular Biology
33:1679-1689.). EnMT is a developmental physiclogic process invoived in the development of
the cardiac valves, the cardiac septum and the aortic root (Eisenberg, LM, and Markwald, R R.
1995, Circulation Research 77:1-6; Camcnisch, T.D., ef al., 2002. Developmental Biclogy
248:170-181.}, and it may (Zeisherg, EM., er f., 2007, Nat Med 13:952-961.) or may not
{Moore-Morris, T., et af., 2014, The Journal of Clinical Investigation 124:2921-2934.) contribute
to cardiac fibrosis in various adult discase states. This factor investigates whether other factors
invelved in attempted renal repair during kidney discase derive from the TGFP superfamily and

are increased in the circulation during CKD,

9.4.1 METHODS
9.4.1.1 Production of animal models
180471} The atherosclerotic low density lipoprotein receptor-deficient (ldir-/-) males

{C378Bl/6J background) were purchased from Jackson Laboratorics and fod high fat diet (42%
calories from fat} (Teklad #) beginning at 12 weeks of age. The mice are obese, insulin resistant
at 22 woeks of age, diabetic at 28 weeks of age and hypercholesterolemic.

1080472} A two-step procedure was utilized to create chronic kidney discase as described
previously (Davies, MR, ef af., 2003. ] Am Soc Nephrol 14:1559-1567; Davics, MR, et af.,
2005. § Am Soc Nephrol 16:917-928.). Electrocautery was applied to the right kidney through a
2 cm flank incision at 12 weeks post natal, followed by left total nephrectomy at 14 weeks of
age. The intensity of the cautery was varied to produce moderate (CKD-3) renal injury that was
contfirmed by 1nulin clearances at age 20 weeks (Fig. 12A). Control animals received sham
operations in which the appropriate kiduey was exposed and mobilized but not treated in any
other way. Five groups of mice were used in this stady (Fig. 15B). The first group was wild
type C37BY6] mice fed a regular chow dict (WT). This was the normal renal function and diet
group used for normative control values. The second group was Idlr-/~ mice that were fed a high
fat dict and sham operated (Sham). This group had normal renal function, and it served as the
control group to determine the effect of kidney discase. The third group was ldir-/- mice with
GFR reduced equivalent to human CKD stage 3 fed high fat diet (CKD-3) with cnthanasia at 22
weeks, the bascline vascular calcification group ({CKID-3). The fourth group was /dir-/~ mice

with CKD-3 receiving subcutancous injections of vehicle twice a week beginning at 22
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weocks until cuthanasia at 28 weeks (CKID-3 V). The fifth group was dlr-/~ mice with CKD-3
receiving subcutancous injections of mActRIIA-Fc (Celgene, Summit, NJ}, 10 mg/kg twice a
woek beginning at 22 weeks until cuthanasia at 28 wecks (CKD-3 mActRIIA-Fc).

160473} The second model of CKD used was the murine homolog of X-linked Alport’s
syndrome, which is a deficiency in the gene for the o chain of type IV collagen, COL4AS
{Rhecault, MN,, ef g/, 2004. Journal of the American Society of Nephrology 15:1466-1474.).
This is a model of spontancous kidney discase, and it was used throughout the results to confirm
the cffects of renal ablation induced CKD. Breeding pairs were purchased from Jackson
Laboratories and were bred for experiments, Hemizygote males spontancousiy developed
kidney disecase comparable with human CKD stage 3~-4 at 200 days after birth,

180474} The third model of CKD used was renal ablation, similar to the Idlr-/~ protocol, in
a transgenic mouse line used for cellular lincage tracing, the GNZ mouse (Fig.14). GNZ reporter
female mice {(Stoller, 1.Z., et al., 2008, Gevesis {(New York, N.Y. 2000) 46:200-204.) and Tek-
Cre transgenic male mouse (Koni, P.A, et al., 2001, The Journal of Experimoental Medicine
193:741-754.) were purchased from Jackson Laboratories and were bred to produce GNZ / Tek-
Cre + mice for experiments. GNZ/ Tek-Cre — littermates served as negative conirols.  Mouse
genotyping was performed by using specific primers recommended for GNZ and Tek-Cre mouse
strains by manufacturer. In all cases, cuthanasia was performed under anesthesia.
Intraperitoncal anesthesia (xvlazine 13 mg/kg and ketamine 87 mg/kg} was used for all
procedures. Saphenous vein blood samples were taken 1 week following the second surgery to
assess baseling post-surgical renal fimction. At the time of sacrifice, blood was taken by

intracardiac stab, and the heart and acrta dissected en bloc.

9.4.1.2 Inulin clearances
166475} inulin clearances at 20 weeks or 26 weeks, if cuthanasia was at 28 weeks, were

serformed according to manufaciurer instructions {(BioPal Inc., Worcester, MA).
g ;

8.4.1.3 Chemical Calcification {Juantitation
{60476} Aorta and hearts were dissected at sacrifice, and all extraneous tissue removed by

blunt dissection under a dissecting microscope. Tissues were desiecated for 20-24 bours at 607
C, weighed and crushed to a powder with a pestie and mortar. Calcium was eluted in IN HCL
for 24 hours at 4°C. Caleiom content of eluate was assayed using a cresolphthalein complexone
method (Sigma, St Louis}, according to manufacturer’s instructions, and results were corrected
for dry tissuc weight,
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9.4.1.4 Blood fesis

100477} Serum was analyzed on the day of blood draw for blood urea nitrogen (BUN),
calcium, and phosphate by standard autoanalyzer laboratory methods. Plasma activin (Fitzgerald
industries, Acton, MA), follistatin (MYBIOSOURCE Inc., San Dicgo, CA) and follistatin-like 3
{(MYBIOSOURCE Inc.} levels were determined in ELISA assays. Scrum Dkkl levels were
analyzed with an ELISA (R&D Systems, Minn., MN). For the ELISA assays, blood was drawn
by saphenous vein or cardiac puncture at the time of cuthanasia. All blood samples were place
on ice at collection. Platelet poor EDTA plasma samples were made by a 2-step centrifugation at
6000 rpm for 5 minutes and 14000 rpm for 2 minutes both at 4°C. Samples were stored frozen at

—20° C or below until being used.

9.4.1.8 Histology and immuncohistechemistry
[60478] Aortic, kidney and cardiac tissues were fixed in 10% neutral buffered formalin

overnight, then transferred to 70% cthanol at 4 °C, cmbedded in paraffin and 5 micron sections
were prepared. Slides were deparaffinized in xylene and dehyvdrated in a graded cthanol serics
and then rehydrated. Mason Trichome staining was used to detect kidney and heart fibrosis and
Alizarin red staining was used to detect calcification, according to a standard protocol {Gregory,
C.A,, et al, 2004, Analviical Biochemisiry 329:77-84). For immunohistochemical staining,
endogenous peroxidasce was blocked with 3% H O in methanol for 15 min, Non-specific
binding was blocked with avidin and biotin blocking agents (Vector laboratories, Burlingame,
CA, USA) for 30 min, then with 3% normal donkey serum for 20 min. After washing with PBS,
the slides were incubated with primary antibody at 4 °C overnight, and followed by incubation
with biotinylated secondary antibody (Vector laboratories) at room temperature for onc hour,
then the strepatividin — conjugated perioxidase staining was performed using DAB kit (SK-4100,
‘ector laboratories). For double immunofluorescent staining, sections were blocked in 23% goat
serum and sequentially stained with first primary and secondary antibodies and second primary
and secondary antibodics using goat-anti rabbit Alexa 48K and Alexa 56K secondary antibodies
1:400 (Life Technologies, A11008 and A11011} or TSA kit (Life Technologies, T 20932} for
signal amplification according mamifacture instructions. When primary antibodies from same
species were used for double staining, slides were heated 5 min in citrate buffer in microwave
before second staining (Toth and Mezey, 2007}, Primary antibodies were used in this study for
immunostaining: rabbit polyclonal anti-ActRUA antibody 1:250 (Abcam, ab 135634}, rabbit
polycional anti-Inhibin beta A antibody 1:100 (Santa Cruz, s¢-S02883, rabbit poivelonal anti-
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CD31 antibody 1:50 (Abcam, ab28364) and rabbit polyclonal anti-GFP antibodies 1:1000
{Abcam, ab6556}.
9.4.1.6 RT-PCR

160479} RNA was extracted from aortas and cell cultures using RNeasy Mini Kits
{{(Jiagen, Valencia, CA}. | ug of total RNA was DINase treated reverse transeribed using iScript
cDNA synthesis kit from Bio-Rad (Hercules, Ca) according to manufacturer’s instructions,
Primers were designed using Vector NTI {(Invitrogen, Grand Island, NY) or Primer Express
software. A Perkin-Elmer DNA Thermal Cycler was used to perform the reaction. Following
reverse transeription performed as above, real time was performed using the StepOunce Phus real
time PCR instrument (AB), SYBR Green from Sigma (8t Louis) and the PCR kit from
Invitrogen. Each reaction was performed in triplicate at 95°C, 45 sec, and 60°C, 30 sec, and 60
sec at 72°C for 40 cycles. This was followed by a melt cycle, which consisted of stepwise
increasce in temaperature from 60°C 10 95°C. A single predominant peak was observed in the
dissociation curve of cach gene, supporting the specificity of the PCR product. Ct numbers
{(threshold values) were set within the exponential phase of PCR and were used to calculate the
expression levels of the genes of interest. B2m was used as an internal standard and used to
normalize the values. A standard curve consisting of the Ceversas log ¢BNA dilutions
{corresponding to the log copy numbers) was generated by amplifying serial dilutions of cDBNA
corresponding to an unknown amount of amplicon. Negative controls were performed by
inactivating the reverse transcriptase by boiling for 5 min prior to RT-PCR to insure that

genomic DNA was not amplified.

9.4.1.7 immunoblotting (Western analyses)
{00480} Whole-cell lysate protein were prepared from kidney and aorta of the mice by

RIPA Lysis Buffer {Thermo Scientific) containing a protease inhibitor cocktail (Santa Cruz}.
Lysates (20 ug) were loaded in 8-12% SDS-PAGE gels and immunoblotted with antibodies to
inhibin B-A (Santa Cruz), a-tubulin (Santa Cruz), snai 1 (Cell Signaling), alpha-SMA (Sigma),
Runx2 (Ccll Signaling}, MYOCD (Santa Cruz), ACVRUI (Origene}, ACVRI (Ccll Signaling),
Erk1/2 (Cell Signaling), phospho-Erk 1/2 (Cell Signaling), ACVRIB (Origene}, Collal (Santa
Cruz), Smad2/3 {(Ccll Signaling), or phospho-Smad2/3 (Cell Signaling). In immunoprecipitation
(1P} assay, the same whole-ccl lysate protein was used. To reduce nonspecific binding, the
sarnples were pre-clearcd using pre-washed protein A agarose beads (Cell Signaling). Pre-
cleared samples were incobated overnight with the phospho-serine antibody {Abcam). IP-
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antibody complexes were then captured on protein A agarose beads, and proteins were detected

by immunoblotting analysis,

9.4.1.8 Human Studies
180481] Subjects were enrolled after giving informed consent in accordance with

guidelines from the Declaration of Helsinki. Subjects were cligible if they were greater than 18
years of age and had stage 3 CKD (estimated GFR 30-59 mi/min/1.73m’ using the Modification
of Diet in Renal Discase study equation {Levey, AS., & af., 1999, Ann Intern Med 130:461-
470.). Exclusion criteria included pregnancy, bone discase, myocardial infarction, congestive
heart failure, diastolic dysfunction or scvere hypertension. Members of the research tcam
identificd their clinic paticnts that satisfied the inclusion criteria and were interested in the study.
Medical records were reviewed to determine final eligibility before enrollment. Blood samples
were obtained from each subjoct at the bascline visit and after 12 months of treatment. There
was intersubject variation in the time of day that blood samples were obtained. Aliquots of
plasma were generated from cach sample and vsed immediately for biochemical testing or {rozen
at 80°C. Plasroa levels of activin were measured in duplicate using commercially available
ELISA kits, according to the manufacturer’s instructions (R&D Systems, Minneapolis, MN}.

94,19 Statistics

1060482} Statistical analysis was performed using ANOVA. All data arc cxpressed as
mean=8D, unless other specified in the figure legend. Differences between groups were
assessed post hoc using Fisher LSD method and considered significant at p <0.05. Analyses
were performed using Sigma Stat statistical software (Point Richinond, CA). Data for all groups
represent an “n” of 7-15. For real time PCR analysis minimurn 3 sarmoples were used in cach
experimental group. Unpaired t-fests were used to compare CKD-3 mice treated with
mActRHA-Fe versus vehicle-treated CKID-3 V mice or sham-operated mice (Sham). In Fig. 6,
the boxes represent median and interquartile ranges (from 25™ to 75" percentile}, and error bars
present 1.5- fold of the interguartile range below 25™ and above 75" percentile. Means were
compared using ANOVA Holm ~Sidak method for multiple comparison p<Q.05 as critical Jevel

for significant difference.
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9.4.2 RESULTS
94.2.1 Kidney funciion in models of CKD
180483] CKD analogous to human stage 3 CKD (CKI-3) was indaced in three

experimental models. The first model was a model of CKD-stimulated atherosclerotic vascular
calcification: the /dir-/~ high fat-fed mouse (Fang, Y., ef «f., 2014, Kidney Int 85:142-150; Fang,
Y., etal, 2014, F Am Soc Nephrol 25:1760-1763; Davies, MR, ef ¢f., 2603. ] Am Soc Nephrol
14:1559-1567; Davies, MR, ef af., 2005. J Am Soc Nephrol 16:917-928; Lund, R.J,, ef af,
2004. 1 Am Soc Nephrol 15:359-369; Mathew, S., ¢f af., 2008, J Am Soc Nephrol 19:1092-1105.
PMOID:PMIC2396927: Mathew, S, ef af., 2007. ] Am Soc Nephrol 18:122-130; Mathew, S., ef
al., 2008, J Am Soc Nephrol 19:1509-1519. PMUID:PMC2488263.). Kidney function measured
by inulin clearance and by BUN levels was reduced to the level of human stage 3 CKD in /dir-/-
high fat-fod mice, as described in Section 9.4.1.1, and these mice are hereafter referred to as
CKD-3 (Fig. 12A and Fig. 12B). Furthermore, the CKI3-3 mice were hyperphosphatemic (Table
11) which is consistent with human stage 3b-4 CKD. A sccond model of CKD was the
spontancous CKD that develops in mice and humans deficient in the o8 chain of type IV
collagen (ColdaS) {(Alport’s syndrome} (Rheault, MIN_, ef /., 2004, Journal of the American
Socicty of Nephrology 15:1466-1474.). ColdaS-deficient mice at 200 days of age have

reductions in inulin clearance and BUN clevations cquivalent to human stage 3-4 CKD (Fig. 12C

and Fig. 12D}, A third model, CKD-3 in the GNZ mouse is described in Section 9.4.1.1 and

below.

100484} Table 11. Serurn biochemical parameters in the variouns groups of animals,

Parameter Group 1 Group 2 Grosup 3 Group 4 Group §
Wild type Sham CKB-3 CKD-3 CED-3

Strain C57/8J6 Ldir -/~ Ldly ~/- Ldir -/~ Ldlr ~/-

et Chow High fat High fat High fat High fat

Surgery MNone Sham CKD CED CKD

Weeks 28 28 28 28 28

nostnatal

Treatment None None Vehicle mActRHA-Fe  LaC3

N 12 L5 14 15 12

BUN 240446 206437 377476 365458 356491

{mg/dl)

Ca (mg/di} 83+£138 5.9+0.9 9.4+ 0.8 8803 88+1.4

Phosphorons 894072 794273 110+16 H8+12 10.5+2.1

{mg/di}
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9.4.2.2 Activin levels and Aortic Activin Receptor Type LA (ActRIA)
[ B3485] The ability of renal repair in CKD to stimulate circulating levels of a TGFB

superfamily member was investigated. Circulating activin levels were increased in models of
CKD (Fig. 13A and Fig. 13B). Kidney and aortic tissues were analyzed for the mRNA for
activin A {a homodimer of Inhibin betaA (Inhba}). Inhba mRNA was induced by CKD in the
kidney and aorta (Fig. 13C), and protein levels were increased in the kidney (Fig. 13D). Aortas
were analyzed from mice with CKD-3 for induction of TGFp superfamily type i receptors,
which arc the ligand binding component of the superfamily receptor heteromultimers composed
of tyvpe 1 and type 1 {ALK) recoptors. CKD-3 produced in the /dl-/- high fat-fod mousc induced
up regulation of the Activin type H receptor A (ActRIIA} in the sortic vascular smooth muscle
(Fig. 13E). Activins associate with regulated inhibitory factors, follistatin and follistatin like 3
(fstL3) (Welt, C., er al., 2002, Experimental Biology and Medicine 227:724-752.}, whose
circulating levels (Fig. 13F and Fig. 13G) and tissuc levels were not affected by CKID-3. The
stoichiometry of follistatin, f5tL.3, and inhibin (sum of 620pg/ml plus 400pg/m! of unmeasured
inhibin {Sharpe, R.M., er ¢l., 1999, Journal of Andrology 20:94-101.)) to Activin A levels
(>53000pg/mi} in the circulation suggests that CKD produces signuficant free activin levels, a

pathologic event making activin A a circulating factor in CKD.

9.4.2.3 Aaortic endothelial-mesenchymal transition in CKD
(60486} A third experimental model of CKID was utilized for these studies. The GNZ

mouse 18 used for cellular incage tracing (Stoller, 1.7, ef al., 2008, Genesis (New York, N.Y. :
2000) 46:200-204.), and GNZ mice express nuclear-localized Green Fluorescent Protein and beta
galactosidase (GFP/Lac) once an upstream loxP flanked STOP sequence 1s removed (Fig.
14A). To remove the JoxP sites in the GNZ mice, they were bred with Tek-Cre mice expressing
Cre recombinase under the direction of the tyrosine kinase Tek (Tie2) promoter/enhancer. Since
Tie2 is an endothelial Hineage specific angiopoietin receptor, the GNZ/Tek-Cret+ mice express
nuclear and cytoplasmic GFP in endothelial lincage cells (Fig. 14A} (Moore-Morris, T, ef al.,
2014, The Journal of Clinical Investigation 124:2921-2934.}. In GNZ/Tck-Cre+ mice, aortic
GFP co-localized with the nuclear DAPI stain is limited to endothelial cells marked with the
D31 biomarker (Fig. 14B, see arrows). When CKD-3 was produced in GNZ/Tek-Cre+ mice, in
addition to endothelial cells, cells in the acrtic media and adventia demonstrated GFP staining,
showing that these cells derived from an endothelial lincage through endothelial-mesenchymal
transition {EnMT} (Fig. 14C, 14D, see arrows). To further analyze whether CKD stimulates
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EnMT, the expression of a transcription factor involved in EnMT, Snai 1, was cxamined in a
model of spontancous CKB, the Alports’s syndrome mouse. Snai | was upregulated carly (at 75

doa} in the course of CKD (Fig. 14E), consistent with the timing of peak Activin levels (see

below).
9.4.2.4 Vascular effects of inhibiting ActRIIA signaling in CKD
180487} A ligand trap (Fig. 23A) comprised of the extracelular domain of ActRIIA fused

to the Fe domain of 1gG1, (herein referred to as mActRITA-Fo) was utilized, Figure 23B depicts
the experimental design for utilization of mActRITA-Fc in a vascular caleification model using a
treatment protocol which allowed vascular caleification stinvulated by CKD-3 to develop for
cight weeks prior to instituting mActRHA-F¢. Using this protocol, treatment of CKD-3 mice
with the ActRITA ligand trap decrcased CKD-3 stimulated aortic Runx2 expression and aortic
alkalinc phosphatase (ALP) expression in the /dlr-/- high fat fod CKD-3 mice (Fig. 25A). Both
Runx2 and ALP cxpression represent potential downstream coffects of ActRUIA signaling and
biomarkers of ostcoblastic transition in the aorta that was reversed by mActRIA-Fe-treatment,
Aortic smooth muscle 22a (Sm22-alpha), a biomarker of differentiated vascular smooth ruscle
cells was decreased by CKD-3 and stimulated by mActRIIA-Fe. CKD-3 caused decreased aortic
myocardin (MYOCD) expression, the vascular smooth muscle cell specific transcription factor,
but myocardin was not affected by mActRIIA-Fe-treatmoent. Aortic Klotho expression, which
has been linked to vascular caleification (Lim, K., ef g, 2012, Circulation 125:2243-2255), was
very low compared to kidney (data not shown). In terms of the effects of CKID-3 and mActRIA-
Fe-treatment on aortic protein levels of the mRNAs in Figare 25A, CKD increased aortic Runx2
evels and mACctRHA-Fe normalized aortic Runx2 fevels (Fig. 25B). CKD decreased the aortic
levels of alpha smooth muscle actin {oSMA), another biomarker of differentiated vascular
smooth muscle cells, and mACtRITA-Fe treatment inereased aortic levels of aSMA (Fig. 25B).

Myocardin levels were not changed by CKD-~ or mActRIIA-Fe-treatment.

9.4.2.8 Effects of decreased ActRIIA signaling on vascular calcification
{80488} CKD stimulation of vasgular caleification was studied in a modei of

atherosclerosis and type 2 diabetes (Al-Aly, Z., et af., 2007, Arteriosclerosis, Thrombosis, and
Vascular Biology 27:2589-2596; Towler, DA, et of., 1998, Journal of Biclogical Chemistry
273:30427-30434 .}, the Idir-/~ high fat-fed mouse with ablative CKD, as described above. CKD-
3 caused accumulation of calcium deposits in the aortic atheromas in CKE-3 vehicle treated

mice {(CKD-3 V3 (Fig. 15A), which were not present in CKD-3 mice treated with mActRIIA-F¢



WO 2016/069234 PCT/US2015/054674

(CKD-3 R), and the aortic tissue calcium content was reduced to levels observed in wild type
mice, significantly below those present at the time of institution of mActRIIA-Fe treatment,
CKD-3 (Fig. 158).

9.4.2.6 Effects of decreased ActRIIA signaling on CKD stimulated cardiac disease

[60489] CKD stimulation of cardiac discase was studied in the vascular calcification
model. CKD-3 V mice had increased heart weight which was reversed by mActRIIA-Fe-
treatment {(Fig. 16A), but not by lanthanum carbonate treatment ({CKD-3 L (Fang, Y., &f af,,

2014, J Am Soc Nephrol 25:1760-1763.)), and CKD-3 V induced mild cardiac hypertrophy (Fig.
16B). However, while there was no evidence of cardiac fibrosis (Fig. 16C), there was cvidence
of myocyie hypertrophy, which was reversed by mActRIA-Fe-treatment.

{00490} Since one mechanism of vascular calcification and cardiac hypertrophy
association in CKD is through large artery stiftness, vascular stiffncss and blood pressurcs were
measured using previously reported methods (Wagensceil, LE., er af., 2009, Circulation Research
104:1217-1224; Wagenseil, L.E., ef al., 2005. AJP - Heart and Circulatory Physiology
289:HI209-HI217.). CKD-3 in the ldls-/~ high fat-fed atherosclerotic mouse did not produce
vascular stiffness of carotid arteries or of the aorta (Figs. 194 and 198} or blood pressure
clevations (Table 12). Furthermore, Dkl neutralization in CKID-3 mice treated with
neutralizing antibody to DKk (Fang, Y., et af., 2014, J Am Soc Nephrol 25:1760-1763.) had no

etfect on aortic stiffness in the absence of increased stiffness

{60491} Table 12. Physiologic cardiovascular parameters of 28 weeks old mice.
W Sham CEKB-3V CKB-3 Dkl
mAb
SBP 108.941.1 111.9247 100.444.6 110,744 8
DBP 77.27£1.0 78.56+2.2 69.14=3.1 77.554£3.6
Pulse Pressure  31.63303 33.3242.5 312742, 331419
Heart Rate 547 1247 5012174 505.6+14.3 358.6+£11.2

SBP=systolic blood pressure, DBP=diastolic blood pressure. Values are pi»*wm'ﬁd as mean +
standard error of the mean. N=4-6 mice per group.

9.4.2.7 ActREIA signaling in aoria and kidney and kidney fibrosis
160492} Canonical signal tfransduction by the TGFB superfamily involves Higand binding

to type I receptors activating their serine/threoning kinase activity and stimulating association
and phosphorviation of type I receptors, the Alk kinases (see diagrammatic representation in Fig.
20). There are seven Alk kinases utilized by the TOFR superfamily, and Alk4 (ActRIB) is the

type T receptor most often associated with activin/ActRUA signaling (Abe Y, e af., 2004,
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Growth Factors {Chur, Switzerland) 22:105-110.). In kidney homogenates from the CKD-3
mousc model, Alkd phosphorlyation was not increased, in agreement with previous studies
{Antsiferova, M., and Werner, S, 2012, Journal of Cell Science 125:3929-3937.) (Fig. 18A). In
contrast, phosphosmad 2 was increased by CKD -3 and was decreased by mActRUA-Fe (Fig.
18A), indicating a role of another Al receptor in renal activin signaling in CKD. In the discased
CKD-3 kidney with interstitial nephritis, Coll Al was upregulated and mActRITA-Fc decreased
Collal levels (Fig. 18A), consistent with the decrease in phosphosmad 2 induced by mActRIIA-
Fe. Furthermore, there was a major decrease in renal Klotho expression induced in the CKD-3 V
mice that was corrected by mActRHA-Fe (Fig. 18B). As a result, the renal compartments where
Activin was expressed in CKID-3 V were analyzed and heavy expression in peritabular
myofibroblasts, but not in the epithelium, was identified.

100493} In the aortic smooth muscle, Alkd and Alkl (Fig. 18A), but not AlkS or Alk2,
were detected. The levels of Alk4 and Akl were vot aftected by CKD-3. However, CKD-3 did
not increase aortic phosphosmad 2/3 levels, nor did mActRITA-Fe decrease them (Fig. 18A).
However, analysis of noncanonical ActRHA signaling (Fig. 20) indicated that map kinase
{phosphoErki/2) was not activated by CKD nor inhibited by mAciRIFA-Fc and that vascular
smooth muscle levels of p38 and INK were very low. Aortic Actin? levels were also very low,
and were not CKD-3-stimulated. Axin2 levels are a standard biomarker of canonical Wat
signaling. However, since DKkl is a transcriptional target of canonical Wit signaling, Dkk]
levels in the kidney and aorta were analyzed as a biomarker of Wat activity, demonstrating that
mActRITA-Fe-treatment decreased renal Dkl levels in the CKD-3 mice (Fig. 18C), producing
significant reductions in plasma Dkki levels (Fig. 18C). Furthermore, aortic Dkkl levels were
increased by CKD-3 and inhibited by mActRHA-Fc¢ (Fig. 18C). This indicated that renal and
vascular smooth muscie Wnt signaling and systemic release of Dkkl were inhibited by activin
suppression. Accordingly, elevated circuiating activin in CKD signals through increased

vascular ActRIA activating Wat signaling and stimulating atherosclerotic calcification.

9.4.2.8 Transiation of preclinical studies to human pathophysiclogy and the clinic
1604941 As shown in Fig. 19, serum activin levels were increased in a cohort of patients

with CKD stage 3, as compared to healthy controls.
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9.4.3 CONCLUSIONS
83495} This example demonstrates that activin is a second factor involved in renal repair

that is increased in the circulation during CKID. Without being bound by theory, the resuls
demonstrate that Activin cxpression is increased in discased kidneys, is released into the
circulation and stimulates aortic vascular smooth muscle dedifferentiation and osteoblastic
transition, which is contributed to by endothelial to mesenchymal transition and these cffects
culminate in CKD-stimulated atherosclerotic calcification and cardiac hypertrophy. CKD
upregulates renal Activin expression in myofibroblasts and stimulates progression of kidney
discasc through increasing renal fibrosis, Inhibition of ActRHA signaling inhibits osteoblastic
transition and atherosclerotic calcification in the aorta. Inhibition of ActRIIA signaling inhibits
cardiac hypertrophy and renal fibrosis. The effects of the ActRIIA ligand trap, mActRIFA-Fe, on
the carly CKD-MBD syndrome resemble those of a monoclonal antibody to Dkk1 in CKD-
stimulated vascular calcification (Fang, Y., et @, 2014. § Am Soc Nephrol 25:1760-1763.).
These data demonstrate that inhibition of ActRUA signaling in the discased kidney decrcased
Wot activation and circulating Wat inhubtiors. Furthermore, in the vascuolar smooth muscle,
activin stimulates Wnt activity, which is inhibited by mActRITA-Fc. Thus, reactivation of two
kidney development factors, Wnts and Activin, produce circulating Wot inhibitors and activin in
CKD, causing vascular and cardiac disease. This is the demonstration that kidney discases
directly caunse cardiovascular discase and that consideration of the kidney disease process cannot
be separated from renal repair and the consequent stimulation of cardiovascular discase.

[80496] Further, this example demonstrates that renal activin expression is increased in
three models of chronic kidney disease, producing increased circulating activin that exceeds the
levels of activin inhibttors in the circulation. Circulating Activin stinmilated signal transduction
throngh the ActRITA receptor producing aortic vascular smooth muscle dedifferentiation,
osteoblastic transition, and calcification of atherosclerotic plagues. These effects were due to
circulating activin, as supported by the absence of increased activin protein levels in the aorta
even though CKD induced increased aortic activin mRNA (Fig. 13B). Without being bound by
theory, these data demonstrate that vascular activin signaling is stimulated by CKD through the
production of endocrine activin by the kidney.

{60497} Since EnMT is a Smad-mediated process {Cooley, B.C,, ef al., 2014, Science
Translational Medicine 6:227ra234.}, activated by members of the TGFB superfamily that
includes TGFBs, bone morphogenctic proteins (BMPs), activins/inhibins, and growth and
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differentiation factors (GDFs) (Pick, E., ef af., 1999, The FASER Journal 13:2105-2124 ), the
aortas of the vascular calcification model with CKD-3 were analyzed for changes in the levels of
type U receptors of the TGFP superfamily, which are the ligand binding components of the
receptors. The activin receptor type HA (ActRITAY was upregulated in sortic vascular smooth
muscle. Administration of the extracellular domain of ActRITA in a fusion protein with the Fe
domain of IgG1 as a ligand trap (mAciRIA-F¢) demonstrated that inhibition of ActRIIA
signaling produced inhibition of osteoblastic transition in the aortic smooth muscle cells,
stimulation of vascular smooth muscle ccll gene expression and reversal of aortic calcification in
a CKD stimulated atherosclerotic model. fn addition, CKD stimulated EnMT in g lincage tracing
mouse model. However, the major site of activin function appeared to be in the vascular smooth
muscle, where ActRITA expression was increased.

100498} Cardiac hypertrophy, especially left ventricular, is highly prevalent in CKD
{Moran, A., ef al., 2008, American Journal of Kidney Discases 52:839-848; Park, M., 7 al.,
2012, Journal of the American Society of Nephrology 23:1725-1734.). In addition, the
atherosclerotic vascular caleification roodel was characterized by cardiac hypertrophy (Fig. 16).
However, production of cardiac bypertrophy 1o the model differs mechanistically from the
common paradigm of CKE-stimulated vascular stiffness {Townsend, R.R. 2015, Current
Opinion in Nephrology and Hypertension 24:47-533 10,1097/ MNH.0000000000000086; Merx,
MW, ef al., 2005, Joumnal of the American Society of Nephrology 16:3357-3364.3,
hypertension, and cardiac remodeling, because the atherosclerotic CKID-3 mice ({dir-/~ high fat-
fed diabetic mice} did not exhibit vascular stiffness nor hypertension. Since mActRHA-F¢
corrected the cardiac hypertrophy in the absence of changes in FGF23 levels (Fig. 19), itis
unlikely that the cardiac hypertrophy in the CKD-3 mice was due to FGF23 (Faul, C, o7 o/,
2011, Clin invesr 121:4393-4408.).

{60499} In conclusion, without being bound by theory, this example demonstrates that a
sccond factor involved in renal repair that is increased in the circulation during CKD and causes
cardiovascular discase. Without being bound by theory, the example demonstrates that Activin
expression is increased in discased kidneys, is released into the circulation and stimulates aortic
vascular smooth muscle dedifferentiation and osteoblastic transition, which is contributed to by
endothelial to mesenchymal transition and these cffects culminate in CKD-stimulated
atherosclerotic calcification, and cardiac hyperirophy. CKD upregulates renal Activin

expression in myofibroblasts and stimulates progression of kidney discase through increasing
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renal fibrosis. Inhibition of ActRIIA signaling inhibits osteoblastic transition and atherosclerotic
calcification in the aorta. Inhibition of ActRIIA signaling inhibits cardiac hypertrophy and renal
fibrosis. The offects of the ActRITA ligand trap, mActRITA-Fc, on the carly CKD-MBD
syndrome show that inhibition of ActRI{A signaling in the discased kidncy decreased Wit
activation and circulating Wnt inhihitors. Thus, without being bound by theory, reactivation of
two kidney development factors, Wats and Activin, producc circulating Wnt inhibitors and

activin in CKD, causing vascular and cardiac discase; thus, kidney discase causes cardiovascular

disease.

9.5 EXAMPLE 5: KIDNEY INJURY/REPAIR STIMULATES VASCULAR
BISEASE THROUGH SYSTEMIC WNT INHIBITION AND ACTIVIN

9.5.1 BACKGROUND

183500} The results presented in this example refate to the results presented in Example 4

{Section 9.4).

{00501} Kidney discases cause atherosclerotic vascular calcification by producing
systemic Wnt inhibition and activin scorction during kidney repair. Vascular effects of chronic
kidney discase (CKI) are an interplay of Wnt inhibition and activin-induced modulation of

activin receptor function,

9.5.2 METHODS

160502] CKD with elevated Wnt inhibitors, especially Dkki, and activin was induced in
mouse models for lincage tracing and vascular calcification and allowed to develop
spontancously in Alport’s mice. Activin, Dkk1, activin receptor type 2A (ActRIIAY,
phosphosmad 2/3, and collagen levels were measured by ELISA, RT-PCR, and western blots.
Vascular smooth muscle function was measured by pressure-induced arterial difatation. Cell
fincage tracing was performed in Rosa-tdT mice bred to endothelial-specific Tie2-Cre mice.
Mice harboring Rosa-tdT cxpress tomato red in cells harboring Cre recombinase. mActRUA-Fe
refers to an activin A ligand trap (see, for cxampic, U.S. Patent No. &,173,601 and Carrancio ef

al., 2014, British Journal of Hacmatology, 165:870-882).

.53 RESULTS
{60563] CKD increased circulating Dkkl and activin levels. In discased kidneys, activin

was expressed in myofibroblasts, and ActRIA signaling through phosphosmad 3 was increased.
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in diseased kidneys, mActRIFA-Fc, an ActRHA ligand trap, inhibited renal psmad 3, CollAl
cxpression, urinary protein levels, and Bkki levels and increased Klotho levels. In vasculature,
ActRIA levels and signaling were trmpaired by CKD along with decrcased vascular smooth
muscle differentiation and function. In CKID mice vasculature, mActRIA-Fe increased vascular
smooth muscle cell differentiation and inhibited ostecblastic transition and vascular calcification,
in circulation, mActRITA-Fc decrcased Dkkl levels. CKD induced expression of tomato red in
cells of the adventia of injured femoral arteries of Tek-Cre/Rosa-tdT CKID mice versus Tek-
Cre/Rosa-tdT mice with normal kidney function, wherein the tomato red was limited to fomoral

artery cndothelium, demonstrating that CKD induces Tie2-positive cells during vascular injury.

9.5.4 CONCLUSIONS
[60504] CKD decreased vascular smooth muscle function and stimulated osteoblastic

transition and vascular calcification. Docreasing effects of elevated activin in CKD with
mActRUIA-Fc inhibited Smad-dependent renal fibrosis, blocked aortic osteoblastic transition,

increased vascular smooth muscle differentiation, and decreased vascular caleification.

9.6 EXAMPLE 6: THE RQOLE OF ACTIVIN SIGHNALUNG IN THE
PATHOGENESEIS OF RENAL GSTEOGDYSTROPHY OF THE CKD-MBD

9.6.1.1 INTRODUCTION

{B0305] Chronie kidney discase-mineral/bone disorder (CKD-MBD)} includes vascular

calcification and osteodystrophy. CKD increases circulating activin {a ligand of the TGFB
superfamily) and activin signaling (Figure 21A). Inhibition of ActRIIA signaling with an activin
type 1A receptor (ActRIA) ligand trap (mActRIIA-F¢) inhibits vascular calcification and
prevents cardiac hypertrophy. This examplc demonstrates the role of activin signaling in the

pathogenesis of renal osteodystrophy.

9.6.1.2 METHODS
RIS Sham operated Idlr-/- high-fat fed mice (SHAM; n=12) manifest diabetes and

hypercholesterolemia. CKD with hyperphosphatemia, elevated FGF-23, and 60% reduction in
glomerular filtration rate (CKD-3) was induced by 5/6 nephrectomy at 14 weeks of age in the
ldir-/- high-fat-fod mice, and is a model of atherosclerotic vascular calcification. CKID-3 mice
were freated with mACtRITA-Fe 10 mg/kg (mActRIA-Fe; n=135) or vchicle (VEH; n=13)},

injected intraperitoncally weckly beginning at 22 weeks of age and studicd at 28 weeks by
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skeletal histomorphometry and micro-computed tomography. Results of CKID-3 were compared

with wild type (WT; n=5} mice and SHAM.

9.6.2 RESULTS
{0507} Relative to WT {cancellous bone volume/tissue vohume (BV/TVY: 12.90%),

SHAM mice demonstrated reduced BV/TV (10.92%:) associated with adynamic bone discase.
Induction of CKI-3 caused high turnover bone disease in VEH mice, and a lower BV/TV
{11.22%; this was reversed by 6 weeks of mActRIA-Fe-treatment (13.28%). Induction of
CKD-3 caused a reduction in trabecular thickness, which was reversed by 6 wecks of mActREA-
Fe-treatment. CKD-3 VEH-treated mice demonstrated higher erosion surface/bone surface and
higher osteoclast number/130 mm bone length {1.83% and 62.32/100 mm, respectively)
compared with SHAM (1.05% and 33 4(/100 mm), which were mitigated by mActRIA-Fc
{1.23% and 38.37/100 mm). CKD-3 VEH-treated mice also caused demonstrated higher
osteoblast surface/bone surface and higher osteoblast number/100 nmum bone length (1.58% and
110.63/100 mm respectively; P<0.05) when compared with WT or SHAM (Figure 218 and
Figurc 21C, respectively). mActRITA-Fe significantly reduced both osteoblast surface/bone
surface and osteoblast number/ 100 mum bone length (0.68% and 43.15/100 mm; P<(.05)
compared with VEH. Despite the significant reduction in the osteoblast number relative to VEH,
the mineral apposition rate with mActRIIA-F¢ treatment was maintained (0.42 and 0.40
um3/day, respectively), with a significantly higher bone formation rate/osteoblast (8,17 vs, 0.48
wm3/100 cells/year, respectively; P<0.05 vs. VEH), which was similar to WT (.42 pm3/100

cells/year) (Figure 21D).
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[B3508] Table 13, Histomorphometric Results {imean + SEM)
Sham CKB-3 + Vehicle CKD-3 +
mACIRIIA-F¢
BY, % 10,9413 11.2:40.8 133212
Trabecular thickness 30.942 .1 31817 33219
{plate), pm
Trabecular separation 2694173 261.9+16.6 23814249
{plate) um
Osteoid volume/BY, %% 0.3:0.1 0.44:0.1 02401
Ostecid surface/bone 2.5+0.6 2.940.7 0.4
surface, %
Osteoid thickness, um 2.14+0.4 1.940.3 1.940.2
Erosion surface/bone 1102 1.8+0.5 1.2+0.5
surface, %
(steoclast number/bone 334451 62.3+:19.5 38.4+15.4
perimeter, #1880 mm
Osteoclast surface/bone 1.0£0.2 17+0.5 LA=0.5
surface, %
Mineral apposition $.4+0.0 (3.4+0.1 (1.4+0.0
rate/day, um/daty
Double Iabels/bone surface, | 3.0+0.9 37410 1.6+0.3
Yo
Single labels/bone surface, | 8.0+£0.9 IHIREI N 10.3+1.9
Yo
Mineralizing surface/bone | 7.0:09 R.8£1.1 6.8+1.1
surface, %
Bone formation rate/bone 10,8423 13.942.5 9.5+1.2
surface, n1m3,"c11§2/yea§'
Mineralization lag time, 1.940.4 1.94+0.5 1.340.3
days
{steoid maturation time, 6.3+14 54409 4.9+0.5
days

SEM= standard error of the mean

{(0509]

9.6.3 COMNCLUSIONS

[00516]

mActRIA-Fe did not affect hyperphosphatemia and FGF-23 lovels.

Increased circulating activin contributes to the high turnover osteodystrophy

associated with CKD-3. Activin signaling inhibition with mActRIIA-Fc, an ActRIIA ligand

trap, increased bone volume in CKE-3 by inhibiting bone resorption and normalizing the mineral

apposition rate and bone formation rate/osteoblast, counteracting the negative effects of CKD.




WO 2016/069234 PCT/US2015/054674

9.7 EXAMPLE 7: QUANTITATIVE COMPUTED TOMOGRAPHY RESULTS
FOR BONE MASS AND ABDOMINAL  AQORTIC VASCULAR
CALCIFICATION IN HEMODIALYSIS SUBJECTS TREATED WITH
ESCALATING DOSE LEVELS OF BACTRHA-F¢

9.7.1 INTRODUCTIORN

{00511} High turnover renal osteodystrophy is marked by decreased cortical and inercased
trabecular bone mass, resulting in an increased risk of fracture. hActRIIA-Fe, an activin type Il
receptor-1gG1l fusion protein, blocks activin A signaling and may reduce osteociastogenesis and
promote osteoblast maturation in bone, based on in vitro data. The current analysis in subjects
on hemodialysis (HD} cvaluated the offcet of hActRITA-Fe on bone mincral density (BMD) and

abdominal aortic vascular calcification using guantitative computed tomography {QCT).

8.7.2 METHODS
1965121 In a study of hActRHA-F¢ in subjects on HD for the correction of anemia,

subjects who were erythropoictin-stirulating agent (ESA) responsive were washed out of their
ESA effect until hemoglobin {(Hb) was <10 g/dL, then randomized to hActRIIA-Fc 0.3 mg/kg
{n=9}, 0.5 mg/kg (n=8), 0.7 mg/kg (n=9; 7 completed, 2 ongoing}, or placebo (PBO; n=9)
administered subcutancously every 28 days for up to & dosc eycles. A dose group utilizing a 14-
day dose cycle is currently enrolling. Subjects were assessed for offects on Hb, safety
parameters, BMD, vascular calcification, and biomarkers of bone turnover. Treatment failures
{Hb <9 g/dL} were rescued with ESA/transtusion. QCT scans of the hip, lumbar spine, and

abdominal aorta were obtained at bascline and afier the 225-day treatment phase.

89.7.3 RESULTS
{60513} Of the 35 subjects who were randomized in the study, 20 had paired QCT

assessments {(PBO: n=3; (0.3 mg/kg: n=6; 0.5 mg/kg: n=5; and 0.7 mg/kg: n=6). Some subjects
with paired QCT had limited exposure to hActRHA-F¢ due to treatment failure. Table 14
displays the BME and vascular calcification results for PBO and cach hActRIA-Fc dose group.
hActRIIA-Fc appeared to mitigate the effects of high turnover renal osteodystrophy on cortical

and trabecular BMD and slow the progression of vascular calcification, compared with PBO.
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180514] Table 14
ActRIA-Fo
8.3 8.5
PBO 1 mg/kg B mg/kg 1] 8.7 mg/keg n
Days on study drug 1073 3 107.2 & £52.6 5 1518 6
Femoral neck cortical -091% 3 ~1.38 5 £.56% 5 0.90% 4
BMD, mecan % CFB
Subjects with >2% 0.00% 3 | 20.00% 5 40.00% 5 75.00% 4
imcrease in femoral neck
cortical BMD, %
Lurnbar BMD 12.59% 3 7.95% 6 0.54% 5 1.93% 6
{(trabecular), mean % CFB
Total Agatston score, 5842% 3 | 24.89% 6 17.26% 5 7.42% 5
mean % CFB
Subjects with <15% 3333% 3 | 83.33% 6 80.00% 5 100.00% 5
increase in Agatston score,
Yo
Square root of volumetric 4.54 3 t1.47 6 1.23 5 1.26 5
) o N
score {mm’ ), mean CFB
CFB=change from basecline.
9.7.4 CONCLUSIONS
{60515] These data demonstrate that hActRIIA-Fc, in a dose-dependent manner, reverses
the effects of high turnover renal osteodystrophy on cortical and trabecular bone, and slows the
progression of vascular calcification.
9.8 EXAMPLE 8, QUANTITATIVE COMPUTED TOMOGRAPHY RESULTS

FOR BONE MASS AND ABDOMINAL  AQORTIC VASCULAR
CALCIFICATION IN HEMODIALYSIS SUBJECTS TREATED WITH
ESCALATING DOSE LEVELS OF ACTRUHA-HFC (SEQ ID NG:T:
“SOTATERCEPT )

9.8.1 INTROBUCTION
{80516} See the Introduction (Section 9.7.1) and Methods {Section 9.7.2} for Example 6

{Section 9.7). This example presents additional data from the study performed in Example 6

{Section 9.7}, obtained at a later date in the study.

9.8.2 RESULTS
{60517} A total of 35 subjects were randomized and received at least one dose of placebo

or ActRIA-BF¢ (SEQ 1D NO:7; “Sotatercept”) as indicated in Table 15,
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180518] Table 15, Randomized Subjects and QCT Analysis Subset

Subjects Placebo Sotatercept 8.3 | Sotatercept 8.5 | Setatercept 0.7
mg/kg myg ke mg/kg

Randomized G g g g

and received = 1

dose of placebe

or Sotatercept

QCT measures | 4 6 5 6

at baseline and
Day 228

{00519}

The subject disposition is depicted in Figure 224, including the subjects with

aired T measurements at baseline and day 225. Most subjects who were discontinued from
dQCT ts at basel d day 225. Most subjects wi d t df

study treatment had treatment failure requiring rescue, generally because hemoglobin

concentration was below 9 g/dl.. Most subjects who were discontinued from stady treatment

received placebo or 0.3 mg/kg of sotatercept. None of the subjects discontinued treatment

because of an adverse event. Further, of the 21 subjects with paired QCT measurements, 12

required rescue therapy due to hemoglobin treatment fatlure doring the treatment phase, 9 of

whom required rescue within the first 3 dose cycles.

{00520}

Among subjects with paired QCT measurements, baseline demographic and

clinical characteristics were generally similar across treatment groups {Table 16). However,

there was a substantially longer time on dialysis in the placebo group, which was also the

youngest group. There were also differences between groups in baseline biomarker and

Agatston scores (Table 17).
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{80521} Table 16. Bascline demographic and clinical characteristics of subjects with
paired QCUT measurements
Placeho Sotatercept Sotatercept Sotatercept
(n=4) #.3 myg/keg 8.5 mg/kg 8.7 myg/kg
(=6} {(n=5) (=6}
Age, BmIean, vears 513 57.3 60.8 63.0
Female, n (% F{25.0) 6 {66.7) § (0.5 4 {(66.7}
Race, n (%)
White [ (25.0) 3 (50.0) 3(60.0) 5{83.3)
Black 2 {50.0) 3 (50.0) 2 {40.0} L {16.7)
Asian P {25.0) 0 (0.0) § (0.0 0 (0.0)
Ethnicity, n {%)
Hispanic 8 (0.0} 2{33.3 3 (60.0) 2{33.3}
Non-Hispanic 4 (100.0) 4{66.7) 2 {40.0) 4{66.7)
Postdialysis weight, | 655 80.3 794 g4.5
mean, kg
Body mass index, 24.2 27.7 26.9 29.9
mean, i&g/’m2
Diabetes, n (%%} 2 (50.0) 5 {83.3) 5 (100.0) 5{83.3}
Pavathyroidectomy, | 0 (0.0} 0 {0.5) 0(0.0) 0 {0.0)
n {%)
Time on dialysis, 1658 43.3 224 68.1
mean, months
Mon-~calciam 4 (1060.0 3(50.0) 3(60.0) 3(50.0)
phosphate binder,
i (%)
Calcium-based F25.0) 4 (66.7} 4 (80.0) 4{66.7}
phosphate binder,
B (%)”*
Calcimimetic, o F{25.0) 2{33.3} 0 (0.0) 2{33.3}
(a%)-}:
125-OH vitamin B | 3 (75.0) 5(83.3) 2 (40.0} 4 (66.7)
analog, n (%)

* subjects could be receiving multiple types of binders
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1805822] Table 17. Mcan bascline biomarker, volumetric BMD, and Agatston scores of
subjects with paired QCT measurements
FPlaceho Sotatercept Sotatercept Sotatercept
(n=4) 8.3 mg/kg 8.5 myg'kg 8.7 mg/keg
{(n=6) (n=5) {(n=6)
Baseline whole 2092 104.8 135.5 1004
PTH, pg/mL
BSAPY, pe/L 24.0 18.0 13.2 15.5
PINP®, ng/mL 548.3 376.2 468 .4 437.5
CTXS, pg/mL 3,152.3 2,062.5 2,266.8 2,246.5
Total hip integral 276.8 286.6 280.0 281.0
BMD, mg/cm”
Femoral neck 640.5 667.0 593.1 594 8
cortical BME,
mg/cm3
Mean spine (L1, 140.1 125.6 1491 118.7
L2) BMD, mg/em’
VY toial Agatsion 6,498 & 84727 3,618.5 1,862.1
score”

Wote: The nreflects the number of randomized subjects with pared QCT assessments; the actual
number of subjects available for cach parameter may vary. PTH=parathyroid hormone.
“Bone=specific alkaline phosphatase {(BSAP) reference range: males, 6-30; females
{(premenopausal), 3-19; females (postmenopausal}, 6-26.

Procollagen type | N-propeptide (PINP) reference range: males, 30-110; females 20-108
‘C-terminal telopeptide (CTX) reference range: males, 0-854; females (premenopausal), 26-573;
females {postmenopausal), 104-1,008

I ower Agatston scores indicate lower levels of vascular ealeification.

183523} Serious adverse events were generally considered unrelated to sotatercept, did not
icad to discontinuation, and resolved with continued therapy. No deaths were reported in the
sotatercept treatment groups. Adverse events were mostly mild or moderate in severity,
unrelated to the study drug, relatively similar between treatment groups, and generally consistent
with the subjects” medical histories. In the first 28-day dose cycle and during the 225-day
treatment phase, home blood pressure measurements showed no consistent or dose-dependent
changes from bascline among subjects in any of the treatment groups.

{60524} The changes from bascline in abdominal aorta total Agatston scores are provided
in Table 18. The proportion of subjects with < 15% progression in abdominal aorta total
Agatston scores is shown in Figure 22B.

100525} Table 18, Bascline and change from bascline in abdominal aorta total Agatston

score and square root transformed total volume score™®
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FPlaceho Sotatercept Sotatercept Sotatercept
(n=4) 8.3 mg/kg 8.5 myg'kg 8.7 mg/keg
{(n=6) (n=5) {(n=6)
Abdominal aorta
total Agatsion score
Baseline total 6,498 8 G4727 3,618.5 1,862.1
Agatsion score
Change from 787.8 8.578.9 2257 171.0

baseline total
Agatsion score

% change from | 584 299 17.3 7.4
baseline total
Agatston sgore

Square root
traunsformed fotal
volume score

Baseline sguare | 39.0 46.2 33.1 27.4
root of total

volume, W

Change from 34 il 1.2 1.3

baseline square
root of iolal
volame, e

MNote: The n reflects the number of randomized subjects with paired QCT assessments; actual
number of subjects available for cach parameter may vary.

*Lower total Agatston and square root transformed total volume scores indicate lower levels of
vascular caleification.

100526} Further, Table 19 provides the percent change from bascline in femoral neck
cortical and mean lumbar spine trabecular volumetric BMD measurements. The proportions of
subjects with >2% gain in femoral neck cortical BMD were analyzed and it was determined that
treatment with sotatercept is associated with increasces in the proportion of subjects with 22%
increase in femoral neck cortical bone (see Table 19 and Figure 22C). See, also, Malluche et al.,
2014, Chin. J. Anmu Soc. Nephrol., 9:1254-1262. Moreover, in high-turnover ROD, trabecular
bone mass increases, as measured by lumbar spine trabecular BMD, without a reduction in
vertebral fracture rates in ESKD as compared with the general population {(see, Leonard MB,
2009, Semin. Nephrol., 29:133-143, and Duan ef o/., 1999, 1. Clin. Endocrinol. Metab. 8§4:718-
7223, In this setting, the increased trabecular bone mass is of poor quality (see Malluche ef al,
2012, J. Am. Soc. Nephrol. 23:525-532. Treatment with sotatercept slows the inerease in
trabecular bone mass in the lumbar spine (Table 19).

1603271 Table 19, Bascline and percent change from baseline in fomoral neck cortical and

mean lumbar spine (L1, 1.2} trabecular BMD
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FPlaceho Sotatercept Sotatercept Sotatercept
(n=4) 8.3 mg/kg 8.5 myg'kg 8.7 mg/keg
{(n=6) (n=5) {(n=6)
Femoral neck
cortical
Baseline BMD, 644.5 667.0 5831 58048
mg/"cm3
% change from | -1.4 (4) -1.4(5) 1.6(5) 0.1 {4
baseline BMD
(11}
Mean lnmbar spine
(L1, L2} trabecular
Baseline BMD, 140.1 1256 1491 118.7
mg/cm3
% change from 10.9 (43 8.0 (6) 0.5 (5} 4.5{6}
baseline BMD
{1}

Note: The n retlects the number of randomized subjects with paired QCT assessments; actual

number of subjects available for cach parameter may vary.

9.8.3 CONCLUSIONS
[80528] Based on the bascline biomarker data, subjecis in this example tended to have
high-turnover ROD. The placebo group had decrcased cortical bone mass, increased trabecular
bone mass, and increased vascular calcification that occurred at a rate similar to other large
studics in ESKD (Raggt er /., 2011, Nephrol. Dial, Transplant. 26:1327-133%9), as ecxpected for
high-turnover ROD,

[00529] QCT data measured at baseline and day 225 (which is after up to eight 28-day
dose cycles), indicated that treatment of high-turnover ROD with sotatercept resulted 1o an effect
on multiple parameters of CKD-MBD, inchuding slowed progression of vascular caleification,
increased femoral neck cortical bone mass, and a slowed increase in lombar spine bone mass.
The decrease in vascular caleification and the increase in bone mass are consistent with the
histological {indings in the mouse model of Idir-/~ high-fat fed, 5/6 nephrectomy for vascular
calcification (Fang et af., 2014, Abstract, ASN Kidney Week 2014, November 11-16, 2014,
Philadelphia, PA).
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9.9 EXAMPLE 9 ACTRHA-HFC (GEQ ID NO7, “SOTATERCEPT™)
AFFECTS MULTIPLE MANIFESTATIONS OF END-STAGE KIDNEY
BISEASE

9.9.1 BACKGROUND

1335368} This example presents data from a clinical study. Examples 7 and 8 {Section

Section 9.7 and Scetion 9.8) also present data from this study.

1805831] This ongoing, randomized, single-blind, placebo-controlled study evaluated the
pharmacokinetics, safety, and hemoglobin effect of ActRUA-hFc (SEQ 1 NO:7; “sotatercept™),
an ActRIIA-1gG1 fusion protein ligand trap for the correction of anemia in hemodialysis
subjects, and explored its offects on vascular calcification and bone mineral density using
quantitative computed tomography. This example provides interim results for the 0.3, 0.5, and

0.7 mg/kg dose groups.

99.2 METHODS
{05832} Erythropoietin-stimulating agent {ESAJ-responsive subjects were washed out of

ESA cffects until hemoglobin was <10 g/dL and randomized to placebo or sotatercept
administered subcutancously every 28 days for <8 dose cycles. Treatment failures
{hemoglobin<9 g/dL} were rescued with ESA or transfusion; intrasubject dose escalation was not
permitted. Quantitative computed tomography scans of hip, lumbar spine, and abdominal aorta
were obtained at baseline and after the 225-day treatment phase. Reported are interim results for
pharmacokinetics, safety, home blood pressure, hemoglobin, vascular calcification, and bone

mineral density effects.

9.9.3 RESULTS
{80533} Among subjects treated with placebo (n=9) or sotatercept 0.3 mg/kg (n=9}, 0.5

mg/kg {n=8), and 0.7 mg/kg (n=9}, adverse events were mostly mild/moderate, unrelated to
study drug, relatively similar in type/scverity between groups, and generally consistent with
subject medical histories. Two deaths occurred in the placebo group. There were no dose-
dependent changes in home blood pressure. In the 225-day treatment phase, hemoglobin was
>10 ¢/dL in 339, 33%, 63%, and 78% of subjects treated with placebo or sotatercept 9.3, (1.5, or
0.7 mg/kg, respectively. Paired quantitative computed tomographics obtained in 4, 6, 5, and 6

subjects treated with placebo or sotatercept 0.3, 0.5, or 6.7 mg/kg, respectively, showed <15%

-194-



WO 2016/069234 PCT/US2015/054674

progression of vascular calcification in 33%, 80%, 80%, and 100%, and >2% increase in femoral

neck cortical bone mineral density in §%, 20%, 40%, and 75%, respectively.
9.9.4 CONCLUSIONS
183534} Sotatercept was tolerated with an acceptable safety profile in hemodialysis,

without increases in home blood pressure. There were dose-dependent responses to sotatercept

in hemoglobin, vascular calcification, and bone mineral density.

810 EXAMPLE 14 DISORDERD ACTRIIA SIGNALING IN (KD
CONTRIBUTES TO ATHEROSCLEROTIC CALCIFICATION AND
REMAL FIBROSIS

{60335} This exampie relates to the experiments described and performed in other

examples described herein, including, Example 4.

9.18.1 METHODS
9,10.1.3 Production of animal models
184536} The atherosclerotic low density lipoprotein receptor deficient ¢1div-/-) males

{C57B1/6] background) were purchased from Jackson Laboratories, and fed high fat diet (42%
calories from fat) beginning at 12 weeks of age. The mice are obese, insulin resistant at 22
weeks of age, diabetic at 28 wecks of age and hypercholesterolemic.

{60337} A two-step procedure was utilized to create chronic kidney discase as described
previously, (Davies MR, er /. J Am Soc Nephrol 2003; 14: 1559-1567; Davies MR, et al. J Am
Soc MNephrol 2005; 16: 917-928). Electrocautery was applied to the right kidney through a 2 em
flank incision at 12 weeks post-natal, followed by left total nephrectomy at 14 weeks of age.
The intensity of the cautery was varied to produce moderate (CKID-3) renal injury that was
confirmed by inulin clearances at age 20 weeks (Fig. 33A, B). Control animals received sham
operations in which the appropriate kidney was exposed and mobilized but not treated in any
other way. Five groups of mice were used in this study (Fig. 23B). The first group was wild
type U57B1/6J mice fed a regular chow diet (WT}. This was the normal renal function and dict
group used for normative control values. The second group was [dfr-/~ mice that were fed a high
fat dict and sham operated (Sham). This group served as the control group to determine the
effect of kidney discase. The third group was /dir-/~ mice with GFR reduced cquivalent to

human CKD stage 3 fod high fat diet {CKD-3) with cuthanasia at 22 wecks, the bascline vascular

~195-



WO 2016/069234 PCT/US2015/054674

calcification group (CKD-3} used in Fig. 25A, B, C. The fourth group was Idir-/~ mice with
CKD-3 receiving subcutancous injections of vehicle (phosphate buffered saline) twice a week
beginning at 22 wecks until cuthanasia at 28 wecks (CKD-3 V). The fitth group was {dir/- mice
with CKD-3 recetving subcutancous injections of mActRUA-Fe (Celgene, Summit, NJ}j, 10
mg/kg twice a week beginning at 22 wecks until cuthanasia at 28 wecks (CKD-3 R}, The dose
used was previously shown in PE/PD studics to be an efficacious dose for stimulation of hone
formation.

{00538 The second model of CKD used was the murine homolog of X-linked Alport’s
syndrome, which is a deficiency in the gene for the o chain of type IV collagen, COL4AS.
{Rheanlt MIN, er a/. J. the Am. Soc. Neph. 2004; 15: 1466-1474). Thus is a model of spontancous
kidney discase, and was used throughout the results to confirm the effects of renal ablation
induced CED. Breeding pairs were purchased from Jackson Laboratories and were bred for
experiments. Hemizygote males spontancously developed kidney disease comparable with
buman CKD stage 3-4 at 150 days after birth and developed hematuria by day 75 of life.
{60539} In all cases, cuthanasia was performed under ancsthesia, Intraperitoneal
anesthesia {(xylazine 13 mg/ky and ketanine 87 mg/kg) was used for all procedures. Sapheunous
vein blood samples were taken 1 week following the second surgery to assess baseline post-
surgical renal function. At the time of sacrifice, blood was taken by intracardiac stab, and the
heart and aorta dissected en bloc.

9.10.1.2 Inulin clearances

180540} Inulin clearances were performed at 20 wks or 26 wks if euthanasia was at 28
wkas, according to manufacturer instructions (BioPal Inc., Worcester, MA}.

9.16.1.3 Chemical Calcification Quantiiation

180541} Aortas were dissected at sacrifice, and all extraneous tissue removed by blunt
dissection under a dissecting microscope. Tissues were desiceated for 20-24 howrs at 60° C,
weighed and crushed to a powder with a pestle and mortar. Caleim was eluted in IN HCL for
24 hours at 4°C. Caleinnm content of eluate was assayed using a cresolphthalein complexone
method (Sigma, St Louis, MO}, according to manufacturer’s instructions, and results were
corrected for dry tissue weight.

9.10.1.4 Blood tests

305421 Serum was analyzed oun the day of blood draw for blood urea nitrogen (BUN),

calcium, and phosphate by standard autoanalyzer laboratory methods performed by an animal
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facility. Plasma activin {(Fitzgerald Industrics, Acton, MA), follistatin (MYBIOSOURCE Inc.,
San Diego, CA) and foliistatin-like 3 (MYBIOSOURCE Inc.) levels were determined in ELISA
assays. Scrum Dkk1 levels were analyzed with an ELISA (R&D Systems, Minn., MN). For the
Elisa assays blood was drawn by saphenous vein or cardiac puncture at the time of cuthanasia.
All blood samples were placed on icc at collection. Platelet poor EDTA plasma samples were
made by a 2-step centrifugation at 6000 rpm for 5 minutes and 14000 rpm for 2 minutes both at
4°C. Samples were stored frozen at — 20°C or below until being used.

210,18 Histology and immmunohistochemistry

[60543] Aortic and kidney tissues were fixed in 10% neutral buffered formalin overnight,
then transferred to 70% cthanol at 4 °C, embedded in paraffin and 5 micron scctions were
prepared. Slides were deparaftinized in xvlenc and dehydrated in a graded cthanol series and
then rehydrated. Mason Trichome staining was used to detect kidney and heart fibrosis and
Alizarin red staining was used to detect calcification, according to a standard protocols.
{Gregory CA, ef gl. Analytical Biochem. 2004; 329: 77-84). For immunostaining, slides were
blocked in 20% normal goat serum for 20 min and incubated with primary antibody at 4 °C
overnight. Slides were washed in PBS and blocked in 20% normal goat seruro for 20 mun before
incabation with goat-anti rabbit Alexa 488 secondary antibody 1:400 (Life Technologies,
A11008) at room temperature for 30 min, or using TSA kit for signal amplification according
manufacture mstructions (Life Technologies, T 20932). For double immunofluorescent staining
sections were blocked in 20% goat serum and sequentially stained with first primary and
secondary antibodies and sccond primary and secondary antibodics using goat-anti rabbit Alexa
488 and Alexa 568 secondary antibodies 1:400 (Life Technologies, AL1008 and AT101 T or
TSA kit for signal amplification according manufacture instructions (Life Technologies, T20932
and T20934). When primary antibodies from same species were nsed for double staining slides
were heated 5 min in citrate buffer in microwave before second staining. {(Toth ZE, 1
HistoChem. & CytoChem. 2007; 55: 545-554). Primary antibodics used in this study for
immunostaining: rabbit polyclonal anti-ActRHA antibody 1:250 {Abcam, ab 135634), rabbit
polycional anti-Inhibin beta A antibody 1:100 {Santa Cruz, s¢-50288), rabbit polyclonal anti-
CD31 antibody 1:50 (Abcam, ab2&364) and rabbit polyclonal anti-beta-catenin antibodies 1:500
{Abcam, ab32572).
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9.10.1.6 RT-PCR

183544} RNA was extracted from aortas and kidneys using RNeasy Mini Kits {(Qiagen,
Valencia, CA). 1 ug of total RNA was DNase treated and reverse transcribed using iScript
cENA synthesis kit from Bio-Rad (Hercules, Ca) according to manufacturer’s instructions on
Veriti Termal Cycler (Applied Biosystems). Primers were designed using Vector NT1
(Invitrogen, Grand Island, NY) or Primer Express {Life Technologies, Grand Island, NY)
software. Following roverse transcription real time was performed using the StepOne Plus real
time PCR instrument (Applied Biosystems), SYBR Green from Sigma (St. Louis) and the PCR
kit from Invitrogen. Each reaction was performed in triplicate at 95 C, 45 see, and 60°C, 30 sec,
and 60 sec at 72°C for 40 cycles. This was followed by a melt cycle, which consisted of stepwise
increase in temperature from 60'C to 95°C. A single predominant peak was observed in the
dissociation curve of cach gene, supporting the specificity of the PCR product. Ct numbers
(threshold values) were set within the exponential phase of PCR and were used to calculate the
expression levels of the genes of interest. B2 was used as an internal standard and normalize
the values. A standard curve consisting of the ceversus log ¢DNA dilutions {corresponding to
the log copy numbers) was generated by amplifying serial dilutions of ¢cDNA corresponding to
an unknown amount of amplicon. Negative controls were performed by inactivating the reverse

transcriptase by botling for 5 mun prior to RT-PCR to nsure that genomic DNA was not

aroplified.
930,17 Fmmuncblotting (Western analyses)
100545] Whole-cell lysate protein were prepared from kidney and aorta of the mice by

RIPA Lysis Buffer {Thermo Scientific) containing a protease inhibitor cocktail (Santa Cruz).
Lysates (20 ug) were loaded in 8-12% SDS-PAGE gels and immunoblotied with antibodies to
inhibin p-A (Santa Cruz), o~-tubulin (Santa Cruz), actin-o smooth muscle (Sigma), Runx2 (Cell
Signaling), Mvocd (Santa Cruz), ACVRLI (Origene), ACVRI (Cell Signaling), Exk1/2 (Cell
Signaling), phospho- Erki/2 (Cell Signaling), ACVRIB {Origene}, Collal (Santa Cruz),
Smad2/3 (Cell Signaling}, or phospho-Smad2/3 {Cell Signaling). Immunoprecipitation (1P}
assays used the same whole-cell lysate protein. To reduce nonspecific binding, the samples were
pre~cleaned using pre- washed protein A agarose beads (Cell Signaling). Pre-cleaned samples
were incabated overnight with the phospho-serine antibody {(Abcam). P-antibody complexes
were then captured on protein A agarose beads and proteins were detected by immunoblotting
analysis.
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{00546} Statistical analysis was performed using ANOVA. All data are expressed as
mean + SD, unless other specified in the figure legend. Differences between groups were
asscssed post hoo using Fisher LSD method and considered significant at p <0.05. Data for ali
groups represent an “n” of 7-15. For real time PCR analysis, a minimum of 3 samples were used
in cach experimental group. For the vascular calcification data in Fig. 26C, the boxcs represent
median and interquartile ranges (from 25%to 75" percentile), and error bars present 1.5-fold of
the interquartile range below 25% and above 75" percentile. Medians were compared using

ANOVA Holm-Sidak method for multiple comparisons, p<.0S, as eritical level for significant

difference.

9.18.2 RESULTS

9.10.2.1 Experimental Design, and Kidrey function in a2 model of CKD

180547} The high fat fed /dir-/- mouse is a model of atherosclerotic vascular calcification

requiring both the dict and the genotype to produce atherosclerotic vascular caleification.
{Davies MR, et al. I Am Soc Nephrol 2003; 14: 1559-1567; Towler DA, ef g/, 1. Biological
Chem. 199§; 273: 30427-30434). Kidney function was reduced analogous to human stage 3
CKD (CED-3) in Jdlr-/~ high fat fed mice by renal cortical injury and contralateral nephrectomy
{Fig. 33A, B). The CKD-3 mice were hyperphosphatemic (Table 28) consistent with the onset
of hyperphosphatemia 1o homan stage 3b-4 CKD. (Isakova T, ef o/. Kidney Tnt 2011; 79: 1370-
1378).

{80548} Table 28: Serurn Biochemical Parameters in the Animals Tested
Parameter Group | Group 2 Group 3 Group 4
Wild Type Sham CKB-3V CRDB-3 R
Mouse Strain C37/BI6 1dlr-/- fdly-/~ idir~/-
Diet Chow High fat High fat High fat
Surgery MNone Sham CKD CKD
Weeks poestnatal 28 28 28 28
Treatment None None Vehicle mActRIA-F¢
N 12 i5 i4 15
BUN {mg/dl) 240446 206437 377 £ 7.6% 36.5 4 5.8%
Ca (mg/di} 83+ 1.8 8.9x£09 94 +0.8 8.8+0.3
Phosphorus (mg/di) 8.9+ 0.2 79423 11.041.6% 18412

*:<(.05, groups 3 and 4 compared to group 2.
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9.186.2.2 Activin Receptor Type 1A (ActRUA) levels in CKD

183549 Aortas from the high fat fed Idir-/~ mice with CKD-3 were analyzed for TGFR
superfamily type U receptors which are one ligand binding component of the superfamily
reeeptor heteromultimers composed of type H and type 1 {ALK) receptors. The Activin type i
receptor A {ActRIA} was expressed in aortic vascular smooth muscle cells (VSMC) (Fig. 24A,
Bj. CKD-3 produced in the fdir-/- high fat fed mice induced ActRUA down regulation in the
aorta (Fig. 24A). Without being bound by any particular theory, this is consistent with
internalization and degradation of ActRIIA produccd by high circulating ligand levels reported in
other tissues. (Simone ND, ef g/, Endocrinology 1998; 139: 1147-1155; Lin ZH, er al. J.
Endocrinology 2006; 189: 409-421). Endothelial cell ActRUA was not detected by

immunochemical and immunofluorescent detection. (Fig. 24B).

9.10.2.3 Vascular effects of the ActRUA ligand trap in CKD
[00550] The cffects of CKD-induced suppression of ActRUA levels were analyzed in

aortic homogenates from CKD-3 mice treated with vehicle or the ActRYA ligand trap
(mActRIIA-F¢ ) (Fig. 25A, B). CKD-3 stimulated osteoblastic transition was assessed by
cxpression of mRNA for Runx2 and alkaline phosphatase (Alpl) in the aortas of /dir-/- high fat
fod mice. CKI-3 stimulated their expression and mActRIFA-Fe treatment reversed the effects of
CKD (Fig. 25A). Both Runx2 and Alpl cxpression represent biomarkers of osteoblastic transition
in the aorta that were reversed by mActRIA-Fe treatment. Aortic mBRNA of sroooth muscle 220
or transgelin (Tagin}, a biomarker of differentiated vascular smooth muscle cells, (L1 L, Miano,
et al. Circulation Res. 1996; 78: 188-195) was decreased by CKID-3 and stimoulated by
mActRUA-Fe. CKD-3 also caused decreased aortic myocardin (Myocd) mRNA expression, the
vascular smooth muscle cell specific transeription factor, but myocardin was not affected by
mActRUA-Fe treatment. In terms of the effects of CKII-3 and mActRITA-Fe treatment on aortic
protein levels of the respective mRNAs studied in Fig. 25A, CKD increased aortic Runx2 and
Alpllevels and mActRHA-F¢ normalized them (Fig. 258, data for Alpl not shown}, CKD
decreased the aortic levels of Tagln and alpha smooth muscle actin (0SMA), another biomarker
of differentiated vascular smooth muscle cells, and mActRIA-Fe treatment increased them {Fig.
258, data for Tagin not shown}. Myocardin levels were not changed by CKD or mActRITA-Fc
treatment.
{80551} The Idlr-/~ high fat fed mouse 1s a model of atherosclerosis, atherosclerotic
calcification and type 2 diabetes, (Al-Aly Z, er af. Arteriosclerosis, Thrombosis, and Vascular
~200-



WO 2016/069234 PCT/US2015/054674

Biol. 2007; 27: 2589-2596; Towler DA, ef al J. Biological Chem. 1998; 273: 30427-304343.
Identified, inter alic, CKD-3 caused accumulation of calcium deposits in the aortic atheromas in
CKD-3 vehicle treated mice {CKD-3 V) (Fig. 26A) and increased total tissue calcium levels (Fig.
26B). Visible calcium deposits were not present in CKD-3 mice treated with mActRUIA-Fe
(CKD-3 mActRUA-F¢ 3. Morcover, mActREA-Fe decreased aortic tissuc calcium content to
icvels like those observed in wild type and sham mice, and levels that were significantly below

those present at the time of institution of mActRITA-F¢ treatment in the CKD-3 group (Fig.

26B).
9.10.2.4 ActREA signaling in the acrta
100552) Canonical signal transduction by the TGFp superfamily involves ligand binding

to type H receptors activating their sering/threonine kinase activity and stimulating association
and phosphorylation of type 1 receptors, the Alk kinases {see diagrammatic representation in Fig,
34). There arc seven Alk kinases utilized by the TGFP superfamily, and Alk4 (ActRIB) is the
type T receptor most often associated with ActRIA signaling. (Abe Y MT, ¢f af. Growth Factors
{Chur, Switzedand)y 2004; 22: 105-110). ActRYA levels were not decreased in aortic
homogenates isolated from CED-3 mice as evidenced in Fig. 24, and were not associated with
decreased tissue levels of Alkd and Al (Fig. 27A). ALkS and Alk2, other type 1 receptors
associated with ACtRITIA signaling, were not detectable. ActRITA activity was assessed by
measuring the effect of receptor heteromultimerization {e.g., phosphorylation of regulatory
Smads). CKI-3 decreased aortic phosphosmad 2/3 levels {activated smad 2/3), and mActRHA-
Fe increased them compared to CKD-3V (Fig. 27A, B). Noncanonical ActRIIA signaling {(Fig.
34) was also analtyzed: (13 map kinase (phospho-Erk1/2) was decreased by CKD and not fusther
affected by mActRHA-F¢ (Fig. 27A), and (2} vascular smooth muscle levels of p38 and INK.
were very low. Also, mAcCtRITA-Fe p-AKT levels remained unaffected indicating that aortic
AKT/ P13 kinase was not affected by ActRIIA signaling. Aortic ActRIIA signaling
{phosphosmad 3} was decreased by CKD and stimmlated by the ActRIA ligand trap associated
with suppression of osteoblastic transition in the atherosclerotic aortas by the ActRHA ligand
trap {Fig. 25A, B, C}.

LLRERT Anocther non-canonical ActRHA signaling pathway was cxamined, the Wnt
pathway (Fig. 34). Wnt signaling appeared differentially regulated between aortic endothelium
and VSMC. Aortic P-catenin, a major canonical Wnt induced transcription factor, was localized

by immunofluorescence to endothelial cells, and was not detectable in VSMC (Fig. 28A, B).
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Dkk1 levels were analyzed in the VSMC as a biomarker of Wat activity., CKD incrcased VSMC
Dkkl levels and mActRIIA-Fe¢ treatment decreased Dkkl levels in the CKD-3 mice (Fig. 28D},
The decrease in aortic Dkl levels by mActRIIA-Fo indicates that vascular smooth muscle Wat
signaling was inhibited by the ActRIA ligand trap. In addition, the effects of the ActRUA
Hgand trap to decrcase renal Wnt activity as shown below lead to a major decrease in circulating
Dkkl levels (Fig. 28E). The decrease in systemic Dkk1 was most likely to affect the
endothclium, This resulted in increased Wt signaling in the endothelium where beta-catenin is
cxpressed as shown by the increase in aortic Axin? levels (Fig. 28C). Axin? is an imimediate
carly gene stimulated by beta-catenin and often used for the asscssment of Wit signaling., (Mao

J, Wang I, Liu B, ef al. Mol. Cell 2001; 7: 801-809).

9.10.2.5 Effects of the ActRIIA Hgand trap on aklotho and renal AtRUA signaling
[00554] Renal gklotho levels and the effects of CKD-3 and mActRIIA-Fo treatment were

cxamined. As shown in Fig. 29A, a significant increase in renal aklotho levels induced by
mACtRITA-Fc treatment. Renal ActRIA levels and ActRIIA signaling were cxamined. Renal
ActRITA levels were not affected by CED-3 (Fig. 29B). A primary ActRUA ligand, activin A,
was strongly induced in the CKD-3 mice and suppressed by mAciRIFA-Fe treatment (Fig, 31A-
D). The lack of available phospho-Alk antibodies impaired detection of type T receptor
activation, requiring instead a phosphoserine antibody to immunoprecipitate. Fomunoblots of
the precipitate were performed with anti-Alk antibodics. Alkd phosphorylation was not
significantly altered in the diseased kidneys of the CKD-3 model or by mActRIA-Fe treatment
(Fig. 29B}. Renal phosphosmad 2/3, however, was increased by CKI» -3 and decreased by
mActRITA-Fe indicating that the component of renal Smad 2/3 activation in CKD mediated
through ActRHA involved an Alk different from Alk4 (Fig. 29C).

{B0355] The effects of the ActRIA ligand trap were examined on renal fibrosis. Fig.
30A-D shows decreased renal fibrosis in Trichrome stained kidney cortex sections from CKID-3
mACIRITA-Fc treated mice {(Fig. 30C and Fig. 30D} when compared to CKID-3V treated mice
(Fig. 30A and Fig. 30B). Fig. 35A-D shows low magnification coronal kidney sections with
arrows identifying from where the high power sections in Fig. 30A-D were taken and arrow
heads delincating the scar reactions from the electrocautery kidney injury. mActRIIA-F¢
decreased the scar reaction consistent with the role of activin in wound healing. Furthermore,
mACctRIIA-Fc decreased the proteinuria stimulated by CKD-3 (Fig. 30E) consistent with the

decrease in renal phosphosmad 2/3 and fibrosis induced by mActRUA-F¢ treatment.
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9.10.2.6 Potential ActRHA ligands in CRD

183556 There are multiple potential ActRIUA ligands including activins A and B, growth
and differentiation factor 11 {GD¥F11), bone morphogenetic proteins 9 and 10 (BMP9 and 10},
and other BMPs, such as BMP7, which have lower affinity for the receptor. But a primary
ActRIIA ligand is activin. Using two models of CKD, it was identificd that systemic circulating
activin A fevels were 10-fold clevated in the /dir-/- ablative CKD modcl and 5-fold clevated in
the ColdAS Alport’s syndrome mouse model {Fig. 31A, B}, Activin B, GDF11, and BMP9
igvels were not affected by CKD in these models. Physiologically, there s believed to be a small
amount of frec activin in the circulation. Without being bound by any particular theory, this may
be due to levels of inhibitors stoichiometrically cqualing activin lovels, Activins associate with
circulating inhibitory factors, follistatin and follistatin like 3 (fstL3), (Welt C, &7 al.
Experimental Biol. and Med. 2002; 227: 724-752) and inhibin whose circulating levels (Fig.
36A, B) and tissue levels were not affected or decreased by CKID-3. The stoichiometry of
follistatin, $tL.3, and inhibin (e.g., the sum of 620 pg/ml, plus 400 pg/m! of unimeasured inhibin
{Sharpe RM, ei al. J. Andrology 1999; 28: 94-101)) to Activin A levels (5000 pg/mi} in the
circudation suggests that CKD produces significant free activin levels — a pathologic event
making activin A an active circulating factor in CKD. This data indicates that kidney diseases
produce one or more circulating ActRIIA ligands that could downregulate vascular ActRUA.
[60557] Kidney tissues were analyzed from Idir-/~ atherosclerotic calcification model for
activin A {a homodimer of Inhibin betaA (Inhba)} to identify the source of tnereased circulating
activin, Inhba mRNA was increased by CKD n the kidney (Fig. 31C) and activin (inhibin B-A)
protein levels were increased (Fig. 31D}, Renal activin expression localized in the peritubular

myofibroblasts of CKID-3 mice (Fig. 32A, B).

9.10.3 CONCLUSIONS
{00558} This example deroounstrates that mACtRITA-F¢ increased aortic ActRITA signaling

assessed by the levels of phosphorvlated Smad2/3. Forthermore, mActRITA-R¢ treatment
reversed CKD-induced vascular smooth muscle dedifferentiation, osteoblastic transition and
neontimal plague calcification. Tn the diseased kidneys, mActRITA-Fe inhibited, rather than
stimulated, ActRHA signaling and decreased renal fibrosis and proteinuria. mActRITA-Fc
treatment decreased renal and circulating Dkkl levels demonstrating that Wit activation was

downstream of ActRHA. This example demonstrates that disordered ActRITA signaling in CKD
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contributes to the CKD-MBD and renal fitwosis, identifies ActRHUA signaling as a therapeutic

target in CKD, and demonstrates that an activin ligand trap {e.g., mActRUA-F¢) can be utilized

in the treatment of CKD.
DESCRIPTION OF THE SEQUENCES

16.

[00559]

Table 21: Sequence Information

SEQ
1))
NG:

BPescription

Seguence

i

human ActRILA precursor
polypeptide

MGOAAAKLAFAVFLISCSSGAILGRSETQECLFFNA
NWEKDRTNQTGVEPCYGDEKDKRRHCFATWENIS
GSIEIVKQGCWLDDINCYDRTDCVEKKDSPEVYF
CCCEGNMOCNEKFSYFPEMEVTQPTSNPVTPKPPY
YRILLYSLVPLMLIAGIVICAFWVYRHHKMAY PP
VLVPTQDPGPPPPSPLLGLKPLQLEEVKARGREGC
VWEKAQLLNEYVAVKIFPIQDKQSWONEYEVYSLP
GMEKHENILOQFIGAEKRGTSVDVDLWLITAFHEKG
SESDFLEKANVVSWNELCHIAETMARGLAYLHEDI
PGLKDGHEPAISHRDIKSKNVLEKNNLTACIADFG
LALKFEAGKSAGDTHGOVGTRRYMAPEVLEGAL
NFQRDAFLRIDMYAMGEVLWELASRCTAADGPV
DEYMUPFEEEIGOQHPSLEDMQEVVVHKKERPVLR
DYWQRKHAGMAMLCETIEECWDHDAEARLSAGC
VGERITOMOQRLTNITTEDIVIVVIMVTNVDIPPK
ESSL

human ActRIIA soluble
{extracellular}, processed
polypeptide sequence

IEGRSETQECLFFNANWEKDRTNQTGVEPCYGDK
DKRRHCFATWENISGSIEIVKQGCWLDDINCYDR
TDOVEKKDSPEVYFCCCEGNMOUNEKFSYFPEMEY
TQPTSNPVTPKPP

2

human ActRIIA soluble
{extracellular), processed
polypeptide sequence with
the C-termunal 15 amino
acids deleted

LGRSETQECLFFNANWEKDRTNQTGVEPCYGDK
DERRHCFATWENISGSIEIVEQGCWLDDINCYDR
TDCVEKKDSPEVYFCCCEGNMONEKFSYFPEM

nucleic acid sequence
encoding human ActRIIA
precursor protein

ATGGOAGCTOCTGCAAAGTTGOGCGTTTGCCGTC
TTTCTTATCTCCTGTTCTTCAGGTGCTATACTTG
GTAGATCAGAAACTCAGGAGTGTCTITTICITTA
ATGCTAATTGOUGAAAAAGACAGAACCAATCAA
ACTGOGTOTTGAACCOGTOTTATGGTGACAAAGAT
AAACGGCGGCATTOGTTTTGCTACCTGGAAGAAT
ATTTCTGOGTTCCATTGAAATAGTGAAACAAGGT
TOTTGGCTGGATGATATCAACTGCTATGACAGG
ACTGATTGTGTAGAAAAAAAAGACAGCCCTGA
AGTATATTTTTGTTGCTGTGAGGGCAATATGTG
TAATGAAAAGTTTICTTATTTTCCAGAGATGGA

By (2
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SEQ | Description Seguence
1))
NO:

AGTCACACAGUCCCACTTCAAATCCAGTTACACC
TAAGCCACCCTATTACAACATCCTGCTCTATTCC
TTGGTGUCACTTATGTTAATTGCGOGGATTGTC
ATTTGTGCATTTTOGGGTOTACAGGCATCACAAG
ATGGCCTACCCTCCTGTACTTGTICCAACTCAA
GACCCAGGACCACCCCCACCTTCTCCATTACTA
GOGTTGAAACCACTGCAGTTATTAGAAGTGAAA
GCAAGGGGAAGATTTGGTTIGTGTCTGGAAAGCC
CAGTTGCTTAACGAATATGTGGCTGTCAAAATA
TTTCCAATACAGGACAAACAGTCATGGCAAAAT
GAATACGAAGTCTACAGTTTGCCTGUGAATGAAG
CATGAGAACATATTACAGTTCATTGGTGCAGAA
AAACGAGGCACCAGTOTTGATGTGGATCTTTGG
CTGATCACAGCATTTCATGAAAAGGOGTTCACTA
TCAGACTTTCTTAAGGCTAATGTGOTCTCTTGE
AATGAACTOGTGTCATATTGCAGAAACCATGGCT
AGAGGATTGGCATATTTACATGAGGATATACCT
GOGCCTAAAAGATGGCCACAAACCTGCCATATCT
CACAGGGACATCAAAAGTAAAAATGTGCTGTET
GAAAAACAACCTGACAGCTTGCATTGCTGACTY
TGGUTTGGCCTTAAAATTITCGAGGCTGGCAAGTC
TGCAGGCGATACCCATGGACAGGTTGGTACCCG
GAGGTACATGGCTCCAGAGGTATTAGAGGGTG
CTATAAACTTCGAAAGGOATGCATTTTTGAGGA
AGATATGTATGCCATGOGATTAGTCCTATOGG
AACTGOCTTCTCGCTOTACTGCTGCAGATGGAC
CTOTAGATOAATACATGTTGCCATTITGAGGAGG
AAATTOGGCCAGCATCCATCTCTTOAAGACATGC
AGOAAGTTOTTGTGCATAAAAAAAAGAGGECT
GTTTTAAGAGATTATTOGUCAGAAACATGCTOGGA
ATGGCAATGUTCTGTGAAACCATTGAAGAATGT
TOGGATCACGACGUAGAAGUCAGGTTATCAGCT
GGATOTGTAGOTGAAAGAATTACCCAGATGCA
GAGACTAACAAATATTATTACCACAGAGGACAT
TOTAACAGTGGTCACAATGUTGACAAATOTTGA
CTTTCCTCCCAAAGAATCTAGTCTATGA

(3]

nucleic acid sequence
encoding a human ActRITA
soluble {extracellular)
polypeptide

ATACTTGGTAGATCAGAAACTCAGGAGTOGTCTT
TTCTTTAATGCTAATTGGGAAAAAGACAGAACC
AATCAAACTGOTOTTGAACCGTGTTATGGTGAC
AAAGATAAACGGCGGCATTGTTTTGCTACCTGG
AAGAATATTITCTGOGTTCCATTGAAATAGTGAAA
CAAGGTTGTTGGCTOGGATCGATATCAACTGCTAT

GACAGGACTGATTGTGTAGAAAAAAAAGACAG
CCCTGAAGTATATTTTTGTTGCTGTGAGGGCAA
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SEQ | Pescription Seguence

D

NG:

TATGTGTAATGAAAAGTTTICTTATTITCCAGAG
ATGGAAGTCACACAGCCCACTTCAAATCCAGTY
ACACCTAAGCCACCC

6 fusion protein comprising a | THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPE
soluble extracelular VICVVVDXIVSHEDPEVKFNWYVDGVEVHNAKT
domain of ActRIIA fused to | KPREEQYNSTYRVVSVLTIVLHODWLNGREYKCK
an Fe domain X2VANEKALPVPIEKTISKAKGQOPREPQVYTLPPSRE

EMTEKNQVSLTCLVKGFYPSDIAVEWESNGOPENN
YETTPPVLDSDGPFFLYSKLTVDBKSRWOQQGNVES
CSVMHEALHNX3HYTOQKSLSLSPGK® {wherein X1

sBDorA; X2isKorAand X3isNor A)

7 Extracciular domain of ILGRSETQECLFFNANWEKDRTNQTGVEPCYGDK
human ActRIIA fusedtoa | DKRRHCFATWENISGSIEIVKQGCWLDDINCYDR
human Fe domain TDCVEKKDSPEVYFCCCEGNMONEKFSYFPEMEY

TOPTSNPVTPKPPTGGGTHTCPPCPAPELLGGPSY
FLFPPKPKDTLEMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPVPIEKTISKAKGQ
PREPOVYTLPPSREEMTKNQVSLTCLVRKGFYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQOGNVFSCSVMHEALHNHY TOKSLSES
PGK

8 Leader sequence of Honey | MKFLVNVALVEMVVYISYIYA
bee mellitin (HBML)

9 Leader sequence of Tissue | MDAMKRGLCCVLLLCGAVFEVSP
Plasminogen Activator
(TPA)

18 Native ActRIA lcader MGAAAKLAFAVFLISCSSGA

i ActRIA-hFc and ILGRSETQE
mACctRITA-Fo N-terminal
sequence

i2 ActRIIA-F¢ Protein with ILORSETQECLFENANWEKDRTNQTGVEPCYGDK

deletion of the C-terminal
15 amino acids of the
extracellular domain of
ActRIA

DKRRHCFATWEKNISGSIEIVKQGCWLDDINCYDR
TDCVEKKDSPEVYFCCCEGNMOUNERFSYFPEMTG
GGTHTCPPCPAPELLGGPSVFLFPPRPKDTLMISRT
PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLTVLHQDWINGKEYKCK
VSNKALPYPIEKTISKAKGQPREPOVYTLPPSREE
MTENQVSLTCLVKGEFYPSDIAVEWESNGOPENNY
KTTPPVLDSDOGSFFLYSKLTVDKSRWQQGNVESC
SVMHEALHNHYTOQKSLSLSPGK
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SEQ | Description Seguence

1))

NO:

3 Unprocessed ActREA-hFe | MDAMKRGLCCVLLLCGAVEVSPGAAILGRSETQE

with TPA leader sequence

CLFFNANWEKDRTNQTGVEPCYGDKDKRRHCFA
TWENISGSIEIVKQGCWLDDINCYDRTDCVEKKD
SPEVYFCCCEGNMCNEKFSYFPEMEVTQPTSNPY
TPKPPTGGGTHTCPPCPAPELLGGPSVELEPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKALPVPIEKTISKAKGQPREPQVYTL
PPSREEMTKNQVSLTCLVEKGFYPSDIAVEWESNG
GPENNYKTTPPVLDSDGSFFLYSKLTVDEKSRWQ(Q
GNVEFSCSYVM HEALHNHY TOKSLSLSPGK

i4

Nucleic acid sequence
encoding Unprocessed
ActRIIA-hFc with TPA
feader sequence

ATGOATGCAATGAAGAGAGGOGCTCTOCTOTGTG
CTGUTGCTOGTGTOGAGCAGTCTTICGTTTCGCCC
GOCGUCOGCTATACTTOGGTAGATCAGAAACTCAG
GAGTGTCTTTITTTTAATGCTAATTGGGAAAAAG
ACAGAACCAATCAAACTGGTGTTGAACCGTOTT
ATGGTGACAAAGATAAACGGUCGGCATTGTITTTG
CTACCTGOGAAGAATATTTICTGGTTCCATTGAAT
AGTOGAAACAAGOTTGTTGGCTGGATGATATCAA
CTGCTATGACAGGACTGATTOTGTAGAAAAAAA
AGACAGCCCTGAAGTATATTTICTGTTGCTGTGA
GOGCAATATGTGTAATGAAAAGTTTTCTTATTY
TCCGGAGATGGAAGTCACACAGCCCACTTICAAA
TCCAGTTACACCTAAGCCACCCACCGOTGGTGE
AACTCACACATGCCCACCGTGUCCAGCACCTGA
ACTCCTGOGGGGACCGTCAGTCTTCCTICTTCCC
CCCAAAACCCAAGGACACCCTCATGATCICCCG
GACCCCTGAGGTCACATGCGTGOTGGTGGACGT
GAGCCACGAAGACCCTGAGGTCAAGTTCAACT
GOTACGTGCACGGUGTGGAGGTGCATAATGCC
AAGACAAAGCCGCGGUAGGAGCAGTACAACAG
CACGTACCGTGTOGTCAGCGTCCTCACCGTCCT
GCACCAGGACTGGCTGAATGGCAAGGAGTACA
AGTGCAAGGTCTCCAACAAAGCCCTCCCAGTCC
CCATCGAGAAAACCATCTCCAAAGCCAAAGGE
CAGCCCCGAGAACCACAGOTUGTACACCCTGCCC
CCATCCCGGGAGCGAGATGACCAAGAACCAGGT
CAGCCTGACCTGCCTGOTCAAAGGCTTCTATCC
CAGCGACATCGCCOGTGGAGTGGGAGAGCAATG
GGCAGCCGGAGAACAACTACAAGACCACGCCT
CCCOTGCTGGACTCCCGACGGCTCCTTCTTCCTCT
ATAGCAAGCTCACCGTGOACAAGAGCAGGTGG
CAGCAGGGGAACGTCTTCTCATGCTCCGTGATG
CATGAGGCTCTGCACAACCACTACACGCAGAA
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SEQ | Description Seguence
1))
NO:
GAGCCTCTCCCTGTCTCCGGTAAATGAGAATTC
is human ActRIIB solable ETRECIVYNANWELERTNQSGLERCEGEQDERLH

{extracellular), processed
polypeptide sequence with
the N-ferminal 6 amino
acids of the EC domain
deleted and the C-terminal
4 amino acids of the BEC
domain deleted {(amino
acids 25-130 of SEQ ID
NO:28) and with an L79D
mutation

CYASWRNSSCGTIELVEKKGCWDDDENCYDRQECY
ATEENPQVYFCCCEGNFCNERFTHLPEAGGP
EVTIYEPPP

i6

human ActRUB precursor
protein sequence (A64)

MTAPWYVALALLWGSLWPGSGRGEAETRECIYYN
ANWELERTNOQSGLERCEGEQDKRLHCYASWANS
SGTIELVKKGCWLDDENCYDRQECVATEENPQV
YFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTAPT
LLTVLAYSLLPIGGLSLIVLEAFWMYRHRKPPYGH
VDIHEDPGPPPPSPLVGLEKPLOQLLEIKARGRFGCY
WEKAQLMNDFVAVKIFPLOQDKQSWOSEREIFSTPG
MEKHENLLQFIAAEKRGSNLEVELWLITAFHDEKGS
LTDYLKGNUTWNELCHVAETMSRGLSYLHEDVY
WCRGEGHKPSIAHRDFESKNVELKSDLTAVLADF
GLAVRFEPGKPPGDTHGQVGTRRYMAPEVLEGAIL
NFOQRDAFLRIDMYAMGLVLWELVSRCKAADGPY
DEYMLPFEEEIGOHPSLEELQEVVVHKKMRPTIKD
HWLKHPGLAQLCVTIEECWDHDAEARLSAGCVE
ERVSLIRRSVNGTTSDCLVSLVTSVINVDLPPEES
Sk

i7

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

SGRGEAETRECIYYNANWELERTNQSGLERCEGE
QDKRLHCYASWANSSGTIELVEKKGUCWLDDENCY
DROECVATEENPQVYFCCCEGNFUNERFTHLPEA
GGPEVTYEPPPTAPT

i8

hoaman AciRIIB soluble
{extracetinlar), processed
polypeptide sequence with
the C-terminal 15 amino
acuds deleted (amino acids
19-119 of SEQ ID NG:16)

SGRGEAETRECIVYNANWELERTNQSGLERCEGE
ODKRLHCYASWANSSGTIELVKEGCWLDDINCY
DROQECVATEENPOQVYFCCCEGNFCONERFTHLPEA

19

nucleic acid sequence
encoding a human ActRIB
{A64) precursor protein

ATGACGOHCGUCCTGOGTGOGCCCTCGCCCTCCTC
TGGGGATCGCTGTGGUCCCGGITCTGOGGCGTGGE
GAGGCTGAGACACGGOGAGTGCATCTACTACAA
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SEQ
1))
NG:

BPescription

Seguence

CGCCAACTGGGAGCTGGAGUGCACCAACCAGA
GCGGUCTGGAGCGUTGUGAAGGUGAGCAGGAC
AAGCGGUTGCACTGCTACGUCTCCTGOGUCAAC
AGCTCTGGCACCATCGAGCTCGTGAAGAAGGG
CTGCTGGCTAGATGACTTCAACTGCTACGATAG
GCAGGAGTGTOTOGGCCACTCGAGGAGAACCCCC
AGGTGTACTTCTGCTGCTGTGAAGGCAACTTCT
GCAACGAGCGCTTCACTCATTTGCCAGAGGCTG
GOGGCCCGGAAGTCACGTACGAGCCACCCCCG
ACAGCCCCCACCCTGUTCACGGTGUTGGCCTALC
TCACTGCTGCCCATCGOGGLGCCTTTICCCTCATC
GTCCTGCTGOCCTTTTGGATGTACCGGCATCGC
AAGCCCCCCTACGGTCATGTGGACATCCATGAG
GACCCTGGGCCTCCACCACCATCCCCTCTGOTG
GGCCTGAAGCCACTGCAGCTGCTGGAGATCAA
GGCTCGGOOGGCGCTTTGGCTGTOGTCTGGAAGGC
CCAGCTCATGAATGACTTTGTAGCTGTCAAGAT
CTTCCCACTCCAGGACAAGCAGTCGTGGCAGAG
TCGAACGGGAGATCTTICAGCACACCTGGCATGAA
GCACGAGAACCTGCTACAGTTCATTGCTGCCGA
GAAGCGAGGCTCCAACCTCGAAGTAGAGCTGT
GGCTCATCACGGCCTTCCATGACAAGGGCTCCC
TCACGGATTACCTCAAGGGGAACATCATCACATY
GGAACGAACTGTGTCATOGTAGUCAGAGACUGATG
TCACGAGGUCTCTCATACCTGCATGAGGATOTG
CCCTGGTGUCOTOGGUGAGGGUCACAAGCCOGTOT
ATTOGCCCACAGGOACTTTAAAAGTAAGAATGTA
TTGCTGAAGAGCGACCTCACAGUCGTGCTGGOT
GACTTTGGCTTGGCTOTTCGATTITGAGUCAGGG
AAACCTCCAGGGGACACCCACGGACAGGTAGG
CACGAGACGGTACATGGCTCCTGAGGTGCTCGA
GGOAGCCATCAACTTCCAGAGAGATGCCTTCCT
GCGCATTGACATGTATOCCATGOGUTTGGTOCT
GTGGCGAGCTTGTOTCTCGUTGCAAGGUTGCAGA
CGGACCCGTGGATGAGTACATGCTGCCCTTTGA
GGAAGAGATTGOGCCAGCACCCTTCGTTGGAGE
AGUTGCAGGAGGTGGTGGTGCACAAGAAGATG
AGGCCCACCATTAAAGATCACTGOGTTGAAACAL
CCGGOGCCTGGLCCAGUTTTGTGTGACCATCGAG
GAGTGCTGGGACCATGATGCAGAGGCTCGUTTG
TCCGCGOLGCTGTGTGOAGGAGCGGGTGTCCCTG
ATTCGGAGGTCGOGTCAACGGCACTACCTCGGAC
TOTCTCOTTTCCCTGGTGACCTICTOTCACCAATG
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SEQ
1))
NG:

BPescription

Seguence

28

fusion protein comprising a
soluble extracellular
domain of ActRIIB (A64;
SEQ 1D NO:17} fused to an
F¢ domain

SGRGEAETRECIYYNANWELERTNQSGLERCEGE
QDKRLHCYASWANSSGTIELVKKGCWLDDFNCY
DROQECVATEENPQVYFCCCEGNFCNERFTHLPEA
GGPEVTYEPPPTAPTGGGTHTCPPCPAPELLGGPS
VFLEPPKPKDTLMISRTPEVTCYVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEGYNSTYRVVSVLT
VLHQDWLNGKEYKCKVSNKALPVPIEKTISKAKG
(JPREPQVYTLPPSREEMTEKNGVSLTCLVKGFYPS
DIAVEWESNGQFENNYKTTPPVLDSDGSFFLYSKL
TYDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK

21

fusion protein comprising a
sohuible extracethular
domain of ActRIIB (A64)
with the C-terminal 15
aming acids deleted (SEQ
ID NG:18) fused to an Fe
domain

SORGEAETRECIYYNANWELERTNQSGLERCEGE
QBKRLHCYASWANSSGTIELVEKKGCWLDDFENCY
DROQECVATEENPOVYFCCCEGNFCNERFTHLPEA
GOGTHTCPPCPAPELLGGPSVELFPPRPKDTLMIS
RTPEVTCVVVDVSHEDPEVEKINWYVDOGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHOQDWENGEEYK
CKVSNEALPVPIEKTISKAKGQPREPOVYTLPPSR
EEMTRENQVSLTCLVEKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVE
SCSVMHEALHNHYTQKSLSLSPGK

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

ETRECIYYNANWELERTNQSGLERCEGEQDERLH
CYASWRNSSCGTIELVEKKGCWDDDENCYDRQECY
ATEENPOQVYFCCCEGNFCNERFTHLPEAGGPEVT
YEPFP

human ActRIB soluble
{cxtraccHular), processed
polypeptide sequence with
the N-terminal 6 amino
acids of the EC domain
deleted and the C-terminal
3 amino acids of the EC
domain deleted (amino
acids 25-131 of SEQ 1D
NO:28) and with an L79D
mutation

ETRECIY YNANWELERTNQSGLERCEGEQDKRLH
CYASWRNSSGTIELVKKGCWDDDENCYDRQECY
ATEENPQVYFCCCEGNFCNERFTHLPEAGGPEVT
YEPPPT
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SEQ
1))
NG:

BPescription

Seguence

24

Unprocessed ActRIB-Fc
fusion protein with the N-
terminal & amino acids of
the BEC domain deleted and
the C-terminal 3 amino
acids of the EC domain
deleted (amino acids 25-131
of SEQ 1D NO:28) and with
an L79D mutation and with
TPA leader sequence

MDAMKRGLCCVLLLCGAVFVSPGAAETRECIYY
NANWELERTNQSGLERCEGEQDKRLHCYASWRN
SSGTIELVKKGCWDDDFNCYDRQECVATEENPQY
YECCCEGNFCNERFTHLPEAGGPEVTYEPPPTGGG
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKY
SNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCS
VMHEALHNHY TQKSLSLSPGK*

25

Processed ActRIIB-Fo
fusion protein with the N-
terminal 6 amino acids of
the EC domain deleted and
the C-terminal 3 amino
acids of the EC domain
deleted (amino acids 25-131
of SEC 1D NO:28) and with
an L79D mutation

ETRECIYYNANWELERTNQSGLERCEGEQDKRLH
CYASWRNSSGTIELVKEGCOWDDDFNCYDROQECV
ATEENPQVYFCCCEGNFONERFTHLPEAGGPEVT
YEPPPTGOGGTHTCPPCPAPELLGGPSVELEPPKPKD
TLMISRTPEVTCOVVVDVSHEDPEVKFNWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHOQDWENG
KEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSYMHEALHNHYTOKSLSLSPGRK®

human ActRIIB solable
{extracellular), processed
polypeptide sequence
{aming acids 20-134 of
SEQ ID NO: 16}

GRGEAETRECIYYNANWELERTNQSGLERCEGEQ
DERLHCYASWANSSGTIELVEKKGCWLDDINCYD
ROQECVATEENPOVYFCCCEGNFCNERFTHLPEAG

GPEVTYEPPPTAPT

human ActRIIB soluble
(cxtraccHular), processed
polypeptide sequence with
the C-terminal 15 amino
acids deleted {amino acids
20-119 of SEQ 1D NO:16)

GRGEAETRECIYYNANWELERTNQSGLERCEGE(Q
DEKRLHCYASWANSSGTIELVKKGCWLDDENCYD
ROQECVATEENPOVYFCCCEGNFCNERFTHLPE A

human ActRIIB precursor
protein sequence (R64)

MTAPWVALALLWGSLWPGSGRGEAETRECIYYN
ANWELERTNQSGLERCEGEQDKRLHCYASWRNS
SGTIELVKKGCWLDDFNCYDRQECVATEENPQV
YFCCCEGNFONERFTHLPEAGGPEVTYEPPPTAPT
LLTVLAYSLEPIGGLSLIVLLAFWMYRHRKPPYGH
VDIHEDPGPPPPSPLYGLKPLOQLLEIKARGRFGCY
WKAQLMNDFVAVKIFPLODKQSWOQSEREIFSTPG
MKHENLLOFIAAEKRGSNLEVELWLITAFHDKGS
LTDYLKGNHTWNELCHVAETMSRGLSYLHEDVE
WCRGEGHKPSIAHRDFKSKNYVLLEKSDLTAVLADF
GLAVRFEPGKPPGDTHGQVGTRRYMAPEVLEGAL
NFQRDAFLRIDMYAMGLVLWELVSRCKAADGPY
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SEQ | Pescription Seguence

D

NG:

DEYMLPFEEEIGQHPSLEELOQEVVVHKKMRPTIKD
HWELKHPGLAQLCVTIEECWDHDAFEARLSAGCVE
ERVSLIRRSVNGTTSDCLVSLVTSVINVDLPPKES
St

29 human ActRIIB soluble SGRGEAETRECIYYNANWELERTNQSGLERCEGE
{extracellulary, processed QDKRLHCYASWRNSSGTIELVKKGCWLDDENCY
polypeptide sequence DROECVATEENPQVYFCCCEGNFCNERFTHLPEA
{amino acids 19~134 of GGPEVTYEPPPTAPT
SE(Q 1D NO:28)

30 human ActRIB soluble SGRGEAETRECIYYNANWELERTNQSGLERCEGE
{cxtracellular), processed QDEKRLHCYASWRNSSGTIELVKKGCWLDDENCY
polypeptide sequence with | DRQECVATEENPQVYFCCCEGNFUNERFTHLPEA
the C-terminal 15 amino
acids deleted {amino acids
19-119 of SEQ 1D NO:28)

31 human AciRIIB soluble GROEFAETRECIYYNANWELERTNQSGLERCEGEQ
{extracelinlar), processed DKRLHCYASWRNSSGTIELVKKGCWLDDENCYD
polypeptide sequence ROECVATEENPOQVYFCCCEGNFCONERFTHLPEAG
{amino acids 20-134 of GPEVTYEPPPTAPT
SEQ ID NO:28)

32 human ActRIB soluble GRGEAETRECIYYNANWELERTNQSGLERCEGEQ
{extraccHular), processed DKRLUHCYASWRNSSGTIELVEKGCWLDDENCYD
polypeptide sequence with | RQECVATEENPQVYFCCCEGNFCNERFTHLPE A
the C-terminal 15 amino
acids deleted {amino acids
20-119 of SEQ ID NG:28)

33 human ActRIEB soluble ETRECIVYNANWELERTNQSGLERCEGEQDKRLH
{extracelular}, processed CYASWANSSGTIELVKEGCWDDDFNCYDRQECY
polypeptide sequence with | ATEENPQVYFCCCEGNFCNERFTHLPEAGGPEVT
the N-terminal 6 amino YEPPPT
acids of the EC domain
deleted and the C-terminal
3 amino acids of the EC
domain deleted {(amino
acids 25-131 of SEQ ID
NO:16) and with an L7995
mutation

34 Unprocessed ActRIB-Fo MBDAMERGLCCVLLLCGAVEVSPGAAETRECIYY

fusion protein with the N-
terminal 6 amino acids of

the EC domain deleted and

the C-terminal 3 amino

NANWELERTNQSGLERCEGEQDERLHCYASWAN
SSCGTIELVEKGCWDDDENCYDROQECVATEENPQV
YFCCCEGNFCNERFTHLPEAGGPEVTYEPPPTGGG
THTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPE
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SEQ
1))
NG:

BPescription

Seguence

acids of the EC domain
deleted (amino acids 25-131
of SEC 1D NO:16) and with
an L79D mutation and with
TPA leader sequence

VICVVVDVSHEDPEVEKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHOQDWELNGKEYKCKY
SNKALPAPIEKTISKAKGUPREPQVYTLPPSREEM
TKNQVSLTCLVEKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDRKSRWQQOGNVESCS
VMHEALHNHYTOKSLSLSPGK®

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

ETRECIYYNANWELERTNQSGLERCEGEQDKRLH
CYASWANSSOGTIELVEKGCWDDDINCYDRQECY
ATEENPOQVYFCCCEGNFONERFTHLPEAGGPEVT
YEPPPTGOGGTHTCPPCPAPELLGGPSVELEFPPKPKD
TLMISRTPEVTOVVVDVSHEDPEVEFNWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHQDWELNG
KEYRKCKVSNEALPAPIEKTISKAKGQPREPOQVYTL
PPSREEMTENQVSLTCLVKGEFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSYMHEALHNHYTOKSLSLSPGR®

[
[

human ActRIIB solable
{extracellular), processed
polypeptide sequence
{amino acids 20~134 of
SE(Q 1D NO:28y with L79D
mutation

GRGEAETRECIYYNANWELERTNQSGLERCEGEQ
DERLHCYASWRNSSGTIELVKEGCWDDDEFNCYD
ROQECVATEENPOVYFCCCEGNFCNERFTHLPEAG
GPEVTYEPPPTAPT

37

human ActRIIB soluble
{cxtraccHular), processed
polypeptide sequence
{amino acids 20-134 of
SEQ ID NO:16) with L79D
mutation

GRGEAETRECIYYNANWELERTNQSGLERCEGE(Q
DKRLHCYASWANSSGTIELVKKGCWDDDENCYD
RQECVATEENPQVYFCCCEGNFONERFTHLPEAG
GPEVTYEPPPTAPT

homan AciRIIB soluble
{extracetinlar), processed
polypeptide sequence
{amino acids 20-134 of
SEQ ID NO:28) with L79D
mutation fused to an Fe
domam with a GGG Hnker

GRGEAETRECIYYNANWELERTNOQSGLERCEGEQ
DKRLUHCYASWRNSSGTIELVEKGCWDDDINCYD
ROECVATEENPQVYFCCCEGNFONERFTHLPEAG
GPEVTYEPPPTAPTGGOTHTCPPUPAPELLGGPSY
FLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSEVLTV
LHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO)
PREPOQVYTLPPSREEMTENQVSLTCLVKGEFYPSDI
AVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDESRWOQQOGNVISCSVMHEALHNHYTQRSLSLS
PGK*

human ActRIIB soluble
{extracetinlar), processed
polypeptide sequence
{armino acids 20-134 of
SEQ ID NO:16) with L79D

GROGEAETRECIYYNANWELERTNOQSGLERCEGEQ
DKRLUHCYASWANSSGTIELVKKGCWDDDENCYD
ROECVATEENPOQVYFCCCEGNFCNERFTHLPEAG
GPEVTYEPPPTAPTGGGTHTCPPCPAPELLGGPSY
FLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKF
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SEQ
1))
NG:

BPescription

Seguence

mutation fused to an F¢
domain

NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS
PGK*

44

human ActRIIB soluble
{extracelular}, processed
polypeptide sequence
{aming acids 20-134 of
SEQ 1D NO:28} with L79D
mutation fused to an Fe
domain and with TPA
feader sequence

MBAMERGLCCVELLCGAVEVSPGASGRGEAETR
ECIYYNANWELERTNQSGLERCEGEQDKRLHCY
ASWRNSSGTIELVEKGCWDDDIFNCYDROQECVAT
EENPOVYFCCCEGNFCNERFTHLPEAGGPEVTYER
PPTAPTGGGTHTCPPCPAPELLGGPSVELEFPPKPKD
TLMISRTPEVTOVVVDVSHEDPEVEFNWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHQDWELNG
KEYRKCKVSNEALPAPIEKTISKAKGQPREPOQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSYMHEALHNHYTOKSLSLSPGRK®

human ActRIIB solable
{extracellular), processed
polypeptide sequence
{amino acids 20~134 of
SEQ 1D NO:16) with L79D
mutation fused to an Fe
domain and with TPA
feader sequence

MBDAMERGLCCVELLCGAVEVSPGASGRGEAETR
ECIYYNANWELERTNQSGLERCEGEQDKRLHCY
ASWANSSCGTIELVKEKGCWDDDEFNCYDROQECVAT
EENPQVYFCCCEGNFCNERFTHUPEAGGPEVTYER
PPTAPTGGGTHTCPPCPAPELLGGPSVELFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYRKCKVSNEALPAPIEKTISKAKGQPREPOQVYTL
PPSREEMTENQVSLTCLVKGEFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQO
ONVFSCSVMHEALHNHYTOQKSLSLSPGR™

human ActRIB soluble
{cxtraccHular), processed
polypeptide sequence
having a variant C-terminal
sequence (disclosed in
WO2007/053775)

GRGEAETRECIYYNANWELERTNQSGLERCEGE(Q
DEKRLHCYASWRNSSGTIELVKKGCWLDDENCYD
ROQECVATEENPOQVYFCCCEGNFCONERFTHLPEAG
GPEGPWASTTIPSGGPEATAAAGDQGSGALWLCE
EGPAHE

human ActRIIB sohuble
{extraceHular}, processed
polypeptide sequence
having a variant C-terminal
sequence (disclosed in
WO2007/053775) having
an L79D mmtation

GRGEAETRECIYYNANWELERTNQSGLERCEGEQ
DKRLHCYASWRNSSGTIELVEKGCWDDDINCYD
ROECVATEENPQVYFCCCEGNFONERFTHLPEAG
GPEGPWASTTIPSGGPEATAAAGDQGSGALWLCL
EGPAHE

44

haman AciRIIB soluble
{extracetinlar), processed
polypeptide sequence

GRGEAETRECIYYNANWELERTNOQSGLERCEGEQ
DKRUHCYASWRNSSGTIELVEKGCWDDDINCYD
ROECVATEENPOVYFCCCEGNFCNERFTHLPEAG
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SEQ
1))
NG:

BPescription

Seguence

having a variant C-torminal
sequence {disclosed in
WO2007/053775) having
an L7900 mutation fused to
an F¢ domain with a TGGG
hinker

GPEGPWASTTIPSGGPEATAAAGDQGSGALWLCL
EGPAHETGGGTHTCPPCPAPELLGGPSVELEPPKP
KDOTEMISRTPEVICVVVDVSHEDPEVEKFNWY VD
GVEVHNAKTKPREEQYNSTYRVYVSVLTVLHQDW
ENGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLVEGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
COGNVESCSYMHEALHNHYTOKSLISLSPGK®

45

Nucleic Acid Sequence
Encoding SEQ 1D NO:24

ATGOATGCAATGAAGAGAGGOGCTCTOCTOTGTG
CTGUTGCTOGTGTOGAGCAGTCTTICGTTTCGCCC
GOCGUCGCCGAAACCCGCGAATGTATTITATTALC
AATGCTAATTGOGAACTCGAACGGACGAACCA
ATCCOGGGCTCGAACGGTGTGAGOGGGOAACAGO
ATAAACGCCTCCATTGCTATGCGTUGTOGAGGA
ACTCCTCCGGGACGATTGAACTGUOTCAAGAAAG
GOTGCTGGGACGACGATTTCAATTOGTTATGACC
GUCAGGAATOTOTCGCGACCGAAGAGAATCCG
CAGGTCTATTTICTGTTGTTGCGAGOGGGAATTTCT
GTAATGAACGOTTTACCCACCTCCCCGAAGLCG
GCGGGCCCCGAGGTGACCTATGAACCCCCGCCC
ACCGGTGOGTGGAACTCACACATGUCCACCGTGE
CCAGCACCTGAACTCOTGOGGGGACCGTCAGTC
TTCCTCTTCCCCCCAAAACCCAAGGACACCCTC
ATGATCTCCCGGACCCCTGAGGTCACATGCGTG
GTGGTGGACGTGAGCCACGAAGACCCTGAGGT
CAAGTTCAACTGGTACGTGGACGGCOTGGAGGT
GCATAATGCCAAGACAAAGCCGUGGGAGGAGC
AGTACAACAGCACGTACCGTGTGLGTCAGCGTCC
TCACCOGTCCTGCACCAGGACTGGUTGAATGGCA
AGGAGTACAAGTGCAAGGTCTCCAACAAAGCC
CTCCCAGCCCCCATCGAGAAAACCATCTCCAAA
GCCAAAGGGCAGCCCCGAGAACCACAGGTOTA
CACCCTGCCCCCATCCCGGGAGGAGATGACCA
AGAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGOG
AGAGCAATGGGCAGCCGGAGAACAACTACAAG
ACCACGCCTCCCGTGCTGGACTCCGACGGCTCC
TTCTTCCTCTATAGCAAGCTCACCGTGGACAAG
AGCAGGTGOCAGCAGGGGAACGTCTTCTCATGE
TCCOGTOGATGCATCGAGGCTCTGCACAACCACTAC
ACGCAGAAGAGCCTCTCCCTOTCCCCGGUGTAAA
TGA

46

fusion protein comprising a
soluble extracellular

SOGRGEAETRECIYYNANWELERTNQSGLERCEGE
QDRKRLHCYASWRNSSGTIELVEKKGCWLDDENCY

Fi

~215-

3




WO 2016/069234

PCT/US2015/054674

SEQ
1))
NG:

BPescription

Seguence

domain of ActRIIB (Re4;
SEQ 1D NO:29} fused to an
Fc domain

DRQECYATEENPQVYFCCCEGNFCNERFTHLPEA
GGPEVTYEPPPTAPTGGGTHTCPPCPAPELLGGPS
VELFPPKPKDTLMISRTPEVTCYVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALPVPIEKTISKAKG
QPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL
TVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSL,
SPGK

fusion protein comprising a
sohuble extracelhular
domain of ActRIIB (R64)
with the C-terminal 15
aming acids deleted (SEQ
ID NG:30) fused to an Fe
domain

SORGEAETRECIYYNANWELERTNQSGLERCEGE
QDPKRLHCYASWRNSSGTIELVEKGCWLDDENCY
DROQECVATEENPOVYFCCCEGNFCNERFTHLPEA
GOGTHTCPPCPAPELLGGPSVELFPPRPKDTLMIS
RTPEVTCVVVDVSHEDPEVEKINWYVDOGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHOQDWENGEEYK
CKVSNEALPVPIEKTISKAKGQPREPOVYTLPPSR
EEMTENQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVE
SCSVMHEALHNHYTQKSLSLSPGK

48 Runx2 gRT-PCR primer | | CCGCACGACAACCGCACCAT
49 Runx?2 gRT-PCR primer 2 | CGCTCCGGCCCACAAATCTC
50 Alp gRT-PCR primer | ACOGTGGCTAAGAATGTCATC
51 Alp gRT-PCR primer 2 CTGGTAGGCGATGTCCTTA
52 osterix qRT-PCR primer | | TAGTGGTTTGGGGTTTGTTTACCGC
53 osterix gRT-PUR primer 2 | AACCAAATAACTCTTATTCCCTAAGT
54 Klotho gRT-PCR primer | | GCTCTCAAAGCCCACATACTG
55 Klotho gRT-PCR primer 1 | GCAGCATAACGATAGAGGCC
56 Sm22-alpha gRT-PCR GTTCCAGACTGTTQGACCTCTTT
primer |
57 Sm22-alpha gRT-PCR CTGCGCTTTCTTCATAAACC
primer 2
58 Human Ruox2 mRNA GTOTGAATGCTTCATTCGCCTCACAAACAACCA

CAGAACCACAAGTGCGOTGCAAACTTTCTCCAG
GAGGACAGCAAGAAGTCTUTGOTTITTAAATGO
TTAATCTCCOGCAGGTCACTACCAGUCCACCGAGA
CCAACAGAGTCATTTAAGGCTGCAAGUAGTATT
ACAACAGAGGOTACAAGTTCTATCTGAAAAA
AAAAGGAGGGACTATGGCATCAAACAGCCTCT
TCAGCACAGTGACACCATOTCAGUCAAAACTTCT
TTTGGOATCCGAGCACCAGCCGGUGCTTCAGCC
CCCCCTCCAGCAGUCTGCAGUCCCOGGUAAAATGA
GCGACGTGAGCCCOGTGGTOGCTGCGCAACAG
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SEQ
1))
NG:

BPescription

Seguence

CAGCAGCAACAGCAGCAGCAGCAACAGCAGLA
GCAGCAGCAGCAACAGCAGUCAGCAGCAGCAGG
AGGCGGCGGCGHLCGLITGCGGLGGLGGLGELEG
GCTGCGGLGGUGGCAGCTGCAGTGCCCCOGGTTO
CGUCCGUCCCACGACAACCGCACCATGGTGGA
GATCATCGCCGACCACCCGGCCGAACTCUGTCCG
CACCGACAGCCCCAACTTCCTGTGCTCGGTGCT
GCCCTCGCACTGOCGUTGCAACAAGACCCTGCC
COTGGCCTTCAAGGTGUOTAGCCCTCGGAGAGOT
ACCAGATGGGACTGTGOTTACTGTCATGGLCGGG
TAACGATGAAAATTATTCTGCTGAGCTCCGGAA
TGCCTCTGCTGTTATGAAAAACCAAGTAGCAAG
GTTCAACGATCTGAGATTTGTGGGCCGGAGTGE
ACGAGGCAAGAGTTTCACCTTGACCATAACCGT
CTTCACAAATCCTCCCCAAGTAGCTACCTATCA
CAGAGCAATTAAAGTTACAGTAGATGGACCTCG
GOGAACCCAGAAGGCACAGACAGAAGCTTGATG
ACTCTAAACCTAGTTTOGTTCTCTGACCGCCTCAG
TCGATTTAGGGCGCATTCCTCATCCCAGTATGAG
AGTAGGTGTCCCGCCTCAGAACCCACGGECCTC
CCTGAACTCTGCACCAAGTCCTTTITAATCCACA
AGGACAGAGTCAGATTACAGACCCCAGGCAGG
CACAGTCTTCCCCGCCOTGGTCCTATGACCAGT
CTTACCCCTCCTACCTGAGCCAGATGACGTCCC
CGTCCATCCACTCTACCACCCCGUTGTUTTCCALC
ACGOGGCACTGGOGCTTCCTGCCATCACCGATGT
GCCTAGGCGCATTTCAGATGATOGACACTOGCCAC
CTCTGACTTCTGCCTCTGOCCTTCCACTCTCAGT
AAGAAGAGCCAGGCAGGTGUTTCAGAACTGOG
CCCTTTITTCAGACCCCAGGCAGTTCCCAAGCAT
TTCATCCCTCACTGAGAGCCGCTTCTCCAACCC
ACGAATGCACTATCCAGCCACCTITTACTTACAC
CCCGCCAGTCACUTCAGGUATOTCCCTCOGGTAT
GTCCGCCACCACTCACTACCACACCTACCTGCC
ACCACCCTACCCCGOGCTCTTCCCAAAGCCAGAG
TGGACCCTTCCAGACCAGCAGCACTCCATATCY
CTACTATGGCACTTCOTCAGGATCCTATCAGTTT
CCCATGOTOGCCGHGGGGAGACCGGTCTCCTTCC
AGAATGUTTCCGUCATGCACCACCACCTCGAAT
GGCAGCACGCTATTAAATCCAAATTTIGUCTAAC
CAGAATGATOGGTGTTGACGCTGATGUGAAGCCAL
AGUCAGTTCCCCAACTOGTTITGAATTCTAGTGGO
AGAATGOGATGAATCTOTTTGGCGACCATATTGA
AATTCCTCAGCAGTGLGCCCAGTOGGTATCTGGGG
GCCACATCCCACACGTATCAATATATACATATA
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SEQ
1))
NG:

BPescription

Seguence

TAGAGAGAGTGCATATATATOTATATCGATTAG
CTATCTACAAAGTGCCTATTTITTAGAAGATTTT
TCATTCACTCACTCAGTCATGATCTTGCAGCCAT
AAGAGGOTAGATATTGAGAAGCAGAAGGCTCA
AGAGAGACAATTGCAATCGAGCTTCAGATTOTT
TACTATTTAAGATGTACTTTTACAAAGGAACAA
AGAAGGCGAAAAGGTATTTTTGTTTTIGTTGTTT
GOTCTGTTATCATCAATAACCTGTTCATATGCC
AATTCAGAGAGGTGGACTCCAGUTTCAGGAGG
GAGAAGAGCAAAGCCGCTTICCTCTCTGTGOTTT
GAAACTTCACACCCTCACGGTGGCAGCTOGTGTA
TGOACCAGTGCCCTCCGCAGACAGCTCACAAAA
CCAGTTGAGUGTGCACTAAAGGGACATGAGGTA
GAATGGATGCTTCCATCACAGTACCATCATTICA
GAATAACTCTTCCAATTTICTGCTTTCAGACATGC
TGCAGGTCCTCATCTGAACTGTTGGGTITCOTTTT
TITTTITTITTTITCCTGCTCCAAGAAAGTGACTT
CAAAAATAACTGATCAGGATAGATTATTTTATT
TTACTTTTTAACACTCCTTCTCCCCTTTTCCCACT
GAACCAAAAAGAAATCCCATCCCTAAAACCTG
CCTTICTCCTTTITATGCAAAACTGAAAATGGCAA
TACATTATTATAGCCATAATGGTATAGATAGTG
ATTGCOTTTOGGCTATGTGTTICGTTTITICTTTITTITTY
AAATTATGAATATGTOTAAAATCTOGAGGTAACT
TOGCTAACGTOAATOGGTCATATAACTTTAAAGAT
ATATTTATAATTATTTAATGACATTTGGACCCYT
GAAACATTTCTTAGTGTATTCGATATGTTGACTTC
GGTCTCTAAAAGTGCTCTITATTAAATAACAAA
TTTCTTCAGTGOGTCUTAGAGCCATATCTGAAATA
TTGCTAAGCAATTTCAGTTCATCCAGGCACAAT
GTGATITTAAAAAATACTTCCATCTCCAAATAT
TTTAGATATAGATTOTTTITTGTOGATGTATGAAG
GAAATGTTATGTTTAGTTCTTTCAGATCTTTGAA
TGCCTCTAACACAGUTTTGCCTTCTAAAGCGGT
AATTAGGGATTTAAAAAACAACCTTTAGCCCIT
TATCAGCATGAAATGCTGGAGTGATGTGGTTTTY
CTAATTTCTTTGGOGGTAATTATGACTCTTIGTCAY
ATTAAAAAGACAAGCACAAGTAAATCATTGAA
CTACAGAAAAATOTTCTGTGOTTTICATAGTTAA
GCAAAACTCTAAATCGUCAGGCTTCATAGCAAA
GACATAGTCAGCTAAAAGCCGCACATGTGGAT
AGAGGOTTCAATTATGAGACACCTAGTACAGG
AGAGCAAAATTGCACCAGAGATTCTTAACCAAC
CAGUCTTACCAAACAACACAACAGGGGAACCC
CAATCTGCCTTACCCAAGGCCCCACTOGGCAGCT
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SEQ | Description Seguence
1))
NO:

TTCCACAGAATTTGCATTTAGAGGAGCAGAATG
ACATCACTGTCCTTTGGGAGTAGGTCCTCTGAA
AAGGCAGCAGOGTTCCAGCAGGTAGCTGAGCTG
AGAGGACATATGGCCCACGOGGGACCTACAGAL
AGCCTTTGACATTTGTATTTCTTACAATGGAGG
GCCAAGGAGGGCAAGGOGCTGTGLAGTTTGGT
GTCTACTAGTGTGTATGAATTTGAGCTAGAGTC
CTTCTGTGGCATGCACTTTCGACCACTCCTGGCA
GTCACATGGCAGATTTCCAAGTGCAAATCCTTA
ATCCAAACAAGGATCATCTAATGACACCACCAG
GCCAATCCCTGCTCTCCTCCCCGAAAAGTCAGG
GTCCCTTCATTGGAATCCTCCACCCACCCAAGC
AGAATTTAGCAGAGATTTGCCTTCAAACCCTAA
CGGCCCCCTTIGTTCTCTGUTCCTTCTCAAACCCA
CCTTTGTAGGCCACCCAGCATTGCAGGACAGCG
TCTGGGGCAGCTGCGACCTOTGCTTCCTGCCTGG
GAGTCTCCCTTGGAATTCATCCTGACTCCTTCTA
ATAAAAATGGATOGOGAAAGCAAAACACTTTGC
CTTCTAAAGGCCOGTATACCAAGTATGCTTAGAT
AAATAAGCCACTTITCTATTACTTAAGTAAGAA
GOGAAGTAGTAATTCGATACTATTTATTGITTGTOT
GTGGTAGCTTGAAGCACACCACTGTCCATTTATY
TTGTAAGTGTAAAATATOTOGTGTTIGTITCAGC
AGCACTTAAAAAAGCCAGTOGTCTOGGTTACACAT
TTCAATTTITAATTAATTGACATAAAAATGCTAC
CGCCAGTGCCAGCTGCATCCTATITAATTAAAA
AGOTACTATATTTOGTACATTATTTTITTAATGITA
AAAGGGCTTTTTTAAGTTTACAGTACACATACC
GAGTOGACTTTAGGGATGUTITTOTOTTGAAATG
TTACTATAGTGGCUTOGCAGGCAGCAACCCAGAAA
CACTTTAGAAGCUTTTTTTTCCTTGGGAAAAATTC
AAGCACTTCTTCCCTCCACCCTCACTCCAACCA
CCCCAATGGGOGGTAATTCACATTTCTTAGAACA
AATTCTGCCCTTTITTOGTCTAGGGATTAAAATT
TTGTTTTTCTTITCTTICTTITITITTITITTTITCACT
GAACCCTTAATTTGCACTGOGGTCATGTGTTTGA
TTTGTGATTTCAAGACCAAAGCAAAGTCTTACT
ACTACTGTGGAACCATGTACTAGTTCOTGGGAA
TTAAAATAGCGTOGGTTCTCTTTOTAGCACAAAC
ATTGCTGGAATTTGCAGTCTTTITCAATGCAGCC
ACATTTTITATCCATTTCAGTTGTCTCACAAATTT
TAACCCATATCAGAGTTCCAGAACAGGTACCAC
AGUTTTGGTTTTAGATTAGTGGAATAACATICA
GCCCAGAACTGAGAAACTCAACAGATTAACTAT
CGTTTGCTCTTTAGACGGTCTCACTGCCTCTCAC
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SEQ
1))
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BPescription

Seguence

TTGCCAGAGCCCTTTCAAAATGAGCAGAGAAGT
CCACACCATTAGGGACCATCTGTGATAAATICA
GAAGGGAGGAGATOTGTGTACAGCTTTAAGGA
TTCCCTCAATTCCGAGGAAAGGGACTGGUCCAG
AATCCAGGTTAATACATGGAAACACGAAGCATY
AGCAAAAGTAATAATTATACCTATGGTATTTGA
AAGAACAATAATAAAAGACACTTCTTICCAAACC
TTGAATTTGTTGTTTTTAGAAAACGAATGCATTT
AAAAATATTTTCTATGTGAGAATTTTTTAGATGY
GTGTTTACTTCATGTTTACAAATAACTGTTTGCY
TTTTAATGCAGTACTTTGAAATATATCAGCCAA
AACCATAACTTACAATAATTTCTTAGGTATTCT
GAATAAAATTCCATTTCTTTITGGATATGCTTTAC
CATTCTTAGGTTTCTGTGGAACAAAAATATITG
TAGCATTTTGTGTAAATACAAGCTTTCATTTTTA
TTTTTTCCAATTGCTATTGCCCAAGAATTGOTTY
CCATGCACATATTGTAAAAATTCCGCTITGTGC
CACAGGTCATGATTGTGGATGAGTTTACTCTTA
ACTTCAAAGGGACTATTTOGTATTGTATGTTGCA
ACTGTAAATTGAATTATTTGGCATTTTTICTCATG
ATTCTAATATTAATTITGAAGTTTGAATTITAATTY
TCAATAAAATGGCTTTTITGOTTITGTITA

Human Alp mRNA

CCOGGGLCTCACTCOGGGCCCCGLOGGCCGLCTTTA
TAAGGCOGCOGGGOGTGOTOGCCCGGGLCGCGT
TGCGCTCCCGCCACTCCOCGCCCOGCTATCCTGG
CTCCOGTGCTCCCACGCOGCTTOTGCCTGGACGGA
CCCTCGLCCAGTGCTCTGUCGCAGGATTGGAACAT
CAGTTAACATCTGACCACTGCCAGUCCACCCCC
TCCCACCCACGTCGATTGCATCICTGGGUTCCA
GGGATAAAGCAGGTCTTOGGOGUTGCACCATGATT
TCACCATTCTTAGTACTGGCCATTGGCACCTGC
CTTACTAACTCCTTAGTGCCAGAGAAAGAGAAA
GACCCCAAGTACTGGCGAGACCAAGCGCAAGA
GACACTGAAATATGCCCTGOAGCTTCAGAAGCT
CAACACCAACGTGGCTAAGAATGTCATCATGTT
CCTGGGAGATGGGATGGOGTOTCTCCACAGTGAC
GOGCTGCCCGCATCCTCAAGGGTCAGCTCCACCA
CAACCCTGOUGOAGGAGACCAGGUTGGAGATGE
ACAAGTTCCCCTTCGTGGCCCTCTCCAAGACGT
ACAACACCAATGCCCAGGTCCCTGACAGCGCC
GGCACCGCCACCGUCTACCTGTGTGGOGOGTGAAG
GCCAATGAGGGCACCGTGOGOGGGTAAGCGCAGC
CACTGAGCGTTCCCOGOGTOGCAACACCACCCAGGG
GAACGAGGTCACCTCCATCCTOCGUTGOGGCCAA
GUACGUTGOGAAATCTGTGOGCATTGTGACCAC
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SEQ | Description Seguence
1))
NO:
CACGAGAGTGAACCATGCCACCCCCAGCGCCG
CCTACGCCCACTCGOGCTGACCGGGACTGGTACT
CAGACAACGAGATGCCCCCTGAGGUCTIGAGCC

AGGGCTOTAAGGACATCGCCTACCAGUTCATGE
ATAACATCAGGOACATTGACGTGATCATGGOGG
GOTGGCCGGAAATACATGTACCCCAAGAATAA
AACTGATOGTGGAGTATGAGAGTGACGAGAAAG
CCAGGGGCACGAGGCTGOACGGCCTGOACCTC
GTTGACACCTGGAAGAGCTTCAAACCGAGATAC
AAGCACTCCCACTTCATCTGGAACCGUCACGGAA
CTCCTGACCCTTGACCCCCACAATGTGGACTAC
CTATTGGGTCTCTTCGAGCCAGGGGACATGCAG
TACGAGCTGAACAGGAACAACGTCGACGGACCC
GTCACTCTCCGAGATGOGTGUGTGOGTGGUCATCCA
GATCCTGUGGAAGAACCCCAAAGGCTTCTICTY
GCTGOTGGAAGGAGGCAGAATTGACCACGGGC
ACCATGAAGGAAAAGCCAAGCAGGCCCTGCAT
GAGGCOOTGUGAGATOGOACCGGGCCATCGGGCA
GGCAGGCAGCTTCGACCTCCTCGGAAGACACTCT
GACCOGTGOTCACTGCGGACCATTCCCACGTCTT
CACATTITGUGTGGATACACCCCCCGTGGCAACTC
TATCTTTGGTCTGGCCCCCATGCTGAGTGACAC
AGACAAGAAGCCCTTCACTGCCATCCTGTATGG
CAATGOGUCTGOCTACAAGGTOGTGGGCGOTG
AACGAGAGAATGTCTCCATGOTOGGACTATOGCTC
ACAACAACTACCAGGCGCAGTCTGCTGTGCCCC
TOCGCCACGAGACCCACGGCGGGGAGGACGTG
GCCGTCTTCTCCAAGGGUCCCATGGUGCACCTO
CTGCACGGCGTCCACGAGCAGAACTACGTCCCC
CACGTGATGGCOTATGCAGCCTGCATCGGGHCC
AACCTCOGGCCACTGTOCTCCTGCCAGCTUGGUA
GGCAGCCTTGCTGCAGGCCCCCTOGCTGUTCGEG
CTOGGCCCTCTACCCCCTGAGUOGTCCTGTTCTGA
GGOGCCCAGGGUCCGGGCACCCACAAGCCCETO
ACAGATGUCAACTTCCCACACGGCAGCCCCCEC
CTCAAGGGOGCAGGGAGGTGGGOGGCCTCCTCAG
CCTCTGCAACTGCAAGAAAGGGGACCCAAGAA
ACCAAAGTCTGCCGCCCACCTCOGCTCCCCTCTG
GAATCTTCCCCAAGGGUCCAAACCCACTTOTGGC
CTCCAGCCTTTGCTCCCTCCCCGUTGUCCTTTGG
CCAACAGOGTAGATTTCTCTTOGGGCAGGCAGAG
AGTACAGACTGCAGACATTICTCAAAGCCTCTTA
TITTTCTAGCGAACGTATTTCTCCAGACCCAGA
GGCCCTGAAGCCTCCGTGOAACATTCTGOGATCT
GACCCTCCCAGTICTCATCTICCTGACCCTCCCACT
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SEQ
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BPescription

Seguence

CCCATCTCCTTACCTICTGGAACCCCCCAGLGCCC
TACAATGCTCATGTCCCTGTCCCCAGGUCCAGE
CCTCCTTCAGOGGGAGTTGAGGTCTTTCTCCTCA
GOACAAGGCCTTGCTCACTCACTCACTCCAAGA
CCACCAGGUTCCCAGGAAGCCGGTGCCTGOGT
GOGCCATCCTACCCAGCOGTOGCCCAGGLCGGUGA
AGAGCCACCTGOCAGGGCTCACACTCCTGGOET
CTGAACACACACGCCAGCTCCTCTICTGAAGCGA
CTCTCCTGTTTGGAACGGCAAAAAAAAATTTTT
ITTTCTCTTTITTGGTGOTGGTTAAAAGGGAACA
CAAAACATTTAAATAAAACTTTICCAAATATTTC
COAGGACAAAAAAAAAAA

60

Human Osterix mRNA

COGOCGHGUGHGCAGCAGCCTAGGCAGUAGUAGT
AGCAGAAGCAGCAGCCGCCGAGUAGCAGCAAG
GACTCTGGAGTCAGAGTAGGACTGTAGGACCG
GAGCCTGAGTGGAACAGGAGTGGAGCTGGLCT
GOGAGAGAGCGGATCCCTCCCAGUACCCTCAG
GUCACCCGTTGUCTGCACTCTCCCTGCCAGACC
TCCAGAGAGGAGAGACTCGGGACAGCCAGCCC

CTTGGOGACCCOTTCCCCAGCCTCAGGATGGCGT
CCTCCCTGUTTGAGGAGGAAGTTCACTATOGGCT
CCAGTCCCCTGGUCATGCTGACGGLCAGUGTGCA
GCAAATTTGOTGGCTCTAGCCCTCOTGCGGGACT
CAACAACTCTGGGUCAAAGCAGGCACAAAGAAG
CCGTACTCTGTOGGCAGTGACCTTTICAGCCTICC
AAAACCATGGGGUATGCTTATCCAGCCCCCTTT
ACAAGCACTAATGGGUTCCTTTCACCTGCAGGO
AGTCCTCCAGCACCCACCTCAGGCTATGUTAATY
GATTACCCTCCCTTTTCCCACTCATTCCCTGGGC
CCACAGGCACCCAGGACCCTGGGCTACTAGTGC
CCAAGGGGCACAGCTCTTICTGACTGTCTGCCCA
GTGTCTACACCTICTCTGGACATGACACACCCCT
ATGGCTCCTGOGTACAAGGCAGGCATCCATGCAG
GCATTTCACCAGGCCCAGGCAACACTCCTACTC
CATGOGTGGGATATGCACCCTGGAGGCAACTGGC
TAGGTGOGTGOGGCAGGGCCAGGGTGATGGGCTG
CAAGGGACACTGCCCACAGGTCCAGCTCAGCCT
CCACTGAACCCCCAGCTGCCCACCTACCCATCY
GACTTTGCTCCCCTTAATCCAGCCCCCTACCCA
GCTCCCCACCTCTTGCAACCAGGGCCCCAGCAT
GTCTTGCCCCAAGATGTCTATAAACCCAAGGCA
GTGGGAAATAGTGGUGCAGCTAGAAGGGAGTGG
TOGGAGCCAAACCCCCACGOGOGTGCAAGCACTG
GUGOGTAGTOGTGOGATATGOOGGCAGTGGGGCA
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SEQ
1))
NG:

BPescription

Seguence

GOGCOGCTCCTCCTGUCACTGUCCTAATTGCCAG
GAGCTAGAGCGGUTGGGAGCAGCAGCGGLTOG
GCTGCGGAAGAAGCCCATCCACAGUTGUCACAT
CCCTGOGCTGCGOCAAGGTGTATOGGCAAGGUTTC
GCACCTGAAGGCCCACTTGCGUTGGCACACAGS
CGAGAGGCCCTTCGTCTGCAACTGGCTCTTCTG
CGGCAAGAGUTTCACTCGTTCGGATGAGCTGGA
GCGTCATCTGCGCACTCACACCCGGGAGAAGA
AGTTCACCTGCCTGCTCTGCTCCAAGCGUTTTAC
CCGAAGCGACCACCTGAGCAAACACCAGCGCA
CCCATGGAGAACCAGGCCCOUGOGTCCCCCTICCCA
GTGGCCCCAAGGAGCTGGGUGAGGGCCGLAGC
ACGGGGGAAGAGCGAGGCCAGTCAGACGCCCCG
ACCTTCTGCCTCGCCAGCAACCCCAGAGAAAGC
CCCTGGAGGCAGCCCTGAGCAGAGCAACTTIGET
GOGAGATCTGAGCCGGUTGOGAAGGTCTCCCACCO
CAGGGCTGCCCTGACAGTCTCTCTTGGCTCTCT
AGACCACTGCTTGCCAATCACTCTCTTTACCCC
ATGCATGCCATCCTTCOGGGOGCTCTCTCCCTCTCT
CTCCCTCCTGGCCATTCTGGGCTTGOGGTATCTCC
TTGCATGCCTCCTCAGCTCACCTTICTCTCTTCALC
CATGAGACTGOGCTTTICCACAAACTCTCATCTCA
GGCCCTCCCCTTGTGCCTGATACCTGCACTCCG
GCTTCCTAGACTCTGOCCCTGCCACACCAACAL
ACTTTCTATTTGGOGCTCCCAACACTATTICTCCA
TCTCACTCCTTGACATGTACCCUTTTCTGCTTICT
CAAGCTTATTTCCTGCTGTCCCTCAGCCTCCAGO
CTTCAGTCTTCCCAACTTCTTACACCATTGCTTT
CCATTCTCCAGAACTCTTITTTCCTITTTITACAAA
CACAATGATAATGATAATTTATTIGCCCCCTGOT
GGCCTCTTCATCAGGGOTATTGGGOTTAGTGALC
CTOGGCCAGAGGOGTOGCCAAGAGGGGGGCAGACC
AGTGOGOGATCTGATCCCAAAGATGGGGTGACC
CCAGGGTCAGGGAGOGCTGCCCCCAGGUUTGTAT
ATTTAACCCCTATGTACCAGGAGTAATGAATAG
TAATAATTCTATTTATOGTAAGTTATGATGACGG
GTCAGGTAGAGTGAGCTGGGGAGGGAAGTGGA
TCCATTTCTGUCTAAGGAAATTICTAGTCAAATGE
ATCTCTGTATAGACAAAATGTTAGTGGAGAAGA
TCTTGTTAATAGAATOTCTATCATCAGAATCTC
AGTTGATAGGOGTTTCICTTGTAATGAAGTCTICT
ACAAATTGGOTTAGCTACATCTCTGCTAAACAG
TTGATGGOGGTATCTCTTGATTAGGGGGATCCCT
AATATCCCCAGUCCCAGCCAGAAGUCTGTGAAAL
CTCAAGTCCTATGGAGGGUGAGAAGGACTGGAA
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Seguence

TCTACCCCATCTCCCTTGACTGCAGAGCAGOTT
CCTCCACTGUCCCACCCCTTAGACACCATGACT
CCATCAGGTTAATCCCCTOGTTGCCATGOGTTATG
GAGAGCTTGCAGCTGCCATCTTAGATGTGCTCT
TTGGGGAAGCCCATCTAACAGGAGGACATIGGT
TTGGGGGTGCACCTCCTGAAGAATGGUTGGHE
AAGOCTTTCTCTAGGATCAGATTCAAATAAGTA
TCTATTGAGTGCCTACTCTGTGCAAGGCACTAT
GCTAGATCTGGTGCCTAGAAGCCCTGAGAAAG
AACTTAAAGAGCTAGGAGGCGACAGAGGCCCCCA
AGCTGATCTGOTGGTGCATCCACGCACCCCCAL
CCTGOGACTTTGGATGCTCCCATCTCCACCTICC
AGTGACTTTTAAAGCCGCTTCGTGCCTTTICCTGCT
AACGTTGOATCCTCCTTTTICTGTCCCCTGCTGTC
TCAAGGCCCCAAGTTAAAGGGTTAAAGCCGCTG
GAGCTTGGGGAGAGAACATTGTGGAATGGAAG
GOGATCATGCCCTTTGTGGAGTCTTTTITTITITTAA
TTTAATAAATAAAAGTTGGATTTGAAAAAAAAA
AAAAAAAAAAAAAAA

WO 2016/069234
SEQ | Pescription
1))
MO
61 Human Klotho mRNA

CGCGCAGCATGUCCGCCAGCGCLCCGCCGLGCC
GCCCGCGOGCCGLLCHGCCCGCCGTCGCTGTCGUTGE
TGCTGOTGCTGCTGGGCCTGOGGCGHGCCGUCGCC
TGCGTOGCGLAGCCGGGUGACGGUGCGLAGACT
TGOGCCCOGTOTCTCGCGGLCTCCTGCCCCCGAG
GCCGCGOGGCCTCTTCCAGOGGCACCTTCCCCGAC
GOGCTTCCTCTGOGCCOGTOGGGCAGCGCCGUCTAL
CAGACCGAGGGLCOGCTGUGCAGCAGCACGGCAA
GOGTGCGTCCATCTGGUOACACGTTCACCCACCA
CCCCCTGOGCACCCCCOGUAGACTCCCGLAACGC
CAGTCTGCCOTIGOGUGCGLCCCGTCGCCGUTGCA
GCCCGCCACCGGUGACGTAGCCAGCGACAGCT
ACAACAACGTCTTCCGLCOGACACGGAGGLGCTGC
GCOGAGCTCOGGOGGTCACTCACTACCGCTTICTCCA
TCTCGTOGOGUGCGCGAGTGCTCCCCAATGGCAGCG
CGUGGCGTCCCCAACCGLCOGAGGUGOGCTGCGCTACT
ACCGOGCGCCTGCTGOGAGCGOGCTGCGGOAGCTG
GGCOTOGCAGCCCOGTGOGTCACCCTGTACCACTOG
GACCTGCCCCAGCGCCTGCAGGACGCCTACGGC
GGCTGOGGCCAACCGCGCCCTGOGCCCGACCACTTC
AGGOATTACGCGGAGCTCTGCTTCCGCCACTTC
GOGCGOTCAGGTCAAGTACTGGATCACCATCGAC
AACCCCTACGTGOTOGGCCTGGCACGOGCTACGCO
ACCGOGGCGCCTOGCCCCCGGCATCCGUGOGGCAG
CCCGUGOCTCGLGOTACCTGOTGGUGCACAACCT
CCTCCTOGGCTCATGUCCAAAGTCTGGCATCTCTA

sl ¥
B




WO 2016/069234

PCT/US2015/054674

SEQ
1))
NG:

BPescription

Seguence

CAATACTTCTTTCCGTCCCACTCAGGGAGGTCA
GOTGTCCATTGCCCTAAGCTCTCACTGGATCAA
TCCTCGAAGAATGACCGACCACAGCATCAAAG
AATGTCAAAAATCTCTGGACTTTGTACTAGOTT
GOTTTGCCAAACCCGTATTITATTGATGGTGACT
ATCCCOGAGAGCATGAAGAATAACCTTTCATCTA
TTCTGCCTGATTTTACTGAATCTGAGAAAAAGT
TCATCAAAGGAACTGCTGACTTTTTTGCTICTTTIC
CTTTGGACCCACCTTGAGTTTTCAACTTTTGGALC
CCTCACATGAAGTTCCGCCAATTGGAATCTCCC
AACCTGAGGCAACTGCTTTCCTGGATTGACCTT
GAATTTAACCATCCTCAAATATITATTGTGGAA
AATGOGCTOGOTTTOTCTCAGGGACCACCAAGAGA
GATGATGCCAAATATATGTATTACCTCAAAAAG
TTCATCATGGAAACCTTAAAAGCCATCAAGCTG
GATGGGGTGOATGTCATCGGGTATACCGCATGG
TCCCTCATGGATGOGTTTCGAGTGGCACAGAGGT
TACAGCATCAGGCUGTGGACTCTTCTATGTTGAC
TTTCTAAGCCAGGACAAGATGTTGTTGCCAAAG
TCTTCAGCCTTGTTCTACCAAAAGCTGATAGAG
AAAAATGGCTTCCCTCCTTTACCTGAAAATCAG
CCCCTAGAAGGGACATTTCCCTGTGACTTTGCT
TGGOGOAGTTOGTTGACAACTACATTCAAGTAGAT
ACCACTCTGTCTCAGTTITACCGACCTGAATGTTT
ACCTGTGOGGATGTCCACCACAGTAAAAGGUTTA
TTAAAGTOGGATGOGOTTGTGACCAAGAAGAGE
AAATCCTACTGTOTTGACTTTOCTGCCATCCAG
CCCCAGATCGUTTTACTCCAGOGAAATGCACGTT
ACACATTTTCGCTTCTCCCTGGACTGGGCCCTG
ATTCTCCCTCTGGGTAACCAGTCCCAGGTGAAL
CACACCATCCTGCAGTACTATCGUTGCATOGCC
AGUGAGCTTGTCCGTOTCAACATCACCCCAGTG
GTGGCCCTOTOGUAGCCTATGOGCCCCGAACCAA
GGACTGCCGUGCCTCCTGGUCAGGCAGGGUGC
CTOGGGAGAACCCCTACACTGCCCTGOGCCTTTIGCE
AGAGTATGCCCCGACTGTGUTTTCAAGAGCTCGG
CCATCACGTCAAGCTTTGGATAACGATGAATGA
GCCGTATACAAGGAATATGACATACAGTGCTGG
CCACAACCTTCTGAAGGCCCATGCCCTGGUTTIC
GCATGTOGTACAATGAAAAGTTTAGGCATGUTCA
GAATGGGAAAATATCCATAGCCTTGCAGGCTGA
TTGGATAGAACCTGCCTGCCCTTTCTCCCAAAA
GGACAAAGAGGTGGCCGAGAGAGTTTTGGAAT
TTGACATTGGUTGGCTGGUTGAGUCCATITICG
GCTCTGGAGATTATCCATGGGTGATGAGGGACT
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SEQ
1))
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BPescription

Seguence

GOCTGAACCAAAGAAACAATTTTICTTCTTCCTT
ATTTCACTGAAGATGAAAAAAAGCTAATCCAG
GOTACCTTTGACTTTITGGUTTTAAGCCATTATA
CCACCATCCTTOGTAGACTCAGAAAAAGAAGATC
CAATAAAATACAATGATTACCTAGAAGTGCAA
GAAATCGACCOGACATCACGTGGCTCAACTCCCCC
AGTCAGUTOGLCOGUGTAGTGCCCTGGLGGTTGUGC
AAAGTGCTGAACTGGCTGAAGTTCAAGTACGG
AGACCTCCCCATGTACATAATATCCAACGGAAT
COATGACGGOGCTGCATGUTGAGGACGACCAGC
TCGAGGUGTGTATTATATGCAGAATTACATAAACG
AAGCTCTCAAAGCCCACATACTGGATGGTATCA
ATCTTTGCGOATACTTTGCTITATTCOGTTITAACGA
CCGCACAGCTCCGAGOGTTTGGCCTICTATCGTTA
TGCTGCAGATCAGTTTGAGCCCAAGGCATCCAT
GAAACATTACAGGAAAATTATTGACAGCAATG
GTTTCCCGOGUCCAGAAACTCTGOAAAGATTTY
GTCCAGAAGAATTCACCGTOGTGTACTGAGTGCA
GTTTITTTCACACCCGAAAGTCTTTACTGGCTTY
CATAGCTTTTICTATTTTTTGCTTCTATTATTITCTC
TCTCCCTTATATTTTACTACTCGAAGAAAGGCA
GAAGAAGTTACAAATAGTTCTGAACATTTTICY
ATTCATTCATTTTGAAATAATTATGCAGACACA
TCAGCTGTTAACCATTTGCACCTCTAAGTOTTGT
GAAACTGTAAATTTCATACATTTOACTTCTAGA
AAACATTTTTGTGOCTTATGACAGAGGTTTTGA
AATGOGUATAGGTGATCGTAAAATATTGAATAA
TOCGAATAGTGCCTGAATITGTTCTCTTTTTGGO
TOCATTAAAAAACTGACAGGCACTATAATTTICTG
AACACACTAACAAAAGCATGAAAAATAGOAA
CCACACCAATGCAACATTTGTGCAGAAATTITGA
ATGACAAGATTAGGAATATTTTCTTCTGCACCO
ACTTCTAAATTTAATGTTTTTCTGGAAGTAGTAA
TTGCAAGAGTTCGAATAGAAAGTTATGTACCAA
GTAACCATTTCTCAGCTGCCATAATAATGUCTA
GTGGCTTCCCCTCTGTCAAATCTAGTTTCCTATG
GAAAAGAAGATGGCAGATACAGGAGAGACGAC
AGAGGOTCCTAGGCTGGAATGTTCCTTTCGAAA
GCAATGCTTCTATCAAATACTAGTATTAATTITAT
GTATCTGGTTAATGACATACTTGOAGAGCAAAT
TATGGAAATGTGTATTTTATATGATTTTITGAGGT
CCTOGTCTAAACCCTOTOTCCCTGAGGGATCTGY
CTCACTGGCATCTTGTTGAGGGCCTTGCACATA
GGAAACTTTTOGATAAGTATCTGCGGAAAAACAA
ACATGAATCCTGTGATATTOGGGCTCTTCAGGAA
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SEQ
1))
NG:

BPescription

Seguence

GUATAAAGCAATTOTGAAATACAGTATACCGCA
GTGGCTCTAGGTOGAGGAAAGGAGGAAAAAGT
GUTTATTATGTGCAACATTATGATTAATCTGATT
ATACACCATTTTTGAGCAGATCTTGGAATGAAT
GACATGACCTTTCCCTAGAGAATAAGGATGAAA
TAATCACTCATTCTATGAACAGTGACACTACTY
TCTATTCTTTAGCTGTACTGTAATTTCTTTGAGT
TCGATAGTTTTACAAATTCTTAATAGGTTCAAAA
GCAATCTGGTCTGAATAACACTGOATTTIGTTIC
TCTGATCTCTGAGGTCTATTTTATGTTTITTGCTG
CTACTTCTGTGGAAGTAGCTTTGAACTAGTTTTA
CTTTGAACTTTCACGCTGAAACATGCTAGTGAT
ATCTAGAAAGGGCTAATTAGGTCTCATCCTTITA
ATGCCCCTTAAATAAGTCTTGCTGATTTTCAGA
CAGGGAAGTCTCTCTATTACACTGGAGCTGTTY
TATAGATAAGTCAATATTGTATCAGGCAAGATA
AACCAATGTCATAACAGGCATTGCCAACCTCAC
TGACACAGGOTCATAGTGTATAATAATATACTG
TACTATATAATATATCATCTTITAGAGGTATGATT
TTTTCATGAAAGATAAGCTTTTGGTAATATTCAT
TTTAAAGTGGACTTATTAAAATTGGATGCTAGA
GAATCAAGTTTATTTTATGTATATATTTITICTGA
TTATAAGAGTAATATATGTTCATTGTAAAAATT
TTTAAAACACAGAAACTATATGCAAAGAAAAA
ATAAAAATTATCTATAATCTCAGAACCCAGAAA
TAGCCACTATTAACATTITCCTACGTATTTITATIT

ACATAGATCATATTGTATATAGTTAGTATCTTT
ATTAATTTITTATTATGAAACTTTCCTITGTCATT
ATTAGTCTTCAAAAGCATGATTTTITAATAGTITOT
TCAGTATTCCACCACAGGAATGTATCACAACTT
AACCOTTCCCOTTITGTTAGACTAGTTTCTTATTA
ATGTTGATGAATGTTGTTTAAAAATAATTITOTT
GCTACATTTACTTTAATTTCCTTGACTOGTAAAGA
GAAGTAATTTTGCTCCTTGATAAAGTATTATATT
AATAATAAATCTGCCTGCAACTTTTTGCCTTCIT
TCATAATC

62

Human Sm22-alpha mRNA

TCACCACGGCGGCAGCCCTTTAAACCCCTCACC
CAGCCAGCOGCCCCATCCTGTCTGTCCGAACCCA
GACACAAGTCTTCACTCCTTCCTGCGAGCCCTG

AGGAAGCCTTGTGAGTGCATTGGCTGGOGGOTTE
GAGGGAAGTTGOGCTGGAGCTGGACAGGAGCA
GTGGOTGCATTITCAGGCAGGCTCTCCTGAGOGTC

CCAGGCGCCAGCTCCAGCTCCCTGGCTAGGGAA
ACCCACCCTCTCAGTCAGCATGGOGGCCCAAGC
TCCAGGCAGOGTGOOCTGOGATCACTAGCGTICCT
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SEQ
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Seguence

GOATCTCTCTCAGACTOGGGCAGUCCCOGGGUTCA
TTGAAATGCCCCGGATGACTTGGUTAGTGCAGA
GOAATTGATGGAAACCACCGGGHGTGAGAGGGA
GOGCTCCCCATCTCAGCCAGUCCACATCCACAAGG
TCTGTGTAAGGGTGCAGGCGCCGGUCGHTTAGG
CCAAGGCTCTACTGTCTOTTGCCCCTCCAGGAG
AACTTCCAAGGAGCTTTCCCCAGACATGGCCAA
CAAGOGUGTCCTTCCTATOGGCATGAGCCGCGAAGT
GCAGTCCAAAATCOGAGAAGAAGTATGACGAGG
AGCTGGAGGAGCGGCTGOTGGAGTGGATCATA
GTGCAGTGTGGCCCTGATGTGGOGCCGCCCAGAL
COTOGGCGCTTOGOGUTTCCAGGTCTGGUTGAAG
AATGOGCGTCGATTCTGAGCAAGCTGOGTGAACAGC
CTGTACCCTGATGOGCTCCAAGCCGOGTGAAGGTG
CCCOGAGAACCCACCCTCCATGGTCTTCAAGCAG
ATGGAGCAGGTGGCTCAGTTCCTCGAAGGCGGCT
GAGGACTATGGGOTCATCAAGACTGACATGTTC
CAGACTGTTGACCTCTTTGAAGGCAAAGACATG
GCAGCAGTGCAGAGGACCCTGATGGCTTTGGGO
AGCTTGGCAGTGACCAAGAATOGATGGGCACTA
CCGTGGAGATCCCAACTGOGTTTATGAAGAAAGC
GCAGGAGCATAAGAGGGAATTCACAGAGAGCC
AGCTGCAGGAGGGAAAGCATCTCATTGGCCTTC
AGATGGOCAGCAACAGAGGOGGCUTCCCAGGCU
GGCATGACAGGUCTACGGACGACCTCGGUAGAT
CATCAGTTAGAGCGGAGAGGGCTAGUCCTGAG
CCCGLUCCTCCCCCAGUTCCTTGGCTGCAGCCA
TCCCOGCTTAGCCTGUCTCACCCACACCCGTGTG
GTACCTTCAGCCCTGGCCAAGCTTITGAGGUTICT
GTCACTGAGCAATGGTAACTGCACCTOGGGCAGC
TCCTCCCTGTGCCCCCAGCCTCAGCCCAACTTOT
ACCCGAAAGCATCACTGCCTTGGCCCCTCCCT
CCCGGUTOCCCCCATCACCTUTACTOGTCTCCTCC
CTOGGGUTAAGCAGOGGGAGAAGCGGGUTOGGGG
TAGCCTGGATGTGOGGCCAAGTCCACTOTCCTCC
TTGGCGGCAAAAGCCCATTGAAGAAGAACCAG

TTGOGGOGTTGOAACTCAAAAAAAAAAAAAAAAA
ATCAATCTTTTCTCAAAAAAAAAAAAAAAAAA

63

Huroan Runx? protein

MASNSLFSTVTPCQONFFWDPSTSRRFSPPSSSLOP
GEMSDVSPVVAAQQQQQQQOQCQCQQQQCQ
QOQQEAAAAAAAAAAAAAAAAAVPRLRPPHDN
RTMVEHADHPAELVRTDSPNFLCSVLPSHWRONK
TLPVAFKVVALGEVPDGTVVTVMAGNDENYSAE
LRNASAVMENQVARFNDLRFVGRSGRGKSFTLTI
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SEQ
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BPescription

Seguence

TVFTNPPOVATY HRAIKVTVDGPREPRRHROQKLD
DSKPSLFSDRLSDLGRIPHPSMRYGVPPONPRPSL
NSAPSPFNPQGQSQITDPROAQSSIPWSYDQSYPS
YLSOMTSPSIHSTTPLSSTRGTGLPAITDVPRRISD
DDTATSDFCLWPSTLSKKSQAGASELGPFSDPROF
PSISSLTESRFSNPRMHYPATFTYTPPVTSGMSLG
MSATTHYHTYLPPPYPGSSQSQSGPFQTSSTPYLY
YGTSSGSYQFPMVPGGDRSPSRMLPPCTTTSNGST
LLNPNLPNQNDGYDADGSHSSSPTVLNSSGRMDE
SYWRPY

64

Human Alp protein

MISPFLVLAIGTCLTNSLVPEKEKDPREYWRDOQAQ
ETLEKYALELQKLNTNVAKNVIMIFLGDGMGVSTY
TAARILKGQLHHNPGEETRLEMDKFPFVALSKTY
NTNAQVPDSAGTATAYLCGVRANEGTVGVSAAT
ERSRONTTQGNEVTSILRWAKDAGKSVGIVTTIR
VNHATPSAAYAHSADRDWYSDNEMPPEALSQGC
KDIAYQLMHNIRDIDVIMGGOGRKYMYPKNKTDY
EYESDEKARGTRLDGLDLYDTWKSFKPRYKHSHF
TWNRTELLTLDPHNVDYLLGLFEPGDMOQYELNRN
NVTDPSLSEMVVVAIQILRKNPKGFFLLVEGGRID
HOHHEGKAKQALHEAVEMDRAIGQAGSLTSSED
TLTVVTADHSHVFTFGGYTPRGNSIFGLAPMLSDT
DEKKPFTAILYONGPGYKVVGGERENVSMYDYAH
NNYQAQSAVPLRHETHGGEDVAVESKGPMAHLL
HOVHEQNYVPHVMAYAACIGANLGHCAPASSAG
SEAAGPLLLALALYPLSVLF

Human Osterix protein

MASSLLEEEVHYGSSPLAMLTAACSKFGGSSPLR
DSTTLGKAGTKEPYSVGSDLSASKTMGDAYPAPE
TSTNGLLSPAGSPPAPTSGY ANDYPPFSHSFPGPTG
TODPGLLVPEGHSSSDCLPSVYTSLDMTHPYGSW
YEAGIHAGISPGPONTPTPWWDMHPGGNWLGGG
QGQGDGLQGTLPTGPAQPPLNPQLPTYPSDFAPL
NPAPYPAPHLLOPGPOHVLPODVYKPKAVGNSG
QLEGSGGAKPPRGASTGGSGOYGGSGAGRSSCDRC
PNCQELERLGAAAAGLRKEPIHSCHIPGCGKVYG
KASHEKAHERWHTGERPFVUNWLFCGKRETRSD
ELERHVRTHTREKKFTCLLCSKRFTRSDHESKHQ
RTHGEPGPGPPPSGPKELGEGRSTGEEEASQTPRP
SASPATPEKAPGGSPEQSNLLE]

66

Human Klotho protein

MPASAPPRRPRPPPPSLSLLLVLLGLGGRRLRAEP
GDGAQTWARFSRPPAPEAAGLFQGTFPDGFLWA
VOSAAYQTEGGWOQQHGKGASIWDTFTHHPLAPP
GDSRNASLPLGAPSPLOPATGDVASDSYNNVERD
TEALRELGVTHYRESISWARVLPNGSAGVPNREG
LRYYRRLLERLRELGVOPVVTLYHWDLPORLOD
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SEQ
1))
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Seguence

AYGOWANRALADHFRDYAELCFRHFGGQVEYW
ITIDNPYVVAWHGYATGRLAPGIRGSPRLGYLVA
HNLLLAHAKVWHLYNTSFRPTQGGOQVSIALSSH
WINPRRMTDHSIKECQKSLDFVLGWFAKPVEIDG
DYPESMKNNLSSH.PDFTESEKKFIKGTADFFALCF
GPTLSFQLLDPHMEKFROLESPNLRQLLSWIDLEFN
HPOIFIVENGWEFVSGTTKRDDAKYMY YLKKFIME
TLKAIKLDGVDVIGYTAWSLMDGFEWHRGYSIRR
GEFYVDFLSQDKMLEPKSSALFYQKLIEKNGFPPL
PENQPLEGTFPCDFAWGOVVDNYIQVIDTTLSQFTD
ENVYLWDVHHSKRUIKVDGVYTKEKRKSYCVDEFA
AIQPOIALLQEMBVYTHFRFSLDWALILPLGNQSQV
NHTILOQYYRCMASELVRVNITPYVVALW(OPMAPN
QGLPRLLARQGGAWENPYTALAFAEYARLCFQEL
GHHVKLWITMNEPYTRNMTYSAGHNLLKAHALA
WHVYNEEFRHAQNGKISIALQADWIEPACPFSQK.
DKEVAERVLEFDIGWLAEPIFGSGDYPWVMRDW
ENQRNNFLEPYFTEDEKKLIQGTFDFLALSHYTTIL
VDSEEEDPIKYNDYLEVQEMTDITWLNSPSQVAY
VPWOGLRKVENWLEFKYGDLPMYHISNGIDDGLHA
EDDQLRVYYMONYINEALKAHILDGINLCGYFAY
SENDRTAPRFGLYRYAADQFEPKASMEHYRKID
SNGFPGPETLERFCPEEFTVCTECSFFHTRESLLAY
JIAFLFFASHSLSLIFYYSKKGRRSYEK

67

Human Sm22-alpha protein

MANKGPSYGMSREVQSKIEKK Y DEELEERLVEWI
IVQCGPDVGRPDRGRLGFQVWLKNGVILSKLYNS
LYPDGSKPVKVPENPPSMVFKQMEQVAQFLKAA

EDYGVIKTDMFQTVDLFEGKDMAAVQRTLMALG
SLAVTKNDGHYRGDPNWFMKKAQEHKREFTESQ
LQEGKHVIGLOMGSNRGASQAGMTGYGRPRQIS

68

Human alpha-SMA protein

MCEEEDSTALVCDNGSGLCKAGFAGDDAPRAVE
PSIVGRPRHOQGVMVOMGQKDSYVGDEAQSERGH
LTLKYPIEHGUHTNWDDMERKIWHHSFYNELRVAPE
EHPTLLTEAPLNPKANREKMTOIMFETFNVPAMY
VAIQAVLSLYASGRTTGIVLDSGDGVTHNVPIYEG
YALPHAIMRLDLAGRDLTDYLMEKILTERGYSFVT
TAEREIVRDIKEKLCYVALDFENEMATAASSSSLE
KSYELPDGOVITIGNERFRCOPETLFOQPSFIGMESAG
HETTYNSIMKCDIDIRKDLY ANNVLSGGTTMYPG
IADRMOKEITALAPSTMEKIKHAPPERKYSVWIGGS
ILASLSTFQOMWISKQEYDEAGPSIVHREKCE

69

Homan MYOCD protein

MTLLGSEHSLLIRSKFRSVLOLRLOQRRTQEQLAN
QGHPPLKRPAEFHEQRKHLDSDKAKNSLERKARN
RONSADLVNMHILQASTAERSIPTAQMKLKRARL
ADDLNEKIALRPGPLELVEKNILPVDSAVKEAIKG
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1))
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Seguence

NOVSFSKSTDAFAFEEDSSSDGLSPDQTRSEDPON
SAGSPPDAKASDTPSTGSLGTNQDLASGSENDRN
DSASQPSHOSDAGKQGLGPPSTPIAVHAAVKSKS
LGDSKNRHKKPKDPKPKVKKLKYHOQYIPPDOKA
EKSPPPMDSAYARLLOQQQLFLOLQILSQQQOQ0
QHRFSYLGMHQAQLKEPNEQMVRNPNSSSTPLSN
TPLSPVKNSFSGQTGVISFKPGPLPPNLDDLKVSE
LRQOLRIRGLPVSGTKTALMDRLRPFQDCSGNPY
PNFGDITTYIFPVTPNTLPNYQSSSSTSALSNGFYH
FGSTSSSPPISPASSDLSVAGSLPDTFNDASPSFGLH
PSPVHVCTEESLMSSLNGGSVPSELDGLDSEKDK
MLVEKQKVINELTWKLQQEQRGVEELRMQLQKQ
KRNNCSEKKPLPFLAASIKQEEAVSSCPFASQVPV
KROSSSSECHPPACEAAQLOPLGNAHCVESSDOQT
NVLSSTFLSPQCSPQHSPLGAVKSPQHISLPPSPNN
PHFLPSSSGAQGEGHRVSSPISSQVCTAQNSGAHD
GHPPSFSPHSSSLHPPFSGAQADSSHGAGGNPCPK
SPCYQQEMAGLHSSDKVGPKFSIPSPTFSKSSSAIS
EVTQPPSYEDAVKQQOMTRSQOMDELLDVLIESGE
MPADAREDHSCLQEVPKIPRSSRSPTAVLTKPSAS
FEQASSGSQIPFDPYATDSDEHLEVLLNSQSPLGK
MSDVTLLKIGSEEPHFDGIMDGFSGKAAEDLFNA
HEILPGPLSPMQTOFSPSSVDSNGLOLSFTESPWET
MEWLDLTPPNSTPGFSALTTSSPSIFNIDFLDVTDL
NLNSSMDLHLOOW

78

Human aipha-SMA mRNA

CTCTCCCCGCCCCCGCGLGGLGGUOGCGCACTCA
CCCACCCGCOCCGLAGCOGGACCTTTIGOGCTTGGC
TTGTCAGGGCTTIGTCCAGGAGTTCCGCTCCTCTC
TCCAACCGOGUOGTCCCCCTCCAGCGACCCTAAAG
CTTCCCAGACTTCCGCTTCAATTCCTOTCCGCAL
CCCACGCCCACCTCAACGTGGAGCGCAGTGOTC
TCCGAGGAGCOCCGLAGCTGUOCCCGCCTGCCCA
GCGGOUTCAGCACTTCGCATCAAGGCCCAAGA
AAAGCAAGTCCTCCAGCGTTCTGAGCACCCGGG
CCTGAGGGAAGOTCCTAACAGCCCCCGGGAGC
CAGTCTCCAACGCCTCCCGCAGCAGCCCGCCGO
TCCCAGUTGCCCGCOTOCGCCGCTGCCGLCGCA
ATCCCGCACGUCGTCCCGCGCCCGCCCCACTTITG
CCTATCCCCGGOGACTAAGACGGGAATCCTGTGA
AGCAGCTCCAGCTATGTGTCGAAGAAGAGGACA
GCACTGCCTTGOTOTGTGACAATGGCTCTGGGE
TCTGTAAGGCCGGCTTTGCTGGGGACGATGCTC
CCAGGGCTGTTITTCCCATCCATTGTGGGACGTC
CCAGACATCAGGGGGTGATOUGTGOGAATGGOA
CAAAAAGACAGCTACGTOGOTOACGAAGCACA
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GAGCAAAAGAGGAATCCTGACCCTGAAGTACC
COATAGAACATOGGCATCATCACCAACTGGGAC
GACATGOGAAAAGATCTGGCACCACTCTTTCTALC
AATGAGCTTCOTOGTTGCCCCTGAAGAGCATCCC
ACCCTGCTCACGGAGGCACCCCTGAACCCCAAG
GCCAACCGGUOAGAAAATGACTCAAATTATGTTT
GAGACTTTCAATGTCCCAGCCATGTATGTGOCT
ATCCAGGCGGTGCTGTCTCICTATGCCTCTGGA
CGCACAACTGGCATCOTGCTGGACTCTGGAGAT
GOTGTCACCCACAATGTCCCCATCTATGAGGGC
TATGCCTTGCCCCATGCCATCATOGCGTCTGGAT
CTGOCTOGGCCGAGATCTCACTCGACTACCTCATG
AAGATCCTGACTGAGCGTGGCTATTCCTTICGTY
ACTACTGCTGAGCGTGAGATTGTCCGGGACATC
AAGGAGAAACTOTGTTATGTAGCTCTGGACTTET
GAAAATGAGATGGCCACTGCCGCATCCTCATCC
TCCCTTGAGAAGAGTTACGAGTTGCCTGATGGG
CAAGTGATCACCATCGGAAATGAACGTTTICCGC
TGCCCAGAGACCCTGTTCCAGCCATCCTTCATC
GOGGATGGAGTCTGCTGGCATCCATGAAACCACC
TACAACAGCATCATGAAGTGTGATATTGACATC
AGGAAGCGACCTCTATGCTAACAATGTCCTATCA
GOGGGCACCACTATGTACCCTGGCATTGCCGAC
CGAATGCAGAAGGAGATCACGGUCCTAGCACC
CAGCACCATGAAGATCAAGATCATTGUCCCTCC
GGAGUCGCAAATACTCTOTCTGGATCGOGTGGETC
CATCCTGGUCTCTCTGTCCACCTTCCAGCAGAT
GTGGATCAGCAAACAGGAATACGATGAAGCCG
GGCCTTCCATTGTCCACCGCAAATGUTTCTAAA
ACACTTITCCTOGCTCCTCTCTGTICTCTAGUACACA
ACTGTGAATGTCCTGTGGAATTATGUCTTCAGT
TCTTTTCCAAATCATTCCTAGCCAAAGUTCTGAC
TCOTTACCTATOGTOTTTTITTAATAAATCTOAAAT
AGGCTACTGGTAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAA

71

Human MYQOCD mRNA

AATCGCCOGGCAGCCTATGACATCAGACAGGAA
COGCCTGGOGATGCCGCGCTGCTCCTOGGCCAACCT
CCGAGGAGGAGGAGOGGTCCCGCCOGGCTAAGAG
TTAATTAGCCCCGCACGOGCOGAGGGGOGGAGGCG
CCAGTTITTCTGGGGACACTGGCTGCCACTGTAC
TCCTACCCAGGGGAGCTCACGGAGAGTTGGATG
AATTCTGGOGTTGTTAGCTGCGGTCAGCTGGGOT
CCCGGOGAGCCTOTTGCTOUTGGAGAACAGGGG
GCGCCTGGCCAAGOGGACCAGCGGUTITGCTGAG
ACTCAACATCGACACTCCTOGUGTCTGAGCATTC
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SEQ
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BPescription

Seguence

CTTGCTGATTAGGAGCAAGTTCAGATCAGTTTY
ACAGTTAAGACTTCAACAAAGAAGUGACCCAGG
AACAACTGGCTAACCAAGGUCATAATACCACCA
CTGAAACGTCCAGUTGAATTCCATGAGUCAAAGA
AAACATTTGGATAGTOGACAAGGCTAAAAATICC
CTGAAGCGCAAAGCCAGAAACAGUGTGCAACAG
TGCCGACTTGGTTAATATGCACATACTCCAAGC
TTCCACTGCAGAGAGUGTCCATTCCAACTGCTCA
GATGAAGCTGAAAAGAGCCCGACTCGCCGATG
ATCTCAATCGAAAAAATTGCTCTACGACCAGGGC
CACTGGAGCTGGTGUAAAAAAACATTICTTCCTG
TGGATTCTGCTOTCGAAAGAGGCCATAAAAGGTA
ACCAGGTGAGTTTCTCCAAATCCACGGATGCTT
TTGCCTTTGAAGAGGACAGCAGCAGUCGATGGG
CTTTCTCCGGATCAGACTCGAAGTGAAGACCCC
CAAAACTCAGCGGGATCCCCGCCAGACGCTAA
AGCCTCAGATACCCCTTICGACAGGTTCTCTGGG
GACAAACCAGGATCTTGCTTCTGGCTCAGAAAA
TGACAGAAATGACTCAGCCTCACAGCCCAGCCA
CCAGTCAGATGCGOGGOAAGCAGGGGCTTGGCC
CCCCCAGCACCCCCATAGCCOTGCATGCTGCTG
TAAAGTCCAAATCCTTGGGTCGACAGTAAGAACC
GCCACAAAAAGCCCAAGGACCCCAAGCCAAAG
GTGAAGAAGUTTAAATATCACCAGTACATICCC
CCAGACCAGAAGGUAGAGAAGTCCCCTCCACC
TATOGGACTCAGUCCTACGCTCGGUTGCTCCAGCA
ACAGCAGCTOTTCCTGCAGUTCCAAATCCTCAG
CCAGCAGUAGCAGCAGCAGCAACACCGATTCA
GCTACCTAGGGATGCACCAAGCTCAGUTTAAGG
AACCAAATOGAACAGATOGTCAGAAATCCAAAC
TCTTCTTCAACGCCACTGAGCAATACCCCUTTOT
CTCCTGTCAAAAACAGTTTTITCTOGGACAAACTG
GTGTCTCTTCTTTCAAACCAGGCCCACTCCCACC
TAACCTGOGATGATCTGAAGOTCTCTGAATTAAG
ACAACAGCTTCGAATTCGGOGGUTTGUCTGTGTC
AGGCACCAAAACGOGCTCTCATGGACCGGUTTICG
ACCCTTCCAGGACTGUTCTGGCAACCCAGTGEC
GAACTTTGOGGGATATAACGACTGTCACTTTITCC
TOTCACACCCAACACGCTGUCCAATTACCAGTC
TTCCTCTTCTACCAGTGUCCCTOTCCAACGGCTTC
TACCACTTTOGUCAGCACCAGUTCCAGCCCCCCS
ATCTCCCCAGUCTCCTCTGACCTGTCAGTCGUTG
GGTCCCTGUCGGACACCTTCAATGATGCCTCCC
CCTCCTTCGOGCCTGCACCCGTCCCCAGTUCACG
TOTGCACGGAGGAAAGTCTCATGAGCAGCCTG
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1))
NG:

BPescription
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AATGGOGGUTCTGTTCCTTCTGAGUTGGATGOG
CTGGACTCCGAGAAGGACAAGATOGCTOGTGGA
GAAGCAGAAGGTGATCAATGAACTCACCTGGA
AACTCCAGCAAGAGUCAGAGGCAGGTOGGAGGAG
CTGAGGATGCAGCTTCAGAAGCAGAAAAGGAA
TAACTGTTCAGAGAAGAAGCCGCTGCCTTTCCT
GGCTGCCTCCATCAAGCAGGAAGAGGCTGICTC
CAGCTGTCCTTITGCATCCCAAGTACCTGTGAA
AAGACAAAGCAGCAGCTCAGAGTGTCACCCAC
CGGCTTOTGAAGCTGCTCAACTCCAGCCTCTTG
GAAATGCTCATTOGTGTGGAGTCCTCAGATCAAA
CCAATGTACTTTCTTCCACATTTCTICAGCCCCCA
GTGTTCCCCTCAGCATTICACCGCTGGOGGGOTOT
GAAAAGCCCACAGCACATCAGTTTGCCCCCATC
ACCCAACAACCCTCACTTTCTGCCCTCATCCTCC
GOGGGCCCAGGGAGAAGGGCACAGGGTCTCCTC
GCCCATCAGCAGCCAGGTGTGCACTGCACAGA
ACTCAGGAGCACACGATGGCCATCCTCCAAGCT
TCTCTCCCCATTCTTCCAGCCTCCACCCGCCCTT
CTCTGOAGCCCAAGCAGACAGCAGTCATGOTGC
CGOGGLAAACCCTTGTCCCAAAAGCCCATGTGT
ACAGCAAAAGATGGCTOGGTITTACACTCTTCTGA
TAAGGTGGOGGCCAAAGTTTTCAATTCCATCCCC
AACTTTTTCTAAGTCAAGTTCAGCAATTTCAGA
GGTAACACAGCCTCCATCCTATGAAGATGCCGT
AAAGCAGCAAATGACCCGGAGTCAGCAGATGO
ATGAACTCCTOGGACGTGUTTATTGAAAGUGGAG
AAATGCCAGCAGACGUTAGAGAGGATCACTCA
TOTCTTCAAAAAGTCCCAAAGATACCCAGATUT
TCCCOAAGTCCAACTOCTOTCCTCACCAAGCCC
TCOGUTTCCTTTGAACAAGUCTCTTCAGOGCAGC
CAGATCCCCTTTGATCCCTATOGCCACCGACAGT
GATGAGCATCTTGAAGTCUTTATTAAATICCCAG
AGUCCCCTAGGAAAGATGAGTGATOGTCACCCTT
CTAAAAATTGGOAGCGAAGAGCCTCACTTTOGAT
GGOATAATOGGATGGATTCTCTOGGAAGGCTGCA
GAAGACCTCTTCAATGCACATGAGATCTTGCCA
GGUCCCCTCTCTCCAATGCAGACACAGTTITICA
CCCTCTTCTGTGGACAGCAATOGGGUTGCAGTTA
AGCTTCACTGAATCTCCCTGGGAAACCATGGAG
TOGUTGUACCTCACTCCGUCAAATTCCACACCA
GGUTTTAGUGCCCTCACCACCAGCAGUCCCAGE
ATCTTCAACATCOGATTTCCTGOGATGTCACTGATC
TCAATTTGAATTCTTCCATGGACCTTCACTTGCA
GCAGTGGTAGAATOGCCCAATGCACCAGTGCTAT
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GOAAGACCAATGOAGTTCCATGGGUGAAAGCA
CACAGCCATACATACTTTACTGTCCAAAAACAG
AAGAAGAAGAAGAGAATTAAAAAGAAGCAATG
ATTTCTGTGCCAATGAACAAGAACAAAAGTCAT
TTTTAGAAATACATATACTGTAATATITACCAA
CAGTCAGTAACTGTTAATGATTTCAACAATGCA
TTAAAAGAATGTGCTTTCTCAGATTAAGGATGC
CAAAAAAGATATTTCACTGCCTTTTCAAAGACC
AGTATATTTTICTAGCCCATAATTTTITCTCAGGCA
TTGTTGGGUGCATAAGCTCACACTGTAAGCTTTY
CTCATGAATTCACTAGACATAACGTGUGAAGGAA
AACGTAGTCTTTTGGGAGTACAGGGAAGCCAGC
CCCTCAAAGCTTATGGAAGACATACCTGCAATG
GAAGCTGTTGCCCAATCGTCTCCATTACTATCTTT
CAAAAGAGAAGCCAGACCCAGCTTCAGATCAA
AAGTTCTTGAGACAGAGGAACAAAACCAATCG
ATTTCCAGGGAAGCTAATCAACTCTCTITTCCCT
CTACCACAAAACTGCCCTGCTGGAGTGGTTCTG
AACCTGTACCCAGGACTCGATOTGGTCACTAAT
AACAATTAACCTGAACTGAGTCCACAGAACTCC
ACTCGGAACTTTCTTICTTTITTAACTAGTGGCCC
AATCATTCCCACCATCTCTGTGCTGATAAGTAC
GTGTCCTAGATGAGAACCCTGAAGAATGCAGA
CCTTCTTCCCCCGAAGOAGATGCCACAAGCTCT

GATGACCACATTGGTAGAAGTATATCTCGAGGC
ACAGGAAGOGGAGCCCCACCAGGGATAATTCAG
ACAGGACTAGAGAATAACATCATTTCACATACC
CTOGGATAAACACCCTGOGTITCCTATAGAAGGA
CTATTACTTATGGGAGTCCAACTTCTCCTTTTGT
TTTGITATTATCAGTTTATCTTTICTCCCACTCCA
CTTTTCCTTCAAGGTACCAATCCTTTCCTOTTCC
TCOTTTGOGCCATCTTTCTTITICTOGCCTCCACAT
TOGGAGOGGGAGGACTTCTCAGTTCTAACAAGCT
GCCATACTCCTAAGAAAGCCATTTTTGAAAAAT
TTAACAATCCAGGTTCTTCTGGAGAACTCATTC
TCCACACGCACAGTTTGCTGCAAAAGGAAGTTG
CAAGAATTTCTTGAGGAAGAAACTGGTGACTTG
GTCCATCAGTCACGAAGTTICTTTICTATTICTCGTY
TAGTTTTCAAGAAATTATTGGTITGTGTTGCTCY
GGOGAAATTGGAAATCATTACATTGTAAAGAL
AAATATGGATGATATTTACAAGAGAGAATTTCA
GATCTGOGGTTTTTGAAAGAAAACAGAATTGEGC
ATTGAAAACGATGGAAGGAAAAAGACAATOGT
CTAATGTGCATTCCTCATTACCTCTCGTGGCTTT
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SEQ | Description Seguence
1))
NO:

GOCTGGOAGTTGOGAAAAAGUTAAAATTTCAGA
ACAGTCICTGTAAGGUTCTCTGTGGUTCCAGTT
CACCATTTTATATTGTTGCATGUCTGTAGAAAGG
AGCTATTGCTGTTOTTITGTTITTITITATTITAAAT
CACTAAGGCACTGTTTTTATCTTTTGTAAAAAA
AAAAAAAAAGTTOTTCACTOTGCACTTATAGAA
AAAATAATCAAAAATGTTGGGATTTITAGAAGCT
CTCTTTTTGATAAACCAAAGATTTAGAAGTCATY
TCCATTGTTAACTTGTAAAAATGTGTGAACACA
GAGAGTTTITGGTGATTGCTACTCTGAAAGCTG
CCAGATCTTATTCTGGGOGTGGUGATGTGGAGGA
ATACACATACACACACAAACATACATGTATGTA
TAATAGATATATACATATGTGTATATTATATCT
GTGTGTGCATGTATCTCCAAAAGCGGUGTTACA
GAGTTCTACACCAAAAGCCTTTAACCCTTAATC
TGCTOGTGAATGATACCTGOGCCTTTCTCACTATG
AATTTCTGATTAACCAACCAGACTACACGTTGC
CTCTCTGTGTATGACTAACGGCTCCAACCCGATY
GACTCACAGCTACTTIGCTTATCGTGAACAAGCT
CATCTTGGCAATGAATATGGATGTGAAAAGACA
GAACAGCTTCACCATTAGTAGCTGGAAATGGTA
TCACAGTCTCTTATAGAGGAATATGAAAGGAAC
AAGAAAATCATTTTACATTCCTTTITATCTGTATT
GTGUTTTAAAAGATCCACATGOTAAATTTTTTA
FTTTOGCTTITATGTCAGTCATCAGAACTCAAAAA
AATCCAGAAGAAAAAATTGCCAGTGTTTCCTET
GAAGATGAAGCTACTGGGGAAGAAAACCTTAT
AATACACTCCACACATTTGTTCATTCCTCAGOT
GTTOGTGTTITCTITGGOGTCTTOACAAAGCTTGC
TOGTCAGTGCACTTTTCAGGTGTCACGTTITGOT
GTTTGTATOTTITTTCTTCCCCTTACTTICCTTTOG
AAAACAAACTCACACAGTOGCCCCTACTCTGAGA
CCTOGGACTGAGTGTTAATTATTTITICCTTGGG
TATTTCTATCTGAGAGACTAGACCTAGTTAGGA
GGCCTCTGTACTICTCCAGATTOGTACCTTTTTAT
GGOGATCTTTOGAGGCTATGACCCAGGACTGATA
GATATGCCTTACGGAAGACAAAAGATAAAATG
GTTCCTATATCCTAATGCAAACCAACACAGTTA
AAAGAGCAGATCTCTGGATAACTGUTICTCAACC
TOGCTTCTACAGTCTCCACAAACCGCATTCACCO
TCTCTCTTCATAGUTCAGACATGAAATTTGAGG
GAGAAAACTGGAGATAATTGGGAGAAAATTGA
TCAAGTTOGGCTGUTTCCAGTAGATCAGATAATC
CATGAATTTGTCTCCCATTGAGAATTITATTTITA
AATTCTTTTAAACTCITCOTTGTGTICTTTTGTGA
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1))
NO:

TCGACAAATCAGGCATGACTAAAAGATOTACAG
AGACTTACGAAGATGOTCACATTCAAGTTCCCT
AATGCTCTTAGAACCTGAAGATGACCATGTGTA
GTTTTCTTAAGACCTCTGAACCCCCATGGTGAT
GAAGACTTGAAGACATTTGCAGCTATCTGOTGC
AGTCTGGTAGATTCATACTTATCTAAAGAAGTC
AAAAAATTTATTCOTGCAAGTGCTTGCAGGAAG
CCAGTGCTTATTAGTAGTGACCCTGCTTCTATCA
ACGTTATTGAGACAACACATATTCTATTICTAAG
GOAGAAAGAGGUGAGGAAGAGAGGGAGGGAGG
GAGGAAGAAGAGGGAGGGAGCGAGGAAGGAA
GATAGCGAGATGGOTAGGGGUGTAAAGAGAAAA
GOGAGGGAGAAGGGAAGGAAGGAAAGAAGAGA
GOGAAAGAAAGGAGGGAAGGAAAAAAGGGCCA
AACTTTCTGATCTATGAACTTICTCAGTTCAGCTG
TCACATTATGAGAAGTAAATCAGAATTTITTTTA
AGGAGAAGTCATTCTTAGCACTACAATAATTGYT
ACCAGTAATTGAGGAAACCAAGACAATCTTCAC
CTGAATAATAGAGGOTCTGAGAACTGTCAGCCT
TTTGCCATTCAAAAACATTTATGTCCAACCTGA
AAAAAAAGCATCAATAAAACCTATCCCAAGCA
TTCAAAATAGTCCTTTCCAAATCGTTATTTATTTY
AAAGTCAATCAGCTCTTTTAGAAACAGATTICTG
GTCTGGUTGAAAACTCCCACAACAAATTTACTC
ATCCAGTOGGCTAATATTTAATGCCCACCATOGO
CAGAGCACACAAATCTTCAGATAAACAATACTG
AATTGATTCAGCACAGATTGTTCAGATTTGAAT
GACCAGOGGAGTTGTATTTGCACATGUAAGAACA
CTAAGAATCTCCCAGTCCTCAAACTAGAAACCT
TTCAGCTACGATGAAAAAAAAAAAGGGOTCTT
CATTTTTCCAAGAGGGOGTGGAGOTGGOGGATCA
CTTTTTAGCTAAAAGCTATCTCTCACTTCAAAAT
TCTTGTCTTTTITCTTTGTGGACAAACACCAGTAG
TCTATCACTTGGAGATCTTTITAATATCTCCCATC
ATTTAAAACATCCACGAGAGTTTGAAGATTTGT
GTTGATTGCCAGATACAGAAGUCCCTTGAAAAT
AAGGAAAGGGTGCGAGGAAGCATTTITTIGTOTCCT
ATCCCTACTTATCGTAGCAGUTCTATAGACAAA
AGOGGACACTTACTGGTGAGCCTCTGGCCCTTAA
AAGAAAATCATCTAAGAATATGAAGGCAATTT
GATTTCCCCCCACAGCCCTCAGCTGCCTTCCTC
ACAGAAGGAAGTTCCCAAAATTGUTOGGTACAC
AGTTTGCAATCAAATATCAGATATGAGAAAACC
TOTAGTGAAGAGTCTGGOTTCTTGGTTITTCTCAT
AAATCCAATATAAATTTGTAGGTTGUGTTCAGGG

237
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Seguence

TCAAAATTGCCAGTGUTTTATTAGACAGATGAT
ACTGATAGACACACAGAGCCCAGOGTCUTGGAA
CAAGACAATCCTGTAGTGCCAAGATCUTGGTCAG
TTGCGTTAAGGAGCTGOGGTTTGATTCTAGAGTC
CAGGTTTATAGAGAAACCCTGGCTAGATTGAGC
CTACCCATGGGGAGACGATTTCAAGACAGUGAT
GAGATCTGGGAAGAATTTTGTTGTICATCTGCCA
GOGAAATTATCACAGGACTCATTGAATGCAATA
ACATGTGAGTAAGTTCCCTTTTGATTCTGGGAA
TCAGCGATTTTCCCTGTGGATTAAGACAAACCA
ACGCCAGAAGGTCTCCTGTGCTTATTITTAACCA
TCTGCTCCCATCGTGAACCCTGUAGCATGCATT
TCCTAGAAGTGGTTTCATAGCTCCTGTGTGTTCA
TGOGAAAAGGGGAGTATAATGATGGGGATGCTG
GAAGCTTTTTTAATGTTTTCCAAAGGAAAGGAA
CCCACACTGCTCCCCAGAGTTCCTTTCCAATGG
CCCTGCAGTAAGAACGGAGGACAATGTATTIGCT
GOOTOGCTTAAAATCCTCCCTCAGTGAAGCACAA
AGAGACACTTTGTAAAGAAAAAAAGAGCAAGC
ATAGGTTCTCTGTCGGOACCTTIGTGGAGTGGTGT
TTTCACGTTGOGTCTCTTTGGCTCAATTGAGCATA
ATCAGAAAGAAATGTGGOGTTATTGGGAAGAGA
CAAAAAGCAGTGGCTAAAATACCAAAGTTGGC
ATGTGTTCTTITTTAAAAAAAAAAAAAAATGCA
ATATTTTTAAATAAAATOTTTATTITTAAAAAG
AAAAAAAAAAAAAABAAAAA

MISPFLVLAIGTCLTNSLVPEKEKDPKYWRDQAQ
ETLEKYALELOQKLNTNVAKNVIMFLGDGMGVSTY
TAARILKGQLHHNPGEETRLEMDKFPFVALSKTY
NTNAQVPDSAGTATAYLCGVKANEGTVGYVSAAT
ERSRONTTQGNEVTSILRWAKDAGKSVGIVTTTIR
VNHATPSAAYAHSADRDWYSDNEMPPEALSQGC

EYESDEKARGTRLDGLDLVDTWESFRKPRYKHSHE
IWNRTELLTUDPHENVDYLLGLFEPGDMOQYELNRN
NVTDPSLSEMVVVAIQILRKNPKGFFLLVEGGRID
HGHHEGKAKQALHEAVEMDRAIGQAGSLTSSED
TLTVVTADHSHVFTFGGYTPRGNSIFGLAPMLSDT
DKEPFTAILYGNGPGYKVVGGERENVSMVDY AH
NNYQAQSAVPLRHETHGGEDVAVESKGPMAHLL
HGVHEOQNYVPHVMAYAACIGANLGHCAPASSAG
SLAAGPLLEALALYPLSVLE

WO 2016/069234
SEQ | Pescription
[ 1))
NG:
72 Human BSAP protein
73 Human BSAP mRNA

CCOGGGLCTCACTCOGGGCCCCGLOGGCCGLCTTTA
TAAGGCOGCOGGGOGTGOTOGCCCGGGLCGCGT
TGCGCTCCCGCCACTCCOCGCCCOGCTATCCTGG
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SEQ | Description Seguence
1))
NO:

CTCCGTGUTCCCACGUGCTTGTGCCTGGACGGA
CCCTCGUCAGTGUTCTGUGCAGGATTGGAACAT

TCCCACCCACGTCGATTGCATCTCTGGGUTCCA
GGGATAAAGCAGGTCTTOGGOGUTGCACCATGATT
TCACCATTCTTAGTACTGGCCATTGGCACCTGC
CTTACTAACTCCTTAGTGCCAGAGAAAGAGAAA
GACCCCAAGTACTGGCGAGACCAAGCGCAAGA
GACACTGAAATATGCCCTGGAGCTTCAGAAGCT
CAACACCAACGTGGCTAAGAATGTCATCATGTT
CCTGOGAGATGGGATGGOGTGTCTCCACAGTGALC
GOCTGCCCGCATCCTCAAGGGTCAGCTCCACCA
CAACCCTGOUGOAGGAGACCAGGUTGGAGATGE
ACAAGTTCCCCTTCGTGGCCCTCTCCAAGACGT
ACAACACCAATGCCCAGGTCCCTGACAGCGCC
GGCACCGCCACCGUCTACCTGTGTGGOGOGTGAAG
GCCAATGAGGGCACCGTGOGOGGGTAAGCGCAGC
CACTGAGCGTTCCCOGOTGCAACACCACCCAGGG
GAACGAGGTCACCTCCATCCTGCGCTGGGCCAA
GOACGCTGGGAAATCTGTGGGCATTGTGACCAC
CACGAGAGTOGAACCATGCCACCCCCAGCGLCG
CCTACGCCCACTCOGOGCTGACCGGGACTGGTACT
CAGACAACGAGATCGCCCCCTGAGGCCTTGAGCC
AGOGUTGTAAGGACATCGCCTACCAGCTCATGC
ATAACATCAGOGGACATTCGACGTOGATCATGOGE
GGTGOGCCGOAAATACATGTACCCCAAGAATAA
AACTGATGTGGAGTATGAGAGTGACGAGAAAG
CCAGGGGCACGAGGCTGGACGGUCTOGGACCTC
GTTOGACACCTOGAAGAGUTTCAAACCGAGATAC
AAGCACTCCCACTTCATCTGGAACCGCACGGAA
CTCCTGACCCTTGACCCCCACAATOGTGGACTAC
CTATTGOGTCTCTTCOAGCCAGOGGGACATGCAG
ACGAGCTGAACAGGAACAACGTGACGGACCC
GTCACTCTCCGAGATGOTGGTGUGTGGUCATCCA
GATCCTGCGGAAGAACCCCAAAGGUTTCTTCIT
GCTGGTGGAAGGAGUGCAGAATTGACCACGOGGE
ACCATGAAGGAAAAGCCAAGUAGGUCCTGCAT
GAGGCGGTGGAGATOGACCGGOGCCATCGOGGCA
GGCAGGCAGUTTGACCTCCTCGGAAGACACTCT
GACCOGTGGTCACTGCGGACCATTICCCACGTCTT

TATCTTTGGTCTGGCCCCCATGUTGAGTGACAC
AGACAAGAAGCCCTTCACTGCCATCCTOTATGG
CAATGOGGUCTGOCTACAAGGTOGTGGGCGOTG
AACCGAGAGAATCGTICTICCATGOTGGACTATGCEC

-230.
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SEQ
1))
NG:

BPescription

Seguence

ACAACAACTACCAGGUGCAGTCTGCTGTGCCCC
TGCGCCACGAGACCCACGGCGGGGAGGACGTO
GCCGTCTTCTCCAAGOGGCCCCATOGGCGCACCTG
CTGCACGGUGTCCACGAGUAGAACTACGTCCCC
CACGTGATGOGCGTATGCAGCCTGCATCGGGGLC
AACCTCGGCCACTGTGCTCCTGUCAGCTCGGCA
GOGCAGCCTTOCTGCAGGCCCCCTGLTGCTCGCG
CTGOCCCTCTACCCCCTGAGCGTCCTGTICTGA
GOGGCCCAGGUGCCCGGGCACCCACAAGCLCCGTG
ACAGATGCCAACTTCCCACACGGCAGCCCCCCC
CTCAAGGUGCAGGUAGGTGOGOGOCCTCCTCAG
CCTCTGCAACTGCAAGAAAGGGGACCCAAGAA
ACCAAAGTCTGCCGCCCACCTCGCTCCCCTCTG
GAATCTTCCCCAAGGGCCAAACCCACTTCTGGC
CTCCAGCCTTTOCTCCCTCCCCGOTGCCCTTTOG
CCAACAGGGTAGATTTICTCTTGGGCAGGCAGAG
AGTACAGACTGCAGACATTCTCAAAGCCTCTTA
TTTTTCTAGCGAACGTATTTCTCCAGACCCAGA
GGCCCTGAAGCCTCCGTGGAACATTCTGGATCY
GACCCTCCCAGTCTCATCTCCTGACCCTCCCALCT
CCCATCTCCTTACCTCTGGAACCCCCCAGGCCC
TACAATGCTCATGTCCCTGTCCCCAGGCCCAGC
CCTCCTTCAGGGGAGTTGAGGTCTTTCTCCTCA
GGACAAGGCCUTTGUTCACTCACTCACTCCAAGA
CCACCAGGOTCCCAGGAAGCCGOTOCCTGGOT
GGCCATCCTACCCAGCGTGGCCCAGGUCHGOGA
AGAGCCACCTGGCAGGOCTCACACTCUTGOGGOT
CTOAACACACACGUCAGUTCCTCTCTGAAGCGA
CTCTCCTGTTTGGAACGGCAAAAAAAAATITTT
FTTTCTUTTTTTGOTOGTGOTTAAAAGGGAACA
CAAAACATTTAAATAAAACTTTCCAAATATTIC
CGAGGACAAAAAAAAAAA

74

Snail mRNA

ATTCATTGCGCCGCGGCACGGCCTAGCGAGTGO
TTCTTCTGCGCTACTGCTGCGCGAATCGGCGAC
CCCAGTGCCTCGACCACTATGCCGCGCTCTTTC
CTCGTCAGGAAGCCCTCCGACCCCAATCGGAAG
CCTAACTACAGCGAGCTGCAGGACTCTAATCCA
GAGTTTACCTTCCAGCAGCCCTACGACCAGGCC
CACCTGCTGGCAGCCATCCCACCTCCGGAGATC
CTCAACCCCACCGCCTCGCTGCCAATGCTCATC
TCGGACTCTGTCCTOGGCGCCCCAAGCCCAGCCA
ATTGCCTGGGCCTCCCTTCGGCTCCAGGAGAGT
CCCAGGUGTGGCAGAGCTGACCTCCCTGTCAGAT
GAGGACAGTGOGAAAGGUTCCCAGCCCCCCAG
CCCACCCTCACCOGCTCCTTCOTCCTTCTCCTCT

-240-
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SEQ
1))
NG:

BPescription

Seguence

ACTTCAGTCTCTTCCTTGGAGGUCCGAGLGCCTAT
GCTGCCTTCCCAGGUTTGOGGUCCAAGTGUCCAAG
CAGCTGGUCCAGUTCTCTGAGGUCAAGGATCTC
CAGGUTCGAAAGGUCTTCAACTGCAAATACTGE
AACAAGGAATACCTCAGCCTGOUGTGCCCTCAAG
ATGCACATCCOGAAGCCACACGCTGLCCCTGCGTC
TGCOGAACCTGCGGGAAGGCCTTCTCTAGGCCC
TGOGCTGCTACAAGGCCATGTCCGGACCCACACT
GGCGAGAAGCCCTTCTCCTGTCCCCACTGLAGC
COTOCCTTCGCTGACCGCTCCAACCTGLGGLLC
CACCTCCAGACCCACTCAGATGTCAAGAAGTAL
CAGTGCCAGGUCGTOTGCTCGGACCTTICTCCCGA
ATGTCCCTGCTCCACAAGCACCAAGAGTCCGGC
TGCTCAGGATGTCCCCGCTGACCCTCGAGGCTC
CCTCTTCCTCTCCATACCTGCCCCTGCCTGACAG
CCTTCCCCAGCTCCAGCAGGAAGGACCCCACAT
CCTTCTCACTGCCATGUGAATTCCCTCCTGAGTGO
CCCACTTCTGGCCACATCAGCCCCACAGGACTT
TCGATGAAGACCATTTTCTGOGTICTGTGTCCTCTG
CCTGGGCTCTGOGAAGAGGCCTTCCCATGGCCAT
TTCTGTGGAGGGAGGGCAGCTGGCCCCCAGCCO
TGGGGGATTCCTGAGCTGGCCTGTCTGCGTGOO
TTTTTCTATCCAGAGCTGTTTGGATACAGCTGCTY
TTGAGCTACAGGACAAAGGCTGACAGACTCACT
GGOAAGCTCCCACCCCACTCAGOGGACCCCALT
CCCCTCACACACACCCCCCCACAAGGAACCOTC
AGOCCACCCTCCACGAGGTGTGACTAACTATGC
AATAATCCACCCCCAGGTGCAGCCCCAGOGCCT
GCGOAGGCGOTOGUAGACTAGAGTCTGAGATG
CCCCGAGCCCAGGUAGUTATTTCAGUCTCCTGT
TTGOTOGGOGTGGCACCTGITTICCCGGGCAATIET
AACAATGTCTGAAAAGGGACTGTGAGTAATOG
CTOTCACTTOTCOGOGGGCCCAAGTOGLGTGUTC
TOGTCTGACCOGATGTGTCTCCCAGAACTATICT
GGOGGUCCCCGACAGOGTOGGLCTOGGAGGAAGAT
GTTTACATTTTTAAAGGTACACTGGTATITATAT
TTCAAACATTTTGTATCAAGGAAACGTTITGTA
TAGTTATATGTACAGTTTATTGATATTCAATAA
AGUCAGTTAATTTATATATTAAAAAAAAAAAAA
AAAAA

75

Dkkl mRNA

GCAGAGCTCTGTGCTCCCTGCAGTCAGGACTCTY
GUGOGACCGCAGGGGGCTCCCGGACCCTGACTCTG
CAGCCGAACCGGCACGOGTTTCGTGOGGGACCCA
GGCTTGCAAAGTOGACGGTCATTTTCTCTTTCTTT
CTCCCTUTTGAGTCCTTCTGAGATGATGGCTCTG
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SEQ
1))
NG:

BPescription

Seguence

GOCGCAGCGGGAGCTACCCOGGOTCTITGTCGCG
ATGGTAGCGGCOGGUCTCTCGGUGGUCACCCTICTG
CTGGGAGTGAGCGCCACCTTGAACTCGOTTCTC
AATTCCAACGCTATCAAGAACCTGCCCCCACCG
CTGOGCGLCGUTGLOGHGGCACCCAGGCTCTGCA
GTCAGCGCCGCGUCGGGAATCOTGTACCCGGEC
GOGGAATAAGTACCAGACCATTGACAACTACCA
GCCGTACCCOTGCGCAGAGGACGAGGAGTGCG
GCACTGATGAGTACTGCGCTAGTCCCACCCGLG
GAGGGGACGLCAGGUCGTGCAAATCTGTCTCGCCT
GCAGGAAGCGCCGAAAACGCTGCATGCGTCAC
GCTATGTGCTGCCCCGGGAATTACTGCAAAAAT
GOGAATATGTGTGTCTTCTGATCAAAATCATTTC
CGAGGAGAAATTGAGGAAACCATCACTGAAAG
CTTTGGTAATCGATCATAGCACCTTGGATGOGGTA
TTCCAGAAGAACCACCTTGTCTTCAAAAATGTA
TCACACCAAAGGACAAGAAGGTTCTGTTIGTCY
CCGGTCATCAGACTGTGCCTCAGGATTGTGTTG
TGCTAGACACTTCTGOTCCAAGATCTGTAAACC
TCTCCTGAAAGAAGGTCAAGTGTGTACCAAGCA
TAGGAGAAAAGGCTCTCATGGACTAGAAATATT
CCAGCGTTOGTTACTGTOGGAGAAGGTCTGICTTG
CCGGATACAGAAAGATCACCATCAAGCCAGTA
ATTCTTCTAGOGCTTCACACTTGTCAGAGACACT
AAACCAGCTATCCAAATGCAGTOAACTCCTTTT
ATATAATAGATGCTATCGAAAACCTTTTATGACC
TTCATCAACTCAATCCTAAGGATATACAAGTTC
TOTOGTTTCAGTTAAGCATTCCAATAACACCTT
CCAAAAACCTOGGAGTGTAAGAGCTTTIGTTTCTT
ATOGGAACTCCCCTGTGATTGUCAGTAAATTACT
GTATTOGTAAATTCTCAGTOGTGGCACTTACCTGOT
AAATGCAATOAAACTTTTAATTATITTTCTAAA
GGTGCTGCACTGUCTATTITTITCCTCTTOGTTATGY
AAATTITTOTACACATTGATTGTTATCTTGACTG
ACAAATATTCTATATTGAACTGAAGTAAATCAT
TTCAGCTTATAGTTCTTAAAAGCATAACCCTTTA
CCCCATTTAATTCTAGAGTCTAGAACGCAAGGA
TCTCTTGGAATGACAAATCGATAGGTACCTAAAA
TOTAACATGAAAATACTAGCTTATTTITCTGAAA
TOTACTATCTTAATGCTTAAATTATATITCCCTY
TAGGCTGTGATAGTTITTTGAAATAAAATTITAAC
ATTTAATATCATGAAATGTTATAAGTAGACATA
CATTTTGOGGATTGTGATCTTAGAGOTTTGTGTGY
GTGTACGTATOGTGTGTGTTCTACAAGAACGGAA
GTGTGATATGTTTAAAGATGATCAGAGAAAAG
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D

NG:
ACAGTGTCTAAATATAAGACAATATTGATCAGC
TCTAGAATAACTTTAAAGAAAGACGTGTTCTIGE
ATTGATAAACTCAAATGATCATGGCAGAATGAG
AGTOAATCTTACATTACTACTTTCAAAAATAGT
TTCCAATAAATTAATAATACCTAAAAAAAAAAA

76 Collal mRNA TCGTCGOGAGCAGACGGUGAGTTTCTCCTCGGGGT

CGOAGCAGOAGGCACGCGOAGTGTOAGGCCAL
GCATGAGCGGACGCTAACCCCUTCCCCAGCCALC
AAAGAGTCTACATOTCTAGGOTCTAGACATOTT
CAGCTTTGTGGACCTCCGGUTCCTGCTCCTCTTA
GCGGUCACCGUCCTCCTGACGCACGGUCAAGA
GOAAGGCCAAGTCOAGGGUCAAGACGAAGACA
TCCCACCAATCACCTOGCGTACAGAACGGCCTCA
GOTACCATGACCGAGACGTGTGGAAACCCGAG
CCCTGCCGGATCTGUGTCTOGCGACAACGGUAAG
GTGTTGTGCGATGACGTGATCTGTGACGAGACC
AAGAACTGCCCCGGCGCCGAAGTCCCCGAGOGG
COAGTGCTGTCCCOGTCTOGCCCCGACGGUTCAGA
GTCACCCACCGACCAAGAAACCACCGOGCGTCG
AGGGACCCAAGGGAGACACTGGUCCCCGAGGC

TGGCATCCCTGGACAGCCTOGACTTCCCGGALT
SCCCGGACCCCCCGLACCTCCCGLGACCCCUTGE
CCTCGGAGGAAACTTTGCTCCCCAGCTGTCTTA
TGOGCTATGATGAGAAATCAACCGGAGGAATTIC
COTGCCTGGCCCCATGGOTCCCTCTGUTCCTCG
TGOTCTCCCTGGCCCCCCTGOGTGCACCTGOTCC
CCAAGGCTTCCAAGGTCCCCCTGOTGAGCCTGO
COAGCCTGUAGCTTCAGGTCCCATOGGGTCCCCG
AGGTCCCCCAGGTCCCCOTGUAAAGAATGGAG
ATGATGGGGAAGCTGGAAAACCTGGTCGTCCTG
GTOGAGCGTGGOGCCTCCTOGGGUCTCAGGGTGCTC
GAGGATTGCCCGUAACAGCTGGCCTCCCTGGAA
TGAAGGGACACAGAGGTTTCAGTGOGTTITGGATG
GTGCCAAGGGAGATGCTGOTCCTGCTGGTCCTA
AGGGTCGAGCCTGGCAGCCCTGOTGAAAATGGA
GCTCCTOGGTCAGATOGOGGCCCCCOGTOGGCCTGCCT
GUTGAGAGAGGTCGCCCTOGOAGCCCCTGGCCCT
GCTGOTGCTCOTGGAAATGATGGTGCTACTGOT
GCTGCCGOGOCCCCCTOGGTCCCACCGGCCCCOGOT
GOTCCTCCTGGCTTCCCTGOGTOGCTOGTTGGTGCTA
AGOGGTCGAAGCTOOGTCCCCAAGGOGCCCCGAGGE
TCTCAAGGTCCCCAGGGTGTGCOGTGUTGAGCCT
GGCCCCCCTOGUCCTOGUTGOTGCTGUTGOGCCCT
GCTGOGAAACCCTOGTGCTGATGGACAGCCTGGT
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1))
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GCTAAAGGTGCCAATGOTGCTCCTOGTATTGOT
GOTGCTCCTGGUTTCCCTGGTGUCCGAGGUCCL
TCTGGACCCCAGGGUCCCGGLGGUCCTCOTGHT
CCCAAGOGTAACAGCGGTGAACCTGOGTGCTCCT
GGCAGCAAAGGAGACACTGUTGCTAAGGGAGA
GCCTGGCCCTOTTIGOTOTTCAAGOACCCCCTGO
CCCTGCTGGAGAGGAAGGAAAGCGAGGAGCTC
GAGOTGAACCCGGACCCACTGOCCTGCCCOGGA
CCCCCTGGCGAGCOTOGUTGLACCTGGTAGCCGT
GOUTTTCCCTGOCGCAGATGUTGTTGCTGGTCCC
AAGGGTCCCGUCTGUTGAACGTGOTTCTCCTGGL
CCTGCTGOCCCCAAAGGATCTCCTGGTGAAGCT
GUTCGTCCCOGOGTGAAGCTGOTCTGCCTGOGTGCC
AAGGGTCTGACTGGAAGCCCTGGCAGCCCTGGT
CCTGATGGCAAAACTOGGCCCCCCTGGTCCCGCC
GUTCAAGATOOGTCGCCCCOGGACCCCCAGGCCC
ACCTGOGTGCCCGTGOGTCAGGCTGUGTGTGATGGE
ATTCCCTGGACCTAAAGGTGCTGCTGGAGAGCC
CGGCAAGGCTGGAGAGCGAGGTOGTTCCCGGAL
CCCCTOOGCGCTOGTCOGUTCCTGCTGGCAAAGATG
GAGAGGCTGGAGCTCAGGGACCCCCTGGCCCT
GCTGOTCCCGCTGGCGAGAGAGGTGAACAAGG
CCCTOCTGGCTCCCCCOUGATTCCAGGGTCTCCC
TOGTCCTGUTGOGTCCTCCAGUGTGAAGCAGGCAA
ACCTGOTOGAACAGGGTGTTCCTOGCGAGACCTTGE
COGCCCCTGOGCCCCTCTGGAGCAAGAGGUGAGA
GAGGTTTCOCTOGOCGAGUGTGGTGTGCAAGOGTC
CCCCTOGOGTCCTGCTGOTCCCCOAGGGOGUCCAACG
GTGUTCCCGOCAACGATOGOTGCTAAGGGTOGATG
CTOGTGUCOCTOGOAGCTCCCGGTAGCCAGGGOG
CCCCTOGGUUTTCAGGOGAATGUCTGOTOAACGTG
GTGCAGCTGGTCTTCCAGOGGUUTAAGGOTGACA
GAGGTCGATOCTOGTCCCAAAGGTGUTGATGGCT
CTCCTGGCAAAGATGGLOGTCCGTGGTCTGACTG
GCCCCATTGOTCCTCOTGGCCCTGUTGHGTGCCC
CTGGTGACAAGGGTOGAAAGTGOTCCCAGUGGC

CAACCTOGTGUTAAAGOGCGAACCTGGTGATGOT
GGTGCTAAAGGCGATGCTGGTCCCCCTOGCOCT

CCIGGTGLTGUTOGGCCGAGTCGUTCCTCCTGOC
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1))
NO:
CCCTCTGGAAATOCTGGACCCCCTGGLCCTCCT

GOTCCTGCTGGCAAAGAAGGUGGUAAAGGTCC
CCGTGGTGAGACTGGCCCTGCTGLACGTCCTGO

TGGCCGAGAAAGGATCCCCTGGTGCTCGATGGTCC
TGCTGUTGCTCCTGGTACTCCCGUGGUCTCAAGG
TATTGCTGGACAGCGTGOGTOTGGTCGGCCTGCC
TGGTCAGAGAGGAGAGAGAGGCTTCCCTGGTCT
TCCTGGCCCCTCTGOGTGAACCTGGCAAACAAGE
TCCCTICTGGAGCAAGTGUGTOGAACGTGGTCCCCC
TGOTCCCATGGGCCCCCCTGGATTGGCTGOGACC
CCCTGUTGAATCTGUACGTOAGGGLGGCTCCTGG
TGCCGAAGGTTCCCCTGGACGAGACGOGTICTCC
TGGCGCCAAGGUTGACCGTGOGTGAGACCGGCC
CCGCTGGACCCCCTOGOTOCTCCTGGTGCTCCTG
GTGCCCCTGOCCCCOTTGGCCCTGCTOGCAAGA
GTGGTGATCOTGGTGAGACTGGTCCTGCTGOTC
CCGCCOOGTCCTOGTCGOGCCCTOTTOOGCGCCCOTG
GCCCCGCCGGACCCCAAGGCCCCCGTGOTGAC
AAGGGTGAGACAGGCGAACAGGGCGACAGAGE
CATAAAGGGTCACCGTGGCTTCTCTGGCCTCCA
GGOTCCCCCTOGGCCCTCCTGOGCTCTCCTGOTGA
ACAAGGTCCCTCTGGAGCCTCTGOGTCCTGCTGG

GGCAAAGATGOACTCAACGOGTCTCCCTGOGCCCC
ATTOGGCCCCCTOGOTCCTCGUOGGTCGUACTOOUT
GATOGCTGGTCCTOTTOGTCCCCCCOGOGCCCTCCT
GUGACCTCCTOGOGTCCCCCTGOTCCTCCCAGCGOT
GGTTTCGACTTCAGCTTCCTGUCCCAGUCCACCTC
AAGAGAAGGUTCACGATGOGTGGCCOGCTACTAC
CGGOCTGATGATGCCAATOTGGTTCGTGACCGT
GACCTCGAGOTOGACACCACCCTCAAGAGCCTG
AGUCAGUCAGATCGAGAACATCCGGAGCCCAGA
GGGCAGCCGCAAGAACCCCGCCCGLCACCTGCC
GTGACCTCAAGATGTGCCACTUTGACTGGAAGA
GTGGAGAGTACTGGATTGACCCCAACCAAGGCT
GCAACCTGGATGCCATCAAAGTUTTICTGCAACA
TOGAGACTGOTGAGACCTGCGTGTACCCCALTC
AGUCCAGTGTGGCCCAGAAGAACTGGTACATC
AGUAAGAACCCCAAGGACAAGAGGCATGTICTG
GTTCGGUGAGAGCATGACCGATGGATTCCAGTT
CGAGTATGGUGGUCCAGGGCTCCGACCCTGCCGA
TOTGGCCATCCAGCTGACCTTCCTGCGCCTGAT
GTCCACCGAGGCCTCCCAGAACATCACCTACCA
CTGCAAGAACAGCGTGGCCTACATGGACCAGC
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SEQ
1))
NG:

BPescription

Seguence

AGACTGOGCAACCTCAAGAAGGUCCTGUTCCTCC
AGGGCTCCAACGAGATCGAGATCCGUGCCGAG
GOGCAACAGCCGCTTCACCTACAGCGTCACTOTC
GATGGCTGCACGAGTCACACCGLGAGUCTOGGH
CAAGACAGTOATTGAATACAAAACCACCAAGA
CCTCCCGUCTGCCCATCATCGATGTGGCCCCCT
TGGACGTTGGTGCCCCAGACCAGGAATTCGGCT
TCGACGTTOGCCCTGTCTGCTTCCTGTAAACTCC
CTCCATCCCAACCTGGCTCCCTCCCACCCAACC
AACTTTCCCCCCAACCCGGAAACAGACAAGCA
ACCCAAACTGAACCCCCTCAAAAGCCAAAAAA
TGGGAGACAATTTCACATGGACTTTGGAAAATA
TTTTTITCCTTTGCATTICATCTICTCAAACTTAGTET
TTTATCTTTGACCAACCGAACATGACCAAAAAC
CAAAAGTGCATTCAACCTTACCAAAAAAAAAA
AAAAAAAAAGAATAAATAAATAACTTTTITAAA
AAAGGAAGCTTGOTCCACTTGCTTGAAGACCCA
TGCGOOGGUGTAAGTCCCTTTCTGCCCGTTGGOOT
TATGAAACCCCAATGCTGCCCTTTCTGCTCCTTY
CTCCACACCCCCCTTGOGGCCTCCCCTCCACTO
CTTCCCAAATCTGTICTCCCCAGAAGACACAGGA
AACAATGTATTGTCTGCCCAGCAATCAAAGGCA
ATGCTCAAACACCCAAGTGGUCCCCCACCCTCAG
CCCGCTCCTGCCCGCCCAGCACCCCCAGGUCCT
GGOGGACCTGOGOOGTTCTCAGACTOCCAAAGAA
GCCTTGCCATCTGGCGUTCCCATGGCTCTTGCA
ACATCTCCCCTTCGTTITTTGAGGGOGTCATGCC
GGOGGAGUCACCAGCCCCTCACTGOLOGTTCGGA
GGAGAGTCAGGAAGGOCCACGACAAAGCAGAA
ACATCGGATTTGGGGAACGUGTOTCAATCCCYT
GTGCCGCAGOGUTGOGUGGGAGAGACTGTTCT
GTTCCTTGTGTAACTGTGTITGCTGAAAGACTAC
CTCOTTCTTGTCTTGATGTGTCACCGGOGCAACT
GCCTGOGGGOCGGOGATOGOGGCAGGGTGGAAG
CGGUTCCCCATTITATACCAAAGGTGUTACATC
TATGTGATGOGTGOGGETGOGGAGGGAATCACT
GGTGCTATAGAAATTGAGATGUCCCCCCAGGCC
AGUAAATOTTCCTTTTTIGTTCAAAGTCTATTTIT
ATTCCTTGATATTTTTCTTTITTTITITITIITIUIY
GTGGATGGLGGACTTIGTGAATTTTTICTAAAGGTG
CTATTTAACATGOGGAGGAGAGCGTGTGLGGCTC
CAGUCCAGUCCGCTGCTCACTTTCCACCCTICTOT
CCACCTGCCTCTGOGCTTCTCAGGCCTCTGCICTC
CGACCTCTCTCCTCTGAAACCCTCCTCCACAGC
TGCAGCCCATCCTICCCGGCTCCCTCCTAGTCTOT
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SEQ
1))
NG:

BPescription

Seguence

CCTGCGTCCTCUTGTCCCCOGUGTTTCAGAGACAA

GOGTGOGGAGGAAGCAAAAGACTCTGTACCTAT
TTTGTATGTGTATAATAATTTGAGATOTTTITTAA
TTATTTTGATTGCTGGAATAAAGCATGTGGAAA
TGACCCAAACATAA

-3
]

Activin A mRNA

ATGCCCTTGCTTITGGCTGAGAGGATTTCTGTITG
GUAAGTTGCTGGATTATAGTOAGGAGTTCCCCC
ACCCCAGGATCCGAGGGGCACAGCGCGGCCCC
CGACTGTCCGTCCTGTGUGCTOGGUCGCCCTCCC
AAAGGATGTACCCAACTUTCAGCCAGAGATGGT
GOAGGCCGTCAAGAAGCACATTITTAAACATGCT
GCACTTOAAGAAGAGACCCOATGTCACCCAGE
CGOTACCCAAGOGCGGUGUTTCTGAACGCGATCA
GAAAGCTTCATGTGGGCAAAGTCGGGUAGAAL
GOGTATGTGGAGATAGAGGATGACATTGGAAG
GAGGGCAGAAATGAATGAACTTATGGAGCAGA
CCTCGOGAGATCATCACGTTTGCCGAGTCAGGTT
GOTGCTGGCATTOGGCAGGOGGTOGGGHGAGGGOT
GOGOGGTGGGAGGUTAAAATATATTITCTTTGAC
AGTCCCAGGAGGAACTTCTTITTCCCTTCAGCTG
GAAACTGCCTGGGAAGGTTATTAGTTATTAGOGT
GATGGTAGCGGACTAGCCGACGGAGGGCAGGC
AGGOGAGGGUGAGAGGACTTTACAGAAAAGGA
ATTCTCGOGTCOAGCTCTGCCTGGAGATGACTGG
CTTACACTTACTAAACCCAGCGUGGTCACACAGA
GAGGAAGCTCOGGGGCCAATGTTGAGCTGGAAG
GCAGACTGTGAGGGGCTGCCTTGCCCTGCOTGT
GAAACAGATCTGAGCAGCCGGAGGAAAGCCGL
GGCATTTTCGGGTGCTAGGGGAGCAGAGGAGE
CTTCCGGACCCCATCCAAGTTTTTATTGAGGGT
AGAGGGUTGAATGTACCAGGATTGGAGTGGAA
TGGCACAGATGAAGTCACTCTCTTAAAACAAALC
CTTCCCCTTTAAAAGTCCAATCTGGUGGCCACAT
TGOGAGAAGCAGGGCATATTTATGAGTGACAGTC
ATTTTTACCTTTAGAAAATGTCTATAAGTGCAC
AGGCACCACATTCAAGACAGGGAAGAGCTACT
TTGGGGOGACAGTTOGTCATTGAACCAGCAGTTAC
TTTTGGGACACTGACTTTTGCTCTCTGAAAGAA
AAAAAAATAAATAAAACAACCAGTTTTGTTCTT
TCTAAAGTTACTAAGAGCTCTCTGCCAAGGAAC
GAACCTTGACAAAGTACTCTCAGATACTACGCT
GAAGTCACTCAATCTTAAGAGGAAGAAG

Snatl primer |

TCGGAAGCCTAACTACAGCGA

Snail primer 2

AGATGAGCATTGGCAGCGAG
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SEQ | Pescription Seguence
D
NO:
& Dkkl primer | CCTTGAACTCGGTICTCAATICC
§1 Dkkli primer 2 CAATGGTCTGGTACTTATICCCG
82 Collal primer GAGGGCCAAGACGAAGACATC
83 Collal primer 2 CAGATCACGTCATCGCACAAC
84 Activin primer 1 TCATCACGTTTIGUCGAGTCA
83 Activin primer 2 GUCTAGTCCGUTACCATCACC
86 Human Axin2 mRNA ACTGGCTCCGCGAGCCTGGCCCGGUGGLAGTCG

GCTGGAGCCGGCTGUGCTTTGATAAGGTCCTGG
CAACTCAGTAACAGUCCCGAGAGCCGGGAAATA
AAAATAACCCCTCAGAGCGATGGATTTCGGGGL
CGCCCOGGCGOCCCAGGLGCCCGLUCGAAGGLCC
TGCTGTAAAAGAGAGGAGOGTTCAGATGAGCCC
CTGCTGACTTGAGAGAGACAGAGAGACCACGC
CGATTGCUTGAGAGGAACTGOAAGAAGAAAAAT
TCCCAGACTCAGTGGGAAGAGCTCCCTCACCAT
GAGTAGCGCTATGTTGGTGACTTGCCTCCCGGA
CCCCAGCAGCAGCTTCCGTGAGGATGCCCCGCG
GCCCCCAGTGCCAGGGGAAGAAGGGGAGACCCO
CACCGTGTCAGCCAGGGUGTGGGCAAGGGCCAG
GTCACCAAACCCATGCCTGTCTCTTCCAACACC
AGGCGGAACGAAGATOGGOGTTGOGGGOAGCCGGA
GOGGCOOGCATCTCCGGATTCCCCTCTGACCCG
GTGGACCAAGTCCTTACACTCCTTATTGGGCGA
TCAAGACGGTGCTTACCTGTTCCGAACTTTCCT
GOAGAGGGAGAAATCGUGTGGATACCTTAGACT
TCTGGTTTGCCTGCAATGGATTCAGGCAGATGA
ACCTGAAGGATACCAAAACTTTACGAGTAGCCA
AAGUGATCTACAAAAGGTACATTGAGAACAAC
AGCATTGTCTCCAAGCAGCTGAAGCCTGUCACC
AAGACCTACATAAGAGATGOCATCAAGAAGCA
GCAGATTGATTCCATCATGTTTGACCAGGUGCA
GACCGAGATCCAGTCGOGTGATGGAGGAAAATG
CCTACCAGATGTTTITTGACTTCTGATATATACCT
COGAATATGTGAGOAGTGGGOGAGAAAACACAG
CITACATGAGTAATGGOGGACTCGGOAGCCTAA
AGGTCGTGTGTOGCTATCTCCCCACCTTGAATG
AAGAAGAGGAGTGGACTTGTGCCGACTTCAAG
TGCAAACTTTCGCCAACCGTGOGTTOGGUTTGTCC
AGCAAAACTCTGAGGGCCACGGUGAGTGTGAG
GTCCACGGAAACTOTTGACAGTGGATACAGGTC
CTTCAAGAGGAGCGATCCTGTTAATCCTTATCA
CATAGGTTCTGGUTATOTCTTTGCACCAGUCAC
CAGCGUCAACGACAGTGAGATATCCAGTGATG
CGCTGACGGATGATTCCATOTCCATGACGGACA
GCAGTGTAGATGOAATTICCTICCTTATCGTGTGG
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SEQ
1))
NG:

BPescription

Seguence

GCAGTAAGAAACAGUTCCAGAGAGAAATGCAT
CGCAGTGTGAAGGCCAATGGUCAAGTOTCTCTA
CCTCATTTCCCGAGAACCCACCGCCTGCCCAAG
GAGATGACCCCCOTGGAACCCGCCACCTTTGCA
GCTGAGCTGATCTCGAGGCTGGAAAAGCTGAA
GCTGGAGTTGCGAGAGCCGCCACAGCCTGGAGG
AGCGCCTGCAGCAGATCCGAGAGGATGAAGAG
AGAGAGGGCTCCGAGUTCACACTCAATTCGCGE
GAGOGGGOCGUCCACGCAGCACCCCCTCTCCOTA
CTGCCCTCCOUGCAGCTACGAGGAAGACCCGCA
GACGATACTGGACGATCACCTGTCCAGGGTCCY
CAAGACCCCTGGCTOGCCAGTCTCCAGGCGTAGE
CCGCTATAGCCCCCOGCTCCCGCTCCCCGGACCA
CCACCACCACCACCATTCGCAGTACCACTCCCY
GCTCCCGCCCGUGTGGCAAGCTGCCTCCCGLGGT
CGCCTCGCCOGGUGCOCCTGCCCCCTCCTCGOGGOGO
CAAAGGCTTTGTCGACCAAGCAGACGACGAAGC
ATGTCCACCACCACTACATCCACCACCATGCCG
TCCCCAAGACCAAGGAGGAGATCGAGGUGGAG
GCCACGCAGCGGOTGCACTGCTTCTGCCCTGOG
GGCAGCGAGTATTACTGCTACTCGAAATGCAAA
AGCCACTCCAAGGCTCCGGAAACCATGCCCAG
CGAGCAGTTTGGCGGCAGCAGAGGCAGTACCTT
GCCCAAACGCAATOGGGAAAGGCACGGAGCCGG
GCCTGOCCCTOGCCCGUCAGGGAAGGAGOGGCC
CCCGGCOGAGCTGOGGGUCCTGCAGCTTCCCCGO
GAGGAAGGAGACAGGTCGCAGGATOGTCTOGCA
GTGGATGCTGGAGAGTGAGCGOGCAGAGUAAGC
CCAAGCCCCATAGTGCCCAAAGCACAAAAAAG
GCCTACCCCTTGGAGTCTGUCCGCTOGTCTUCA
GGCGAACGAGCCAGCCGUGCACCATCTGTGOHGO

GTGCCCACCTOTTCACCCAGGACCCTGCGATOC
CTCCCCTOGACCCCACCCAACACGUTGGCTCAGC
TOGAGGAGGUCTOTCOGCAGGCTAGCTGAGOTGT
CGAAGUCCCCCAAAGCAGCGOTOGCTGTGTGGUC
AGTCAGCAGAGGGACAGGAATCATTCGGCCAL
TOTTCAGACGGGAGUCACACCCTTCTCCAATCC
AAGCCTGGUTCCAGAAGATCACAAAGAGCCAA
AGAAACTOGCAGGTGTCCACGCGUTCCAGGLC
AGTGAGTTGGTTGTCACTTACTTTITTICTGTGGGG
AAGAAATTCCATACCGGAGGATGUTGAAGGCT
CAGAGUTTGACCCTOGGGUCACTTTAAAGAGCAG
CTCAGCAAAAAGGGAAATTATAGGTATTACTTC
AAAAAAGCAAGCGATGAGTTTGCCTGTGGAGC
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SEQ | Description Seguence
1))
NO:

GOTGTTTGAGGAGATCTGGGAGGATGAGACGG
TGCTCCCGATGTATGAAGGCCGGATTCTGGGCA
AAGTGOAGCGGATCOATTGAGCCCTGGOGGTCTG
GCTTTGGTGAACTGTTGGAGUCCCGAAGUTCTTG
TCAACTGTCTTOGGCTGTGAGCAACTGCGACAAA
ACATTTTGAAGGAAAATTAAACCAATGAAGAA
GACAAAGTCTAAGGAAGAATCGGCCAGTGGGC
CTTCGGUGAGGGCGGGUGLGAGGTTGATTTICATG
ATTCATGAGCTGGGTACTGACTGAGATAAGAAA
AGCCTGAACTATTTATTAAAAACATGACCACTC
TTGGCTATTGAAGATGCTGCCTGTATTTGAGAG
ACTGCCATACATAATATATGACTTCCTAGGGAT
CTGAAATCCATAAACTAAGAGAAACTGTGTATA
GCTTACCTGAACAGGAATCCTTACTGATATTTA
TAGAACAGTTGATTTCCCCCATCCCCAGTTTAT
GOGATATGCTGCTTTAAACTTGGAAGGGGGAGAC
AGGAAGTTTTAATTGTTCTGACTAAACTTAGGA
GTTGAGCTAGGAGTGCOTTCATGGTTTCTTCAC
TAACAGAGGAATTATGCTTTGCACTACGTCCCT
CCAAGTGAAGACAGACTGTTTTAGACAGACTTTY
TTAAAATGOTGCCCTACCATTGACACATGCAGA
AATTGGTGCOGTTTITGTITTTITITTITTICCTATGCTG
CTCTGTTTTGTCTTAAAGGTCTTGAGGGTTGACC
ATGTTGCGTCATCATCAACATTTTOGOGOGTTGT
GTTOGATOGGGATGATCTGTTGCAGAGGGAGAG
GCAGGGAACCCTGCTCCTTCGOGUCCCAGOTIC
ATCCTGTGACTGAGOGCTCCCCCTCATGTAGECT
CCCCAGGCCCAGGLGCCCTGAGGCUTGUTAGAAT
CACTGCCOGCTOTGCTTTCGTOGGAAATGACAGTT
CCTTGTTTITITTOTTTICTOTTTITOTITTACATT
AGTCATTGOACCACAGCCATTCAGGAACTACCC
CCTOGCCCCACAAAGAAATGAACAGTTOGTAGGE
AGACCCAGCAGCACCTTTCCTCCACACACCTTC
ATTTTGATOTTCGGGTITITGTGTITAAGTTAATC
TOTACATTICTOTTTGUCATTGTTACTIGTACTATY
ACATCTGTATATAGTGTACGGCAAAAGAGTATTY
AATCCACTATCTCTAGTGCTTGACTTTAAATCA
GTACAGTACCTGTACCTGCACGGTCACCCGCTC
CGTGTGTCGCCCTATATTGAGOGGUTCAAGCTTY
CCCTTGTTTTTTGAAAGGGGTTTATGTATAAATA
TATTTTATGCCTTTTTATTACAAGTICTTGTACTEC
AATGACTTTTGTCATGACATTTTGTICTACTTAT
ACTGTAAATTATGCATTATAAAGAGTTCATTTA
AGUAAAATTACTTGGTACAATAATTATTGTAAT
TAAGAGATGTAGCCTTTATTAAAATTTTATATTY
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SEQ | Description Seguence
1))
MO
TTCAAAAAAAAAAA
87 Human Axin2 amino acid | MSSAMLVTCLPDPSSSEFREDAPRPPVPGEEGETPP

S¢quence

COQPGYGKGOVTKPMPVSENTRRNEDGLGEPEGR
ASPDSPUTRWTKSLHSLLGDOQDGAYLFRTFLERE
KCVDTLDEFWEACNGFROMNLKDTRETLRVAKATY
KRYIENNSIVSKQLKPATKTYIRDGIKKQOIDSIMF
DOAQTEIQSVMEENAYQMELTSDIYLEYVRSGGE
NTAYMSNGGLGSLKVVUGYLPTLNEEEEWTCAD
FECKLSPTVVGLSSKTLRATASVRSTETVDSGYRS
FERSDPVNPYHIGSGYVFAPATSANDSEISSDALTY
DDSMSMTDSSVDGIPPYRVGSKKQLOREMHRSY
KANGQVSLPHFPRTHRLPKEMTPVEPATFAAELIS
RLEKLEKLELESRHSLEERLQQIREDEEREGSELTLN
SREGAPTQHPLSLLPSGSYEEDPQTILDDHLSRVL
KTPGCQSPGVGRYSPRSRSPDHHHHHHSQYHSLL
PPGGKLPPAAASPOACPLLGOKGFVTKOQTTKHVH
HHYIHHHAVPKTKEEIEAEATORVHCFCPGGSEY
YCYSKCKSHSKAPETMPSEQFGGSRGSTLFKRNG
KGTEPGLALPAREGGAPGGAGALQLPREEGDRSQ
DVWOQWMLESERQSKPKPHSAQSTKKAYPLESAR
SSPOGERASRHHLWGGNSGHPRTTPRAHLEFTQDPA
MPPLTPPNTLAQLEEACRRLAEVSKPPKQRCCVA
SQORDRNHSATVOQTGATPFSNPSLAPEDHKEPKK
LAGVHALQASELVVTYFFCGEEIPYRRMLKA(SL
TLOHFKEQLSKKGNYRYYFKKASDEFACGAVFEE
IWEDETVLPMYEGRILGKVERID
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ii, EQUIVALENTS
160560] Although the invention is described in detail with reference to speeific

embodiments thereof, it will be understood that variations which are functionally equivalent are
within the scope of this invention. Indecd, various modifications of the invention in addition to
those shown and described herein will become apparent to those skilled in the art from the
foregoing description and accompanying drawings. Such modifications are intended to fall
within the scope of the appended claims. Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many cquivalents to the specific
embodiments of the invention described herein. Such equivalents are intended to be
encompassed by the following claims,

{00561} All publications, patents and patent applications mentioned in this specification
arc herein incorporated by reference into the specification to the same extent as if cach individual
publication, patent or patent application was specifically and individually indicated to be

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

i A method for treating and/or preventing cardiovascular disease in a subject,
comprising administering to the subject a pharmaceutically effective dose of an activin receptor
type H (ActRII) signaling inhibitor, wherein the subject has:

{a) elevated levels of runt-related transcription factor 2 (Runx2} as compared
to fevels of Runx2 in a reference population;

{b) elevated levels of alkaline phosphatase (Alp) as compared to levels of Alp
in a reference population;

{c} clevated levels of snail homolog | {(Snail} as compared to levels of Snail
in a reference population;

{d) clevated levels of phosphosmad? as compared to levels of phosphosmad?
in a reference population;

{c} clevated levels of dickkopf homolog 1 {Dkkl) as compared to fevels of
Dkkl in a reference population;

{H clevated levels of colagen type 1 alpha 1 {collal} as compared to levels
of collal in a reference population;

{2) clevated levels of activin as compared to levels of activin in a reference
population;

{h) clevated levels of bone-spectfic alkaline phosphatase (BSAP) as compared

to levels of BSAP in a reference population;

(i) clevated levels of CTX as compared to levels of CTX in a reference
population;

(1 clevated levels of Osterix as compared to fevels of Osterix in a reference
population;

(k) decreased levels of Klotho as compared to levels of Klotho in a reference
population;

(1) decreased levels of alpha smooth muscle actin (alpha-SMA} as compared

to levels of alpha-SMA in a reference population;
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{m}  decreased levels of myocardin (MYOCD) as compared to levels of

MYQOCD in a reference population;

e

) decreased levels of smooth muscle protein 22-alpha (Sm22-alpha) as
compared to levels of Sm22-alpha in a reference population

{0) clevated levels of phosphosmad3 as compared to levels of phosphosmad3
in a reference population;

). clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or

{qQ) decreased levels of ActRIA as compared to levels of ActRIA ina

reference population.

2. A method for treating and/or preventing vascular calcification in a subject,
comprising administering to the subject a pharmaceutically effective dose of an ActRH signaling

inhibitor, wherein the subject has:

(a) clevated levels of Runx2 as compared to levels of Runx? in a reference
population;

{b) clevated levels of Alp as compared to levels of Alp in a reference
population;

() clevated levels of Snail as compared to levels of Snail in a reference
population;

{d} clevated levels of phosphosmad? as compared to levels of phosphosmad?2
in a reference population,;

{c} clevated levels of Dkkl as compared to levels of Dkkl in a reference

population;

{H clevated levels of collal as compared to fevels of collal in a reference
population;

{g) clevated levels of activin as compared to levels of activin in a reference
population;

{h) clevated levels of BSAP as compared to levels of BSAP in a reference
population;
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{1} clevated levels of CTX as compared to levels of CTX in a reference
population;

(4} clevated levels of Osterix as compared to levels of Osterix in a reference
population;

(k) decrecased levels of Klotho as compared to levels of Klotho in a reference
population;

(1) decrecased levels of alpha-SMA as compared to icvels of alpha-SMA in a
reference population;

{m}  decrcased levels of MYOCD as compared to levels of MYOCD ina
reference population;

() decreased levels of Sm22-alpha as comapared to levels of Sm22-alphain a
reference population;

{0} clevated levels of phosphosmad? as compared to levels of phosphosmad3
in a reference population;

{0 clevated levels of phosphosmad? as compared to levels of phosphosmad?2
in a reference population; and/or

{a) decreased levels of ActRIEA as compared to levels of ActRIFA ina

reference population.

3. A method for treating and/or preventing cardiovascular disease in a subject,
comprising administering to the subject a pharmaceutically effective dose of an ActRI signaling

inhibitor, wherein the subject has:

{a) clevated levels of Runx2 as compared to fevels of Runx2 in a reference
population;

{b) clevated levels of Alp as compared to levels of Alp in a reference
population;

{c) clevated levels of Snatl as compared to levels of Snail in a reference
population;

{d) clevated levels of phosphosmad? as compared to fevels of phosphosmad2

in a reference population;
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{c} clevated levels of Bkkl as compared to levels of Dkkl i a reference

population;

{H clevated levels of collal as compared to lovels of colial in a reference
population;

{2) clevated levels of activin as compared to levels of activin in a reference
population;

{(h) clevated levels of BSAP as comparced to lovels of BSAP in a reference
population;

{1} clevated levels of CTX as compared to levels of CTX in a reference
population;

(1 clevated levels of Osterix as compared to fevels of Osterix in a reference
population;

(k) decreased levels of Klotho as compared to levels of Klotho 1n a reference
population;

(1) decreased levels of alpha-SMA as compared to levels of alpha-SMA ina
reference population;

{(m)}  decreased lovels of MYOCD as compared to levels of MYOCD in a
reference population; and/or

{n) decreased levels of Sm22-alpha as compared to levels of Sm22-alphaina
reference population;

{0} clevated levels of phosphosmad? as compared to levels of phosphosmad3
in a reference population

{(p clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or

(q) decreased levels of ActRHIA as compared to levels of ActRIA ina
reference population; and

wherein the cardiovascular disease is associated with and/or results from vascular

calcification.
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4, A mgethod for treating and/or preventing clevated levels of arterial stiffness in a
subject, comprising administering to the subject a pharmaccutically effective dose of an ActRIL

signaling inhibitor, wherein the subject has:

(a) clevated levels of Runx2 as compared to levels of Runx2 in a reference
population;

(b} clevated levels of Alp as compared to levels of Alp in a reference
population;

(c) clevated levels of Snail as compared to levels of Snail in a reference
population;

{d} clevated levels of phosphosmad? as compared to levels of phosphosmad?2
in a reference population,;

{e) elevated levels of DKk as compared to levels of DRk in a reference

population;

(H clevated levels of collal as compared to levels of collal in a reference
population;

{g) clevated levels of activin as compared to levels of activin in a reference
population;

{h) clevated levels of BSAP as compared to levels of BSAP in a reference
population;

{1} clevated levels of CTX as compared to levels of CTX in a reference
population;

{3} clevated levels of Osterix as compared to levels of Osterix in a reference
population;

{k) decreased levels of Klotho as compared to levels of Klotho in a reference
population;

{1} decreased levels of alpha-SMA as compared to fovels of alpha-SMA in a
reference population;

{m}  decreased levels of MYOCD as compared to fevels of MYOCD ina
reference population; and/or

{n) decreased lovels of Sm22-alpha as compared to levels of Sm22-alphain g

reference population;
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{0} clevated levels of phosphosmad3 as compared to levels of phosphosmad3
in a reference population;

). clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or

{qQ) decreased levels of ActRIA as compared to levels of ActRIA ina

reference population.

5. A mgethod for treating and/or preventing cardiovascular discase in a subject,
comprising administering 1o the subject a pharmaceutically effective dose of an ActR1 signaling

inhibitor, wherein the subject has:

(a) clevated levels of Runx2 as compared to levels of Runx? in a reference
population;

(b} clevated levels of Alp as compared to levels of Alp in a reference
population;

(c) clevated levels of Snail as compared to levels of Snail in a reference
population;

{d} clevated levels of phosphosmad? as compared to levels of phosphosmad?2
in a reference population,;

{e) elevated levels of DKk as compared to levels of DRk in a reference

population;

(H clevated levels of collal as compared to levels of collal in a reference
population;

{g) clevated levels of activin as compared to levels of activin in a reference
population;

{h) clevated levels of BSAP as compared to levels of BSAP in a reference
population;

{1} clevated levels of CTX as compared to levels of CTX in a reference
population;

{} clevated levels of Osterix as compared to levels of Osterix in a reference
population;
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{k) decreased levels of Klotho as compared to levels of Klotho in a reference
population;
(1) decrecased levels of alpha-SMA as compared to icvels of alpha-SMA in a
reference population;
{m}  decrcased levels of MYOCD as compared to levels of MYOCD ina
reference population; and/or
{n) decrecased lovels of Sm22-alpha as compared to levels of Sm22-alphain g
reference population;
{0) clevated levels of phosphosmad3 as compared to levels of phosphosmad3
in a reference population;
{0 clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or
{a) decreased levels of ActRITA as compared to levels of ActRHA ina
reference population,
wherein the cardiovascular discase 18 associated with and/or results from elevated levels
of arterial stiffness.
6. A method for treating and/or preventing left ventricular hypertrophy (LVH) ina
subject, comprising administering to the subject a pharmaceutically effective dose of an ActRU

signaling inhibitor, wherein the subject has:

{a) clevated levels of Runx2 as compared to levels of Runx2 in a reference
population;

{b) clevated levels of Alp as compared to levels of Alp in a reference
population;

{c) clevated levels of Snatl as compared to levels of Snail in a reference
population;

{d) clevated levels of phosphosmad? as compared to fevels of phosphosmad2
in a reference population;

{c} clevated levels of Dkkl as compared to levels of Dkkl in a reference
population;

{H clevated levels of collal as compared to fovels of collal in a reference

population;
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{2) clevated levels of activin as compared to levels of activin in a reference
population;

{(h) clevated levels of BSAP as comparced to lovels of BSAP in a reference
population;

{1} clevated levels of CTX as compared to levels of CTX in a reference
population;

(4} clevated levels of Osterix as compared to levels of Osterix in a reference
population;

(k) decrecased levels of Klotho as compared to levels of Klotho in a reference
population;

(1) decreased levels of alpha-SMA as compared to levels of alpha-SMA ina
reference population;

{m)  decreased levels of MYOCD as compared to levels of MYOCD ina
reference population; and/or

() decreased levels of Sm22-alpha as comapared to levels of Sm22-alphain a
reference population;

{0} clevated levels of phosphosmad? as compared to levels of phosphosmad3
in a reference population,;

{p) clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or

{a) decreased levels of ActRIEA as compared to levels of ActRIFA ina
reference population.

7. A method for treating and/or preventing cardiovascular disease in a subject,
comprising administering to the subject a pharmaceutically effective dose of an ActRII signaling
inhibitor, wherein the subject has:

{a) clevated levels of Runx2 as compared to fevels of Runx2 in a reference
population;
{b) clevated levels of Alp as compared to levels of Alp in a reference

population;
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{c} clevated levels of Snail as compared to levels of Snail in a reference
population;

{(d) clevated levels of phosphosmad?2 as compared to levels of phosphosmad?2
in a reference population;

{c} clevated levels of Dkkl as compared to levels of Dkkl in a reference

population;

{H clevated levels of collal as compared to lovels of colial in a reference
population;

{2) clevated levels of activin as compared to levels of activin in a reference
population;

{h) clevated levels of BSAP as compared to levels of BSAP i a reference
population;

(i) clevated levels of CTX as compared to levels of CTX in a reference
population;

(1 clevated levels of Osterix as compared to fevels of Osterix in a reference
population;

{(kj decreased levels of Klotho as compared to levels of Klotho in a reference
population;

() decreased levels of alpha-SMA as compared to levels of aipha-SMA ina

reference population;

{(m)}  decreased lovels of MYOCD as compared to levels of MYOCD in a
reference population; and/or

{(n} decreased levels of Sm22-alpha as compared to levels of Sm22-alphain a
reference population;

(o) clevated levels of phosphosmad3 as compared to levels of phosphosmad3
in a reference population;

{(p clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or

(q) decreased lovels of ActRIA as compared to levels of ActRITA ina

refercnce population;



WO 2016/069234 PCT/US2015/054674

wherein the cardiovascular disecase is associated with and/or resulis from left ventricular

hypertrophy.

5. A mgethod for treating and/or preventing cardiovascular discase in a subject,
comprising administering 1o the subject a pharmaceutically effective dose of an ActR1 signaling

inhibitor, wherein the subject has:

{(a) clevated levels of Runx2 as compared to levels of Runx? in a reference
population;

(b} clevated levels of Alp as compared to levels of Alp in a reference
population;

(c) clevated levels of Snail as compared to levels of Snail in a reference
population;

(d} clevated levels of phosphosmad? as compared to levels of phosphosmad?2

in a reference population;

() clevated levels of Dkkl as compared to levels of Dkkl in a reference
population;

(H clevated levels of collal as compared to levels of collal in a reference
population;

{g) clevated levels of activin as compared to levels of activin in a reference
population;

{(h) clevated levels of BSAP as compared to levels of BSAP in a reference
population;

{1} clevated levels of CTX as compared to levels of CTX in a reference
population;

{} clevated levels of Osterix as compared to levels of Osterix in a reference
population;

{&) decreased levels of Klotho as compared to levels of Klotho n a reference
population;

{1} decreased levels of alpha-SMA as compared to levels of alpha-SMA in a

reference population;
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{m}  decreased levels of MYOCD as compared to fevels of MYOCD ina
reference population; and/or

{n) decrecased lovels of Sm22-alpha as compared to levels of Sm22-alphain g
reference population;

{0) clevated levels of phosphosmad3 as compared to levels of phosphosmad3
in a reference population;

). clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or

{qQ) decreased levels of ActRIA as compared to levels of ActRIA ina
reference population; and

wherein the cardiovascular disease is associated with and/or results from renal disease.

9. A method for reducing bone resorption in a subject, comprising administering to
the subject a pharmaceutically effective dosc of an ActRIT signaling inhibitor, wherein the

subject has:

{a} clevated levels of Runx2 as compared to lovels of Runx?2 in a reference
population;

{b) clevated levels of Alp as compared to levels of Alp in a reference
population;

{c) clevated levels of Snail as compared to levels of Snail in a reference
population;

(dy clevated levels of phosphosmad? as compared to levels of phosphosmad?2

in a reference population,;

{e) clevated levels of Dkkl as compared to levels of DKkl in a reference

population;

() clevated levels of collal as compared to levels of collal in a reference
population;

{g) clevated levels of activin as compared to levels of activin in a reference
population;

{(h) clevated levels of BSAP as compared to levels of BSAP in a reference
population;
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{1} clevated levels of CTX as compared to levels of CTX in a reference
population;

(4} clevated levels of Osterix as compared to levels of Osterix in a reference
population;

(k) decrecased levels of Klotho as compared to levels of Klotho in a reference
population;

(1) decrecased levels of alpha-SMA as compared to icvels of alpha-SMA in a
reference population;

{m}  decrcased levels of MYOCD as compared to levels of MYOCD ina
reference population;

() decreased levels of Sm22-alpha as comapared to levels of Sm22-alphain a
reference population

{0} clevated levels of phosphosmad? as compared to levels of phosphosmad3
in a reference population;

{0 clevated levels of urinary protein as compared to levels of urinary protein
in a reference population; and/or

{a) decreased levels of ActRIEA as compared to levels of ActRIFA ina

reference population.

[0, The method of any one of claims -9, wherein the pharmaceutically effective dose
of the ActRI signaling inhibitor is about 15 mg, about 30 mg, about 45 mg, about 60 mg, about
75 rog, about 30 mg, or about I g or about 8.1 mg/kg, about 0.13 mg/kg, about 8.2 rog/kg, about
.26 mg/kg, about .3 mg/kg, about 0.4 mg/kg, about 8.5 mg/kg, about 8.6 mg/kg, about 0.7
mg/kg, about 0.8 mg/kg, about .9 mg/ke, abont 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/ke,

about 1.3 mg/kg, about 1.4 mg/ke, or about 1.5 mg/kg.

I The method of any one of clairus 1-10, wherein the pharmaceutically effective

dose 18 adminisiered via injection.

i2. The method of any one of clairus 1-11, wherein the pharmaceutically effective
dose 18 adminisiered (1) once every 14 days; (31) once every 21 days; (it} once every 28 days, or

{iv} once every 42 days.
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3. The method of any one of claims 1-11, wherein the pharmaceutically effective

dose is administered continuously and/or indefinitely.

14, The method of any one of claims 1-9, wherein the clevated levels of Snail,
phosphosmad?, phosphosmad3, urinary protein, DKk, collal, activin, Runx2, Alp, BSAP, CTX,
and/or Osterix, are about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80% 90%., 100%,
200%, or 500% greater than the levels of Snail, phosphosmadZ2, phosphosmad3, urinary protein,
Dkki, colial, activin, Runx2, Alp, BSAP, CTX, and/or Osterix, respectively, in the reference

population.

is. The method of any one of claims 1-9, whercin the clevated levels of Snail,
phosphosmad?, phosphosmad3, urinary protein, DKk, collal, activin, Runx2, Alp, BSAP, CTX,
and/or Osterix are equal to or about 10%, 20%, 25%, 30%, 405, 50%, 60%, 70%, 75%, 80%,
0%, 100%, 200%, or 500% greater than the levels of Snail, phosphosmad2, phosphosmad3,
urinary protein, Dkkl, collal, activin, Runx2, Alp, BSAP, CTX, and/or Osterix in the top 10%,

top 5%, top 4%, top 3%, top 2%, or top 1% in the reference population.

16,  The method of any one of claims -9, whercin the decreased levels of Klotho,
alpha-SMA, MYOCD, ActRIIA, and/or Sm22-alpha are about 109, 20%, 25%, 30%, 40%, 50%,
60%, 70%, 75%, 80%, 90%, or 100% less than the levels of Klotho, alpha-SMA, MYOCD

ActRIA, and/or Sm22-alpha, respectively, in the reference population.

17. The method of any one of claims 1-9, wherein the decreased levels of Klotho,
alpha-SMA, MYOCD, ActRIA, and/or Sm22-alpha are equal to or about 10%, 20%, 25%, 30%,
4%, S0%, 60%, 70%, 75%, 80%, 90%, or 1030% less than the levels of Klotho, alpha-SMA,
MYOCD, ActRUA, and/or Sm22-alpha in the bottom 10%, bottom 5%, bottom 4%, bottom 3%

bottom 2%, or bottom 1% in the reference population.

18. A method for treating and/or preventing vascular caleification in a subject,
wherein the method comprises:
{(a) administering to the subject an initial dose of an ActRII signaling inhibitor

to the subject;
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{b) taking a first measurcment of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Bkkl, collal, activin, Runx2, Alp, BSAP, CTX, Usterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha in the subject;

(c) after a period of time, taking a second measurement of the level of Snatl,
phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, aipha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type I
signaling inhibitor, whercin the first measurcment is taken prior to the commencement of the
treatment or within at most | day, 2 days, 3 days, 4 days, 5 days, 6 days, or 1 week, 2 weeks, 3
weeks, 4 weeks, or 2 mouths thereof, and wherein the adjusted dose is based on the detected
change between the first measurement and the second measurcement, thereby treating and/or

preventing said vascular calcification.

19, A method for treating and/or preventing cardiovascular discase in a subject,
wherein the method comprises:

{a} administering to the subject an initial dose of an ActRI signaling inhibitor
to the subject;

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, arinary protein, Dkki, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha n the subject;

() after a period of time, taking a second measurement of the level of Snaid,
phosphosmad?2, phosphosmad3, arinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOUD, ActRITA, Axin2, and/or Sm22-alpha in the subject; and

{dy administering to the subject an adjusted dose of the activin receptor type H
signaling inhibitor, wherein the first measurement is taken prior to the commencement of the
treatment or within at most 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or T week, 2 weeks, 3
weeks, 4 weeks, or 2 months thereof, and wherein the adjusted dose is based on the detected
change between the first measurement and the second measurement, thereby treating and/or

preventing said cardiovascular disease.
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20. A method for treating and/or preventing cardiovascular discase in a subject,
wherein the method comprises:

{a} administering to the subject an initial dose of an ActR1I signaling inhibitor
to the subject;

{b) taking a first measurement of the level of Snail, phosphosmad2,
phosphosmad3, urinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkkl, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOCD, ActRITA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type Il
signaling inhibitor, wherein the cardiovascular disease is associated with and/or results from
vascular caleification, wherein the first measurement is taken prior to the coromencement of the
treatment or within at most 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or 1 week, 2 weeks, 3
weeks, 4 weeks, or 2 months thereof, and wherein the adjusted dose is based on the detected
change between the first measurement and the second measurement, thereby treating and/or

preventing said cardiovascular discase.

21, A method for treating and/or preventing cardiovascular discase in a subject,
wherein the method comprises:

{a) administering to the subject an inifial dose of an ActRII signaling inhibitor
to the subject;

{b) taking a first measurcment of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Bkkl, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOUD, ActRIEA, Axin2, and/or Sm22-alpha in the subject;

(¢} after a period of time, taking a second measurement of the level of Snail,
phosphosmad?2, phosphosmad3, urinary protein, D1, colltal, activin, Runx2, Alp, BSAP, CTX,
(Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, AxinZ, and/or Sm22-alpha in the subject; and

{d) administering to the subject an adjusted dose of the activin receptor type Il
signaling inhibitor, wherein the cardiovascular discase is associated with and/or results from

renal disease; and wherein the first measurement is taken prior to the commencement of the
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treatment or within at most | day, 2 days, 3 days, 4 days, 5 days, 6 days, or 1 week, 2 weeks, 3
weeks, 4 weeks, or 2 months thercof, and wherein the adpusted dose is based on the detected
change between the first measurement and the second measurement, thereby treating and/or

preventing said cardiovascular discase.

22, A method for treating and/or preventing cardiovascular discase in a subject,
wherein the method comprises:

{a} administering to the subject an initial dose of an ActR1I signaling inhibitor
to the subject:

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, aipha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type I
signaling inhibitor, wherein the cardiovascular disease is associated with and/or results from
elevated levels of arterial stiffness; and wherein the first measurement is taken prior to the
commencement of the treatment or within at most | day, 2 days, 3 days, 4 days, 5 days, 6 days,
or 1 week, 2 weeks, 3 weeks, 4 weeks, or 2 months thereof, and wherein the adjusted dose is
based on the detected change between the first measurement and the second measureroent,

thereby treating and/or preventing sard cardiovascular disease,
P L

23. A method for treating and/or preventing cardiovascular disease in a subject,
=

wherein the method comprises:

{a) administering to the subject an inifial dose of an ActRII signaling inhibutor
to the subject;
{b) taking a first measureroent of the level of Snail, phosphosmad?,

phosphosmad3, urinary protein, Bkkli, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Kiotho, alpha-SMA, MYOUD, ActRITA, Axin2, and/or Sm22-alpha in the subject;
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{c} after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, DKk, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOCD, ActRITA, Axin2, and/or Sm22-alpha in the subject; and

(d} administering to the subject an adjusted dosc of the activin receptor type H
signaling inhibitor, wherein the cardiovascular disease is associated with and/or resulis from left
ventricular hypertrophy; and wherein the first measurement is taken prior to the commencement
of the treatment or within at most | day, 2 days, 3 days, 4 days, 5 days, 6 days, or 1 week, 2
weeks, 3 weeks, 4 weeks, or 2 months thereof, and whercin the adjusted dose is based on the
detected change between the first measurement and the second measurement, therehy treating

and/or preventing said cardiovascular disease.

24, A method for reducing bone resorption in a subject, wherein the method
COMprises:

{a} administering to the subject an initial dose of an ActRI signaling inhibitor
to the subject;

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, arinary protein, Dkki, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha n the subject;

() after a period of time, taking a second measurement of the level of Snaid,
phosphosmad?2, phosphosmad3, arinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOCUD, ActRITA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type Il
signaling inhibitor, wherein the first measurement is taken prior to the commencement of the
treatment or within at most 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or T week, 2 weeks, 3
weeks, 4 weeks, or 2 months thereof, and wherein the adjusted dose is based on the detected
change between the first measurement and the second measurement, thereby reducing said bone

resorption.

25, A method for treating and/or preventing vascular caleification in a subject,

wherein the method comprises:

-26%9-
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{a} administering to the subject an initial dose of an ActR1I signaling inhibitor
to the subject:

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, aipha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type I
signaling inhibitor, wherein the adjusted dose is based on the detected change between the first
measurement and the second measurement, thereby treating and/or preventing said vascular

calcification.

26. A method for treating and/or preventing clevated levels of arterial stiffness ina
subject, wherein the method comprises:

{a} administering to the subject an initial dose of an ActRI signaling inhibitor
to the subject;

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, arinary protein, Dkki, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha n the subject;

() after a period of time, taking a second measurement of the level of Snaid,
phosphosmad?2, phosphosmad3, arinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOUD, ActRITA, Axin2, and/or Sm22-alpha in the subject; and

{dy administering to the subject an adjusted dose of the activin receptor type H
signaling inhibitor, wherein the adjusted dose is based on the detected change between the first
measurement and the second measurement, thereby treating and/or preventing said elevated

levels of arterial stiffness.

27. A method for treating and/or preventing cardiovascular disease in a subject,

wherein the method comprises:
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{a} administering to the subject an initial dose of an ActR1I signaling inhibitor
to the subject:

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, aipha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type I
signaling inhibitor, wherein the cardiovascular disease is associated with and/or results from
elevated levels of arterial stiffness, and whercin the adjusted dose is based on the detected
change between the first measurement and the second measurement, thereby treating and/or
preventing said cardiovascular discase.

28. A mcthod for treating and/or preventing left ventricular hypertrophy (LVH) ina
subject, wherein the method comprises:

{a) administering to the subject an inifial dose of an ActRII signaling inhibutor
to the subject;

{b) taking a first measureroent of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Bkkli, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-~alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?2, phosphosmad3, urinary protein, D1, colltal, activin, Runx2, Alp, BSAP, CTX,
(Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, AxinZ, and/or Sm22-alpha in the subject; and

{d) administering to the subject an adjusted dose of the activin receptor type Il
signaling inhibitor, wherein the adjusted dose is based on the detected change between the first

measurement and the second measurement, thereby treating and/or preventing said LVH.

29, A method for treating and/or preventing cardiovascular disease in a subject,

wherein the method comprises:
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{a} administering to the subject an initial dose of an ActR1I signaling inhibitor
to the subject:

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, aipha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type I
signaling inhibitor, wherein the cardiovascular disease is associated with and/or results from lefi
ventricalar hypertrophy, and wherein the adjusted dose 1s based on the detected change between
the first measurement and the second measurement, thereby treating and/or preventing said

cardiovascular disease.

30. A mcthod for treating and/or preventing cardiovascular discase in a subject,
wherein the method comprises:

{a) administering to the subject an inifial dose of an ActRII signaling inhibutor
to the subject;

{b) taking a first measureroent of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Bkkli, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-~alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?2, phosphosmad3, urinary protein, D1, colltal, activin, Runx2, Alp, BSAP, CTX,
(Osterix, Klotho, alpha-SMA, MYOCD, ActRIIA, AxinZ, and/or Sm22-alpha in the subject; and

{d) administering to the subject an adjusted dose of the activin receptor type Il
signaling inhibitor, wherein the adjusted dose is based on the detected change between the first
measurement and the second measurement, thereby treating and/or preventing said
cardiovascular discase.

31, A method for treating and/or preventing cardiovascular discase in a subject,

wherein the method comprises:
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{a} administering to the subject an initial dose of an ActR1I signaling inhibitor
to the subject:

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, urinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkk1, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, aipha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type I
signaling inhibitor;

wherein the cardiovascular discase 18 associated with and/or results from vascular
calcification, and wherein the adjusted dose 18 based on the detected change between the first
measurement and the second measurement, thereby treating and/or preventing said

cardiovascular disease,

32, A method for treating and/or preventing cardiovascular discase in a subject,
wherein the method comprises:

{a) administering to the subject an initial dose of an AciRII signaling inhibitor
to the subject;

{b) taking a first measurement of the level of Snail, phosphosmad?,
phosphosmad3, arinary protein, Dkki, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRHA, Axin2, and/or Sm22-alpha n the subject;

{c} after a period of time, taking a second measurement of the fevel of Snatl,
phosphosmad?2, phosphosmad3, urinary protein, Dkkl, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOUD, ActRITA, Axin2, and/or Sm22-alpha in the subject; and

{dy administering to the subject an adjusted dose of the activin receptor type H
signaling inhibitor;

wherein the cardiovascular disease is associated with and/or results from renal discase,
and wherein the adjusted dose is based on the detected change between the first measurement

and the sccond measurement, thereby treating and/or proventing said cardiovascular discase.
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33. A method for reducing bone resorption in a subject, wherein the method
comprises:

{a} administering to the subject an initial dose of an ActR1I signaling inhibitor
to the subject;

{b) taking a first measurement of the level of Snail, phosphosmad2,
phosphosmad3, urinary protein, Dkk1, collal, activin, Runx2, Alp, BSAP, CTX, Osterix,
Klotho, alpha-SMA, MYOCD, ActRIA, Axin2, and/or Sm22-alpha in the subject;

{c) after a period of time, taking a second measurement of the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, Dkkl, collal, activin, RunxZ, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOCD, ActRITA, Axin2, and/or Sm22-alpha in the subject; and

{(d) administering to the subject an adjusted dose of the activin receptor type Il
signaling inhibitor, and wherein the adjusted dose 15 based on the detected change between the

first measurement and the second measurement, thereby reducing said bone resorption.

34, The method of any one of claims 18-33, wherein the initial dosc of the ActRH
signaling inhibitor 15 about 15 myg, about 30 mg, about 45 mg, about 60 mg, about 75 mg, about
90 mg, or about 1 g or about 0.1 mg/kg, about 0.13 mg/kg, about 8.2 mg/kg, about .26 mg/ke,
about 0.3 mg/kg, about 8.4 mg/kg, about 0.5 mg/kg, about 8.6 mg/kg, about 0.7 mg/kg, about 0.8
mg/kg, about 0.9 mg/kg, about 1.0 mg/kg, about 1.1 mg/kg, about 1.2 mg/kg, about 1.3 mg/ke,
about 1.4 mg/kg, or about 1.5 mg/kg.

35. The method of any one of claims 18-34, wherein the initial dosc is administered

via injection.

36, The method of any one of claims 18-35, wherein the initial dosc is administered
(i) once every 14 days; (i1} once every 21 days, (iit) once cvery 28 days; or {(iv) once cvery 42

days.

37. The method of any one of claims 18-35, wherein the adjusted dose of the ActRI
signaling inhibitor is greater than the initial dose ift
{a} the level of Runx2 is elevated as compared to the level of Runx2 ina

reference population;
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{b) the level of Alp is elevated as compared to the level of Alp in a reference
population;
{c} the level of Snail is clevated as compared to the level of Snail ina

reference population;

{(d) the level of phosphosmad? is elevated as compared to the level of
phosphosmad? in a reference population;

{c} the level of DKk is clevated as compared to the level of Dkkl ina
reference population;

{H) the level of collal is elevated as compared to the level of collal ina
reference population;

{g) the level of activin is elevated as compared to the level of activinin a
reference population;

{h) the level of BSAP is elevated as compared fo the level of BSAP ina
reference population;

{1} the level of CTX is elevated as compared to the level of CTX ina
reference population;

) the level of Osterix is elevated as compared to the level of Osterix ina
reference population;

{(kj the level of Klotho is decrcased as compared to the level Kiotho ina
reference population;

() the level of alpha-SMA 1s decreased as compared to the level of alpha-
SMA in a reference population;

(m)}  the level of MYOCD is decreased as compared to the level of MYOCD in
a reference population;

{(n} the level of Sm22-alpha is decreased as compared to the level of Sm22-
alpha in a reference population;

(o) the level of phosphosmad3 is elevated as compared to the level of
phosphosmad3 in a reference population;

(p} the level of urinary protein is clevated as compared to the level of urinary

protein in a reference population;
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{q) the level of ActRIIA is decreased compared to the fevel of ActRHA ina
reference population; and/or
{r) the level of Axin? 18 decreased compared to the level of Axin2 ina

reference population.

35, The method of claim 37, whercin the adjusted dose is about 2.5 mg, about 5 mg,
about 1{} mg, about 15 mg, about 20 mg, or about 35 mg greater than the initial dose, or about
0.05 mg/kg, about 0.1 mg/kg, about 0.15 mg/kg, about 0.25 mg/kg, about §.3 mg/ke, about (.35

mg/kg, about .4 mg/kg, or about 0.5 mg/kg greater than the initial dose.

39, The method of claim 37 or claim 38, wherein the adjusted dose is administered

more frequently than the initial dose.

40,  The method of any one of claims 18-39, wherein the adjusted dose is admuinistered

every 5, 14, 15, 20, 25, 28, 38, 35, or 40 days.

41, The method of any one of claims 18-33, wherein the adjusted dose of the ActRI

signaling inhibitor 18 less than the mifial dose ift

{a) the level of Runx? is decreased as compared to the level of Runx2 ina
reference population;

{b) the level of Alp is decreased as compared to the level of Alp in a reference
population;

{c} the level of Snail is decreased as compared to the level of Snaif ina
reference population;

{d) the level of phosphosmad? is decrcased as compared to the level of
phosphosmad? in a reference population;

{c} the level of Dkkd is decreased as compared to the level of Dkkl ina
reference population;

{H the level of collal is decreased as compared to the level of colial ina
reference population;

{2) the level of activin is decreased as compared to the level of activin in a

reference population;
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{h) the level of BSAP is decreased as compared to the level of BSAP ina
reference population;

{1} the level of CTX is decreased as compared to the level of CTX ina
reference population;

(4} the level of Osterix is decreased as compared to the level of Osterix in a
reference population;

{k) the level of Klotho is clevated as compared to the level of Klotho ina
reference population;

(1) the level of alpha-SMA is elevated as compared to the level of alpha-SMA
in a reference population;

{m)  the level of Klotho 1s elevated as compared to the level of MYOCD n a
reference population;

{1} the level of Sm22-alpha 1s elevated as compared to the level of Sm22-
alpha in a reference population;

{0} the level of phosphosmad3 is decreased as compared to the level of
phosphosmad3 in a reference population; and/or

(p) the level of urinary protein is decreased as compared to the level of
urinary protein in a reference population

{a) the level of ACtRIIA is clevated as compared to the level of ActRIHA ina
reference population; and/or

{(r) the level of Axin2 is elevated as compared to the level of Axin2 in a

reference population.

42, The method of claim 41, wherein the adjusted dose 1s about 2.5 mg, about 5 mg,
about 18 mg, about 15 mg, about 20 mg, or about 35 mg less than the mitial dose, or about 0.05
meg/kg, about 8.1 mg/kg, about §.15 mg/kg, about 0.25 mg/kg, about 0.3 mg/kg, about §.35

mg/kg, about 8.4 mg/kg, or about .5 mg/kg less than the initial dose.

43, The method of claim 41 or 42, wherein the adjusied dose is administered less

frequently than the initial dose.
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44,  The method of any ong of claims 41-43, wherein the adjusted dose is administered

every 30, 35, 40, 42, 50, 60, 70, 80, or 90 days.

45, The method of any one of claims 18-44, wherein the adjusted dose is administered

continuously and/or indefinitely.

46, The method of any one of claims 18-44, wherein the first measurement is taken

prior to the commencement of the treatment.

47. The method of any one of claims 18-44, wherein the first measurement is taken
immediately after commencement of the treatment or within at most | day, 2 days, 3 days, 4

days, S days, 6 days, or I week, 2 weeks, 3 weeks, 4 weeks, or 2 months thergof.

48. The method of any one of claimos 1844, wherein the second measurement is taken
immediately after commencement of the treatment or within at most 1 day, 2 days, 3 days, 4
days, 5 days, 6 days, or | week, 2 weeks, 1 month, 2 months, 3 months, 4 months, 5 mounths, 6

months, 7 months, 8 months, 9 months, 10 months, 11 months, or 12 months thereof.

49, The method of ¢laim 37, wherein
{a) the elevated levels of Snatl, phosphosmad?, phosphosmad3, urinary

protein, Dk, colfal, activin, Runx2, Alp, BSAP, CTX, and/or Osterix are about 10%, 20%,
25%, 30%, 40%, 50%, 60%, 70%, 75%, 80% 30%, 100%, 200%, or S00% greater than the levels
of Snail, phosphosmad2, phosphosmad3, urinary protein, Dkkl, collal, activin, Runx2, Alp,
BSAP, CTX, and/or Osterix, respectively, in the reference population; and/or

{b) the decreased levels of Klotho, alpha-SMA, MYOUD, ActRIEA, Axin2,
and/or Sm22-alpha are about 10%, 20%, 25%, 30%, 40%, 5(%, 6{0%, 70%, 75%, &0% 90%, or
100% less than the levels of Klotho, alpha-SMA, MYOUCD, ActRIA, Axin2, and/or Sm22-alpha,

respectively, in a reference population.

58, The method of claim 49, wherein
{a) the clevated levels of Snatl, phosphosmad?2, phosphosmad3, urinary

protein, DKk, coltal, activin, Runx2, Alp, BSAP, CTX, and/or Osterix are equal to or about
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180%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, &%, 90%, 100%, 200%, or 500% greater
than the levels of Snail, phosphosmad?2, phosphosmad3, urinary protein, Dkkli, collal, activin,
Runx2, Alp, BSAP, CTX, and/or Osterix in the top 1%, top 5%, top 4%, top 3%. top 2%, or top
1% 1n the reference population; and/or

{b) the decreased levels of Klotho, alpha-SMA, MYOCD, ActRUA, AxinZ,
and/or Sm22-alpha are equal to or about 10%, 20%., 25%, 30%, 40%, 50%, 60%, 70%, 75%,
80%, 90%, or 100% less than the levels of Klotho, aipha-SMA, MYOCD, ActRIIA, AxinZ,
and/or Sm22-alpha in the bottom 10%, bottom 5%, bottom 4%, botiom 3%, bottom 2%, or

bottom 1% in the reference population,

51. The method of claim 41, wherein

{a) the clevated levels of Klotho, alpha-SMA, MYOCD, ActRITA, Axin2,
and/or Sm22-alpha are about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 8% 90%,
100%, 200%, or 500% greater than the levels of Klotho, alpha-SMA, MYOCD, ActRIA, AxinZ,
and/or Sm22-alpha, respectively, in the reference population; and/or

{b) the decreased levels of Snail, phosphosmad?2, phosphosmad3, urinary
protein, Bkk!, collal, activin, Runx2, Alp, BSAP, CTX, and/or Osterix are about 10%, 20%,
25%, 30%., 40%, 50%, 60%, 70%, 75%, 80% 90%, or 100% less thauo the Jevels of Suatd,
phosphosmad?2, phosphosmad3, urinary protein, Dkkl, collal, activin, Runx2, Alp, BSAP, CTX,

and/or Osterix, respectively, in a reference population.

52. The method of claim 51, wherein

{a) the elevated levels of Klotho, alpha-SMA, MYOCD, ActRITA, Axin2,
and/or Sm22-alpha are equal to or about 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%., 75%,
80%, 90%, 100%, 200%, or 300% greater than the levels of Klotho, alpha-SMA, MYOCD,
ActRITA, Axin2, and/or Sm22-alpha in the top 10%, top 5%, top 4%, top 3%, top 2%, ortop 1%
in the reference population; and/or

{b) the decreased levels of Snail, phosphosmadZ, phosphosmad3, urinary
protein, Dk, colfal, activin, Runx2, Alp, BSAP, CTX, and/or Osterix are equal to or about
18%, 20%, 25%, 30%, 40%, 50%, 68%, 70%, 75%, &0%, 90%, or 100% less than the levels of

Suail, phosphosmadZ2, phosphosmad3, urinary protein, Dkkl, collal, activin, Runx2, Alp,
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BSAP, CTX, and/or Osterix in the bottom 1(%, bottom 5%, bottom 4%, bottom 3%, bottom 2%,

or bottom 1% in the reference population.

53. The method of any one of claims 1-17, wherein the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, DKk, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOUD, ActRIA, Axin2, and/or Sm22-alpha is the protein level
of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkkl, collal, activin, RunxZ, Alp,
BSAP, CTX, Osterix, Klotho, aipha-SMA, MYOUD, ActRIIA, AxinZ, and/or Sm22-alpha,

respectively.

54, The method of any one of claims 18-52, wherein the level of Snail,
phosphosmad?, phosphosmad3, urinary protein, DKk, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOUD, ActRIA, Axin2, and/or Sm22-alpha is the protein level
of Snail, phosphosmad?, phosphosmad3, urinary protein, Dkkl, collal, activin, RunxZ, Alp,
BSAP, CTX, Osterix, Klotho, aipha-SMA, MYOUD, ActRIIA, AxinZ, and/or Sm22-alpha,

respectively.

55. The method of claim 53 or 54, wherein the protein level is determined by

enzyme-linked immunosorbent assay (ELISA).

56. The method of claim 55, wherein the ELISA is performed with

{a) Ruanx2-specific antibody SC-390715 (Santa Cruz) to determine Runx2
levels;

(b} Alp-specific antibody SC-98652 (Santa Cruz) to determine Alp levels;

{c} Snail-specific antibody s¢-393172 {Santa Cruz) to determine Snail levels;

{(d} Phosphosmad2-specific antibody sc-101801 (Santa Cruz) to determine
phosphosmad? fevels;

() Phosphosmad3-specific antibody sc-13021& (Santa Cruz) to determine
phosphosmad? fevels;

{H) Dkkl-specific antibody s¢-374574 (Santa Cruz) to determine Dkl levels;

{2) Colial-specific antibody sc-8784 (Santa Cruz) to determine collal levels;
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{h) activin-specific antibody A1594 (Sigma Aldrich} to determine activin
levels:

{1} BSAP-specific antibody SC-98652 (Santa Cruz) to determine BSAP
levels;

(4} CTX-specific antibody ABIN1173415 (Antibodics Online) to determing
CTX levels;

(k) Osterix-specific antibody SC-22538 (Santa Cruz) to determine Osterix
levels;

(1) Klotho-specific antibody SC-22218 {Santa Cruz) to determine Klotho
levels;

{m)  Alpha-SMA-specific antibody SC-53142 (Santa Cruz) to determune alpha-
SMA levels;

() MY OCD-specific antibody SC-21561 (Santa Cruz) to determine MYOCD
levels; and/or

{0} Sm22-alpha-specific antibody SC-271719 (Santa Cruz) to determine
Sm22-alpha levels

(p) ActRHA-specific antibody ab135634 (Abcam) to determine ActRIA

levels.

57. The method of any one claims [-17, wherein the level of Snail, Dkki, collal,
activin, Runx2, Alp, BSAP, CTX, Osterig, Klotho, alpha-SMA, MYOCD, ActRIIA, and/or
Sm?22-alpha is the mRNA level of Snat, DKk, collal, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOCUD, ActRIA, and/or Sm22-aipha, respectively.

58. The method of any one claims 18-52, wherein the level of Snail, Dkkl, collal,
activin, Runx2, Alp, BSAP, CTX, Osterig, Klotho, alpha-SMA, MYOCD, ActRIIA, Axin2,
and/or Sm22-alpha is the mRNA level of Snail, DKk, colial, activin, Runx2, Alp, BSAP, CTX,
Osterix, Klotho, alpha-SMA, MYOCUD, ActRIIA, Axin2, and/or Sm22-alpha, respectively.

39, The method of claim 57 or 58, wherein the mRNA level is determined by

quantitative reverse transcription polymerase chain reaction (qRT-PCR).
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60. The method of claim 39, wherein the gRT-PCR is performed with

{(a) Runx2-specific primers (SEQ 1D NOS: 48 and 49} to detormine Runx?2
ievels;

(b} Alp-specific primers (SEQ 1D NOS: 50 and 51} to determine Alp levels;

{c} Colial-specific primers (SEQ 1D NOS: 82 and 83) to determine collal
levels;

{(d) Snail-spectfic primers (SEQ 1D NOS:78 and 79} to determine Snail
levels;

{c} Dkki-specific primers (SEQ ID NOS: 80 and 81) to determine Dkkl
levels;

{H Activin~specific primers (SEQ 1D NOS: 84 and 85} to determine activin
levels;

{g) Osterix-specific primers (SEQ D NOS: 52 and 53) to determine Osterix
levels;

{h) Klotho-specific primers (SEQ ID NOS: 54 and 55) to determine Klotho
levels; and/or
(1) Sm22-alpha-specific primers (SEQ 1D NOS: 56 and 57} to determine

Sm22-alpha levels.

61. The method of any one of clairos 1-60, whercin the levels are in a tissue.

62, The method of claim 61, wherein the tissue is aorta, serum, bone marrow, liver, or
spleen

63, The method of any one of claims 2, 3, 18, or 25, wherein the vascular

calcification is calcific atherosclerosis, calcific medial vasculopathy (also known as
Ménckeberg’s medial calcific sclerosis), medial calcification, clastocalcinosis, calcific uremic

arterolopathy, calcific aortic valvular stenosis, or portal vein calcification.
64, The method of claim 1, 19, or 26, wherein the cardiovascular discase is a discase
associated with vascular calcification such as atherosclerosis, hyperlipidemia, osteoporosis,

hypertension, inflammation, type 2 diabetes mellitus, cnd-stage renal discase, required
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amputation, pseudoxanthoma clasticum, congenital bicuspid valve, rheumatic heart disease,

portal hypertension, or liver disease.

65. The method of claim 1, 19, or 26, wherein the cardiovascular disease is secondary

to chronic kidney discasc.

66. The method of claim 65, whergin the chronic kidney disease s stage 3,4, or S

chronic kidney discase.

67, The method of claim 65, wherein the chronic kidney disease s chronic kidoey

disease mineral and bone disease.

68, The method of any one of claims 1-67, wherein the ActRI signaling inhibitoris a
polypeptide comprising an amino acid sequence selected froro the group consisting of:

{a) 90% identical to SEQ I NO:2;

{b) 95% 1dentical to SEQ 1D NG:2;

() 98% identical to SEQ 1D NO:2;

{d) SEQ ID NO:2;

{e) 90% identical to SEQ 1D NO:3;

() 95% 1dentical to SEQ 1D NG:3;

{2) 98% identical to SEQ 1D NO:3;

{h) SEQ ID N(O:3;

{1} 90% identical to SEQ 1D NO:6;

(i) 95% identical to SEQ 1D NO:6;

(i) 98% identical to SEQ 1D NO:6;

(H SEQ ID N6,

{m}  90% identical to SEQ 1D NG.7,

{(n} 95% identical to SEQ ID NO:7:

{0} 98% identical to SEQ 1D NO:7;

(p)  SEQID NOT;

{qQ) 0% tdentical to SEQ 1D NO:12;

{r) 95% identical to SEQ 1D NO:12;
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{s} 98% identical to SEQ 1D NOG:12;
{1} SEQ ID NO:12;

{u) 90% identical to SEQ ID NG:17;
(v} 95% identical to SEQ 1D NO:17;
{(w}  98% identical to SEQ ID NG:17;
(x} SEQ ID NO:17;

(v} 90% identical to SEQ 1D NO:26;
(z) 95% identical to SEQ 1D NO:20;
{aa)  98% identical to SEQ 1D NO:2¢;
{bby SEQ ID NOG:26;

{ccy  90% identical to SEQ ID NO:21;
{(dd)y  95% identical to SEQ I3 NO:21;
{eey  98% identical to SEQ ID NG:21; and
(fty ~ SEQIDNG:21.

69, The method of any one of claims 1-68, whercin the ActRI signaling inhibitoris a

polypeptide comprising the amino acid sequence of SEQ D NO:7.

70. The method of any one of claims 1-69, whercin the ActRI signaling inhibitoris a
humanized fusion-protein consisting of the extraccllular domain of ActRILA and the human 1gG1

F¢ domain.

71. The method of any one of claims 1-70, wherein the subject is human,
72. The method of any one of claims 1-71, whercin the reference population consists

of 1,5, 10, 25, 50, 75, 100, 200, 250, 300, 400, 5060, or 1000 individuals.

~d

3. The method of any one of claims 1-72, wherein the reference population consists

of healthy people.

74. The method of any one of claims 1-72, wherein the reference population consists

of people of the same age, weight, and/or gender as the subject.

-284-



WO 2016/069234 PCT/US2015/054674

75. The method of any one of claims 1-72, whercin the reference population consists

of people without cardiovascular discase.

76. The method of any one of claims 1-72, whercin the reference population consists

of people without vascular caleification.

77. The method of any one of claims 1-72, wherein the reference population consists

of people without renal disease.

78. The method of any one of claims 1-72, wherein the reference population consists

of people without chronic kidney disease.

79. The method of any one of claims 1-72, wherein the reference population consists

of people without pathologically clevated levels of arterial stiffness.

80, The method of any one of claims 1-72, wherein the refercnce population consists

of people without left ventricular hypertrophy.
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3. Additional comments:
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Box No. 11 Observétions where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 11-13, 35-40, 43-50, 63-62, 68-80
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Supplemental Sheet to continue

N/
1. M As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims,

2. |_| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos..

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continnatinn of Rnx Nn 111, Ohservations where unity of invention is lacking:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-10, 14-17, (63-67)(in part) directed to a method for treating and/or preventing cardiovascular disease in a subject
having altered biomarker levels.

Group il: Claims 18-34, 41-42, 51-52, (63-67)(in part) directed to a method for treating and/or preventing cardiovascular disease in a
subject, comprising a process of determining appropriate dosage for the treatment with an ActRI! signaling inhibitor.

The inventions listed as Groups | and | do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group | requires a special technical feature of a subject having at least one altered biomarker leve! as compared to level in a reference
population, not requited by group H.

Group Il require a special technical feature of administering to the subject an adjusted dose of the ActRI! signaling inhibitors, not
required by group i.

Common Technical Features

The common technical feature shared by Groups | and Il is a method for treating and/or preventing a cardiovascular disease in a
subject, comprising administering to the subject a pharmaceutically eftective dose of an ActRIl signaling inhibitor and measuring a level
of a biomarker in said subject. The diseases that can be treated with ActRIl signaling inhibitor include cardiovascular disease, vascular
calcification, arterial stiffness, left ventricular hypertrophy, renal disease, or bone resorption. The biomarker includes, for example, total
alkaline phosphatase (ALP) and bone-specific alkaline phosphatase (BSAP).

However, these shared technical feature do not represent a contribution over prior art, because the shared technical feature is
anticipated by WO 2014/071158 A1 to Sloan et al. (hereinafter Sloan) (para [0008] " provided herein are methods for treating an
adynamic bone disorder in a subject, wherein the method comprises administering a therapeutically effective amount of an ActRII
inhibitor to a subject in need.", para [0033] "CKD-MBD can be diagnosed as a systemic disorder of mineral and bone metabolism due to
chronic kidney disease and manifested by ... abnormalities of calcium ... alkaline phosphatases (total or bone specific)", para [00172]
"Various circulating markers of bone turnover can be used to diagnose bone disorders, such as low bone turnover. Circulating markers
of bone turnover are markers of bone formation such as bone specific alkaline phosphatase”, para [0042] "In certain embodiments, a
subject suffering from, or at risk of suffering from, a form of CKD-MBD and/or extraskeletal calcification, e.g., vascular calcification, has
increased levels of FGF23, a hormone produced by osteocytes”; para [0051] "methods described herein result in the improvement of
one or more symptoms of vascular calcification. Exemplary symptoms include, without limitation, increases in the levels of vascular (e.g.,
arterial) calcium, ... loss of arterial elasticity, ... development of left ventricular hypertrophy, decrease in coronary artery perfusion, and
myocardial ischaemia.”, para [0026] Figure 6. mACtRIIA-Fc increases Bone Mineral Density.", para [0019] "In certain embodiments, the
subject to be treated with the methods provided herein has end stage renal disease.")

As the technical feature was known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

Groups ! and |l theretore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

continuation of item no. 4: Claims 11-13, 35-40, 43-50, 53-62, 68-80 are dependent claims and are not drafted in accordance with the
second and third sentences of Rule 6.4(a).
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