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METHODS FORTREATING CARDIAC INJURY

RELATED APPLICATIONS
{801} The present apphication claims the benefit of priority of U8,

Provisional Patent Application No. 62/233,148, filed Septemnber 25, 2013, the contents

of which are hereby incorporated by reference harein its entirefy,

STATEMENT ASTO FEDERALLY SPONSORED RESEARCH

1662} This work was partially supported by the National Institutes of
Health/ National Heart Lung and Blood Institute under Grant UO1 HL 100398, Thus,
the government has certain rights in the invention,

[B803] The disclosure relates to methods of promoting ditferentiation of
cardiac progenitor cells toward myocytes and suppressing the conversion of cardiac
progenitor cells into fibroblasts and myofibroblasts by administering a therapeutically
effective amount of & neuregulin (NRG} peptide or a functional fragment thereof.

{8041 Cardiovascular disease continues to be 3 leading cause of
mortality and morbidity worldwide, accounting for 17.3 million deaths per year.
Progressive darnage to heart tissue by, e.g., ischemic heart disease, hypertension,
diabetes, vaivular disease, myocarditis, infections, systemic toxins, and cardiotoxic
drugs can ultimately jead to heart fathure. There are several compensatory mechanisms
that occur as the failing heart atlempts to maintain adequate function, These include
increasing cardiac cutput, increasing ventricular volume and wall thickness through
ventricular remodeling, and maintaining tissue perfusion with augmented mean arterial
pressure through activation of neurchormonal systems, Although initially beneficial in
the early stages of heart failure, all of these compensatory mechanisms eventually lead

o a vicious cyele of worsening heart failure.
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{005} Furthermore, cardiac injury entails complex structural remodeling
mvolving rearrangement of muscle fibers, interstitial fibrosis, accumuiation of
extracellular matrix, and angiogenesis. Many of the processes underlying cardiac
remodeling have features in common with chronic inflammatory processes, During
these processes, non-myocyie cells, such as endothelial cells, fibroblasts, and tmmune
cells, residing tn or infilirating into the myoeardial interstitium play active roles.

HEEg Although new therapies have improved subject sulcomes,
symptomatic heart failure is still a chronically progressive disease that is not adequately
treated with current therapies. Stem cell therapies have emerged as a potential new
mechanism for treating severe cardiomyopathy., However, use of human embryonic
stem cells has significant imitations in part due to inefficient cardiomyogenic
differentiation. Endogenous cardiac stem cells, capable of proliferating and
differentiating into cardiac myocvies, have more recently been isolated using stem esll
markers such as ¢-Kit and stem cell antigen-1 (Sca-1). Unfortunately, these cardiac
progenitor cells also differentiate into multiple lineages, including myofibroblasts,
which are associated with pathogenic cardiac restructuring that can fead to heart failure.

0071 Previcusly, animal studies and ongoing clinical trials have
demonstrated beneficial effects of recombinant NRG as a potential therapeutic on
cardiac function (see, e.g., Sawyer e¢f of | 2011; Lenthan 7 ol , 20133 NRG/EbBB
signaling has now been found to play an important role in cardiac structural and
functional integrity by inhibiting the differentiation of cardiac progenitor cells to
myofibroblasts and increasing the differentiation to myocytes. Thus, this invention is
based in part on research cstablishing that ErbB2 and ErbB3 receptors on cardiac
progenitor cells are targats for NRG that result in NRG/ErbB signaling that drives

differentiation of the cardiac progenitor cells toward formation of myocyies and inhibits
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differentiation into fibroblasts and myofibrobiasts. This finding can be used 1o identify
patients who will benefit most from treatment of cardiac injury, incloding beart failare,
with an NRG peptide or funciional variant or fragment thereot.

{968} Thus, one aspect of the invention provides a method for
identifving subjects who harbor cardiac progenitor cells that are responsive o freatment
with NRG. This may be determined by g biopsy of the heart tissue obtained, e.g.,
during cardiac surgery, or cardiac catheterization. The method may inciude the step of
isolating the celle from the subject or may be carried out entirely in vitro using a sample
of cells originating from the subject, Cardiac progenitor cells isolated from the biopsy
sviaterial may then be exposed to an NRG pepitde or functional variant or fragment
thereof to detenmine whether the cells respond by exhibiting reduced conversion {o
fibroblasts and myofibroblasts and/or by preferentially differentiating into cardiac
myocyies. Subjects whose cardiac progenitor cells demonstrate this response 1o the
NRG peptide or functional vartant or fragment thereof can be expected to respond well
to treatment for or prevention of cardiac injury with an NMRG pepiide or functionsl
fragment or variant thereof,

1669} Thus, another aspect of the invention provides methods for
treafing a subject found to harbor cardiac progenitor cells that respond (o an MRG
peptide or functinnal variant or fragmend thereof by preferential differentiation avway
from fibroblasts and/or toward cardiac myocytes. The invention also provides an MNRG
peptide or functionad variant or fragment thereof for use in a wethod of treating such a
subiect, for exampie in a2 method of Geating or proverding cardiac injury, a method of
inducing cardiac tissue regeneration or 3 method of repairing cardiac tissue, The
methods may be carried out in any subject that has been wdentified by a method as
v effective

B
7

described herein. The methods comprise adminisiering a therapeuticall

[#%]



WO 2017/053794 PCT/US2016/053438

amount of an NRG peptide or a functional variant or fragment thereof to promote
differentiation of cardiae progenitor cells towards cardiac monocytes and suppress the
conversion of cardiac progenitor cells into fibroblasts and myofibroblasts in a subject
with cardiae injury. Other aspeets of the invention provide methods for inducing
formation of cardiae tissue, strengthening cardiac tssue, and preventing the onset of
cardiac injury by administaring a therapeutically effective amount of a NRG peptide or
functional variant or fragment thereof to a patient identified as having cardiac
progenitor cells responsive to NRG. Also provided are an NRG peptide or functional
variant or fragment thereof for use in a1 method of inducing formation of cardiac tHssue,
strengthening cardine tissue, or preventing the onset of cardiace injury by administering a
therapeutically offective amount of a MRG peptide or functional variant or fragment
thereof to & patient identified as having cardiac progenitor cells responsive to NRG.
Activation of MRG/ErbB signaling by administering an NRG peptide or Amctions)
variant or fragment thereof to a sabject promotes differentiation of cardiac progenitor
celis into cardiac myocyies in those subjecis, leading 1o enhanced myocardial
regeneration and improved heart function. The methods of the invention may comprise
co-administration of human embryonic stem cells or human cardiac progenitor cails,
{8618 In certain embodiments, suppressing the conversion of cardiac
progenitor cells into fibroblast and myofibroblast cells induces cardiac tissue
regeneration by driving differentiation toward myoeyte formation. In other
embodiments, suppressing the conversion of cardiac progenitor cells into fibroblast and
myotibroblast cells and/or inducing differentiation into cardiac myoceyte cells, repairs
and strengthens cardiac tissue. In another embodiment, suppressing the conversion of
cardiac progenitor cells into fibroblast and myofibroblast cells prevents cardiac fibrosis,

in more specific embodiments, decreasing cardiac fibrosis after cardiac njury prevents
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formation of sear tissue. In some embodiments, scar tissue may be reversed or repaired,
in certain embodiments, suppressing the conversion of cardiac progenitor cells mto
fibroblasts and myofibroblasis cells prevents the onset of cardiac injury.

REHY S In one aspect, the methods of inducing cardiac tissue regeneration
ailer cardiac injury in a subject found to have cardiac progenitor cells that are
responsive to treatment with NRG comaprise administering a therapeutically effective
amowit of an NRG peptide or a functional variant or fragment thereof

{88124 in anocther aspect, the methods of repairing cardiac tissue after
cardiac inpury in a subject found to have cardiac progenitor cells that are respousive o
treatment with NRG comprise adminisiering a therapeutically effective amount of an
NRG peptide or a functional variant or fragment thereof,

{6613} in a further aspect, the methods of preventing the onset of cardiac
injury in a subject found {0 have cardiac progenitor cels that are responsive to treatment
with NRG comprise administering a therapeutically effective amount of an MRG
peptide or & functional variant or fragment thereot.

10614} in certain embodiments, the cardiac injury resulis from a
cardiovascular disease. In some embodiments, the cardiovascular disease results from
coronary arfery disease, sfroke, myocardial infarction, cardiomyopathy, hypertension,
ischamic heart disease, atrial fibrillation, congenital heart disease, myocarditis,
endocarditis, pericarditiz, atherosclerosis, vascular disease, coronary bypass surgery,
exposure o a cardiotoxic compound, thyrowd disease, viral mfection, gingivitis, drug
abuse, alcohol abuse, or high blood cholesterol. In specific ammbodiments, the subject
fias left veniricular systolic dysfunction. In some embodiments, the subject is suffering

from heart failure.
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{6015] In certain embodiments, the subject is at risk of developing a
cardiac injury or has a history of cardiovascular disease. In other embodiments, the
subject may be conternplating chemotherapy with a chemotherapeutic agent known to
damage cardiac tissue. Identifying whether the subject has cardiac progenitor cells that
are responsive to treatment with NRG will indicate that the subject will benefit from
concurrent therapy with an NRG peptide or functional variant or fragment thereof,
Thaus, in some embodiments, the methods provided herein further comprise
administering a therapeutically effoctive amount of an anticancer agent, e.g, azacitidine
betore, during or after administration of the NRG peptide or functional variant or
fragment thereot.

j3016] in other embodiments, provided herein the subject is a mammal.
In some embodiments, the mammal is 2 human. In some embodiments, the human is
suffering from a cancer and is already receiving cancer treatment that has been
associated with damage o cardiac tissue and function. In some embodiments the human
is a child or infant suffering from a congenital heart injury or recovering from heart
surgery, parficularly surgery to remodel or redesign portions of the heart,

{6017} in some embodiunents, the NRG peptide or functional variant or
fragment thereof is administered intravenously or subcutaneously.

{018} in certain embodiments, the NRG peptide is an NRG-1 or an
NRG-2 peptide, {particularly, an NRG-1B, and more particularly, Glial Growth Factor
{GOGE) 2 peptide (6.5, Cimaglermin alpha) or a funciional variant or fragment thereof.
in some specitic embodiments, NRG peptide comprises the amino acid sequence of
SEQ D NGO, or a functional variant or fragrent of SEQ 1D NO: 1. In other specific
embodiments the NRG peptide comprises the amino acid sequence SEQ 1D NO:Z, ora

functional fragment of SEQ 1D NO:2. In some embodiments, the NRG peptide

[a>]
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comprises the amino acid sequence of SEQ 1D NO:21 or SEQ ID NG:ZZ, or a funclional
fragrent thereof.

6019} In certain embodiments, the NRG peptide or functional variant or
fragment thereof binds to ErbB3 receptors sxpressed on cardiac progenitor cells to
activate ErbB signaling.

1802651 in certain embaodiments, binding of the NRG peptide or
functional variant or fragment thereof to ErbB3 receptors activates ErbB signaling. In at
least some smbodiments, the NBG peptide or functional variant or fragment thereof
binds to BErbB3 receptors and effects ErbB signaling by recruiting ErbB2 receptors on
the cardiac progenitor cells. The resulting ErbD signaling promotes differentiation of
cardiac progenitor cells toward cardiac myocytes and/or suppresses the conversion of
cardiac progenitor cells into fibroblasts and myofibwoblasts.

HEDE Another aspect of the Invention provides a method of Wentifving
a subject who will benefit from treatment or prevention of cardiac injury with NRG
comprising:

a) isclating human cardiac progenitor cells from a subject with cardiac imgury
or at risk of cardiac injury;

by exposing the subject’s cells to an WRG peptide or functional vanant or
fragment;

2} evaluating whether the cells are responsive to MRG by determining
whether conversion of cells into fibroblasts and myofibroblasts is
suppressed and/or whether the colls preferentially differentiate into cardiac
myocytes; and

wherein if suppression of the conversion of the cardiac progenitor cells nto Hibroblasts

and myofibroblasts or preferential differentiation into cardiac myocytes are found, then

~
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the subject will benefit from treatment or prevention of cardiac injury with the NRG
peptide or functional variant or fragment thereof. In a related aspeet, the method is
carried out on cardiac progeniior cells from the subject, and the method does not nclude
a step of isolating those cells. For example, provided is a method of identifying a
subject who will benefit from treatment or prevention of cardiac injury with NRG
comprising:

a} exposing human cardiac progentior cells from a subject with cardiac
injury or at risk of cardiac injury, to an NRG peptide or functional variant
or fragraent in vifro; and

b} evaluating whether the cells are responsive to neuregulin by determining
whether conversion of cells into fibroblasts and myofibroblasts is
suppressed and/or whether the cells preferentially differentiate into
cardiac myocytes;

wherein if suppression of the conversion of the cardiac progenitor cells into fibroblasts
and myofibroblasts or preferential differentiation into cardiac myocytes are found, then
the subject will benefit from treatment or prevention of cardiac injury with the NRG
peptide or functional variant or fragment thereof
(6822 Another aspect of the invention provides 2 method of treating or
preventing cardiac injury comprising:
) isolating human cardiac progenitor cells from a subject with cardiac injury
or at risk of cardiac injury;
b} evaluating whether the subject’s cardiac progenitor cells respond to an
NRG peptide or functional variant or fragment thereof by suppressing the

conversion of cardiac progenitor cells into fibroblasts and myofibroblasts
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and/or promoting differentiation of the cardiac progenttor cells inio cardiac
myooytes; and
¢} if the cardiae progenitor cells are responsive, administering NRG peptide
or functional variant or fragment thersof to treat or prevent or reduce the
severity of cardiac injury.
In a related aspect, the invention provides an NRG peptide or functional variant or
fragment thereof for use in such a method, or for use in a method of treating a subject
who has been identified by a method as deseribed herein as being 8 subjoct who will
benefit from treatment or prevention of cardiac inpuy.
(80231 In another embodiment, the methods of the invention comprise
a} culturing and expanding cardiac progenitor cells found 1o be capable of
responding to NRG peptide or functional variant or fragment thereof by
suppressing the conversion of cardiac progenitor cells into fibroblasts and
myofibroblasts and/or promoting differentiation of the cardiac progenitor
cells into cardiag myocyies, and
by admmistering the expanded cardiac progenitor cells to the subjest with a
therapeutically effective amount of an MRG peptide or functional variant
or fragment thereof. Also provided is an NRG peptide or functional
variant or fragment thereof for use in such a method
{86241 Another aspect of the invention provides a method of producing a
gell population enriched in cardiac myocytes, Comprising:
ay isolating the cardiac progenitor cells obtained from a sebject |

by culturing the cells in a growth medium;
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o} meobating the cells with an effective amount of an NRG peptide or a
functional variant or fragment thereof to promaote differentiation to cardiac
myooytes; and

dy isolating the myneytes,

This method may be followed by administration of the cardiac mynoytes to the subjact.
The cells may be fsolated in step a) from a sample i vifro, such as a biopsy sample as
deseribed herein,

BRIEF DESCRIPTION OF DRAWINGS

19625} Fig. § shows that morine Sea-1PCD3 1™ cardiac progenitor cells
express ErbB2 and ErbBJ receptors. Fig. 1A depicis representative flow eytometric
histograms that demonstrate the purity of an isolated subpopulation of cardiac
progenitor cells before- (left panel) and after- (right panel} magnetic activation cell
sorting. Fig. 1B showa a profile of mBNA expression of ErbB receptors in cardiac
progenitor cells. Fig, 1€ depicts representative flow cytometry histograms of cell
surface markers on Sca-1P/CD3 1™ cardiac progenitor cells. The shaded arcas
represent the fluorescence of cells trested with corresponding isotype-matching
antibody controls.

60261 Fig. 2 shows that murine Sca-1"PCD3 1™ cardiac progenitor cells
differentiate towards endothelial cells and cardiac myocyies in viro. Fig. 24 depicts
exemplary micrographs of capitlary-like structure formation afier incubation of cardiac
progenitor cells in growth madium (left panel) or endothelial cell {(EC)-differentiating
media (middle panel). CD3 1P cardiac endothelial cells were used as a positive control
{right panel). Fig. 28 shows a graphical representation of morphogenic activity of
cardiac progenitor cells, incubated in growth medium {control, left bar) or in endothelial

cells differentiating media {dif}, middle bar), and cardiac endothelial cells (EC, right

10
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bar). Capillary tabe formation was estimated by measuoring their total length. Fig. 2C
Hlustrates and exemplary real-time -PCR analysis of cardiac-specific gene expression in
cardiac Sca-1P°CD3T™E cells cultured in normal growth medivm (Con or in cardiac
myocyte-differentiating media (DI for 1 or 3 weeks {w). The values are averages of
three experiments. ¢TnT, cardiac troponin T, -MHOC, ~myosin heavy chains.

1606271 Fig. 3 shows that NRG-1 prevents transition of murine cardiac
progenitor eelis into myofibrobasts. Fig. 3A depicis representative flow cytometric dot
plots that demonstrate there iz an secumulation of cardiac progenitor cells towands
aSMA pasitive and eollagen 1 producing myofibroblasts 1 vive on day 7 alier
experimental myocardial infarction (137, M} in mice. Fig. 3B depicts a graphical
representation of data from flow cytometric analysis of aSMA positive {feft) and

collagen 1o positive (right) Sca-17°CD3 1™

cardiac progenitor cells, P values are
indicated, unpaired ¢ test. Fig. 3C depicts representative cytotluorographic dot plots
showing the expression of gSMA protein in cardiac progenitor cells incubated with
TGER slone {TGFR) or in combination with 30 ng/ml NRG-1 (TGFHNRG-1) for 48
hrs. Fig. 31 depicts mean fluorescence intensity of aSMA exprassion in cardiac Sca-
PPSCEA T progenior cells as assessed by flow cytometry, Data represent meantSEM
from three independent experiments, Fevalugs indicate significance Jevel caleulated by
t-test,

[BG28] Fig. 4 shows that ErbB2 and ErbB3 receptors localize in the
vasoular/peri-vascutar regions in the human heart. Green: staining for ErbB2 (left
panel} and ErbB3 {right panel} (Abs from Invitrogen and Santa Cruz Biotech,
respectively); red: phalloiding blue: TO-PRO-3 (nuciear staining); yellow arrows

ndicate peri-vascular staining,

11
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{86251 Fig. 5 shows that NRG-1 prevents transition of human cardiac
progenitor cells into myofibrobasts. Fig. A depicts phase contrast micrographs of
human cardiac progenitor cells immediately after replating a single celi-derived clone
{d0, upper panel} and 3 days later (d3, lower panel}. Scale bar= 100 pm. Fig. 5B
depicts real time-PCR analysis of cardiac-specific gene expression in human cardiac
progenitor cells before (C) and after culturing in differentiating media for | or 2 weeks
{w}. Values are averages of three experiments, unpaired ¢ test, Fig, 5C depicts flow
cytometry histograms of celi surface markers on buman cardiac progenitor cells. The
shaded areas represent the flucrescence of cells treated with corresponding isotype-

matching antibody condrols

EXEMPLARY EMBODIMENTS

(8634} In order that the disclosure may be more readily understood,
certain terms are first defined. These definitions should be read in light of the
remainder of the disclosure and as understood by a person of ordinary skill in the art.
Unless defined otherwise, all technical and scientific terms used horein have the same
meaning a5 commonly understood by a person of ordinary skill in the art. Additional
definitions are set forth throughout the detailed description.

{6031} As used herein, the term “a” entity or “an” entity refors to one or
more of that entity. For example, reference to “a peptide” includes a mixture of two or
more such peptides, and the fike. As such, the terms “a”, “an”, “one or more” and "at
least one” can be used interchangeably, For example, “a dose” includes one or more
doses. Further, unless otherwise required by confext, singular terms shall include

pluralities and plural terms shall include the singuiar.
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186321 As used herein, the term “about” is a stated vabie plos or minus
another amount; thereby establishing a range of values, In certain preferved
embodiments "about” indicates a range relative 1o a base {or core or reference} value or
amount plus or minus up to 15%, 4%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, &%, 3%,

%, 3%, 2%, 1%, (.75%, §.5%, 0.25% or §,1%.

(331 The phrase “and/or,” when vsed between slements in a Hst, is
mtended to mean either (1) that only a2 single listed element is present, or (2) that more
than one element of the list is present. For example, “A, B, and/or O indicates that the
sefection may be A alone; B alone; Calong; Aand By Aand C; B and Oy or A, B, and
C. The phrase “and/or” may be used interchangeably with “at least one of” or “one or
more of” the slements in a Hst

{34} As used hereln, the term "cardiotoxic” refers to a compound that
decreases heart function by divectly or indivectly impairing or killing cardiomyocytes.

[8635] As used herein, the term "excipiont” refers fo an mert substance
added o a pharmaceutical composition to further facilitate administration of an active
ingredient. Examples include, but are not limited to, calctum bicarbonate, calcium
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable
oils, polyethylene glycols, and surfactants, including, for example, polysorbate 26,

HEIRLY As used herein the term “intermitient or discontinuous
administration” includes a regimen for dosmg on intervals of af least {or not less than) 24
hours, 36 hours, 48 hours, 72 hours, 96 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days,
7 days, 8 days, 9 days, 10 days, 11 days, 12 davs, 13 days, 14 days, 80 days, 1 wesk, 2
weeks, 3 weeks, 4 weeks, 1 month, 2 months, 3 months {quarterly), 4 months, 5 months, 6
months, 7 months, & months, 9 months, 10 months, 11 months, 12 months, or longer, or

any combmnation or increment thereof so long as the interval/regimen is at least 24 hours,
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36 hours, 48 hours, 72 hours, 96 hours, | day, 2 days, 3 days, 4 days, 5 days, 6 days, 7
days, 8 days, 9 days, W days, 1 days, 12 days, 13 days, 14 days, 90 days, 1 week, 2
weeks, 3 weeks, 4 weeks, T momth, 2 months, 3 months (quarterly), 4 months, § months, 6
months, 7 months, & months, 9 months, 10 months, 11 months, 12 months, or longer. For
example, the peptide i administered on a dosing interval for at least 2 weeks, e.g., at
ieast 2 weeks, 3 weeks, or 4 weeks, For example, the dosing interval is greater than 4
morths,

(80371 As used herein, the term “NRG peptide” refers to 2 peptide that
binds 1o at least EybB3 on cardiac progenitor cells and activates ErbB signaling, MRG
peptides inchude NRG-1, NRG-2, or an epidermal growth factor (EGF-like domain
containing peptide that binds to at jeast the EybB3 receptor and recruits the Erbi2
recepior to effect ErbB signaling. An "EGF-like domain containing peplide” bears a
structural similarity to the BGF receptor-binding domain, e.g., as disclosed in Holmes 7
al, 1992, U8, Patent Mo, 5,530,109; U.S. Patent No. 5,716,930 U8, Patent No.
7,037 888, Hijazi ef of, 1998; Chang ef al, 1997 Carraway ef al,, 1997; Higashiyama
ef ol 1997, and WO 97/09425. NRG-1 peptides are described in 1.3, Patent Ne.
5,530,109; U5, Patent Mo, 5,716,930; and 1.3, Patent No. 7,037,888, each of which is
incorporated herein by reference in its entivety. NRG-2 peptides are described in U5,
Patent 8,114,838 incorporated hersin by reference in its entirety. In some embodiments,
the NRG-2 peptide is NRG-Zn. In some embodiments, the NR(G-2 peptide is NRG-28.
tn certain ernbodiments, the MRG peptide employed in the methods of the invention is
an NRG-18 peptide, e.g., isoform GGF2 (SEQ ID KOG or SEQ ID NG 2Yora
tunctional variant or fragment thereot. In other embodiments the NRG peptide
ernployed in the methods of the invention is an NRG-Z peptide, such as, e.g., NRG-2a

(SEQID NG21) or NRG-2B (SEQ 1D NO:22), or a functional variant or fragment

i
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ihereot. The term “NR peptide or fonctional variant or fragroent thereot” is meant (o
include an NRG peptide as disclosed herein, s fonctional variant of an NRG peptide, a
functional fragment of an MNRG peptide, or a functional fragment of a functional variant
of ant DRG peptide.

{038} As ased herein, the term "functional variant” of an NRG peptide
meeans g peptide that possesses an EGF-like domain and binds to ErbB3, recruits
ErbB2, and indoces NGR/ErbB signaling leading to suppressed conversion of cardiac
progenitor cells to fibroblasts and myofibroblasts and/or by preferential differentiation
of cardiac progenitor cells into cardiac royooytes. The functional variant of NRG may
bear substaniial sequence similarity to GGF2. In soms embodiments, the functional
variant of an MRG peptide i3 80%, 82%,83%, 88%, 86%, 92%, 85%, 98%, or 99%
identical to SEQ 1D NG, SEQ 1D NOZ, SEQ D NO2Y, or SEQID NG 22 0ra
functional fragment thereot. In some embodiments, the variant differs from a
corrssponding portion of SEQ ID NG, SEQ 1D NG:2, BEQ 1D NO:ZL, or SEQID
N{:22 by amino acid substitution, deletion, or insertion. In some embodiments, a
variani differs from SEQ 1D NO, SEQ D NG, SEQ 1D MNOZL, or SEQ HI NO22
only by conservative substitution of amine acids, In some embodiments a vaniant differs
from a corresponding portion of SEQ 1D NG, SEGQ ID NO:Z, S3EQ D NOZl, or SEQ
B NO:22 by less than 25, less than 20, less than 15, less than, 12, less than 14, less than
B, less than 3, less than 2 amino acid substitutions, which may be conservative
subsitufions.

18039] As used herein, the term “functional fragment” of an NRG
peptide refers to any truncated portion of an NRG peptide, e.g., having the amino acid
sequence of SEQ HI NOuE, SEG D NG:2, SEQ 1D NOZL, or SEQ D NG22, or

functional variant thereof, that retains the ability to bind fo at least ErbB3 on cardiac

15
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progenitor cells and activate NRG/ErbB signaling, resulting in suppressed conversion of
cardiac progenitor calls to fibroblasts and myofibroblasts and/or by preferential
differentiation of cardiac progenitor cells into cardiac myocytes,

{040} As used herein, “responsive to neuregulin” and “responsive to
ireatment with neuregulin” refors to the cardiac progenitor cells that preferentially
differentiate info cardiac myocytes and/or exhibit reduced differentiation into fibroblasts
or myofibroblasts upon exposure to an NRG pepiide or 3 functional variant or fragment
thereof.

{0041} As used herein, the phrases "physiologically acceptable carrier”
and "pharmacentically acceptable carrier” which may be used interchangeably referto a
carrier o1 # difuent that doss not cause significant trritation to an organism and does not
abrogate the biological activity and properties of the administered bacterial compound.
An adjuvant is included under these phrases,

6642) ‘The peptides and functional varianis and fragments thereof are
purified and/or isolated. As used berein, an “isolated” or “purified” peptide, variant, or
fragment, is substantially free of other cellular material, or culture medium when
produced by recombinant technigues, or chemical precursors or other chemicals when
chemically synthesized. Purified compounds are at least 0% by weight (dry weight)
the compound of interest. Preferably, the preparation is at least 7594, more preferably at
feast 90%, and most preferably at Jeast 999, by weight the compound of interast. For
example, a purtfied compound is one that is at least G0%, 91%, 92%, 93%, 94%, 85%,
98%, 89%%, or 100% (w/w) of the desired compound by weight. Purity is measured by
any appropriate standard method, for example, by column chromatography, thin layer
chromatography, or high-performance higuid chromatography (HPLCY analvsis. A

purified or isolated polynucleotide {ribonucleir acid (RNA)Y or deoxyribonucieic acid
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{DMAY) is free of the genes or sequences that flank it i ifs natorally-occurring state. A
purified or isolated peptide is free of the amino acids or sequences that flank it in s
naturalbv-occurring state, Purified also defines a degree of sterility that is safe for
administration to a hwman subject, e.g., lacking infectious or loxic agents.

1431 As used hersin, the term "preventing” means mininizing or
partially or completely inhibiting the dovelopment of fibrosis and scar tissue resulting
from cardiac injury.

{80644] As ysed herein, the term “regeneration” refers to the restoration
of function to a tost or damaged cell, tissue or organ where function has been
compranised. Regeneration capacity can be measured as a function of the cell, tissue,
or organ. Such functions can be, but are not Hmited 1o expression of proteins, tissue
remodeling, induction of anglogenesisivasculoganesis, reduction in hyypertropby, and
coordinated function as tissue or organ, contractility and relaxation. In some
embodiments, at least 20, 30, 40, 50, 60, 70, 80, 98, 95, 98, 49 or 100% of the
function of the organ is regenerated.

{0845 As used herein, the term "steady siate levels” refers to a level{s) of
an exogencus agend, e.g., a peptide that is sufficient to achieve equilibration (withan &
range of fluctuation between succeeding doses) between administration and elimination.
“Mamtaining steady siate therapeuotic levels” refers to sustaining the concentration of an
exogentus agent at a level sufficient 1o confer therapeutic benefit i a subject.

{046] As used harein, the term “therapeutically effective amount” is
mtended to mean that amount of a drug or pharmaceutical agent, e.g., an NRG peptide
described herein, such as NRG-1§, partenlarly GGFZ, e.g., a peptide having the amino
aoid sequence of SEQ 1D NG T or SEQ 1D WNG2, or a funcitonal variant or fragrent

thereof that elieits reduction in the nwwber of myotibroblasts produced and/or increases



WO 2017/053794 PCT/US2016/053438

the number of myocytes produced from endogensus cardiac progenitor cells or co-
administered cardiac progenitor cella. A "therapeutically effective amount™ i3 an
amount safficient to mmprove or maintain the health and integrity of cardiac tissue,
decrease or lessen the incidence of symploms associated with cardiac injury or fibrosis,
io normalize body functions in disesse o disorder associated with cardiac injury that
reselis in impairment of specific bodily funciions, or to provide impravement in one or
more of the clinically messured parameters of a disease involving cardiac injury,

{80471 As used herein, the term "weating” means that administration of
an NRL peptide described herein, such as NRG-1B, partivularly isoform GGF2, e, 8
peptide having the amine acid sequence of SEQ ID N or SEQ 1D NO, ora
funetional variant or fragment thereof, will slow or inhibit the progression of cardiac
injury that would ocour in the absence of treatment, in a siatistically significant manner
in & subject found to have cardiac progenitor cells that are responsive to NRG, Well
known indicin such as left ventricular gjoction fraction, exercise performance, mitral
valve regurgitation, dyspnes, peripheral edema, and other clinieal tests as enumerated
above, as well as survival rates and hospitalization rates may be used to aasess disease
progression, Whether or not a treatment slows or inhibits cardiac injury progressinn in
a statistically significant manner may be determined by methods that are wail known in
the art {see, .5, SOLVL Investigators, 1992 and Cohn ef of., 1995, moorporated herein
by reference).

NRG/ErbB Signaling in Cardiac Progenitor Cells

[B048] Normally, fibrosis due to activation of cardiac fibroblasis
mmpedes cardiac regeneration and contributes 1o loss of contractile function,
pathological remodeling and susceptibility 1o heart fatlure and myocardial infarction

after cardiac tnjury. 1t has now been found that the mammalian heart can be stimulated



WO 2017/053794 PCT/US2016/053438

to maximize native regenerative potential following cardiac inpary by administering an
MRG peptide or functional variant or fragment thereot. In some embodiments, the
patient has been identified by previcus procedure as having 8 supply of native cardiac
progenitor cells, Alternatively, this native regenerative potential may be supplemented
by co-administration {stmultaneously or sequentially, continuously or intermitfently) of
human cardiac progenitor cells or human embryonic stem cells. 1deally, the co-
administered cardiac progeniior cells were originally abtained from the subjoct being
treated.

649 Adminisiration of the NRG peptide or functional variant or
fragment thereot promotes differentiation of cardiac progenitor cells toward cardiae
myocyles and suppresses the conversion of cardiac progenitor cells into fibroblasts and
myofibroblasts in a subject.

BT In certain embodiments, administering o a subjact a
therapeatically effective amount of an MRG peptide or functional variant or fragment
thereof promotes differentiation of cardiac progenitor cells toward cardiac myocytes and
suppresses the conversion of cardiac progenitor cells into fibroblasts and mvofibroblasts
cells over a period of at least 12 weeks, at least 10 weeks, at least 8 weeks, at least &
weeks, al least 4 weeks, at least 2 weeks or at feast 1 week after administration. In other
embodiments, administering {o a subject a therapeutically effective amount of an NRG
peptide or functional variant or fragment thereof, promotes differentiation of cardiac
progenitor cells toward cardiac myocyies and suppresses the conversion of cardiac
progenitor cells into fibroblasts and myotibroblasts cells over a period of at least 10
days, at feast 9 days, at least 8 days, at least 7 days, at least 6 days, af Jeast § days, at
least 4 days, at least 3 davs, at least 2 days or at least 1 day after administration. In

ancther emnbodiment, administering 1o a subject a therapeutically effective amount of an

18
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NR{ peptide or functional variant or fragment thereof promotes differentiation of
cardiac progenitor cells toward cardiac myocyies and suppresses the conversion of
cardiac progenitor cells into fibroblasts and myotibroblasts cells for at least 70 hours, at
least 60 bours, ut least 50 hours, at least 40 hours, at least 30 hours, at least 20 hours, at
teast 15 hours, at least 10 hours, at least 5 hours, at least 4 hours, at lzast 3 hours, at
teast 2 hours, or at least | bour after administration.

51 In another embodiment, administering to a subject an NRG
peptide or functional vaniant or fragroent thereot promotes differentiation of at least
about 0.1%, 0.2%%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 6.9%, 194, 5%, 10%, 15%,
2%, 30%%, 40%, 0%, 60%, 70%, §0%%, G0%, 95%, or 100% of cardiac progenitor cells
toward cardiac myocyvies,

HELIY in vet other embodiments, administering fo a subject an NRG
peptide or functional variant or fragment thereof, suppresses the conversion of cardiac
progenitor cells fnto fibroblasts and myofibroblasts cells by about 136, 5%, 10%, 15%,
20%, 30%, 40%, 50%, 6%, T0%, 80%, 90%, 93%%, or 130%.

[B053] In certain embodiments, administering to 3 subject an NRG
peptide or functional variant or fragment thereof, promotes differentiation of at least
about 0.1%, §.2%, 0.3%, 0.4%, 0.5%%, 0.6%%, 0.7%, 0.8%, 11.9%, 1%, 5%, 10%, 159%%,

2550, 30%, 40%%, 50%, 60%, 70%, E0%, 909, 95%, or 100% of cardiac progeniior calls

toward cardiac myocytes and suppresses the conversion of cardiac progenitor cells into
fibroblasts and myofibroblasis cells by about 196, 5%, 1095, 15%, 20%, 30%, 40%,

5G%, 60%, 707, 8%, 80%%¢, 95%, or 1%
{41054} in certain embodiments, administering o & subject an NRG
peptide or functional variant or fragment thereof resulis in reduced production of

fibroblasts and increased production of functional cardiac myocytes. In other
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embodiments, administering 10 a subject an MRG peptide or functional variant or
fragioent thereof has an anti-fibrotic effect.

{B055] In certain embodiments, administering o a subject an KRG
peptide or functional variant or fragment thereof, suppresses myocardial fbrosis, In
other embodiments, administering to a subject an NRG peptide or functional variant or
fragment thereof, reduces expression of pro-fibrotic genes. In specific embodiments,
administering to a subject an NRG peptide or functional variant or fragment thereof,
reduces the expression of collagens, [ibrillins, ostepnectin, periostin, and versican.

{3056] In certain embodiments, the methods of promoting differentiation
of cardiae progenitor cells into cardiac myneyies and suppressing the conversion of
cardiac progenitor cells into {ihroblasts and myofibroblasts cells in a subject comprise
administering to the subject an NRG peptide or functional variant or fragment thereof,
and co-administering (simulianeously, sequentially, serially, or intermittenily) a vector
that expresses a cardiac transcription facty, i cortain embodiments, the cardiac
transcription factor is GATA4, Hand2, MEF2C, MesP1, Nkx2-3, or Thx3,

{357 in corfain embodiments, the methods of promoting differentiation
of cardiac progeniior cells into cardiac myocytes and suppressing the conversion of
cardiae progenitor cells into fibroblasts and myofibroblasts cells comprise administering
an NRG peptide or functional varant or fragiment thereof to a subject suffering from a
cancer. The NR peptide or functional variant or fragment thereof may be administered
hefore, after, or concurrently with 2 chemotherapeutic agent, It may be administered
simultancously or sequentiatly with the chemotherapeutic agent. In some embodiments,
the chemotherapeutic agent is Herceptin, fn soree embodiments, the chemotherapeutic
agent is selected from bendamusting, busuifan, carmustine, chiorambucii,

cyclophosphamide, dacarbazine, ifosfamide, melphalan, procasbazine, strepiozocin,
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temozolomide, asparaginase, capecilabine, cytarabine, 3- Fluore Uracil, fludarabine,
gemeitabine, methotrexate, pemetrexed, raliitrexed, actinomycein D/dactinomyein,
bleomycin, daumorubicin, doxorubicin, doxorubicin (pegylated liposomal), epirubicin,
idarubicin, mitomyein, miloxantron, asparaginase, capecitabine, cytarabing, 5~ Fluoro
Uracil, fludarabine, gemcitabine, methotrexate, pemetrexed, raltitrexed, actinomycin
BDactinomycin, bleomyein, daunorubicin, doxorubicin, doxorubicin (pegylated
liposomal), epirubicin, idarubicin, mitomyein, mitoxantrone, etoposide, docetaxel,
irinotecan, paclitusel, topotecan, vinblastine, vincristine, vinorelbine, carboplatin,
cisplatin, oxaliplati, alermtiwamab, BOCG, bevacizumal, cetuximab, denosamab,
eriotinib, gefitinih, imatinib, tnterforon, ipilimumab, lapatinih, panttunumsb, rituximab,
sunitinib, sorafenib, temsirolimaus, trastuzamab, clodronste, ibandronic acid,
pamuidronate, zolendronic acld, anastrozole, abiraterone, amifostine, hexarotens,
bicalutamide, buserelin, cyproterone, degarelix, examestane, flutamide, folinic acid,
fubvestrant, goserelin, lanreotide, lenalidomide, letrozole, louprorelin,
medroxyprogesterone, megestrol, mesna, octreotide, stilbosestrol, tamoxifen,
thatidomide or triptorelin.

[HHIRY fn certain embodiments, the methods of promoting differentiation
of cardiac progenitor cells into cardiac myoeyies anid suppressing the conversion of
cardiac progenitor cells into fibroblasts and myofibroblasts sells in a subject comprise
administering to the subject an NRG peptide or functional variant or fragmaent thereof]
and co-adroinistering {simoltancously, sequentially, continuously, or intenmittently)
buman cardiac progenitor cells that arve responsive to NRG. In some embodiments, the
human cardiac progenitor cells are Inftially isolated from the subject receiving treatment
and expanded in vifro prior to readmininstration with the NRG peptide or functional

variant or fragment thereofl. In certain embaodiments, the cardiac progenitor cells
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administered in the methods of the invention express stem cell antigens, o-kit, sca-1, ish-
1, S8EA-F or ABCGZ. In other embodiments, provided herein the cardiae progenitor
cells express cardine speeific markers; e.g. MEx2.5, GATA4, o-MHC. In a preferved
embodiment, the cardiac progenitor colls express sca-1. In other embodiments, the
cardiac progenitor cells do not express o-kif, In some embodiments, the cardiac
progenitor cells maybe cardiospheres.

HEIRSY: In certain embodiments, the cardiac progenitor cells provided
herein are obtained from and/or administered to the atrial and/or ventricles of the heart,
In more specitic embodiments, the cardiac progenitor cells are obtained from and/or
administered to the left ventricle. In yvet more specific embodiments, the cardiac
progenitor celis are obtained from and/or adminisiered o the lefl ventricle free wall, 2
vascular or a perivascular region of the hearl. In certain embodiments, the cardiac
progentior cells obtained from and/or administered expross sea-1. Cardiac progenitor
cells may be isclated by any means known in the art or disclosed herein.

108601 In certain embodiments, administering to a subject an NRG
peptide or functional vartant or fragment thercof, himits TGF-§ activation and decreases
fibroblast activation. TGF-§ exists in three isoforms (YGF-B1, TGF-§2, and TGF-333
that have distinet but overlapping functions in immunity, inflammation, and tissue
repatr, and TGF-f also has a contral role in fibroblast activation and differentiation into
myofibroblasts.

Mearsgulin

86611 NRGs are growth factors related 1o the epidermal growih factor
superfamily that bind to ErbB receptors. They have been shown to improve cardiac
function i multiple models of hewt fatlure, cardictoxicity and ischemia. NRGs have

also been shown to protect the nervous system in models of stroke, spinal cord injury,
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nerve agent exposurs, peripheral nerve damage and chemotoxicity {for review see
Sawyer and Caggianc, 20115

621 Family members of NRG comprise NRG-{, MRG-Z, NRG-3 and
NRG-4 genes possess BGF-fike domains that allow them to bind to and activate ErbR
receptors, Each of the NREO ganes can be expressed as multiple distingt protein
isotorms due to alternate splicing ranseripts (Falls, 2003), NRG also comprises
varianis or functional homaelogues with conservative aming acid substitutions that do
not substantially alter their biological activity. Suitable conservative substitutions of
arning acids are known 1o those skilled in the art and may be generally made without
altering the biological activity of the resulting molecule,

jEHE63] Holmes ar ol ([ 1992) bave shown that the BGF-like domain
alone is sufficient o bind and activate the ErbB signaling Accordingly, any peptide
product encoded by the NRG-1, NRG-2, NRG-3, or NRG-4 gene, or any NRG-like
peptide, 2.g., a peptide having an BEGF-lke domain encoded by a NRG gene or ¢DNA
{e.g., an EGF-like domain containing the NRG-1 peptide subdomains £-C/D or O-C/TY,
as described in ULS. Patent No. 5,53{, 169, 11.5. Patent No, 5,716,930, and U8, Fatent
No. 7,037 888; or an EGF-like domain as disclosed in WO 97/09425) can be used in the
methods of the disclosure fo prevent, treat, or delay the progression of cardiovascular
disease, ¢.g., heart failure. The contents of each of 1.5, Patent Mo. 5,530,109; U.S.
Patent No. 5,716,930; U.S. Patent Mo, 7,037,888, and WO 97/09425 are incorporaied
herein in its entirety.

{0064] NEG-1 comprises a group of approximately 15 distinet
structurally-related isoforms (Lembke, 1996; Peles and Yarden, 1993}, In some
embodiments the peptide or functional fragment thereof used in the methods of the

disclosure comprises at least 1, at least 2, at east 3, at Jeast 4, at least 5, at feast 6, at
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least 7, st least &, af least 9, at Jeast 10, at Jeast 11, at least 12, at Jeast 13, at least 14, or
at least 15 NRG-1 isofiwms, These isoforms can be divided into three groups {4, Hor
1), based on their M-terminal sequences. In the present disclosure, any isoform of
MRG-1 can be used. NRG isoforms can be generated from short transcripts leading
directly 1o secreted ligands or sre synthesized ligands or are synthesized as
transmembrane precursor profeins.

NRG-]

{80665] in some embodiments, the NRG peptide ts NRG-iPora
functional variant or fragment thereof. In more specific embodiments, the MRG-]
peptide or functional fragment thereof is NRG-10 soform 1, isoform 2, isoform 3,
isoform 4, isoform 5, isoform 6, isoform 7, isoform &, isoform @, isoform 14, soform
i1, or iseform 12, In particularly preferred embodiments, the isoforn is GGFL

{366] In ceriain embodiments, the NRG-18 peptide or functional variant
ot fragment thereof is a recombinant protein. In another embodument, the NRG-18
peptide or functional fragmernt thereof is a recombinant protein comprising the aming
acid sequence of SEQ 1D NG: 19, In another embodiment, the NRG-1§ peptide or
functional fragment thereof is a recombinant protein comprising the amino acid
sequence of SEQ 1D NO:ZEG.

{zlial Growth Factor 2

{067] In some embodiments the NRG peptide is glial growth factor,
{3GF2, The amino acid sequence of mature GGFZ is sot forth in SEQ 1D NO: and SEQ
1D WNG:2. In some embodiments, a peptide comprises a functional variant or fragment of
GGF2. A functions] fragment of GGF2 that binds to and activates an ErbB3 receptor on
cardiac progenitor cells and activates ErbB signaling may comprise 371 amino acuds or

less, e.g., 370, 369, 368, 367, 366, 365, 360, 355, 354, 340, 338, 320, 310, 304, 280,
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280, 270, 260, 250, 248, 236, 220, 214, 200, 190, 180, 170, 160, 150, 140, 136, 120,
110, 100, 80, 80, 70, 60, 55, 50, 45, 40, 35, 30, 25, 20 amine acids, or less, of SEQ 1D
N3 2

{306Y] A functional variant of GGF2 binds to and activates an FrbR3
receptor on cardiac progenitor cells and activates ErbB signaling. A variant GGF2 used
i1 the methods of the invention may comprise an aming acid sequence selented from 3EQ
10 NO3, SEQ HD MO, SEQ UD MNOSS, SEQ 1D NOG:s, SEQ D MO:T, SEQ 1D NGO,
SEO D NGB or SEQ 12 NO: 0. In cortain embodiments, the GGF2 peptide comprises an
amnino acid sequence that is 80%, 81%, §294, 83%, 84%, 85%, &6%, §7%, 85%, 89%,
9G%, 917, B2%%, 439, 94%, 959, 96%%, 97%, $8%, 99%, or 100% identical to SED ID
M2 or functional fragment thersof,

NRG-2

18069 I some embodiments the MRG peptide is an NRG-2 peptide,

.

e.g., MRG-Zo or NRG-ZB. The amine acid seguence of NRG-2g s set forth in SEQ ID
MO2T and the amino acid sequence for NRG-2p is set forth in SEQ 1D MO:2. In some
embodiments, 4 peptide comprises a functional variant or fragment of NRG-20 or NRG-
2f. A functional fragment of NRG-Za that binds to and activates an ErbB3 receptor on
cardiac progenitor cells and activates ErbB signabing may comprise 329 amine acids or
less, e.g., 325,320, 310, 300, 200, 280, 270, 260, 250, 240, 230, 220, 210, 200, 1940,
PEG, V70, 160, 1530, 140, 130, 120, 110, 100, 90, 80, 70, 64, 55, 50, 45, 40, 35, 30, 25,

20 amino acids, or fess, of SEQ 1D NO21. A functional fragment of NRG-2B that binds

o and activates an ErbB3 receptor on cardiac progenitor cells and activates ErbB

signaling moay comprise 297 amine acids or less, e.g., 295, 290, 280, 270, 260, 250, 240
230,220,210, 200, 190, 184, , 160, B350, 140, 130, 120, 110, 100, 90, 80, 70, 60, 55,

50,45, 48, 35, 36, 25, 20 amino scids, or loss, of SEQ ID NG:22.
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16678 A functional vartant of NRG-2¢ or NRG-2p binds to and activates
an ErbB3 receptor on cardiac progenitor cells and activates ErbB signaling. A variant
WNRG-Ze or NRG-28 used in the mothods of the invention may comprise an amino acid
sequences that is 80%, 81%, 82%, 83%, 84%, 85%, 86%, &7%, BE%, 89%, 90%, $1%,
929%, 93%%, B4%, 9555, G6Y%%, 7%, 8%, 99%, or 100% identical to SHG D NOZY or
SEQ ID NOG:ZZ, or 8 funciional fragment thereof,

FGE-fike domain

186711 An NR variant peptide or functional fragroent thereof suitable for
uae it the methods of the disclosure comprises an EGF-like domain-containing poptide.
In some embodiments the BEGF-Iike domain-containing peptide comprises the amino acid
sequences SEQ D NG or SEG D NOEL In some embodiments, the NRG peptide or
funetional variant or fragrent thereof used in the methods of the invention comprises an
EGF-tike domain derived from NRG-18, particalarly GGF2. In specific embodiments,
the NR G peptide or functional variant or fragment thereof used in the methods of the
inventing comprises an EGF-like domain derived from GGFZ. In other specific
emhodiments, the peptide or functional fragment thereof used in the methods of the
disclosure comprises an EGF-lke domain derived from NRG-18, particularly GGE2.
Exemplary EGF-tike domain-containing peptides suitable for use in the methods of the
mvention, may comprise the aminge achkd sequence set forth in SEQ ID NGH13 (EGFLTY,
SEG D NO4 (BGFLZY, SEQ D NOS (BEGFLY), SEQ D NOs (BEGPFLA), SEQ D
NOT {(EGFLSY, or SEQ D MO (EGFLSY

Compositions, Administration and Dosage

721 in certain embodiments, an MRG peptide or functional vanant or
fragment thereof suitable for use in the methods of the invention is a purified recoinbinant

or chemically synthesized peptide.

[
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8731 fr certain embodiments, an NRG peptide or functional variant
or fragment thereof deseribed herein, can be administered to subjects, e.g., humans,
velerinary subjects, ov experimental animals with a pharmaceutically-acceptable
diluent, carrier, or excipient. Compositions of the diselosure can be pravided in unit
dosage form. Therapeutic formulations can be in the form of lquid solutions or
suspensions; for oral administration, formulations can be in the form of tablets or
capsuies; and for intranasal formulations, in the form of powders, nasal drops, or
aerosols.

0747 Methods for making formulations are found in, for example,
"Remington's Pharmaceutical Sciences.” Formulations for parenteral administration
can, for example, contain excipients, sterile water, or saline, polyalkylene ghyeols such
as polyethylens glyeod, oils of vegetable origin, or hydrogenated napthalenes. Uther
potentially usefnl parenteral delivery systems for administering molecules of the
disciosure inclode ethylene-viny! acetate copolymer particles, oerotic pumps,
implantable infusion systems, and liposomes. Formulations for inhalation can contain
excipients, for example, laciose, or may be aguecus solutions containing, for example,
polyoxyethylene-S-lauryl ether, glycocholate and deoxycholate, or can be oily solutions
for administration in the form of nasal drops, or as a gel.

18673] In certain embodiments, the NRG peptide or functional variant or
fragment thereof provided herein is administered intermittently or discontinuousiy.

{8876} in accordance with the present diselosure, intermittent or
discontinuous administration of a peptide described herein is directed to achieving a dosing
regimen wherein narrow steady-state concentrations of the administered peptide are not
maintained, thereby reducing the probability that the mammal will experience untoward

side eifects that may result from maintaining supraphysiological levels of the administered
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peptide over a prolonged duration. For example, side effects associated with
supraphysiciogical levels of exogenously admuustered NRG include nerve sheath
hyperplasia, mammary hyperplasia, renal neplwopathy, bypospermia, epatic enzyme
elevation, heart valve changes, and skin changes at the injection site,

{86771 in a preferred embodiment, the present disclosure is directed to an
intermititent dosing regimen that elicits or permits fluctuations in the serum levels of the
MRG peptide or functional variant or fragment thersof, and thus reduces the potential for
adverse side effects associated with more frequent administration of the peptide. The
intesrnitient dosing regimen of the present disclosure thus confers therapeutic advantage (o
the mammal, but does not maintain steady state therapeutic levels of the peptide. As
appreciated by those of ordinary skill in the art, there are various embodiments of the
disciosure to obtain the intermittent dosing; the benefits of these embodiments can be
stated in various ways for example, the administering doss not maintain steady siate
therapeutic levels of the peptide, the administering reduces potential for adverse side
effects assooiated with administration of 8 NRG peptide more frequently, and/or the like.

0478 In ceriain embodiments, the NRG peptide or functions! variant or
fragment thereof, provides dosing intervals of at least 24 hours, 36 hours, 48 hours, 72
hours, 96 hours, 1 day, ? days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10
days, 11 days, 12 days, 13 days, 14 days, 98 days, 1 week, 2 weeks, 3 woeks, 4 weeks, 1
month, Z months, 3 months {quarterly}), 4 months, § months, 6 months, 7 months, &
months, 9 months, 10 months, 11 months, 12 months, or longer, oy any combination or
increment thereot so long as the interval/regimen 15 at least 24 hours, 36 hours, 48
hours, 72 hours, 96 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9
days, 10 days, 11 days, 12 days, 13 days, [4 days, 90 days, | week, 2 weeks, 3 weeks, 4

~ -t

weeks, 1 month, 2 months, 3 months {guarterly), 4 months, 5 months, & months, 7
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months, § months, 9 months, 10 months, 11 months, 17 months, or longer. In certain
embodiments, the NRG peptide functional variant or fragment therect, is administered
at dosing intervals of at least once per month, once per 2 months, once per 3 months, or
once per & months, For example, the peptide is administered on a dosing interval for at
feast 2 weeks, e.g., at feast 2 weeks, 3 weeks, or 4 weeks, For example, the peptide is
administered on a dosing interval of greater than 4 months.

7Y Irt some embodiments, a therapeutically effective amount of the
MNRG peptide or a functional variant or fragment thereof, is administered to a mammal at
dosing intervals of 48, 72, 86, or more howrs, Preferably, s dosing regimen comprises
administering a therapeutically effective amount of the peptids to a mammal at dosing
mtervals of 72, 96, or more hours. Accordingly, the present method calls for intermittont
or discontinuous administration {every 72 to 96 hours, or even longer intervals) of the
NEG peptide a functional variant or fragment thereof, to the mmammal, wherein
administration of the peptide is in an amount cffective to treat, prevent, or delay
progression of heart fatlure in the mammal. Dosing regimens for NRG, e.g, GGF2 ora
functional fragment thereot, administration that do not maintain steady-state concentrations
are equally as eftective as more frequent dosing regimens, yet without the inconvenience,
costs or side effects that can result from mose frequent administration,

[GBRG] In certain embodunents, hersin the term intermittent or
discontinuous administration includes a reghnen for dosing at least once every 2 weeks,
once every 3 weeks, once every 4 weeks, once per month, once per 2 months, once par 3
manths, once per 4 months, once per § months, once per & months, once per 7 months,
once par 8 months, once per ¥ months, once per 10 months, once per 11 months, or once

per 12 months,
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18081 in certain ombodiments of a dosing regimen described herein, the
MRG peptide or functional variant or fragment thereot, is administered once every
monih, once SVery other month, once every three months, once every 3.5 months, once
every 4 months, once every 4.5 months, once every § months, once every & months, once
every 7 months, or on a less freguent dosing interval.

{082} A dosing regimen of the disclosure can be initiated, established, or
subsequently modified opon evalustion of a variety of factors, including, but not firaited 1o
ejection fraction, left ventricular ciection fraction , end-diastolic volume, end-sysiolic
vodume, heart volume, heart weight, liver toxicity, or increased or decreased protein
expression levels in either cardiac tissue or blood samples of B-type Natiuretic Peptide, N+
terminal B-type Mativretic Peptide, andfor Troponin-L. A dosing regimen of the prasent
disclosure can also be initiated, established, or subsequently moditied upon evaluanion of,
amelicration of, or improvement of one or more symptoms of heart fatlure, e.g., shortness
of breath, exercise mtolerance, hogpitalization, re-hospitalization, mortaiity, and/or
morbidity. A change in one or more of these factors may indicate that the interval between
doses may be too small, the administration oo frequent, or the routs of administration not
optimal, In other cases, a change in one or motre of these faciors may indicate that an
optimal dose and/or dosing interval has been reached, and optionally, may be maintained.

083] In some cases liver foxicity is monitored, such as at regular
mtervals, e.g., hver loxicity is assessed at least every 24 hours, 36 hours, 48 hours, 72
hours, 96 hours, | day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, § days, 9 days, 16
days, 11 days, 12 days, 13 days, 14 davs, 98 days, | week, 2 weeks, 3 weeks, 4 weeks,
smonth, 7 months, 3 months {quarterty}, 4 months, 5 months, & months, 7 months, &
months, 9 months, 10 months, 1) nonths, 12 months, or longer, or any combination or

mcrement thersof

(O]
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180841 I some cases glucose levels, e.g., in plasma, serum, or blood of the
sultject, is monilored at regular intervals, o.g., liver toxicity is assessed at least every 24
hours, 36 hours, 48 howurs, 72 hours, 96 hours, | day, 2 days, 3 days, 4 days, 5 davs, & days,
7 days, 8 days, 9 days, 10 days, 1 days, 12 days, 13 days, 14 days, 90 days, 1 week, 2
weeks, 3 weeks, 4 weeks, | month, 2 months, 2 months {guarierhy), 4 months, 5 months, 6
months, 7 months, & months, 9 months, 1 months, 1] months, 12 months, or longer, or
any combination or merement therenf,

{8083) For exampie, liver toxieity and/or glucose level is monitored on any
dosing regimen deseribed herein, e.g., on an escalating dosing regimen, a decreasing
dosing regunen, and/or a dosing rogimen in which a therapeutically effective dose is
maintained and, e.g., not changed.

[8086] Conventional pharmaceutical practice is employed to provide
suitable formulations or compositions, and to administer such compositions to
subjects or animals. Any appropriste route of administration may be employed, for
exampie, parenteral, intravenous, subcutaneous, intramuscular, transdermal,
niracardiac, intraperitoneal, intranasal, acrosol, oral, or topical, e.g., by applying an
adhesive patch carrying a formulation capable of crossing the dermis and entering the
bloodsiveam, administration. For example, the route of administration {5 intravenous o
subCytaneous injection/infusion. For example, the NRG peptide or functional variant or
fragment thereof, may be administered by a route deseribed herein, e.g., intravencus or
subcutanesus injection/infusion. In other examples, the compositions are delivered via
a catheter, a pumnp delivery system, or a stent.

RET Dose levels of the NRG peptide or functional variant or
fragment thereof, for example, administerad via injection, such as intravenous or

subvutaneous injection, range from about 0.601 mg/kg 1o about 4 me/ke bodyweight,
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For example, the doses levels of the peptide range from about 8.601 mg/kg to sbout
1.5 mg/ky, from about 0.007 mg/kg to about 1.5 mg/ke, from about 0.001 me/kg o
about .02 medkg, from about 0.02 mg/kg to about §.06 mefke, from about .06 mygks
to about 0.1 mg/kg, from about 0.1 mg/kg to about 8.3 mgfkg, about 8.02 mykg o
about 0.75 mp/kg, from about 8.3 mp/kg to about 0.5 mgfke, from about 1.5 mglkg o
about 0.7 mg/hg, from about 8.5 mg/ke to about 1.0 mg/ky, from about 8.7 myg/kg to
about 1O me/kg, from about 0.3 mg/kg 1o abouwt 4 mg/ky, from about 0.3 mg/kg o
about 3.5 mp/kg, from abouet 1.0 me/ke to abowt 1.5 my'kg, or from about | me/kg to
about 10 mgdg,

j0aag] in some cases, the dose levels of the NRG peptide or functional
variant or fragment thereot, are cqual o or less than about 1.5 mg/ke bodyweight, e.g.,
equal to or leas than about 0.8 mg/kg, or less than about (.756 mg/ke bodyweight.

{089} For example, the dose levels of the MRG peptide or functional
variant or fragment thereof, include about 6.007 mg/ke, about .02 mg/ke, about .66
mg/kg, about 8.12 mg/kg, about .38 mg/ke, about 0.76 mg/ke, or about 1.5 mg/fkg
bodyweight, e.g., 0.007 mg/ky, 0.021 mgike, 0.063 mp/kg §.18% mg/ke, 0.378 mg/kyg,
0,756 mgikg, or 1.512 mgkg bodyweight,

R in some examplas, the NRG peptide or functional variant or
fragroent thereof, is administered at a dose level of about 0.005 myg/kg 1o about 4
mg/hg bodyweight on a dosing interval of at least 24 hours, e.g., at least 24 howurs, 36
hours, 48 hours, 72 hours, 96 hours, | day, 2 days, 3 days, 4 days, 5 days, 6 davs, 7 days, &
davs, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 90 days, | week, 2 weeks, 3
weeks, 4 weeks, 1 month, 2 months, 3 months {guarterty), 4 months, 3 months, § months, 7

months, 8 months, 9 months, 10 months, 11 months, 12 months, or longer, or any

combination or morement thereof,
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{091 in other examples, the NRG peptide or fumetional variant or
fragment thereof, is administered at a dose level of about 0.007 me/ke, about 8.02
mglkg, about .06 mg/g, about .19 ma/ky, about 0.38 mp/ke, about .78 mgike, or
about 1.5 mg/ky bodyweight on a dosing interval of at least 24 hours, e.g., at least 24
hours, 36 hours, 48 hours, 72 hours, 96 howrs, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days,
7 days, & days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 90 days, 1 week, 2
weeks, 3 weeks, 4 weeks, | month, 2 months, 3 months {quarterly), 4 months, $ months, 6
months, 7 months, § months, 9 months, 10 months, 11 months, 12 months, or longer, or
any combination or increment thereof,

TEE It some cases, the NRG peptide or functional variant or fragment
thereof, is administered at a dose level of 8.007 mg/kg, 0.021 mg/ke, 0.063 mg/ke,
0.189 mg/kg, 0.378 my/kg, 0.756 medkg, or 1,512 mgfkg bodyweight on a dosing
iterval of at least 24 hours, e.g., at least 24 hours, 36 hours, 48 hours, 72 hours, 96
hours, ¥ day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, § days, ¥ days, 10 days, 1
days, 12 days, 13 days, 14 days, 90 days, | week, 2 weeks, 3 weeks, 4 weeks, | month, 2
months, 3 months (quarterly), 4 months, 5 months, 6 months, 7 months, 8 months, 9
months, 10 months, 17 months, 12 months, or longer, or any combination or increment
thereaf.

86931 fn other cases, the NRG peptide or functional variant or fragment
thereof, is administered at a dose level of about 8.35 mg/kg to about 3.5 myg/kg
bodyweight, e.g., about 3.5 mg/kg, about 1.75 mygfkg, about .875 mp/ke, or about
0.33 mg/kg bodyweight, on a dosing interval of at least 24 hours, 2.z, at least 24 hours,
36 hours, 48 hours, 72 bours, 96 hours, | day, 2 days, 3 davs, 4 days, 5 days, 6 days, 7
days, § days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 90 days, 1 week, 2

"7

wesks, 3 weeks, 4 waeks, | month, 2 months, 3 months {quarterly), 4 months, S months, 6
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ronths, 7 months, 8 months, 9 months, 10 months, 11 months, 12 months, or longer, or
any combination or inorement thereof.

RN in some emboduments, the therapeutically effective amount of the
WNRG peptide or funciional variant or fragreent thereof, is about 0.06 mg/kg bodyweight
to about 8.38 mg/ky bodyweight and the dosing interval is at least 2 weeks, e.g., af least
2 weeks, 3 weeks, 4 weeks, | month, 2 months, 3 months {quarterly}, 4 months, 3
months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12 months, or
fonger. For example, the therapeutivally effective amount of a peptide described herein
is about 8.063 mgdkg, about 8,189 mg/kg, or about 8.373 mg/keg. For example, 2
therapeutically effective amount of the peptide of about §.863 mg/kg, about $.189
mg/hy, or sbout 6.375 mg/hg 1s administered via intravenous injection or infusion, e.g.,
to prevent, treat, or delay the progression of heart fatlure.

(86951 I some cases, the NRG peptide or functional variant or fragment
thereof, is administered at & dose level of about $.056 mg/kg to about 8,57 meg/kg
bodyweight, e.g., about 0.056 mg/kg, about 8.1 mg/kg, about 8.2 mp/kg, about 8.3
me/kg, about 0.4 me/kg, or about .57 meg/ky, on g dosing interval of at least 24 hours,
gz, at least 24 hours, 36 hours, 48 hours, 72 hours, 96 hours, | day, 2 days, 3 days, 4
days, 5 days, 6 days, 7 days, 8 days, & days, 10 days, 11 days, 12 days, 13 days, 14 days,
00 davs, | week, 2 weeks, 3 weeks, 4 weeks, | month, 2 months, 3 months {guarterly), 4
months, 5 months, 6 months, 7 months, 8 months, 9 months, 1 months, 11 months, 12
months, or fonger, or any combination or increment thareof.

{96 The dose fevels of the NRG pepiide or functional variant or
fragiment thereof are administered via a route described above, e.g., infravenous or

subcutaneous injection/miusion.
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{8e%T The dose fevel of the NRG peptide or functional variant or
fragment thereof, when administered by a subcutaneocus route may be egual to or greater
than the dose level of the same peptide when adiministered by an intravencous route,
Moreover, the length of intervals between doses may decrease or the frequenay of
dosing may increase when the peptide is administered by a subcutansous route
compared 1o an intravenous route. In certain ershodiments, 2 subject who receives a
peptide of the disclosure, by an intravenous route, and, subsequently demonstrates an
increase of liver enzymes indicating liver toxicity, may be treated using an equivalent or
greater dose of the peptide by a subcutaneous route,

HUESLT Transdermal doses are generally selecied to provide similar or
lower blood levels than are achieved using injection doses.

699 in some dosing regimens of the present disclosure, an initial dose
of a the NRG peptide or functional variant or fragment thereof, is administered to the
subject, and subsequent doses {e.g., 2 second dose, a third dose, g fourth dose, and so
on} are administered to the subject on a dosing interval described herein. In some cases,
the initial dose is the same as one or more of the subsequent doses. For example, the
intiial dose is the same as all subsequent doses, In some cases, the initial dose is lower
than one or mote of the subsequent doses, e.g., as provided by an escalating dosing
regimen described herein. In other cases, the initial dose is higher than one or more of
the subsequent doses, ¢.g., as provided by a decreasing dosing regimen described
hergin.

Combination Treatment

81007 The NRG peptide or functional variamt or fragment
thereof, can be administered as the sole active agent or they can be administered in

cornbination with human cardiae progenitor cells or human embeyonic stem cells.
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Additional agents may be administered with the NRG peptide or functional variant or
fragraent thereof, with or without human cardiac progenitor cells, including other
compounds, e.2., peptides that demonstraie the same or a similar therapeutic activity
and that are determined 1o be safe and efficacious for such combined administration.
Other such compounds used for the treatment of CHF include brain natriurstic peptide
{BINPY, statins (2.8, atorvastatin, fiuvastatin, lovastatin, pitavastatin, pravastatin,
rosuvastatin, or sumvastatin}; drogs that block formation or action of specific
neurchormones {e.g. angiotensin converting enzyime inhibitors (ACE-inhibitors),
angiotensin receptor antagonists {ARBg), aldosterone antagonists and heta~-adrencrgic
veceptor blockersy; inotropes {e.g. dobutamine, digoxing to enhance cardiac
contractility; vasodilators {e.g. nitrates, vesiritide); divretics {e.g. furosemide) to
raduce congastion; one of more antihyperiensive agents {such as beta-blockers, ACE-
inhibitors and ARBsY: nitrates {e.g., isosorhide dinftrate): hydralazine; and/or calcium

channel blockers.

EOLE In particular embodiments the NRG peptide or functional
fragment or variant thereof, can be administered, with or without co-administration of
human cardiac progentior cells, to a subject in combination with azacifidine. In some
embodiments azacitidine is administered concurrently with the NRG peptide as
described herein, such ag, e, a NRG-1§, particalarly GGEFZ, NRG-Zn, or NRG-2E, or
functional variant or fragment thereof. In other embodiments, azacitidine is
administercd bafore, during or afler administration with the NR{ peptide or functional
fragment thereof. In some embodiments, azaciiidine promotes differentiation of cardiac
progenttor celis. In more specific embodiments, azacitidine promotes differentiation of

cardiac progenitor cells to myoaytes.

s
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{68162] In some emnbadiments, the NRG peptide or functional fragment or
variant thereof, can be administered, with or without co-administration of human
cardias progenitor cells, in combination with benzodiazepine drug. The NRG peptide or
functional variant or fragment thereof and the benzodiazepine drug may be administered o
a subject within the same composition, or, alternatively, as part of the same teatment
and/or in accordance with the same administration regimen as a peptide that comprises an
EGE-like domain. Benzodiarepine drugs result from the fusion of a benzene ring and a
diazepine ring. Benzodizzepine drugs may be clessified as short-, intermediate-, or long-
acting. Benzodiszepine drugs share angiolvtie, sedative, hypnotic, muscle relaxant,
ammnesic, anticonvulsant, and anti-hypertension propertics. Exemplary benzodiazepine
drugs of the disclosure inciude, but are not limited to, alprazelarm, bretazenil, bromazepam,
brotizolam, chlorodiazepoxide, cinolazeparm, clobazam, clonazepam, clorazepate,
clotizzepam, cloxazclam, delorazepam, diazepam, estazolam, eszopicloneetizolar, ethyl
loflazepate, flumazent, flunitrazepam, 5-(2-bromophenyl-7-fuoro-1H-
bereoiel{ 1.4 [diazepin-2(3H}-one, flurazepam, flutoprazepam, halazepam, ketazolam,
loprazciam, lorazepam, lormetazepam, medazepam, midazolam, nimetazepam,
nitrazepamm, nordazepam, oxazepam, phenafepam, pinazepam, Prazepan, Ppromarepan,
purazolam, quazepam, temazepam, tefrazepam, triazolam, zaleplon, zolpidem, and
ropiclone. The following exemplary benzodiazepine drugs may have anxiolviic
propertiss: alprazolam, bretazeni), bromazepam, chlorodiarepoxide, clobazam,
clonazepam, clorazepate, clotiarepam, cloxazolam, delorazeparn, diazepam, etizolam,
cthyl loflazepate, halazepam, ketazolam, lorazepam, medazepam, nordazepam, oxazepan,
phenazepam, pinazepam, prazepam, premazepam, and purazolam. The folfowing
examplary benzodiazeping drugs may have anticonvalsant properties: bretazenil,

clonazepam, clorazepate, cloxarolam, diazepam, fhutoprazepam, lovazepar, midazoiam,
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nitrazepam, and phenazepam. The following exemplary benzodiazopine drugs may have
hypnotic properties: brotizolam, estazolam, eszopiclong, {lunitrazepam, flurazepam,
flutoprazepam, loprazolam, lormetazepam, midazolam, mimetazepam, nitrazepam,
quarepam, femazrepam, iriazolam, zaleplon, zolpidem, and zopicione. The following
exemplary benzodiarepine drug may have sedative properties: cinolazeparn. The
following exemplary benzodiazepine drugs may bave muscle relaxant properiies:
diazepam and tetrazepam,

[O0163] In particular embodiments the NRG peptide or functional
fragment or variant thereof, can be administered, with or without co-administration of
human cardiac progenitor cells, in combination with midazolam to 3 subject. Midazolam
may be adminisiered with the NRG peptide or functional vartant or fragment within the
saroe composition, or, alternatively, as pant of the same treatment and/or in aceordance
with the same administration regimen as the NRG peptide or functional variant or
fragment thereof. Although a benzodiazeping drog, e.g. midazolar, may be administered
according 1o any dosing regimen deseribed In the disclosure, in particular embodiments,
the benzodiazepine drug, e.g. midazolam, may be adminisiered m one or more doses,
mncluding arai doses. In cortain embodiments, when the benzodiazepine drug, ¢.g.
midazolam, is administered in one or more doses, including oral doses, the NR{ peptide
or functional variant or fragment thereof is administered in a single dose, e.g. asingle
intravenous infusion, The benzodiazepine drug, e.g. midazolam, may be administored
prior to, simultancously with, or following a dose of the NRG peptide or functional variant
o fragment thereof, In s particular erpbodiment, & benrodiazepine drug, e.g. midazolam,
is administered in 5 oral doses, after the second of which, the NRG or functional variant or

fragment thereof, i administered in s single dose, e.g. a single intravenous infusion.
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Eiility of the Methods

(08164 In conjunciion with cardiac catheterization or heart surgery, it can
be determined whather a subject harbors a population of cardiac progenitor cells that is
responsive to MRG, Typically, this analyvsis wounld be conducted by taking a biopsy
from the subject’s heart tiasue and screening the tissue for marhers of cardiac progenitor
cells, such as, e.g., Sca-1 and o-Kit. The presence of ErbB2 and ErbB3 receptors will
also indicate the prasence of cardiac progenitor cells. Once the subject has been
identified as having an appropriate population of cardiae progenitor cells, the colls are
exposed o an NRG peptide or functional variant or fragment therenf to detarmine
whether the cells raspond by exhibiting reduced conversion to fibroblasts and
myotfibroblasts and/or by preferentially differentiating into cardiac myoeyies. Subjects
whose cardiac progenitor cells demonstrate this response to the NR(G peptide or
tunctional variant or fragment thereof are then weated with an NRG peptide or
functional fragment or variant thereof. These methods can be used in conjunction with
any present cardiac injury, suspecied cardiac injury, or anticipated cardiac injury,
mcluding heart fathure.

[BG185} Heart faiture in humans begins with reduced myocardial
contractibity, which leads 1o reduced cardiac output. The methods provided herein can
be used to augment heart function, reduce scar tissue, and regenerate healthy hoart
tissue. For example, the methods desoribed herein can be used, following &
determination that a subject harbors cardiac progenitor cells that are responsive to NRG,
to promote differentiation of cardiac progenitor celis toward cardiac myocytes and
suppress the conversion of cardiac progenitor cells into fibroblasts and imvofibrobiasts

cells in an area of the heart that has been damaged or become ischemic,
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108106] in one aspect, the methods as disclosed hergin can be used io
regenerate eardiac tissue, repair cardiac tissue or decrease cardiac fibrosis aftey cardiac
imjury. In another aspect, the methods described herein prevent the onset of cardiac
mury.

(HBIR7] Suitable subjects or subjects include mammals. Mammals include,
but are not Himited to, burnans, mice, rafs, rabbils, dogs, monkeys or pigs. In one
embodiment of the disclosure, the mammal 18 a human,

{08108] in certain embodiments cardiac injury resulis from a
cardiovascular disesse, One of skill in the art would appreciate the numerous
cardiovascular diseases. In apecific embodiments, the cardiovascular disease can resuit
from; e.g., coronary artery diseass; heast fatlure; stroke: wvocardial infarction;
cardiomvopathy; hypertension; ischemic heart disease; atrial fibrillation; congenital
heart disease: myocarditie; endocarditis; periccarditis; atherosclerosis; vascular disoase;
jeft ventricular systolic dysfunction; coronary bypass surgery; exposurs to a cardistoxic
compound; thyrotd disease; viral infection; gingivitis; drug abuse; alcohol sbuse, or
high bloed cholesterol

L in some emnbodiments, subjects of the methads provided in this
disclosure may present with chronic heart failure. [n a preferved embodiment, the
subject’s candition has remained stable for af feast 1, 2, 3, 4, 5, or 6 months, Stshle or
chironic heart failure may be further characterized by the lack of increase or decrease in
heart function and/or damage over a period of at deast 1, 2, 3, 4, 5, or 6 months. For
example, the subject has suffered from chronic heart failure for at least | month, e.g., at
least 1, 2, 3, 4, 5, 6, or more months, prior to administration of a peptide as described

herein,
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HEIFRTH For example, the subject suffers from class 2, 3, or 4 heart failure
prior 1o administration of a peptide as described herein, The New York Heart
Assoctation Functional Classification system 15 used to determine the class of heart
failure based on how much the subject is limited during physical activity. Subjects who
falf under class 1 heart failure have cardiac disense but no limHation of physical activity.
Ordinmary physical activity does not cause excessive fatigue, palpitation, dyspues or
angvinai pain. Subjects who fall under class 2 heart failure bave cardiac diseass that
results in slight limuation of physical activity, These subjects are comfortable at rest,
but ordinary physical activity causes fatigue, palpitation, dyspues or anginal pain, Class
3 heart failure subjects have cardiac disease that results in significant Imitation of
physical activity. Although these subjects are comfurtable at rest, less than ordinary
physical activity resulis in fatigue, palpitation, dyspuea or anginal pain. Class 1V heart
fatlure subjects have cardiac disease that vesults in an inabifity to perform any physical
activity without discomfort. At rest, these subjecis may experience symptoms of heart
fathure or anginal syndrome. Any physical activity increases the discomfort level.

{86111 In some embodiments, the subject suffers from systolic heart
failure. For example, the subject sufters from systolie left veniricuiar dvsfunction. For
example, the subject has a left ventrivular sjection fraction of 46% or less, e.z., 40%,
35%, 30%, 25%, 20%, 15%, 10%, or loss, prior to adminisiration of peptide described
herein.

{112} In some examples, the subject is a human of at feast 18 years of
age, e.g., at least 18, 20, 25, 30, 35, 40, 45, 80, 53, 60, 65, 70, 75, 80, 85, 90, v 95, in
some cases, the hurnan §s between 18-75 vears of sge. In some examples, the subjent is

a hurnan between [3-18 vears old.
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{B0113] In some cases, the subject may sutfer from acute decompensated
heart fmihure (ATIHD) prior to adiministration of a peptide described herein. For
example, acute decoinpensated heart failure is characterized by a sudden or gradual
onset of one or more symptoms or signs of heart failure that requires emergency room
visits, hospitalization, and/or unplanned doctor office visits, In some cases, ADHD is
associated with pulmonary and/or aystemic congestion, which may be caused by an
increase in left and/or right heart filling pressures. Ses, e.g.. Joseph ef ol , 2009, For
example, ADHD can be diggnosed by measuring the level of plasra B-type natrivrelic
peptide (BNP) or N-terminal pro-B-type natrinretic peptide (NT-proBNP} in a subject,
using methods commonly known in the art. For example, 2 BNP level in a biological
sarnpie (such as blood, plasma, serum, or urine) from a subject that is higher than 140
pe/dl, e.g., at least 100 pg/dl, 200 pg/dL, 300 pe/dl., 400 pg/dL, 500 pe/dL, 600 pp/dL
sr higher, may indicate that a subject has ADHD. In some examples, a therapeutic
dosing regimen of a peptide desoribad herein is sufficiont fo prevent, reduce, or delay
the cccurrence of ADRD.

1661 14] In some embaodiments, the heart failure may result from
hypertension, ischemic heart disease, exposure o a cardiotoxic compound, e.g., cocaine,
alcohol, an anti-ErbB2 antibody or anti-HER antibody, such as HERCEPTIN®, or an
anthracycline antibiotic, such as doxorubicin or daunomycin, myocarditis, thyroid disease,
viral infection, gingivitis, drug abuse, aleohad abuse, pericarditis, atherosclerosis, vascular
disease, hypertrophic cardiomyopathy, acute myocardial infarction or previous myocardial
infarction, lefl veniricular systolic dysfuncuon, coronary bypass surgery, starvation,

radiation exposusre, an cating disorder, or a genetic defect,
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{B0115] In anciher embodiment of the disclosure, an anti-ErbB2 or anti-
HERZ andibody, such as HERCEPTING, s administered to the mammal before, during, or
after anthracveline administration.

{801161 In other embodiments of the disclosure, a subject’s cardiac
progenitor cells are tested for responsiveness to NRG and i responsive, the NR( peptide
or functional variant or fragment thereof, is administered prior to exposure o a
cardiotoxic compound, during exposure to the sardiotoxic compound, or afier exposure 10
the cardiotoxic compound; the NRG peptide or functional variant or fragment thersof i
administered prior to or after the diagnosis of congestive heart faihire in the mammal, A
method of the disclosure can take place after the subject mammal hes undergone
compensatory cardiac hypertrophy. In some examples, an outonme of 3 method describad
herem is to maintain left venivicular hypertrophy, to prevent/delay progression of
myocardial thinming, or to inhibit cardiomyocyle apoptosis. In other embodiments of the
disclosure, the NRG paptide or functional variant or fragment thereof is administered
either prior to or after the diagnosis of congestive heart faifure in the mammal. In vet
another embodiment of the disclosure, the NRG peptide or functional variant or fragment
thereof is adnunistered 10 a mammal that has undergone compensatory cardiac
kypertrophy. In other particular embodiments of the disclosure, administeation of the NRG
peptide or functional variant or fragment thereof maimtains left ventricular hypertrophy,
prevents/delays progression of myocardial thinning, and/or inhibits cardiomyocyie
apoptosis.

{0317} I other embodiments, 3 subject in need of testing for cardiac
progenitor cells that are responsive (o neureglin and 2 treatiment or prophylaxis
described herein is at risk for heart failure, e.g., congestive heart failure. Risk factors

that increase the likelihood of an individual's developing heart fathure are well known.
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These include, and are not Hmited 1o, srooking, ohesity, bigh blood pressure, ischemic
heart disease, vascular disease, coronary brvpass surgery, myocardial infarstion, left
ventricular systolic dvsfunction, exposure to cardiotoxic compounds (alcohol, drugs
such as cocaine, and anthracyeline antibiotics such as doxorubicin and davmnorubicin),
viral infection, pericarditis, myocarditis, gingivitis, thyroid disease, radiation expasure,
genetic defects known to increase the risk of heart faiture (such as those described in
Bachinski and Roberts, 1998; Stu ef ., 1999; and Arbusting ef of., 1998), starvation,
sating disorders such as anorexia and bulboia, family bistory of heant fatlure, and
myocardial hypertrophy. This risk may be reduced by determining whether the sulbject
has cardiac progenitor celis that are responsive to NRG and then administering the KRG
peptide or functional variant or fragment thereof as doscribed berein if the cardiac
progenitor ceils are determined 1o be responsive. Alternatively, the risk may be redoced
by administering a population of cardiac progenitor cells to the subject found o have
cardiac progenitor cells that are responsive 1o NRG and simultanecusly or sequentially
administering the NRG peptide or functional variant or fragment thersof described
hierein.

{0118] In accordance with the present disclosure, the NRG peptde or
functional variant or fragment thereof can be administered intermitiently 10 a subject
found 1o have cardiac progenitor colls that are responsive o NRG to achisve
prophylaxis such as by preventing or delaving/decreasing the rate of congestive heart
disease progression in those identified as being at visk. For example, administration of
the peptide to a subject in carly compensatory hypertrophy periniis maintenance of the
hypertrophic state and prevenis/delays the progression to heart failure. b addition,

those identified o be at risk may be given cardioprotective treatment with the peptide
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prior to the development of compensatory hypertrophy if the subject is found o have
cardiac progenitor cells that are responsive to NRG.

(601191 Administration of the NRG peptide or functional variant or
fragment thereof described herein to cancer subjects found to have cardiac progenitor
cells that are responsive to MRG prior to and during anthracyeline chemotherapy or
anthracycline/anti-ErbB2 (anti-HERZ2) antibody, e.g., HERCEPTIN®, combination
therapy can prevent/delsy a subject’s cardiomyocytes from undergoing apoptoss,
thereby preserving cardiac function. Subjects who have already suffered cardiomyocyte
toss also derive benefit from NRG freatmen, because the remaining myocardial tissue
responds to NRG exposure by displaying hypertrophic growth and incressed
contractiity.

180128] Hxemplary metrics of heart function include but are not Hmited
to ventricular ejection fraction (EF), e.g., left veniricular ejection fraction (LYEF), end
systolic volume (ESV), end diastolic volome (BEDV), fractional shortening (FS),
number of hospitalizations, exercise tolerance, mitral valve regurgitation, dyvspnea,
peripheral edema, and occurrence of ADHD, An improvement in heart function, ..,
as a result of administration of 2 peptide as disclosed herein, is detecied, .., by one or
more of the following: an inerease in LVEF, a decresse in ESVY, a decrease in EDV, an
icrease in FS, a decrease in the number of hospitalizations, an increase in oxercise
tolerance, a decrease in the number of occurrences in or the severity of mitral valve
regurgitation, 3 decrease in dyspnea, a decrease in peripherai edema, and prevention or
reduction in occurrence of ADHD, In some examples, where a subject suffers from

heart failure with preserved LYEF, 2 metric of heart funciion includes but is not limited

regurgitation, dyspnea, occwrrence of ADDRD, and peripherat edema.
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j061211 In some examples, administration of a therapeutically effective
amount of the NRG peptide or functional variant or fragment thereot to a subject found
t0 have cardiac progenitor cells that are responsive to NRG, or a subject who has
received cardine progentior cells that are responsive to NRG, i3 sufficient fo increass

the LVEF in the subject by at Jeast 1%, cg, atleast 1,2, 3,4, 5,6, 7, 8, 9, 10, 15, 26,

um
[}
,-.

v, of greater, compared to the LVEF prior to administration of the peptide. For
example, the increase in LVEF is at least 1.206%. In some cases a therapeutically
effective amount of the NRG peptide or functional variant or fragment thereot as
described herein is sufficient to increase the LVEF of the subject in need thereof 1o an
giection fraction of about 10-40%, e.g., the LVEF of the subject 1s increased to an
ciection fraction of about 10%, 15%, 20%, 25%, 30%, 35%, or about 40%. In other
cases, a therapeutically effective amount of the NRG peptide or functional variant or
fragment thereof is sufficient to increass the LYEF of the subject in need thereof 1o an
ejection fraction of about 40-60%, e.g., the LVEF of the subject is increased to an
gjection fraction of about 40%, 45%, 50%, 55%, or about 60%. In yet other cases a
therapeutically effective amount of the NRG peptide or functional variant or fragment
thereof is sufficient 1o completely rastore the LYEF of the subiect in need therenf o a
normal LVEF value. For example, the LVEF of the subject increases within 94 days or
fess, e.g., within 90 d, 804, 70 d, 60 d, 50 d, 40 4,30 d, 20 4, 16 d, or less, of the first
administration, e.g., imitial dose, of the NRG peptide or functional variant or fragment
thereof in the subject. In some cases, the increased LVEF in the subject is maintained
for at least 12 hours, e.g., at least 12 hours, 24 hours, 36 hours, 48 hours, 72 hours, 86
hours, | day, 2 days, 3 days, 4 days, 5 days, & davs, 7 days, 8 days, § days, 10 days, 11

days, 12 days, 13 davs, 14 days, 90 days, 1 week, 2 weeks, 3 weeks, 4 weeks, | month,

2 wonths, 3 months {guarierly), 4 maonths, § months, & months, 7 months, 8 months, 9
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months, 10 months, 11 months, 12 months, or longer, following the first administration
of the pepude, o.g., without a subsequent administration of the peptide. For example, a
therapeutically effective dose of a peptide deseribed herein is sufficient to maintain
and/or stabilize the LVEY in the subject for at least 12 hours, e.g., at least 12 hours, 24
Bours, 36 hours, 48 hours, 72 hours, 96 hours, | day, 2 days, 3 days, 4 days, S davs, 6
days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 90 days, 1
week, I weeks, 3 weeks, 4 waeks, I month, 2 months, 3 months {quarterly}, 4 months, 3
months, 6 months, 7 months, 8 months, ¢ months, 10 months, 11 months, 12 months, or
longer, following the first administration of the peptide, e.g., without 3 subsequent
administration of the peptide.

{B122] Inn some examples, administration of a therapeutically sffective
amount of the MRG peptide or functional variant or fragment thereof is sufficient to
decrease the EIIV in the subject by at least T mi, e.g., at Jeast I mb, S mb, 10 mb, 15
mb, 280 mb, 25 mb, 3G mi, 40 ml, S0 mi, 60 mL, 70 mL, 80 mL, 90 mL, 160 mL, or
greater, e.g., at teast 1-60 mbL, compared to the EDV of the subject prior to
admmisiration of the peptide. For example, the EDV of the subject decreases within
90 days or fess, e.g., within 90 d, B0 d, 70 d, 60 d, 50 d, 40 d, 304,20 4, 10 d, or less,
of the first administration of the peptide in the subjet, e.g.. the initial dose of the
peptide. In some cases, the decreased EDV in the subject is maintained for at least 12
hours, e.g., at least 12 hours, 24 hours, 36 hours, 48 hours, 72 hours, 96 hours, 1 day, 2
days, 3 days, 4 days, S davs, 6 days, 7 days, 8 days, § days, 10 days, 11 days, 12 days,
13 days, 14 days, 20 days, } week, 2 weeks, 3 weeks, 4 weeks, | month, 2 months, 3
months (quarterly), 4 months, 5 months, § months, 7 months, 8 months, ¢ months, 10
months, 11 months, 12 months, or fonger, following the first administration of the

peptide, €.z, without a subsequent administration of the peptide.
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{1231 In other examples, administration of a therapeutically effective
amount of the NRG peptide or functional variant or fragment thereof to a subject found
to have cardiac progenitor cells that are responsive to NRG s sufficient to decreass the
ESY i the subject by at least | mi, e.g, atleast 1 mb, Smi, 1S ml, 20 ml, 25 mi,
30 mb, 40 mL, 30 ml, 60 oL, 78 ml, 80 mi, 90 mL, 100 ml, or greater, e.g., at least
1-30 ml., compared to the BESY of the subieet prior to administration of the peptide.
For example, the ESY of the subject decreases within 20 days or less, e.g., within 80 d,
B0, 704, 604, 504,404, 304,284, 104, or less, of the firet administration of the
peptide in the subject, e.z.. the inttial dose of the peptide. In some cases, the decreased
ESV in the subject is maintained for af least 12 hours, ¢.g., at least 12 hours, 24 hours,
36 hours, 48 hours, 77 hours, 96 hours, | day, 2 days, 3 davs, 4 days, § days, 6 days, 7
days, & days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 90 days, | week, 2
weeks, 3 waeks, 4 weeks, 1 month, 2 months, 3 months {guarterly), 4 months, 3 months,
& months, 7 months, 8 months, @ months, 10 months, 11 months, 12 months, or longer,
following the fivst administration of the peptide, e.g., without a subsequent
administration of the peptide.

3124 in some cases, adminisiration of a therapeutically effective
amount of the MRG peptide or functional variant or fragient thereof 1o a subject found
tx have cardiac progenitor cells that are responsive to NRG is sufficient to increase the
FS in the subject by at least 1%, eg, atleast 1, 2,3, 4,5, 6,7, 8,9, 10, 15, 20, 25,
30%, or greater, compared 1o the FS prior to administration of the peptide. For
example, the increase in F5 is at least 1-15%. In some cases a therapeutically effective
amount of a peptide desoribed herein s sufficient fo increass the FS of the subject in
need thereot to a Percent Fractional Shortening of abouot 15%, e.g. about 1%, 2%, 3%,

4%, 6%, 7%, §%, 9%, 10%, or about 15%. [n cther cases a therapeutically etfective
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amount of a peptide described herein is sufficient 1o increase the FS of the subject in
need thereof 1o a Porcent Fractional Shortening of about 15-20%, e.g., about 15%, 16%,
17%, 18%, 19%, or about 20%. In vet other cases a therapeutically effective amount of
a peptide described herein is sufficient to inorease the FS of the subject in need thereof
to 3 Percent Fractional Shortening of about 20-25%, e.g., about 20%, 21%, 22%, 239,
24%, or about 25%. In further cases, s therapeutically effective amount of 2 peptide
described herein s sufficient to increase the ¥S of the subject in need therecfto a
Percent Fractional Shortening of about 25-45%, e.g., about 253%, 26%, 27%, 28%, 29%,
30%, 31%, 32%, 33%, 34%, 35%%, 36%h, 37%, 38%%, 39%, 401%, 4156, 42%, 4194, 44%,
or about 45%. For example, the FS of the subject increases within 96 days or less, e.g.,
within S0 d, B0 d, 70 d, 60 4, 50 4, 40 d, 30 d, 20 d, 10 4. or less, of the first
adminsstration of the peptide in the subjeet, e.g., the initial dose of the peptide. In
some cases, the moreased FS in the subjeet is maintained for at least 12 howrs, 2.5, at
least 12 hours, 24 hours, 36 hours, 48 hours, 72 hours, 96 hours, | day, 2 days, 3 days, 4
days, § days, 6 days, 7 days, § days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days,
90 days, 1 week, 2 woeks, 3 weeks, 4 weeks, 1 month, 2 months, 3 months {quarteriy}, 4
months, 5 months, 6 months, 7 months, § months, 8 months, 10 months, 11 months, 12
months, or longer, following the fiest administration of the peptide, e.g., without a
subsequent administration of the peptide.

1861251 The metrics for assessing heart function described herein are

determinad by methods commonly known in the art.
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j03126] The embodiments described herein are intended 1o be merely
exemplary, and those skilled in the art will recognize, or be able to ascertain vsing no
mare than routine expervueniation, numerous equivalents to the specific procedures
described herein. All such equivalenis are considered to be within the scope of the
present disclosure and are covered by the following embodiments. Al references
{(including patent applications, patents, and publications) cited berein are incorporate

herein by reference in their entireties and for all purposes o the same extent as if each
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individual publication or patent or patent application was specifically and individually
mdicated to be incorporated by reference in iis entirety for all purposes.
Example 1. General Meothods

Esolation of Cardiac Cells

{86127 Isolation of murine cardiac cells was performed after digestion of
heart ventricles using 10 mg/mi collagenase 1, 2.5 U/ml dispase {1, | pg/mi DNase 1,
and 2.5 mM CaCl; for 20 roin st 37°C. Cardiac CR3IPCDM5™ endothelial cells and
Bea- 1" CD31™ progenitor celis were isolated using magnetic-activated celi-sorting
MicroBead technology (Miltenyi Biotec, Inc).

[G128] Single-cell clonogenic technigues were used o isolate human-
cardiac progenitor cells. Huoman cardiac progenitor celis were isolated from anterior left
veniricle free wall epicardial biopsies obtained from subjects undergoing bypass
surgery. Bingle cell suspension was prepared using collagenase W {3spase 1 /CaCL2
digestion solution and plated in 48 colture dish at the concendration of 167 cells per o’
Hematopoietic cells were removed by magnetic separation using human CD45
microbeads. ClM5-depleted celis were plated on 48-well plates at a density of 107 cell
per cm” in M199-EGM-2 medium. The wells were anabyzed for growing colonies twice
weekly. Rapidly growing clones (273 colonjes/sample) were harvested, resuspended in
fresh growth medium, and plated on §.1% pelatin-coated tissuc culture dishes at a
density of 5 x 1 colls/am®. Human cardiac progenitor cells were characterized by call
surface expression of CI105 and absence of D31 endothelial marker, ©D45, and
CD 1 7/c-Kit hematopetic markers.

induction of cardiomyogenic differentiation

10861291 To induce cardiomyogenic differentiation, cardiac progenitor

cells were pretreated with 5 pM 5°- azacyiidine for 72 h in DMEM-LG medium
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supplemented with 10% FBS and cubtured in DMEM-LG medium supplemented with
2% FBE,1 ng/mi TGFB, 100 pM ascorbic acid, 0.2% DMBO, and 10 ng/ml bFGE
changed every 3 days.

{803138] Differentiation of cardiac progenitor cells fowards endothelial
cells was induced by incubation of cells in 15% FBS 199 mediom containing 20 ng/ml
of VEGF.

Induction of myocardial infavction

{131 Myoeardial infarction in mice was induced by permanent higation
of the lett coronary artery.

{00132} Any known technigue to the skilled artisan can be used to induce
myneardial infarction. For exarople, myocardial infarction can be mnduced by
angiographically guided intracoronary balloon ccclusion {see, ¢.g., Galindo ef al,
20143

Immuachistochemistry

30133 Intraceliular staining for aSMA and collagen type Fwas
performed in fixed and permeabilized colls (Cytofi/Cytoperm kit, BD Biosciences)
using monoclonal FITC-conjugated anti-aSMA (Sigma) and biotin-conjugated anti-
collagen type | {600-401-103; Rockland, Inc., Rockiand, PA) antibodies. Mouse 1gG2a-
FITC- {Sigma) and biotin-conjugated rabbit whole 1gG (Jackson ImmunoResearch, Inc,,
West Grove, PA) were used a3 an isotype control, Viable and non-viable cells were
distinguished using LIVE/DEAD Fixable Stain kit (Life Technologies, Carlsbad, CAj.

[63134] Flow eytometric analysis was performed using a SR flow

cytometer and the data were analyzed with WinList 5.0 software.

£
[
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Recombinant NREG protfeins

{80135} Following established approaches as described in International
Fublication Nos. WOLH10030317 and WO2014138502, multiple NRG splice variants
were cloned and produced.

Example 2. Expression of NRG veceptors in the heart

{06136} To determine the purity of isolated subpopulations of cardiac
progeniter cells, pre- and post-magnetic-activated cell sorting was performed (Fig. 1AD.
Next, in order to determine which of the NRG receptors (.., ErbB2, ErbB3, Erbd) were
expressed in murine cardiac progenitor cells, mRNA expression of ErbB receptors was
analyzed, Ags shown in Fig. 18, mouse cardiae Sea-1"CD31™8 sromal cells expressed
functional ErbB2 and ErbB3 receptors. The expression of NRG receptors was
confirmed by analyzing flow eviometry histograms of cell surface markers on Sca-
PCL3 1™ cardiac progenitor cells (Fig, 10). These studies showed that murine
cardiac progenitor colls expressed high levels of frbB2, moderats lovals of Frb3, and
very little ErbB4 {(Fig. 18}

Examyple 3.  Differentiation of muurine cardiae progeniior
vells towards endothelial cells and cardiae
myocytes in vifrg

186137} Fig. 24 shows micrographs of capitiary-like structure formation
after mcubation of cardiac progenitor sells in growth medivm or endothelial celi-
differentiating media. CDIY cardiac endothelial cells were used as a positive control.
Fig. 2B shows graphical representation of morphogenic activity of cardise progenitor
cells, meubated in growth medium or in endothelial cells differentiating media, and
cardiac endothelial cells. Capiflary tube formation was estimated by measuring their
total fength. Cardiac-specific gene expression in cardiac Sca-1""0D3 1% cells cultured

i normal growth medium or in cardiac myooyte-differentiating media for | or 3 weeks

b
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was analyzed using real-time RT-PCR (Fig, 2€} This study shows that murine cardiac
progenitor eells differentiate towards endothelal cells and cardiac myooytes. Values
are averages of thres experimentis.

Example 4.  NRG-1 prevenis transifion of murine cardiac
progenitor cells into myofibroblasts

{60138} Hepresentative flow cyiometric dot plots demonsirate that cardine
progeniior cells accumulate towards aSMA positive and collagen 1 producing
myofibroblasts i# vive on day 7 after experimental myocardial infarction in mice (Fig.
34Y. Fig. 3B shows graphical representative data from flow oyviometric analysis of
aSMA positive and collagen jo positive Sca~-1PPCD3 1™ cardiac progenttor cells. £
values are indicated, unpatred ¢ test. The expression of aBMA protein in cardiac
progeniior cells meubated with TGES slone or in combination with 30 ng/mi NRG-1 for
48 hs. 15 ilfustrated in representative cyviotiuorographic dot plots in Fig. 3C.
Interestingly, this experiment shows that NRG-1 reduces myofibroblast expression, In
addition, the mean flucrescence intensity of oSMA expression in cardiac Sca-

PPECD3 T progenitor cells was assessed by flow oytometry (Fig, 3D). Data represent
meantSEM from three independent experiments, P-values indicate significance lovel
calculated by t-fest.

Example 8. Localization of Erb? and ErbB3 receptorsin
vascular and peri-vascalar regions in the heman
heart

1861391 This study examings the localization of NRG receptors in the
human heart, Fig. 4 shows that a similar expression of ErbB receptors in muring hearts
exists in cardiac”CE31™ progenitor cells derived from the human heart. Specifically,
ErbB2 and BErbB3 receptors are localized in vascular/peri-vascular regions of the human

heart {Fig. 4}
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Example 6. NEG-1 prevents transition of humas cardiae
progesitor cells into myofibroblasts

j033 48] This study investigated the effects of stimulating cardise
progenitor cells with NRG-1. Fig. 5A shows exemplary phase contrast micrographs of
human cardiac progenitor colis mmediately after replating a single cell-derived clone
and 3 days later. Seale bar = 100 wm. MNext, cardisc-specific gene expression in human
cardiac progenitor cells before and after culturing in differentiating media for T or 2
weeks was analyzed using real-time PCR {Fig. 5SB). Values are aversges of three
experiments, unpaired 7 test. Fig. 3C shows representative flow cylometry histograms
of cell surface markers on human cardiac progenitor celis. Shaded areas represent the
tluorescence of cells trested with corresponding isotype-matching antibody controls.
These studies showed that stimulation of cells with NRG-1 and endogenous ErbB

receptor Hgand prevents their transition into myofibroblasts,



WO 2017/053794 PCT/US2016/053438

SEQIBNO: | ) Sequemee
SEG ID NO:T is the aroino aoid | MEWRRAPRRSGRPGERADRPGEAARSSEPLE
gg‘iﬁ‘}i‘;ﬂ‘*c of full-length human LLPLLLLLOTAALAPGAAAGNEAAPAGASY
CYSSPPSVOSVOELAQRAAVVIRGKVHPORR |
GOGALDRKAAAAAGEAGAWGGDREPPAAG
PRALOPPABEPLLAANGTVPSWPTAPYPSAG |
EPOEEAPYLVKVHOVWAVKAGGLKKDSLLT
VRLOTWGHPAFPSCGRLEEDSRYIFFMEPDA
NETSEAPAAFRASFPPLETGRNLKKEVSRVL
CKRCALPPOLKEMESOESAAGSKLVLRCETS
SEYSSLRFKWFKNGNELNRINK PONIKIGKK
PORSELRINKASLADSGEYMCK VISKLONDS
ASANITIVESNATSTSTTGTSHLVKCABKERT
FOYNGOECEMVEDLENPSRYLCKCPNEFTG
DRCONYYMASFYSTSTPFLYLPE

THEG) TD NGZ B the anino acid GMNEAAPAGASVOYSIPPSVGSVOELAORAA |
;f;j:zz"é 5;?“‘““ form ofthe VVIEGKVHPORROOGALDREAAAAAGEAG |

AWGGDREPPAAGPRALGPPABEPLLAANGT
YPSWPTAPYPSAGEPGEEAPYLVKVHOVWA
VEAGGLKKDSLLTYRLOGTWGHPAFPSCGRL
KEDSRYIFFMEPDANSTSRAPAAFRASFPPLE
TORNLKKEVSRVLCKRCALPPOLKEMKSQE
SAAGSKLVLRCETSSEYSSLREK WEKNGNEL
NRKNEPONIIGKKPOKSELRINKASLADSG
BYMCKVISELGNDSASANITIVESNATSTSTT
GTSHLVKCABKEKTFCVNGGECFMVEKDLSN
PSRYLCKCPNEFTGDRCQNYVMASFYSTSTP
FLSLPE
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KVHEVWAAK

) {3 P02 NE:7 15 a8 variant of GGF2,
X = any amine acd.

DLLEXY

SEQ 1D NOSB 15 2 varant of GGEY.
K= any amino acid,

LGAWGPPAFPVXY

REQ 1D NOR% s a variant of GOEL

X = any aminoe acid,

YIFFMEPEANSSS

SEQ ID MO8 1S a varisnt of GOEZ.
X = any amino acid,

KASLADSBGEYMNI

SEQ) I MOk 11 is the amino acid
sequence of an NRG-1 peptide
fragment comprising an BGF-like
domain.

YLCKCPNEFTGDROOQNYVMASFYKAEELY

SEQID MNO:1T is the amino acid
sequence of an NRG-1 peptide
fragment peptide comprising an BGF-
fike domain.

SE 1B NG5 s the amino acid
sequence of an NRG-1 peptide
fragment peptide comprising an EGF-
like domain (BGFLT.

SHLVKCABKEKTFCYNGGRECFMVEDLSMPSR. |
YLCKCPNEFTGDRCONYVMASFYKAEELY

USHLVKCARREKTFOVNGGECFMYKDLSNPER

SHEYKCAEKEKTFCYNGGECFMVYKDLENPSK
YLCKOPNEFTGDROCONYVMASEY STSTPFLSL
PE

’ bEQ D NO:34 s the anino acid
sequence of an MRG-1 peptide
fragment peptide comprising an BGF-
fike domain {EGFL2).

SHLVKCAEKERTFCVNGGECFMYKDLSNPSR
YLCKCQPOFTCARCTENVPMEVOTQEKAEEL
v

SEQ D NGHE s the amino acid
sequence of an MRG-] 3'“})1’1(5&
fragment peptide comprising an BGF-
like domam (EGFL3)

- SE{ [0 N6 is the amino acid
sequence of an NRG-1 peptide

YLOCECPNEFTGDRCOQMYVMASFYKAEELY

SHLVECAEKEKTFCYNGGECFMVKDLSNPRR |

LRI O A i e | YLOKCPNEFTGDRCONY VMASFYKHLGIEFM
fragment peptide comprising an EGF-

fike domain {EGFL4). CERALRELY

SEQ B NG:1T is the aming acid SHLVKCAEKERTFCY N<f(;E‘f“?‘;‘fi‘i;"}‘{ﬁ“?;& ***** SR

58

SHELVKCAEKEK TFCYNGGECFMVEDLANPSE
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sequence of an NRG-1 peptide
fragment peptide comprising an BGF-
fike domain (EGFLS),

PCT/US2016/053438

FIGDRCONY VMASTYSTSTYRLSLPE

SE4 D NG:18 s the amuno acid
sequence of an MRG-1 peptide
fragment pepiide comprising an EGF-
iike domain {EGFLS).

SHEVKCAEREKTFCVNGGECFMVKDLSNPSR
YELCKCOPGFTGARCTENYPMEVQTOEKCPNE
FIGDROOMYVMASFYKAEELY

SEQ D NO:19 is the amino acid
sequence of an NRG-18 neptide
fragment.

MSERKEGRGKGEGKKKERGSGKEPERAAGS
QSPALPPRLKEMESRQESAAGSKLVLRCETSSE
Y¥ESLRFKWEFKMNGNELNREKNEPONIKIQKKPG
KSELRINKASLADBGEYMCEKVISKLGNDSBAS
ANITIVESKEITGMPASTEGAY VESESPIRISY
STEGANTERSTRTSTIGYSHLY |
KCARKEKTFCYNGGECFMVEDLENPSRYLC
KOPMEFTGDROGNY VMASFYKHLGIEFMED
KEYLTTTGICIALLVVGIMOVVAYCKTREOR
KELHDRLEOQSLRSERNNMMMNIANGPHHEN

SEQ T MNO:28 is the amine acid
sequence of an NRG-15 peptide
fragment.

 NSDSECPLSHDGYCLHDGYOMYIEALDKYAC

NCVVGYIGERCOYRDLEWWELR.

SE€ 1B NO:2ZT s the aming acid
sequence for human NRG-2 alphs

MREDPAPGFSMLLFGYSLACYSPSLESVODO
AYKAPYVVEGKVOGLYPAGGSSSNSTREPP
ASGRVALYVEVLDKWELRSGGLOREQYISVG
SCYPLERNORYIFFLEPTEQPLYFKTAFAPLD
TNGENLKEEVORILCTDOATRPKLKKMESG
TGOVGERQSLKCRAAAGMPOPSY RWEFKDG
KELNRSRDIRIKY GNORKNSRLOFNKVKVED

ACEYVCEAENILGKBDTVRGRLYVNSYSTTLS




WO 2017/053794 PCT/US2016/053438

QLSCKOCPMNGFFGORCLEELPLRLYMPDIPKQS

YEWDTPOTGVSSSQWSTSPSTLDLN

SEQ ID NO22 s the aminoacid | M
- sequence for hurman NRG-2 beta
AYRKAPVVVEGKVOGLVPAGGSSSNETREPP

ASGRVALVEVLDEWPLRSGGLOREQVISVG
SCYPLERNQRYIFFLEPTEQPLVERKTAFAPLD
TNGENLEKEVGRKILCTDCATRPKLEKMEKSQ
TOOVGEKQSLKCEAAAGNPOPSYRWEKDG

FELNRSRDIRIKYGNGRENSRLOFNKVKVED
AGEYVCEAENILGKDTVRGRLY VNSYSTTLS

SWEGHARKCNETARKSYCVNGGYCY YIEGIN

CLSCKUPVOYTOGDROGOFAMYNES

6o
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CLAIMES
What s claimed s
i A maothod of identifying a subiect who will benefit from reatment or prevention
of cardise injury with nevreguiin comprising:
a} isolating human cardiac progenitor cells from a subject with
cardiac injury or at risk of cardiac injury;
by exposing the subject’s cells to a nearegulin peptide or functional
variant or fragment;

o} evaluating whether the cells are responsive 1o neuregutin by
determining whether conversion of cells into filbroblasis and
myofibroblasts is suppressed and/or whather the cells preferentially
differontiate info cardiac myocyies; and

wharein if suppression of the conversion of the cardiac progenitor cells into
fibroblasis and myofibroblasts or preferential differentiation info cardiac myocytes
are found, then the subject will benefit from trestment or prevention of cardiac

injury with the neuregulin peptide or functional varant or fragment thereof.

A method of treating a subject in need of cardiac tissue regeneration comprising
a3y exposing cardiac progenitor celis isolated from the subjectioa
neureguiin peptide or functional variant or fragment thereof}
b}y evalusting whether the cardiac progenitor cells are responsive 1o
neureguling and

if the subject’s cardiac progenitor cells are responsive,

Lo
Nanr”

administering a therapeutically effective amount of a neuregulin

peptide or a functional variant or fragmend thereof,

&1
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3.

L

o

The methed of claim 2, wherein the neuregulin peptide or a functional variant or
fragment thereof promotes differentiation of cardiac progenitor eells into cardiac
myocytes and suppresses the conversion of cardiac progentior cells mnto
fibroblasts and myofibroblasts cells in the subject.

The method of claim 2 or claim 3, wherein the subject suffers from or is

expected to suffer from cardise injury,

The method of any one of claims 2-4, wherein suppressing the conversion of
cardiac progenitor cells into fibroblasis and myofibroblasts cells induces cardiac

tiseue regeneration after cardiac injury.

The method of any one of ¢laims 2-5, wherein suppressing the conversion of
cardiac progenifor cells info fibroblasts and myofibroblasts cells results in repair

of cardiac tissue after cardiac injury.

The method of any one of ¢latms 2-6, wherein suppressing the conversion of
cardiac progenitor cells into fibroblasts and myofibroblasts cells decreases
cardiac fibrosis afier cardiac injury.

The method of claim 7, wherein decreasing cardiac fibrosts after cardiac injury

prevants scar formation.

&2
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8 The method ot any one of claims 2-4, wherein suppressing the conversion of
cardiac progonitor cells into fibroblasts and myofibroblasts cells prevents the

onset of cardiac injury.

10, The method of any one of claims 2-9, wherein the cardiac progenitor cells

expreas stem cell antigen-1 {sea-1) cells.

1. The method of claim 10, wherein the sca-1 cells are focated within the fefi

ventricle free wall or a vascular or a perivascolar region of the heart.

12. A method of inducing cardiac tissue regeneration afler cardiac yury in a subject
previously determined to have cardiac progenitor cells responsive to neuregulin,
comprising administering a thevapentically effective amount of 2 nevregulin

peptide or functional variant or fragment thereof.

13, A method of repairing cardiae tissue after cardiac injury in a subject previously
determined to have cardisc progenttor cells responsive to newreguling comprising
administering a therapeutically effective amount of a neuregulin peptide or

functional variant or fragment thereot.

14, A method of preveniing the onset of cardiac injury in a subject previously
determined to have cardiac progenitor celis responsive to newregubn, comprising
administering a therapeutically stfective amount of 8 neuregulin peptide or

functional vartant or fragment thereof
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15, The method of any one of claims 4 or 12-14, wherein the cardiac injury results

from a cardiovascular disease.

16, The method of clam 13, wherein the cardiovascular disesse rosults from
cortmary artery disease; heart fatlure; sivoke; myocardial infarction;
cardiomyopathy; hypertension; ischemic heart disease; atrial fibrillation;
congenital heart disease; syocarditis; endocarditis; perincarditis;
atherosclerosis; vascular disease; left ventricular sysiolic dysfunction; coronary
bypass surgery; exposure to a cardiotoxic compound; thyroid disease; viral

infection; gingivitis; drug abuse; alcoho! abuse, or high blood cholesterol.

17. The method of claim 16, wherein the subject has suffered from a myocardial
mfarction.

{53 The method of ¢laim 16, wherein the subject suffers from heart fatlure.

1% The method of elaim 18, wherein the heart failure is systolic heast fatlure,

0. The method of any one of claims 2-19, wherein the subject is a mammal,

21 The methed of claim 20, whersin the mammal is 2 human.
22, The method of any one of claims 2-21, wherein the neuregulin peptide or
functional variant or fragment thereof is administered intravenously or

subcutaneously,
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53]
27

The method of any one of clauns 2-22, wherein the neuregulin peptide or
functional variant or fragment thereof is administered before, during, or after

administration of a therapeutically effective amount of a chemotherapeutio

agent.

The method of claim 23, wherein the chemotherapeutic agent is azacitidine,

The method of claim 23 or 24, wherein the neuregulin peptide or functional
variant or fragroent thereof is co-administered with the chemotherapeutic agent

and human cardiac progenitor cells or vnan embryvonic stem cells.

A method of promoting differentiation of cardiac progenitor celis toward cardiac
myocytes and supnressing the conversion of cardiac progenilor cails into
fibroblasts and myofibroblasts eells #n vitro comprising the steps of

2} isolating human cardiac progenitor cells from a biological sample;

b} suspending the cells i a growth medium;

Lol
e

inducing cardiomyocyte differentiation by incubating the cells with an
effective amount of 2 neuregulin peptide or functional variant or

fragment thergof,

A method of producing a cell populstion enriched in cardiac myocyies,
comprising:
ay isolating human cardiae progenitor cells from a subject;

bY culturing the cells in a growth medium,

3
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o) imcubating the cells with an «ffective amount of 2 neurepulin peptide or
a functional variant or fragment thereof to promote differentiation 1o
cardiac myoeytes; and

d) isolating the cardiac myooytes.

28  The methed of claim 27, wherein the isolated cardiac myocytes are adiministered

i the subject.

25, A method comprising:

a} culuring and expanding cardiac progeniior cells found to be capable of
responding to 3 nevregelin peptide or functional variant or fragment
thereof by suppressing the conversion of cardiac progenitor cells info
fibroblasts and myofibroblasts and/or promoting differentiation of the
cardiae progenitor cells into cardiac myocytes; and

by administering the expanded cardiac progenitor cells to a subject with a
therapentically effective amount of a neuregulin peptide or functional

variant or fragment thereof,

& A method of identifying a subject who will benefit from treatment or preveniion
of cardiac injury with neuregubin comprising:
2} isolsting human cardize progenitor cells from a subject with cardiac
injury or at risk of cardiac injury;
by exposing the subject’s cells to a neuwregulin peptide or functional

variant or fragment;
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o} evaluating whether the cells are responsive 1o neuregulin by
determining whether conversion of cells into fibroblasts and
myofibroblasts is suppressed and/or whether the cells preforentiaily
differentiate into cardiac myooytes; and

wherein if suppression of the conversion of the cardise progenitor calls
o fibroblasts and myofibroblasts or preferential differentiation into cardiac
miyocytes are found, then the subject will benefit from weatment or prevention of
cardiac injury with the neuregulin peptide or functional varviant or fragment

thereof,

3t A method of treating or preventing cardiac injury comprising:
a) isolating human cardias progenitor cells from a subject with cardiac
injury or af risk of cardiac injury;
b} evaluating whether the subject’s sardiac progenitor cells respond o
a neureguiin peptide or functional vanant or fragment thereof by
suppressing the conversion of cardiac progenitor cells into
fibroblasts and myodibroblasts and/or promoting differentiation of

the cardiac progenitor cells info cardiac myocyies; and

Lo
Neas

if the cardiac progenitor colis are responsive, administering a
neuregulin peptide or functional vanant or fragment thereof to treat

or prevent or reduce the severity of cardiac injury.

¥

~

32, The method of any one of clatms 1, 26, 27, 30, or 31, wherein the human cardiac
srogentior cells are solated from the subject during cardiac surgery, or cardiac
o> g e Bl

cathertization.
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33 The method of any one of claims 2, 12-14, or 31, wherein the neuregulin peptide
or functional variant or fragiment thereof is co-administerad with luman
embryonic stem cells or human cardiae progenitor cells.

34, The method of elaim 33, wherein the co-administered cardiac progenitor cells
were taken originally from the subject being treated.

35 The method of claim 33, wherein the human embryonic stem cells or human
cardiac progenitor cells are co-adminiztered simultanecusly, sequentially,
continuously, or intermittently with the neuregulin peptide or functional variant
or fragment thereof,

36, The method of any one of clatms 1-33, wherein the neuregulin peptide is an
NRG-18 peptide or a functional variant or fragment thereof,

37 The method of claim 36, wherein the NRG- 1§ peptide is a recombinant protein
comprising the amine acid sequence of SEQ 1D NG 1% or SEQ D NO:20,

38, The method of clabm 36, wherein the NRG-15 peptide 5 GGFZ or functional
variant or fragment thereof,

38, the method of claim 38, wherein the neuregulin peptide comprises the amino

acid sequence of SEG 1D NO:T or SEQ 1D NO:Z or functional variant or

fragment thersof,
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46, The method of claim 38, wherein GGFZ functional variant comprises the amino
acid sequence of SEQ ID NG:3, SEG 1D NO4, SEQ 1D NG, SEQ ID NG,
SEG D MO 7, SEQ D NGE, SEG 1D NOWS, or SEG D NGO

41, The method of any one of clatms 1-33, whercin the nevregulin peptide or

functional variant or fragment thereof comprises an EGF-like domain.

42, The method of claim 41, whersin the epidermal growth factor-like domain
comprises the amine acid sequence of 8EQ 1D NO: 13, SEQ 1D NG: 14, 8EQ

D NG 15, SEQ ID NO: 16, SEQ 1D NG 17, or SEQ ID NG: 15,

43 The meothod of any one of claims 1-33, wherein the neuregulin pepiide is MRG-Z

or a functional variant or fragment thergof.

44, The method of any one of claims 1-33, wherein the neuregutin peptide
comprises the amino scid sequence of BEQ HI NO21 or S8EQ M NO2Z or

functional variant or fragment thereod

45, A method of identifving a subject who will benefit from freatment or prevention
of vardiac injury with neuregulin comprising:
a} exposing human cardiac progentor celis from a subject with
cardiac injury or a1 risk of cardiac injury, 1o 8 neuregulin peptide or

functional variant or fragment fr vifro, and
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b} evaluvating whether the cells are responsive to neuregulin by
determining whether conversion of cells into fibroblasts and
myofibroblasts (s suppressed and/or whether the cells preferentially
differentiate info cardiac myocyies;

wherein if suppression of the conversion of the cardiac progeniior cells into
fibroblasts and myofthroblasts or preferential differentiation into cardiac myocytes
are found, then the sabject will benefit from treatiment or prevention of cardiac

injury with the neuregulin peptide or functional variant or fragment thereof.

46. A neuregulin peptide or functional variant or fragment thereof, foruse ing

method of any one of claims | to 44,

47, An neuregulin peptide or functinnal variant or fragment thereof for use in a
method of treating 4 subject in need of cardiac tiseue regeneration, the method
COMprising

a} exposing cardiac progenitor cells isolatad from the subject to a
neuregulin peptide or functional variant or fragment thereof,
b} evaluating whether the cardiac progenitor cells are responsive to
noureguling and
if the subject’s cardiac progenitor cclis are responsive, administering a
therapeutically effective amount of a neuregulin peptide or a funciional variant

or fragment thereof.

48, A neuregulin peptide or functional variant or fragment thereof foruse in a

methoed of treating a subject in need of cardiac tissue regeneration, wherein the

~J
L)
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49,

subject has been identified by a method according o claim | or 45 45 being a

subiect who will benetit from treatment or provention of cardiac injury.

A neureguiin peptide or functional varnant or fragment thereof for use ina
method of treating or preventing cardiac injury, the method comprising:
ay isolating human cardiac progenitor cells from a subject with cardiac
mjury or at risk of cardiac mpury;
b} evaluating whether the subject’s cardiac progenitor cells respond to
a neuregulin peptide or functional variant or fragment thergof by
sappressing the conversion of cardiac progenitor cells into
fibroblasts and myofibroblasts and/or promoting differentiation of
the cardiac progeniior cells into cardiac myosytes; and
¢} if the cardiae progenitor cells are responsive, administering a
neuregulin peptide or functional variant or fragment thereof to treat

or prevent or reduce the severity of cardiac injury.



PCT/US2016/053438

1114

WO 2017/053794

[ 835
——
W ﬂ w 3 m i & 18 S0 SR R R
%l 91
. b
STHED fsu] £00s0dL €38
b G %00

1805-3d

JH0S-150d

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794

20~

PCT/US2016/053438

2114

W“Tw._ S

ERBE2 ERBES ERzB4

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794 PCT/US2016/053438

3/14

= &
&3 <]
{3 Ll
o
L
Lo {C‘ﬁi
— £33
-] prae
3 N
T
1
o - (o]
Y 3
3 £33
€3 ot
- z
7 :
& 3
2
by Ll
o3 e
3 &
3
YT IR

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/053438

WO 2017/053794

4114

(I0MINGD)
TIE0 03 41600

kjieEl:
ONLVLLNEE A

WRHOIN
HIMOHS

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794 PCT/US2016/053438

5/14
560 -
505
%
=
e
5
e
R
5
&
%
= <0012
200
- | AT -
CONTROL DIFF 2

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794 PCT/US2016/053438

6/14

[ L.
L b
F 3
& =
Q2 oz
- .
= z=
L [
{3 L
= < [T o
& ) [ &S &
oo e @< o Lo
Al
MDY %
Li. fd
i o
I
L o= [
£ 2
FE R
i1
1 tp e
] b3 :
53] P
¥ p (- 2
frond Zi Co— o
[ RO e § RS- oy ;
o 2 o T~ T v N o R e
i? g e &= s TR o S o SR oo S e SR
‘ L) LW ] S 3 3 v 3
& = = & s ST e S e SR e R ons Y oo
o o) F) nS ;
NILOY-1 %
b ¥ [}
.fj 8
NELOY-H %
.5 - :
H g — -
R ey =
' b A
< - "
foeat — 2
vl — i
(O] = O] ‘
A | = -
2 Eg i
215 e R R
et —_—
[ =10
=
¥ ¥ b 1
Ly L2 (€] G 7 7 7 v b T T
s S B o oy o v o
o <2 2 o = Lo T s S o QR oo S v S o S e S e

NILOWH % NS0 %

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794 PCT/US2016/053438

714

GATE: Sce~1posClaineg CELLS

g ;
= B a2
¢ : [
e i Y i
— E‘“‘ Poe N NS
i & -
i
[
] "
=%
= e
N yT
S
§‘EMH [: T §¥i15H§ i '§!HEH‘ ! “—-5
: ! ¢ LD
vﬂi\“«u\«“««««««
Rh e
Y50
-
=2
e
o~d
ey » ® &
wiy St
TN
_ .n
= @ T &
e e R e
73
& ®
@ &
&Q'
.\\\‘3
== !
(] 1
L]
RN AR IR VEPRETTT Y FOTETT RN 5.15
! S
i i

. S

o

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794 PCT/US2016/053438

6/14

CREYENY
15
[
&
-
1]
[
(0] —
g fomme ]
% o
€
< v
) &3
()
o
S o
= w©$ =i o s
Lo L] o o

IN9SIL Bl T

3
S
&
<~ :
& Gy
(€] :
& g
gt L) Y
et N7
o2 £
oy
~ =
(A%
‘ P
S X
[Vl
: O
i
g = 3 <
~ <~ P

NSO BulighlX THO

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794 PCT/US2016/053438

9/14

® L
“5‘3‘. o
L] o
R 3\\:_ er
Lo e s
2
g
4~ 20
L
33
[l
5 ; ey
N ? Sy
<3 5 o v
oy H ““
| <A
TEREE S B T SN T R S S A —=
§ | &
23

€~

o2

TGFR

2 - 52 .
P : ok
L g Fn

|51 0 Tt A E

o lA

N SR——

S

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794
10/14
70
.
n=0.012

3

ﬁ Ay T TEITRR

PCT/US2016/053438

TGRS

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/053438

WO 2017/053794

11/14

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794 PCT/US2016/053438

. \\\\\\\%

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/053438

WO 2017/053794

13/14

Mef2C

2.5

N

GATA-

P00

3
T .v“mm\%wnmm\ N\A«\mﬁn«.‘%\vwmm. ‘.‘..‘., \\»n\..«mm\
.
g (G e
Kx&ﬁ%ﬁwm&%m&@mﬂé% o
pR——,

=

3>

G.

1
0

MOV %

NUDY-d %

[ X ]
<2

NLOY-S %

C 2w M

LW %

3
s
=
s
—
<
—
oo <>
w3 <=
£ ]
s %
o
&%
e
=3
Tll)
pou &5
e <3
P i

N0 %

0.013-

F 8 ¢ T T T

ML

SUBSTITUTE SHEET (RULE 26)



WO 2017/053794

ErbB3

ErbB2

14/14

AR

e \tJ
i .\M\MWM 308

iRELES

FETTTTYT Y

-

=

=3

oo e

.,m\-.\m‘““' o

\\Mss\('?f“ﬁ'\“ .

e -

; AR .-
e

¥ .

L

L

PCT/US2016/053438




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/053438

A. CLASSIFICATION OF SUBJECT MATTER

INV. GOIN33/50 A61K38/18 GOIN33/68
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN A61K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, COMPENDEX, EMBASE, FSTA, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 20107060266 Al (ZENSUN SHANGHAI SCIENCE 46
& TECH [CN]; ZHOU MINGDONG [CN])
3 June 2010 (2010-06-03)

Y claim 16 1-45,
47-49
Y WO 00/37095 Al (VICTOR CHANG CARDIAC 1-45,
RESEARCH [AU]; ZHOU MINGDONG [AU]) 47-49
29 June 2000 (2000-06-29)
claim 25

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

8 December 2016 09/01/2017

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Jacques, Patrice

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/053438

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y B. WADUGU ET AL: "The role of 1-45,
neuregulin/ErbB2/ErbB4 signaling in the 47-49
heart with special focus on effects on
cardiomyocyte proliferation",

AMERICAN JOURNAL OF PHYSIOLOGY: HEART AND
CIRCULATORY PHYSIOLOGY,

vol. 302, no. 11,

16 March 2012 (2012-03-16), pages
H2139-H2147, XP055326898,

I

ISSN: 0363-6135, DOI:
10.1152/ajpheart.00063.2012

page H2144, right-hand column, lines 10-13
Y ZHANG HAO ET AL: "Cardiac progenitor/stem 1-45,
cells on myocardial infarction or ischemic 47-49
heart disease: what we have known from
current research",

HEART FAILURE REVIEWS, KLUWER ACADEMIC
PUBLISHERS, DORDRECHT, NL,

vol. 19, no. 2,

5 February 2013 (2013-02-05), pages
247-258, XP035304819,

ISSN: 1382-4147, DOI:
10.1007/S10741-013-9372-0

[retrieved on 2013-02-05]

page 252, right-hand column, line 6
starting from the end.

Y CHERYL D. WARING ET AL: "The adult heart 1-45,
responds to increased workload with 47-49
physiologic hypertrophy, cardiac stem cell
activation, and new myocyte formation",
EUROPEAN HEART JOURNAL,

vol. 35, no. 39,

25 October 2012 (2012-10-25), pages
2722-2731, XP055326895,

GB

ISSN: 0195-668X, DOI:
10.1093/eurheartj/ehs338

page 9, left-hand column, Tine 10 starting
from the bottom to the right-hand column,
line 5

A CRISTI L. GALINDO ET AL: "Neuregulin as a 1-49
Heart Failure Therapy and Mediator of
Reverse Remodeling",

CURRENT HEART FAILURE REPORTS,

vol. 11, no. 1,

15 November 2013 (2013-11-15), pages
40-49, XP055326902,

I

ISSN: 1546-9530, DOI:
10.1007/s11897-013-0176-2

the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/053438

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A JIJUN HAO ET AL: "Neuregulin-1[beta]
induces embryonic stem cell
cardiomyogenesis via ErbB3/ErbB2
receptors",

BIOCHEMICAL JOURNAL,

vol. 30, no. 2, 1 March 2014 (2014-03-01),
pages 263-341, XP055326900,

GB

ISSN: 0264-6021, DOI:
10.1161/CIRCRESAHA.110.223917

the whole document

A C. L. GALINDO ET AL: "Anti-Remodeling and
Anti-Fibrotic Effects of the Neuregulin-1
Glial Growth Factor 2 in a Large Animal
Model of Heart Failure",

JOURNAL OF THE AMERICAN HEART ASSOCIATION,
vol. 3, no. 5,

23 October 2014 (2014-10-23), pages
e000773-e000773, XP055181505,

ISSN: 2047-9980, DOI:
10.1161/JAHA.113.000773

the whole document

1-49

1-49

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




International application No.

INTERNATIONAL SEARCH REPORT PCT/US2016/053438
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).
on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/053438
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2010060266 Al 03-06-2010  CN 102231987 A 02-11-2011
EP 2370093 Al 05-10-2011
JP 2012509908 A 26-04-2012
US 2011229444 Al 22-09-2011
WO 2010060266 Al 03-06-2010

WO 0037095 Al 29-06-2000 AT 442156 T 15-09-2009
AU 2422400 A 12-07-2000
EP 1158998 Al 05-12-2001
EP 2027869 A2 25-02-2009
EP 2351573 Al 03-08-2011
ES 2318909 T3 24-11-2009
ES 2392596 T3 12-12-2012
us 7226907 Bl 05-06-2007
US 2006194734 Al 31-08-2006
US 2006199767 Al 07-09-2006
US 2007129296 Al 07-06-2007
US 2007264254 Al 15-11-2007
WO 0037095 Al 29-06-2000

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - wo-search-report
	Page 88 - wo-search-report
	Page 89 - wo-search-report
	Page 90 - wo-search-report
	Page 91 - wo-search-report

