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THERAPEUTIC DOSING OF A NEUREGULIN OR A SUBSEQUENCE THEREOF FOR
TREATMENT OR PROPHYLAXIS OF HEART FAILURE

FIELD OF THE INVENTION

The field of the invention relates to treatment of heart failure . More specifically, the invention

is directed to an improved dosing regimen whereby the therapeutic benefits of administration of
a neuregulin, such as glial growth factor 2 (GGF2) or fragment thereof, are maintained and/or

enhanced, while minimizing any potential side effects.
BACKGROUND OF THE INVENTION

A fundamental challenge associated with the administration of medications to patients in need
thereof is the relationship between tolerability and efficacy. The therapeutic index is the range
between which an efficacious dose of a substance can be administered to a patient and a dose at
which undesired side effects to the patient are noted. Generally, the larger the difference between
the efficacious dose and the dose at which side effects initiate, the more benign the substance and

the more likely it is to be tolerated by the patient.

Heart failure, particularly congestive heart failure (CHF), one of the leading causes of death in
industrialized nations. Factors that underlie congestive heart failure include high blood pressure,
ischemic heart disease, exposure to cardiotoxic compounds such as the anthracycline antibiotics,
radiation exposure, physical trauma and genetic defects associated with an increased risk of heart
failure. Thus, CHF often results from an increased workload on the heart due to hypertension,
damage to the myocardium from chronic ischemia, myocardial infarction, viral disease, chemical
toxicity, radiation and other diseases such as scleroderma. These conditions result in a
progressive decrease in the heart’s pumping ability. Initially, the increased workload that results
from high blood pressure or loss of contractile tissue induces compensatory cardiomyocyte
hypertrophy and thickening of the left ventricular wall, thereby enhancing contractility and
maintaining cardiac function. Over time, however, the left ventricular chamber dilates, systolic

pump function deteriorates, cardiomyocytes undergo apoptotic cell death, and myocardial
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function progressively deteriorates.

Neuregulins (NRGs) and NRG receptors comprise a growth factor-receptor tyrosine kinase
system for cell-cell signaling that is involved in organogenesis and cell development in nerve,
muscle, epithelia, and other tissues (Lemke, Mol. Cell. Neurosci. 7:247-262, 1996 and Burden et
al., Neuron 18:847-855, 1997). The NRG family consists of four genes that encode numerous
ligands containing epidermal growth factor (EGF)-like, immunoglobulin (Ig), and other
recognizable domains. Numerous secreted and membrane-attached isoforms function as ligands
in this signaling system. The receptors for NRG ligands are all members of the EGF receptor
(EGFR) family, and include EGFR (or ErbB1), ErbB2, ErbB3, and ErbB4, also known as HER1
through HER4, respectively, in humans (Meyer et al., Development 124:3575-3586, 1997; Orr-
Urtreger et al., Proc. Natl. Acad. Sci. USA 90: 1867-71, 1993; Marchionni et al., Nature
362:312-8, 1993; Chen et al., J. Comp. Neurol. 349:389-400, 1994; Corfas et al., Neuron 14:103-
115, 1995; Meyer et al., Proc. Natl. Acad. Sci. USA 91:1064-1068, 1994; and Pinkas-Kramarski
et al., Oncogene 15:2803-2815, 1997).

The four NRG genes, NRG-1, NRG-2, NRG-3, and NRG-4, map to distinct chromosomal loci
(Pinkas-Kramarski et al., Proc. Natl. Acad. Sci. USA 91:9387-91, 1994; Carraway et al., Nature
387:512-516, 1997; Chang et al., Nature 387:509-511, 1997; and Zhang et al., Proc. Natl. Acad.
Sci. USA 94:9562-9567, 1997), and collectively encode a diverse array of NRG proteins. The
gene products of NRG-1, for example, comprise a group of approximately 15 distinct
structurally-related isoforms (Lemke, Mol. Cell. Neurosci. 7:247-262, 1996 and Peles and
Yarden, BioEssays 15:815-824, 1993). The first-identified isoforms of NRG-1 included Neu
Differentiation Factor (NDF; Peles et al., Cell 69, 205-216, 1992 and Wen et al., Cell 69, 559-
572, 1992), heregulin (HRG; Holmes et al., Science 256:1205-1210, 1992), Acetylcholine
Receptor Inducing Activity (ARIA; Falls et al., Cell 72:801-815, 1993), and the glial growth
factors GGF1, GGF2, and GGF3 (Marchionni et al. Nature 362:312-8, 1993).

The NRG-2 gene was identified by homology cloning (Chang et al., Nature 387:509-512, 1997,
Carraway et al., Nature 387:512-516, 1997; and Higashiyama et al., J. Biochem. 122:675-680,
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1997) and through genomic approaches (Busfield et al., Mol. Cell. Biol. 17:4007-4014, 1997).
NRG-2 cDNAs are also known as Neural- and Thymus-Derived Activator of ErbB Kinases
(NTAK; Genbank Accession No. AB005060), Divergent of Neuregulin (Don-1), and
Cerebellum-Derived Growth Factor (CDGF; PCT application WO 97/09425). Experimental
evidence shows that cells expressing ErbB4 or the ErbB2/ErbB4 combination are likely to show
a particularly robust response to NRG-2 (Pinkas-Kramarski et al., Mol. Cell. Biol. 18:6090-6101,
1998). The NRG-3 gene product (Zhang et al., supra) is also known to bind and activate ErbB4
receptors (Hijazi etal., Int. J. Oncol. 13:1061-1067, 1998).

An EGF-like domain is present at the core of all forms of NRGs, and is required for binding and
activating ErbB receptors. Deduced amino acid sequences of the EGF-like domains encoded in
the three genes are approximately 30-40% identical (pairwise comparisons). Further, there
appear to be at least two sub-forms of EGF-like domains in NRG-1 and NRG-2, which may

confer different bioactivities and tissue-specific potencies.

Cellular responses to NRGs are mediated through the NRG receptor tyrosine kinases EGFR,
ErbB2, ErbB3, and ErbB4 of the epidermal growth factor receptor family. High-affinity binding
of all NRGs is mediated principally via either ErbB3 or ErbB4. Binding of NRG ligands leads to
dimerization with other ErbB subunits and transactivation by phosphorylation on specific
tyrosine residues. In certain experimental settings, nearly all combinations of ErbB receptors
appear to be capable of forming dimers in response to the binding of NRG-1 isoforms. However,
it appears that ErbB2 is a preferred dimerization partner that may play an important role in
stabilizing the ligand-receptor complex. ErbB2 does not bind ligand on its own, but must be
heterologously paired with one of the other receptor subtypes. ErbB3 does possess tyrosine
kinase activity, but is a target for phosphorylation by the other receptors. Expression of NRG-1,
ErbB2, and ErbB4 is known to be necessary for trabeculation of the ventricular myocardium

during mouse development.

Neuregulins stimulate compensatory hypertrophic growth and inhibit apoptosis of

myocardiocytes subjected to physiological stress. In accordance with these observations,
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administration of a neuregulin is useful for preventing, minimizing, or reversing congestive heart
disease resulting from underlying factors such as hypertension, ischemic heart disease, and
cardiotoxicity. See, e.g., United States Patent Number (USPN) 6,635,249, which is incorporated

herein in its entirety.

In view of the high prevalence of heart failure in the general population, there continues to be an
unmet need to prevent or minimize progression of this disease, such as by inhibiting loss of

cardiac function or by improving cardiac function

SUMMARY OF THE INVENTION

The present invention comprises a method for treating or preventing heart failure in a mammal.
The method is based on the surprising observation that therapeutic benefits of a peptide that
comprises an epidermal growth factor-like (EGF-like) domain can be achieved by dosing
regimens for neuregulin administration that do not maintain steady-state such as by
administering a therapeutically effective amount of the peptide to a mammal at administration
intervals of at or over 48, 72, 96 or more hours. Accordingly, the present method calls for
intermittent or discontinuous administration (every 48 to 96 hours, or even longer intervals) of a
peptide that contains an EGF-like domain to the mammal, wherein the EGF-like domain is
encoded by a neuregulin gene, and wherein administration of the peptide is in an amount
effective to treat or prevent heart failure in the mammal. Dosing regimens for neuregulin
administration that do not maintain steady-state concentrations are equally as effective as more
frequent dosing regimens, yet without the inconvenience, costs or side effects that can result
from more frequent administration. As used herein the term intermittent or discontinuous
administration includes a regimen for dosing on intervals of at least 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, 14 days 1 week, 2 weeks, 4 weeks, 1 month, 2 months, 3 months, 4 months, or any
combination or increment thereof so long as the interval/regimen is at least 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, 14 days 1 week, 2 weeks, 4 weeks, 1 month, 2 months, 3 months, 4 months.

As used herein the term intermittent or discontinuous administration includes a regimen for
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dosing on intervals of not less than 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, 14 days 1 week, 2
weeks, 4 weeks, | month, 2 months, 3 months, 4 months, or any combination or increment
thereof so long as the interval/regimen is not less than 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,

14 days 1 week, 2 weeks, 4 weeks, | month, 2 months, 3 months, 4 months.

In accordance with the present invention, intermittent or discontinuous administration) of a
peptide that contains an EGF-like domain to the mammal, wherein the EGF-like domain is
encoded by a neuregulin gene, 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 effects that may result from
maintaining supraphysiological levels of the administered peptide over a prolonged duration.
For example, side effects associated with supraphysiological levels of exogenously administered
NRG include nerve sheath hyperplasia, mammary hyperplasia, renal nephropathy, hypospermia,

hepatic enzyme elevation, heart valve changes and skin changes at the injection site.

In a preferred embodiment, the present invention is directed to an intermittent dosing regimen
that elicts or permits fluctuations in the serum levels of the peptide comprising an EGF-like
domain encoded by a neuregulin gene and thus reduces the potential for adverse side effects
associated with more frequent administration of the peptide. The intermittent dosing regimen of
the present invention thus confers therapeutic advantage to the mammal, but does not maintain
steady state therapeutic levels of the peptide comprising an EGF-like domain encoded by a
neuregulin gene. As appreciated by those of ordinary skill in the art, there are a various
embodiments of the invention to obtain the intermittent dosing; the benefits of these
embodiments can be stated in various ways for example, said administering does not maintain
steady state therapeutic levels of said peptide, the administering reduces potential for adverse

side effects associated with administration of NRG peptide more frequently, and the like.

In particular embodiments of the invention, the neuregulin may be the gene, gene product or
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respective subsequence or fragment thereof comprising, consisting essentially of or consisting of:
NRG-1, NRG-2 , NRG-3 or NRG-4. In a preferred embodiment an NRG subsequence or
fragment of the invention comprises an epidermal growth factor-like (EGF-like) domain or a
homologue thereof. As appreciated by person s of ordinary skill in the art, a peptide homologue
to an EGF-like domain peptide is determined by finding structural homology or by the
homologue peptide performing as a EGF-like peptide does in functional assays such as by
binding and activating ErbB receptors. Preferably the fragment is at least 40, 41, 42, 43, 44, 45,
46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,717,78, 79, 80, 81, 82, 83, 84, 85 amino acids long. A neuregulin peptide of
the invention may, in turn, be encoded by any one of these neuregulin genes (or subsequence
thereof). In a more particular embodiment, the peptide used in the method is recombinant human
GGF?2 or a fragment or subsequence thereof. See Figures 8A-8D for the amino and nucleic acid

sequences of full length human GGF2.

In an aspect of the invention, suitable mammals include, but are not limited to, mice, rats,

rabbits, dogs, monkeys or pigs. In one embodiment of the invention, the mammal is a human.

In other embodiments of the invention, the heart failure may result from hypertension, ischemic
heart disease, exposure to 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,
alcohol abuse, periocarditis, atherosclerosis, vascular disease, hypertrophic cardiomyopathy,
acute myocardial infarction or previous myocardial infarction, left ventricular systolic
dysfunction, coronary bypass surgery, starvation, radiation exposure, an eating disorder, or a

genetic defect.

In another embodiment of the invention, an anti-ErbB2 or anti-HER2 antibody, such as
HERCEPTIN®, is administered to the mammal before, during, or after anthracycline

administration.



10

15

20

25

30

WO 2010/030317 PCT/US2009/004130

In other embodiments of the invention, the peptide is administered prior to exposure to a
cardiotoxic compound, during exposure to said cardiotoxic compound, or after exposure to said
cardiotoxic compound; the peptide is administered prior to or after the diagnosis of congestive
heart failure in said mammal. A method of the invention can take place after the subject
mammal has undergone compensatory cardiac hypertrophy; a method of the invention
comprises that the outcome of the method is to maintain left ventricular hypertrophy or to
prevent progression of myocardial thinning, or inhibiting cardiomyocyte apoptosis. In a method
of the invention, the peptide can comprising, consisting essentially of, or consisting of an EGF-
like domain encoded by a neuregulin gene. A peptide of the invention is administered before,
during, or after exposure to a cardiotoxic compound. In another embodiment, the peptide
containing the EGF-like domain is administered during two, or all three, of these periods. In
accordance with the present invention, the peptide containing an EGF-like domain encoded by a
neuregulin gene is administered at intervals of every 48 to 96 hours. In one embodiment of the
present invention, the peptide containing an EGF-like domain encoded by a neuregulin gene is’
GGF2. In still other embodiments of the invention, the peptide is administered either prior to or
after the diagnosis of congestive heart failure in the mammal. In yet another embodiment of the
invention, the peptide is administered to a mammal that has undergone compensatory cardiac
hypertrophy. In other particular embodiments of the invention, administration of the peptide
maintains left ventricular hypertrophy, prevents progression of myocardial thinning, and/or

inhibits cardiomyocyte apoptosis.

Embodiments of the invention include the following: A method for treating heart failure in a
mammal, said method comprising administering an exogenous peptide comprising an epidermal
growth factor-like (EGF-like) domain to said mammal, wherein said administering at said
intervals reduces adverse side effects associated with administration of said exogenous peptide in
said mammal. A method for treating heart failure in a mammal, said method comprising
administering an exogenous peptide comprising an epidermal growth factor-like (EGF-like)
domain to said mammal, wherein said EGF-like domain is encoded by the neuregulin (NRG)-1
gene, and said exogenous peptide is administered in a therapeutically effective amount to treat

heart failure in said mammal at intervals of at least 48 hours, wherein said administering at said
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intervals does not maintain steady state levels of said exogenous peptide in said mammal. A
method for treating heart failure in a mammal, said method comprising administering an
exogenous peptide comprising an epidermal growth factor-like (EGF-like) domain or homologue
thereof to said mammal, and said exogenous peptide is administered in a therapeutically effective
amount to treat heart failure in said mammal at intervals of at least or not less than 48 hours,
wherein said administering at said intervals permits intradose fluctuation of serum concentrations

of said exogenous peptide to baseline or pre-administration levels in said mammal.

As used herein, the term adverse or deleterious side effect refers to an unintended and
undesirable consequence of a medical treatment. With respect to the present invention, an
adverse or deleterious side effect resulting from administration of an exogenous peptide may
include any one or more of the following: nerve sheath hyperplasia, mammary hyperplasia, renal

nephropathy, and skin changes at the injection site.

As used herein, the term “intradose fluctuation of serum concentrations of said exogenous
peptide to pre-administration levels in said mammal” refers to the difference between serum

concentration levels before administration of a dose of an exogenous peptide.

As used herein, the term “steady state levels” refers to a level(s) of an exogenous agent (e.g., a
peptide) that is sufficient to achieve equilibration (within a range of fluctuation between
succeeding doses) between administration and elimination. . “Maintaining steady state
therapeutic levels” refers to sustaining the concentration of an exogenous agent at a level

sufficient to confer therapeutic benefit to a subject or patient.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a histogram depicting cardiac function as exemplified by changes in Ejection
Fraction and Fractional Shortening. As indicated, rats were treated with GGF2 at 0.625 mg/kg or

an equimolar amount of an EGF-like fragment (fragment; EGF-id) intravenously (iv) everyday
(q day).
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Figure 2 shows a line graph depicting cardiac function as revealed by changes in Ejection
Fraction and Fractional Shortening. As indicated, rats were treated with GGF2 at 0.625 mg/kg or
3.25 mg/kg iv q day.

Figure 3 shows a line graph depicting cardiac function as revealed by significant improvement
in end systolic volume during the treatment period. As indicated, rats were treated with GGF2 at
0.625 mg/kg or 3.25 mg/kg iv q day.

Figure 4 shows a line graph depicting cardiac function as revealed by changes in Ejection
Fraction and Fractional Shortening. As indicated, rats were treated with GGF2 3.25 mg/kg
intravenously (iv) q24, 48 or 96 hours.

Figure 5 shows a line graph depicting cardiac function as revealed by changes in the
echocardiographic ejection fraction. As indicated, rats were treated with vehicle or GGF2 3.25

mg/kg intravenously (iv), with or without BSA.

Figure 6 shows a line graph depicting the half-life of recombinant human GGF2 (rhGGF2)

following iv administration.

Figure 7 shows a line graph depicting the half-life of recombinant human GGF2 (rhGGF2)

following subcutaneous administration.

Figures 8A-D show the nucleic and amino acid sequences of full length GGF2. The nucleic acid

sequence is designated SEQ ID NO: 1 and the amino acid sequence is designated SEQ ID NO: 2.

Figure 9 shows the nucleic and amino acid sequences of epidermal growth factor-like (EGFL)
domain 1. The nucleic acid sequence of EGFL domain 1 is designated herein SEQ ID NO: 3 and
the amino acid sequence of EGFL domain 1 is designated herein SEQ ID NO: 4.
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Figure 10 shows the nucleic and amino acid sequences of epidermal growth factor-like (EGFL)
domain 2. The nucleic acid sequence of EGFL domain 2 is designated herein SEQ ID NO: 5 and
the amino acid sequence of EGFL domain 2 is designated herein SEQ ID NO: 6.

Figure 11 shows the nucleic and amino acid sequences of epidermal growth factor-like (EGFL)
domain 3. The nucleic acid sequence of EGFL domain 3 is designated herein SEQ ID NO: 7 and
the amino acid sequence of EGFL domain 3 is designated herein SEQ ID NO: 8.

Figure 12 shows the nucleic and amino acid sequences of epidermal growth factor-like (EGFL)
domain 4. The nucleic acid sequence of EGFL domain 4 is designated herein SEQ ID NO: 9 and
the amino acid sequence of EGFL domain 4 is designated herein SEQ ID NO: 10.

Figure 13 shows the nucleic and amino acid sequences of epidermal growth factor-like (EGFL)
domain 5. The nucleic acid sequence of EGFL domain 5 is designated herein SEQ ID NO: 11
and the amino acid sequence of EGFL domain 5 is designated herein SEQ ID NO: 12.

Figure 14 shows the nucleic and amino acid sequences of epidermal growth factor-like (EGFL)
domain 6. The nucleic acid sequence of EGFL domain 6 is designated herein SEQ ID NO: 13
and the amino acid sequence of EGFL domain 6 is designated herein SEQ ID NO: 14,

Figure 15 shows the amino acid sequence of a polypeptide comprising an epidermal growth
factor-like (EGFL) domain, which is designated herein SEQ ID NO: 21.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors made the surprising discovery that discontinuous or intermittent
administration of a neuregulin at appropriately spaced time intervals delivers a therapeutically
effective amount of the neuregulin to a patient in need thereof and such a treatment regimen is
useful for preventing, prophylaxing, ameliorating, minimizing, treating or reversing heart

disease, such as congestive heart failure.

10
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Despite conventional wisdom and development practice pertaining to designing dosing regimens
to maintain the most narrow range steady state concentrations, the present inventors demonstrate
herein that dosing regimens for neuregulin administration that do not maintain narrow steady-
state concentrations are equally as effective as more frequent dosing regimens. Indeed, the
present inventors have shown that neuregulin treatment of heart failure with dosing intervals of
at least 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, 14 days 1 week, 2 weeks, 4 weeks, 1 month, 2
months, 3 months, 4 months, or any combination or increment thereof so long as the

interval/regimen is at least 48 hours is as effective as daily dosing.

In order to evaluate the pharmacokinetics of exogenous NRG, the present inventors have shown
that the half-life of neuregulin when delivered intravenously is 4 to 8 hours and when delivered
subcutaneously is 11-15 hours. See, e.g., Tables 1 and 2 and Figures 6 and 7. Dosing at
regimens as infrequent as every fourth day would, therefore, not maintain any detectable levels
for at least three days between doses. Based on these findings, prior to the present invention, one
would not have predicted that such peak/trough ratios would correlate with consistent
therapeutic benefit. It is, noteworthy that compounds with a half-life of this order are generally
administered in accordance with a frequent dosing regimen (e.g., daily or multiple daily doses).
Indeed, based on pharmacokinetic data available for GGF2, traditional development would

predict that optimal treatment would involve daily subcutaneous dosing.

In keeping with conventional wisdom and development practice, other medical treatments for
CHF are typically administered on at least a daily basis. The periodicity of such a regimen is
thought to be required because CHF is a chronic condition, commonly caused by impaired
contraction and/or relaxation of the heart, rather than an acute condition. In persons with a weak
heart leading to impaired relaxation and CHF, medical treatments include drugs that block
formation or action of specific neurohormones (e.g. angiotensin converting enzyme inhibitors
(ACE-inhibitors), angiotensin receptor antagonists (ARBs), aldosterone antagonists and beta-
adrenergic receptor blockers). These and other medications are now standard of care in chronic

CHF as they have been demonstrated to result in improved symptoms, life expectancy and/or a

11
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reduction in hospitalizations. In the setting of acute exacerbation or chronic symptoms, patients
are often treated with inotropes (e.g. dobutamine, digoxin) to enhance cardiac contractility, along
with vasodilators (e.g. nitrates, nesiritide) and/or diuretics (e.g. furosemide) to reduce
congestion. Patients with hypertension and congestive heart failure are treated with one or more
antihypertensive agent such as beta-blockers, ACE-inhibitors and ARBs, nitrates (isosorbide

dinitrate), hydralazine, and calcium channel blockers.

Thus, despite typical practice with respect to treatment of CHF, the present inventors have
demonstrated that a novel dosing regimen results in effective treatment of CHF, while avoiding
undesirable side-effects. Although not wishing to be bound by theory, it is likely that such
neuregulin treatment strengthens the pumping ability of the heart by stimulating cardiomyocyte
hypertrophy, and partially or completely inhibits further deterioration of the heart by suppressing

cardiomyocyte apoptosis.

By way of additional background, the basic principle of dosing is to determine an effective
circulating concentration and design a dosing regimen to maintain those levels. Pharmacokinetic
(PK) and pharmacodynamic (PD) studies are combined to predict a dosing regimen that will
maintain a steady-state level of a particular drug. The typical plan is to minimize the difference

between the Cmax and Cmin and thereby reduce side-effects.

Drugs are described by their ‘therapeutic index’ which is a ratio of the toxic dose or circulating
levels divided by the effective dose or circulating concentrations. When the therapeutic index is
large there is a wide safety range where an effective dose can be given without approaching toxic
levels. When untoward effects result at concentrations too close to the effective concentrations

the therapeutic index is described as narrow and the drug is difficult to administer safely.

While developing dosing regimens one combines the PK/PD data with knowledge of the
therapeutic index to design a dose and frequency of administration such that the compound is
maintained at a concentration in a patient (e.g., a human) such that it is above the effective

concentration and below the toxic concentration. If an effective concentration of the drug cannot

12
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be maintained without inducing unsafe effects, the drug will fail during development. Additional
commentary pertaining to drug development can be found in a variety of references, including:
Pharmacokinetics in Drug Development: Clinical Study Design and Analysis (2004, Peter

Bonate and Danny Howard, eds.), which is incorporated herein in its entirety.

Neuregulins are growth factors related to epidermal growth factors that bind to erbB receptors.
They have been shown to improve cardiac function in multiple models of heart failure,
cardiotoxicity and ischemia. They have also been shown to protect the nervous system in models

of stroke, spinal cord injury, nerve agent exposure, peripheral nerve damage and chemotoxicity.

Maintaining supranormal levels of exogenously supplied neuregulins has, however, been shoWn
to have untoward effects including nerve sheath hyperplasia, mammary hyperplasia and renal
nephropathy. These effects were observed following daily subcutaneous administration of

neuregulin. See, e.g., Table 10.

As set forth herein, subcutaneous administration was explored due to the prolonged half-life
compared with intravenous administration and the initial belief that maintaining constant levels
of ligand would be advantageous. Developing dosing regimens to reduce these effects would
significantly enhance the ability of neuregulins to be utilized as therapeutics and it is toward this
end that the present invention is directed. Demonstrating that less frequent dosing that does not

maintain constant levels is also effective enables this development.

Neuregulins: As indicated above, peptides encoded by the NRG-1, NRG-2, NRG-3 and NRG-4
genes possess EGF-like domains that allow them to bind to and activate ErbB receptors. Holmes
et al. (Science 256:1205-1210, 1992) have shown that the EGF-like domain alone is sufficient to
bind and activate the p185erbB2 receptor. Accordingly, any peptide product encoded by the
NRG-1, NRG-2, or NRG-3 gene, or any neuregulin-like peptide, e.g., a peptide having an EGF-
like domain encoded by a neuregulin gene or cDNA (e.g., an EGF-like domain containing the
NRG-1 peptide subdomains C-C/D or C-C/D"', as described in USPN 5,530,109, USPN
5,716,930, and USPN 7,037,888; or an EGF-like domain as disclosed in WO 97/09425) may be
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used in the methods of the invention to prevent or treat congestive heart failure. The contents of
each of USPN 5,530,109; USPN 5,716,930; USPN 7,037,888; and WO 97/09425 is incorporated

herein in its entirety.

Risk Factors: Risk factors that increase the likelihood of an individual's developing congestive
heart failure are well known. These include, and are not limited to, smoking, obesity, high blood
pressure, ischemic heart disease, vascular disease, coronary bypass surgery, myocardial
infarction, left ventricular systolic dysfunction, exposure to cardiotoxic compounds (alcohol,
drugs such as cocaine, and anthracycline antibiotics such as doxorubicin, and daunorubicin),
viral infection, pericarditis, myocarditis, gingivitis, thyroid disease, radiation exposure, genetic
defects known to increase the risk of heart failure (such as those described in Bachinski and
Roberts, Cardiol. Clin. 16:603-610, 1998; Siu et al., Circulation 8:1022-1026, 1999; and
Arbustini et al., Heart 80:548-558, 1998), starvation, eating disorders such as anorexia and

bulimia, family history of heart failure, and myocardial hypertrophy.

In accordance with the present invention, neuregulins may be administered intermittently to
achieve prophylaxis such as by preventing or decreasing the rate of congestive heart disease
progression in those identified as being at risk. For example, neuregulin administration to a
patient in early compensatory hypertrophy permits maintenance of the hypertrophic state and
prevents the progression to heart failure. In addition, those identified to be at risk may be given

cardioprotective neuregulin treatment prior to the development of compensatory hypertrophy.

Neuregulin administration to cancer patients prior to and during anthracycline chemotherapy or
anthracycline/anti-ErbB2 (anti-HER2) antibody (e.g., HERCEPTIN®) combination therapy can
prevent a patient’s cardiomyocytes from undergoing apoptosis, thereby preserving cardiac
function. Patients who have already suffered cardiomyocyte loss also derive benefit from
neuregulin treatment, because the remaining myocardial tissue responds to neuregulin exposure

by displaying hypertrophic growth and increased contractility.
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Therapy: Neuregulins and peptides containing EGF-like domains encoded by neuregulin genes
may be administered to patients or experimental animals with a pharmaceutically-acceptable
diluent, carrier, or excipient. Compositions of the invention can be provided in unit dosage

form.

Conventional pharmaceutical practice is employed to provide suitable formulations or
compositions, and to administer such compositions to patients or experimental animals.
Although intravenous administration is preferred, any appropriate route of administration may be
employed, for example, parenteral, subcutaneous, intramuscular, transdermal, intracardiac, ,
intraperitoneal, intranasal, aerosol, oral, or topical (e.g., by applying an adhesive patch carrying a

formulation capable of crossing the dermis and entering the bloodstream) administration.

Therapeutic formulations may be in the form of liquid solutions or suspensions; for oral
administration, formulations may be in the form of tablets or capsules; and for intranasal

formulations, in the form of powders, nasal drops, or aerosols.

Methods well known in the art for making formulations are found in, for example, "Remington's
Pharmaceutical Sciences." Formulations for parenteral administration may, for example, contain
excipients, sterile water, or saline, polyalkylene glycols such as polyethylene glycol, oils of
vegetable origin, or hydrogenated napthalenes. Other potentially useful parenteral delivery
systems for administering molecules of the invention include ethylene-vinyl acetate copolymer
particles, osmotic pumps, implantable infusion systems, and liposomes. Formulations for
inhalation may contain excipients, for example, lactose, or may be aqueous solutions containing,
for example, polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or may be oily

solutions for administration in the form of nasal drops, or as a gel.
As a further aspect of the invention there is provided the present compounds for use as a

pharmaceutical especially in the treatment or prevention of the aforementioned conditions and

diseases. Also provided herein is the use of the present compounds in the manufacture of a
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medicament for the treatment or prevention of one of the aforementioned conditions and

diseases.

With respect to intravenous injections, dose levels range from about 0.001 mg/kg, 0.01 mg/kg to
at least 10 mg/kg, in regular time intervals of from at least about every 24, 36, 48 hours to about
every 96 hours and especially every 48, 72, or 96 hours or more as set forth herein. In a
particular embodiment, intravenous injection dose levels range from about 0.1 mg/kg to about

10 mg/kg, in regular time intervals of from about every 48 hours to about every 96 hours and
especially every 48, 72, or 96 hours or more as set forth herein. In another particular
embodiment, intravenous injection dose levels range from about 1 mg/kg to about 10 mg/kg, in
regular time intervals of from about every 48 hours to about every 96 hours and especially every
48, 72, or 96 hours or more as set forth herein. In yet another particular embodiment,
intravenous injection dose levels range from about 0.01 mg/kg to about 1 mg/kg, in regular time
intervals of from about every 48 hours to about every 96 hours and especially every 48, 72, or 96
hour or more as set forth hereins. In yet another particular embodiment, intravenous injection
dose levels range from about 0.1 mg/kg to about 1 mg/kg, in regular time intervals of from about
every 48 hours to about every 96 hours and especially every 48, 72, or 96 hours or more as set

forth herein.

With respect to subcutaneous injections, dose levels range from about 0.01 mg/kg to at least

10 mg/kg, in regular time intervals of from about every 48 hours to about every 96 hours and
especially every 48, 72, or 96 hours or more as set forth herein. In a particular embodiment,
injection dose levels range from about 0.1 mg/kg to about 10 mg/kg, in regular time intervals of
from about every 48 hours to about every 96 hours or more as set forth herein, and especially
every 48, 72, or 96 hours. In another particular embodiment, injection dose levels range from
about 1 mg/kg to about 10 mg/kg, in regular time intervals of from about every 48 hours to about
every 96 hours or more as set forth herein, and especially every 48, 72, or 96 hours.

In yet another particular embodiment, injection dose levels range from about 0.01 mg/kg to about
1 mg/kg, in regular time intervals of from about every 48 hours to about every 96 hours or more

as set forth herein, and especially every 48, 72, or 96 hours. In yet another particular
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embodiment, injection dose levels range from about 0.1 mg/kg to about 1 mg/kg, in regular time
intervals of from about every 48 hours to about every 96 hours or more as set forth herein, and

especially every 48, 72, or 96 hours.

Transdermal doses are generally selected to provide similar or lower blood levels than are

achieved using injection doses.

The compounds of the invention can be administered as the sole active agent or they can be
administered in combination with other agents, including other compounds that demonstrate the
same or a similar therapeutic activity and that are determined to be safe and efficacious for such
combined administration. Other such compounds used for the treatment of CHF include brain
natriuretic peptide (BNP), drugs that block formation or action of specific neurohormones (e.g.
angiotensin converting enzyme inhibitors (ACE-inhibitors), angiotensin receptor antagonists
(ARBs), aldosterone antagonists and beta-adrenergic receptor blockers), inotropes (e.g.
dobutamine, digoxin) to enhance cardiac contractility, vasodilators (e.g. nitrates, nesiritide)
and/or diuretics (e.g. furosemide) to reduce congestion, and one or more antihypertensive agents
such as beta-blockers, ACE-inhibitors and ARBSs, nitrates (isosorbide dinitrate), hydralazine, and

calcium channel blockers.

As indicated above, medical intervention involving drug treatment calls for the selection of an
appropriate drug and its delivery at an adequate dosage regimen. An adequate dosage regimen
involves a sufficient dose, route, frequency, and duration of treatment. The ultimate objective of
drug therapy is the acquisition of optimal drug concentrations at the site of action so as to enable
the treated patient to overcome the pathologic process for which treatment is necessitated.
Broadly speaking, basic knowledge of the principles of drug disposition facilitates the selection
of appropriate dosage regimens. Therapeutic drug monitoring (TDM) can, however, be used in
this context as a supplemental tool to assist an attending physician in determining effective and

safe dosage regimens of selected drugs for medical therapy of individual patients.
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Target Concentration and Therapeutic Window: The definition of optimal drug concentration
varies depending on the pharmacodynamic features of the particular drug. Optimal therapy for
time-dependent antibiotics like penicillin, for example, is related to achieving peak concentration
to MIC (minimum inhibitory concentration) ratios of 2-4 and a time above the MIC equal to 75%
of the dose interval. For concentration-dependent antibiotics like gentamicin, for example,
efficacy is related to obtaining peak concentration to MIC ratios of about 8-10. Irrespective of
the nuances associated with administration of a particular drug, drug therapy aims to achieve
target plasma concentrations (which often reflect the concentrations at the site of action) within
the limits of a “therapeutic window”, which has been previously determined based on the
pharmacokinetic, pharmacodynamic and toxicity profiles of the drug in the target species. The
width of this window varies for different drugs and species. When the difference between the
minimum efficacious concentration and the minimum toxic concentration is small (2 to 4-fold),
the therapeutic window is referred to as narrow. In contrast, when there is a large difference
between the effective and toxic concentration, the drug is viewed as having a wide therapeutic
window. An example of a drug with a narrow therapeutic window is digoxin, in which the
difference between the average effective and toxic concentrations is 2 or 3-fold. Amoxicillin, on
the other hand, has a wide therapeutic range and overdosing of a patient is not generally

associated with toxicity problems.

Variability in Drug Responsiveness: Pronounced variability among healthy subjects of the same
species with respect drug responsiveness is common. Moreover, disease states have the potential
to affect organ systems and functions (e.g., kidney, liver, water content) that may in turn affect
drug responsiveness. This, in turn, contributes to increased differentials in drug responsiveness in
sick individuals to whom the drug is administered. Yet another relevant issue relates to
administration of more than one drug at a time, which results in pharmacokinetic interactions
that can lead to alterations in responsiveness to one or both drugs. In summary, physiological
(e.g., age), pathological (e.g., disease effects), and pharmacological (e.g., drug interaction)
factors can alter the disposition of drugs in animals. Increased variability among individuals
ensuing therefrom may result in therapeutic failure or toxicity in drugs with a narrow therapeutic

index.
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The patient population that would benefit from a treatment regimen of the present invention is
quite diverse, e.g., patients with impaired kidney function are good candidates because
continuous levels of protein therapeutics are often associated with renal glomerular deposits.

The utility of a therapeutic regimen that does not maintain constant plasma levels as is described
in this invention would, therefore, be very beneficial for patients with compromised renal
function in which any diminution of existing function could be deleterious. Similarly, brief and
intermittent exposure to a therapeutic such as GGF2, as described herein, can be beneficial for
patients with tumor types that are responsive to chronic and continuous stimulation with a
growth factor. Other patients that may specifically benefit from intermittent therapy as described
herein are patients with schwannomas and other peripheral neuropathies. It is an advantage of the
present invention that intermittent dosing may have significant advantages in not maintaining

continuous side-effect-related stimulation of various tissues.

The proper timing of blood sampling for the purposes of determining serum drug level, as well
as the interpretation of the reported level require consideration of the pharmacokinetic properties
of the drug being measured. Some terms used in discussion of these properties are defined in the

following paragraphs.

Half-Life: The time required for the serum concentration present at the beginning of an interval
to decrease by 50%. Knowing an approximate half-life is essential to the clinician since it
determines the optimal dosing schedule with oral agents, the intradose fluctuation of the serum

concentration, and the time required to achieve steady state.

In brief, multiple pharmacokinetic studies have been performed for GGF2. Typical half-lives for
GGF?2 are between 4 and 8 hours for the intravenous (iv) route, whereas the half-life of
subcutaneously (sc) administered GGF2 is between 11 and 15 hours. Cmax, AUC, Tmax and
T1/2 are shown in Tables 1 and 2 below. Where the half-life was too long to be determined

accurately by these methods a dash is presented in lieu of a time.
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Table 1 and Table 2

Appendix 7
Mean Phamacokineics of 125-thGGF2-Derwed Radoactivity in
Plasma of Make Sprague Dawley Rats Followmg a Smgle Inkravenous
or Subcutaneous Dese of 12514hGGF2

: Group 1 {n=2) Growp 2 (n=1)
Paramelers Total TCAPmcp Tokl TCAPrecip
Cmax (ug eqfg) 03289 02953 0.0157 001
AUC 0-1 (ug eq-hiy) 127 0.01 0.27 017
AUC nf (ug eq-hfg) 137 0.96 (116 .} 026
Tmaoe () 0.08 0.08 60 60
Hall e 6.37 6.11 1320 14 66

Group 1-iyv. Group 2-sc.

Mean Phawmacokinesics of 1251thGGF2-De ived Radicaciivity in
Plasma of Male Sprague-Dawley Rats Fellowing a Sngle Inravenous
or Subcutaneous Dose of 1251+hGGF2

Appendix 9
Group 1 (n=2) Growp 2 (n=1)
Parameters Total TCAPrecy Total TCAPrecyp
Cmax (ug egfg) 02611 02291 0.01% 00034
AUC (-1 (ug eq-hfg) 1.488 0.567 0356 0.064
AUC inf (ug eq-hig) 1.667 0.62 - -
Tmax (B) 0.08 0.08 240 120
Half- e 1.75 7.96 - -
Group 1-iv. Group 2-s.c.

The plasma concentrations after administration are shown in Figures 6 and 7 for iv and sc
administration, respectively. As shown in Figures 6 and 7, Cmax, refers to maximal plasma
concentration (the maximum concentration that is measured in the plasma at any time after
administration); AUCinf, refers to the area under the concentration versus time curve to time
infinity (which method is used to anticipate that the assay has limits of detection); AUCO-t, refers
to the area under the plasma concentration (time curve from time zero to the last measurable
concentration); AUC by any method refers to an estimate of the total exposure to the animal; and

Tmax, refers to the median time of maximal plasma concentration.
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As is evident from the tables and figures it is not possible to maintain steady state therapeutic

levels by either dosing route with every fourth day, every other day or every day of dosing. .

Levels are unmeasurable after a day and even long before that, as reflected by the data set forth

in Table 11.

Table 11: PK Parameters for GGF2 after Intravenous Administration*

Rats
Dose | AUC,.., AUC,., AUC.1ast AUCppst | CL tin Vss
(mg/k | (hreng/mL) | /Dose (hreng/mL) | /Dose (mL/min/k | (h) (mL/kg)
g) ((hreng/m ((hreng/m | g)
L) L)
/mg/kg) /mg/kg)
8 16100205 | 2010+256 | 16800+£223 | 2100+279 | 18.1+£12.7 | 1.46+1.8 | 1050+3
00 0 00 0 4 31
16 39600944 | 2470+590 | 38300100 | 2390+625 | 7.00+1.33 | 1.69+0.4 | 532+14
0 00 30 5
Monkeys
8 15900169 | 1980212 | 15100173 | 1890+217 | 8.48+0.91 | 2.02+0.3 | 1110+l
0 0 0 58 13

*taken from data obtained from plasma GGF2 concentrations measured by ELISA. Data

reported are mean + SD.

Steady State: Steady state serum concentrations are those values that recur with each dose and

represent a state of equilibrium between the amount of drug administered and the amount being

eliminated in a given time interval. During long term dosage with any drug, the two major

determinants of its mean steady state serum concentration are the rate at which the drug is

administered and the drug’s total clearance in that particular patient.
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Peak Serum Concentration: The point of maximum concentration on the serum concentration-
versus-time curve. The exact time of the peak serum concentration is difficult to predict since it

represents complex relationships between input and output rates.

Trough Serum Concentration: The minimum serum concentration found during a dosing
interval. Trough concentrations are theoretically present in the period immediately preceding

administration of the next dose.

Absorption: The process by which a drug enters the body. Intravascularly administered drugs
are absorbed totally, but extravascular administration yields varying degrees and rates of
absorption. The relationship between the rate of absorption and the rate of elimination is the

principle determinant of the drug concentration in the bloodstream.

Distribution: The dispersion of the systemically available drug from the intravascular space into

extravascular fluids and tissues and thus to the target receptor sites.

Therapeutic Range: That range of serum drug concentrations associated with a high degree of

efficacy and a low risk of dose-related toxicity. The therapeutic range is a statistical concept: it
is the concentration range associated with therapeutic response in the majority of patients. As a
consequence, some patients exhibit a therapeutic response at serum levels below the lower limit

of the range, while others require serum levels exceeding the upper limit for therapeutic benefit.

Correct timing of sample collection is important, since drug therapy is often revised on the basis
of serum concentration determinations. The absorption and distribution phases should be
complete and a steady-state concentration achieved before the sample is drawn. Levels obtained
before a steady-state concentration exists may be erroneously low; increasing the dosage based
on such a result could produce toxic concentrations. In addition, when making comparative

measurements, it is important that the sampling time be consistent.
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The timing of blood samples in relation to dosage is critical for-correct interpretation of the
serum concentration result. The selection of the time that the sample is drawn in relation to drug
administration should be based on the phamacokinetic properties of the drug, its dosage form and
the clinical reason for assaying the sample (e.g., assessment of efficacy or clarification of
possible drug-induced toxicity). For routine serum level monitoring of drugs with short half-
lives, both a steady state peak and trough sample may be collected to characterize the serum
concentration profile; for drugs with a long half-life, steady-state trough samples alone are

generally sufficient.

By "congestive heart failure" is meant impaired cardiac function that renders the heart unable to
maintain the normal blood output at rest or with exercise, or to maintain a normal cardiac output
in the setting of normal cardiac filling pressure. A left ventricular ejection fraction of about 40%
or less is indicative of congestive heart failure (by way of comparison, an ejection fraction of
about 60% percent is normal). Patients in congestive heart failure display well-known clinical
symptoms and signs, such as tachypnea, pleural effusions, fatigue at rest or with exercise,
contractile dysfunction, and edema. Congestive heart failure is readily diagnosed by well known
methods (see, e.g., "Consensus recommendations for the management of chronic heart failure."
Am. J. Cardiol., 83(2A):1A-38-A, 1999).

Relative severity and disease progression are assessed using well known methods, such as
physical examination, echocardiography, radionuclide imaging, invasive hemodynamic
monitoring, magnetic resonance angiography, and exercise treadmill testing coupled with oxygen

uptake studies.

By "ischemic heart disease" is meant any disorder resulting from an imbalance between the
myocardial need for oxygen and the adequacy of the oxygen supply. Most cases of ischemic
heart disease result from narrowing of the coronary arteries, as occurs in atherosclerosis or other

vascular disorders.

By "myocardial infarction" is meant a process by which ischemic disease results in a region of
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the myocardium being replaced by scar tissue.

By "cardiotoxic" is meant a compound that decreases heart function by directly or indirectly

impairing or killing cardiomyocytes.

By "hypertension" is meant blood pressure that is considered by a medical professional (e.g., a
physician or a nurse) to be higher than normal and to carry an increased risk for developing

congestive heart failure.

By "treating" is meant that administration of a neuregulin or neuregulin-like peptide slows or
inhibits the progression of congestive heart failure during the treatment, relative to the disease
progression that would occur in the absence of treatment, in a statistically significant manner.
Well known indicia such as left ventricular ejection fraction, exercise performance, and other
clinical tests as enumerated above, as well as survival rates and hospitalization rates may be used
to assess disease progression. Whether or not a treatment slows or inhibits disease progression in
a statistically significant manner may be determined by methods that are well known in the art
(see, e.g., SOLVD Investigators, N. Engl. J. Med. 327:685-691, 1992 and Cohn et al., N. Engl. J
Med. 339:1810-1816, 1998).

By "preventing" is meant minimizing or partially or completely inhibiting the development of
congestive heart failure in a mammal at risk for developing congestive heart failure (as defined
in "Consensus recommendations for the management of chronic heart failure." Am. J. Cardiol.,
83(2A):1A-38-A, 1999). Determination of whether congestive heart failure is minimized or
prevented by administration of a neuregulin or neuregulin-like peptide is made by known

methods, such as those described in SOLVD Investigators, supra, and Cohn et al., supra.

The term "therapeutically effective amount" is intended to mean that amount of a drug or
pharmaceutical agent that elicits the biological or medical response of a tissue, a system, animal
or human that is being sought by a researcher, veterinarian, medical doctor or other clinician. A

therapeutic change is a change in a measured biochemical characteristic in a direction expected
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to alleviate the disease or condition being addressed. More particularly, a "therapeutically
effective amount” is an amount sufficient to decrease the symptoms associated with a medical
condition or infirmity, to normalize body functions in disease or disorders that result in
impairment of specific bodily functions, or to provide improvement in one or more of the

clinically measured parameters of a disease.

The term "prophylactically effective amount " is intended to mean that amount of a
pharmaceutical drug that will prevent or reduce the risk of occurrence of the biological or
medical event that is sought to be prevented in a tissue, a system, animal or human by a

researcher, veterinarian, medical doctor or other clinician.

The term "therapeutic window" is intended to mean the range of dose between the minimal
amount to achieve any therapeutic change, and the maximum amount which results in a response

that is the response immediately before toxicity to the patient.

By "at risk for congestive heart failure" is meant an individual who smokes, is obese (i.e., 20%

or more over their ideal weight), has been or will be exposed to a cardiotoxic compound (such as
an anthracycline antibiotic), or has (or had) high blood pressure, ischemic heart disease, a
myocardial infarct, a genetic defect known to increase the risk of heart failure, a family history of
heart failure, myocardial hypertrophy, hypertrophic cardiomyopathy, left ventricular systolic
dysfunction, coronary bypass surgery, vascular disease, atherosclerosis, alcoholism,

periocarditis, a viral infection, gingivitis, or an eating disorder (e.g., anorexia nervosa or

bulimia), or is an alcoholic or cocaine addict.

By "decreasing progression of myocardial thinning" is meant maintaining hypertrophy of
ventricular cardiomyocytes such that the thickness of the ventricular wall is maintained or

increased.

By "inhibits myocardial apoptosis" is meant that neuregulin treatment inhibits death of

cardiomyocytes by at least 10%, more preferably by at least 15%, still more preferably by at least
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25%, even more preferably by at least 50%, yet more preferably by at least 75%, and most

preferably by at least 90%, compared to untreated cardiomyocytes.

By "neuregulin” or "NRG" is meant a peptide that is encoded by an NRG-1, NRG-2, or NRG-3
gene or nucleic acid (e.g., a cDNA), and binds to and activates ErbB2, ErbB3, or ErbB4

receptors, or combinations thereof.

By "neuregulin-1," "NRG-1," "heregulin," "GGF2," or "p185erbB2 ligand" is meant a peptide
that binds to the ErbB2 receptor when paired with another receptor (ErbB1, ErbB3 or ErbB4)
and is encoded by the p185erbB2 ligand gene described in U.S. Pat. No. 5,530,109; U.S. Pat. No.
5,716,930; and U.S. Pat. No. 7,037,888, each of which is incorporated herein by reference in its

entirety.

By "neuregulin-like peptide” is meant a peptide that possesses an EGF-like domain encoded by a

neuregulin gene, and binds to and activates ErbB2, ErbB3, ErbB4, or a combination thereof.

By "epidermal growth factor-like domain" or "EGF-like domain" is meant a peptide motif
encoded by the NRG-1, NRG-2, or NRG-3 gene that binds to and activates ErbB2, ErbB3,
ErbB4, or combinations thereof, and bears a structural similarity to the EGF receptor-binding
domain as disclosed in Holmes et al., Science 256:1205-1210, 1992; U.S. Pat. No. 5,530,109;
U.S. Pat. No. 5,716,930; U.S. Pat. No. 7,037,888; Hijazi et al., Int. J. Oncol. 13:1061-1067,
1998; Chang et al., Nature 387:509-512, 1997; Carraway et al., Nature 387:512-51 6, 1997;
Higashiyama et al., ] Biochem. 122:675-680, 1997; and WO 97/09425). See Figures 9-14 for
nucleic and amino acid sequences corresponding to EGFL domains 1-6 encoded by the NRG-1

gene.
By "anti-ErbB2 antibody" or "anti-HER2 antibody" is meant an antibody that specifically binds

to the extracellular domain of the ErbB2 (also known as HER2 in humans) receptor and prevents

the ErbB2 (HER2)-dependent signal transduction initiated by neuregulin binding.
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By "transformed cell" is meant a cell (or a descendent of a cell) into which a DNA molecule
encoding a neuregulin or peptide having a neuregulin EGF-like domain has been introduced, by

means of recombinant DNA techniques or known gene therapy techniques.

By "promoter" is meant a minimal sequence sufficient to direct transcription. Also included in
the invention are those promoter elements which are sufficient to render promoter-dependent
gene expression controllable based on cell type or physiological status (e.g., hypoxic versus
normoxic conditions), or inducible by external signals or agents; such elements may be located

in the 5' or 3' or internal regions of the native gene.

By "operably linked" is meant that a nucleic acid encoding a peptide (e.g., a cDNA) and one or
more regulatory sequences are connected in such a way as to permit gene expression when the
appropriate molecules (e.g., transcriptional activator proteins) are bound to the regulatory

sequences.

By "expression vector" is meant a genetically engineered plasmid or virus, derived from, for
example, a bacteriophage, adenovirus, retrovirus, poxvirus, herpesvirus, or artificial
chromosome, that is used to transfer a peptide (e.g., a neuregulin) coding sequence, operably
linked to a promoter, into a host cell, such that the encoded peptide or peptide is expressed

within the host cell.

Unless defined otherwise, all technical and scientific terms used herein have the same meaning

as commonly understood by one of ordinary skill in the art to which this invention belongs.

The discussion of documents, acts, materials, devices, articles and the like is included in this
specification solely for the purpose of providing a context for the present invention. It is not
suggested or represented that any or all of these matters formed part of the prior art base or were
common general knowledge in the field relevant to the present invention before the priority date

of each claim of this application.
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Other Embodiments

While the invention has been described in connection with specific embodiments thereof, it will
be understood that it is capable of further modifications and this application is intended to cover
any variations, uses, or adaptations of the invention following, in general, the principles of the
invention and including such departures from the present disclosure within known or customary
practice within the art to which the invention pertains and may be applied to the essential

features hereinbefore set forth, and follows in the scope of the appended claims.

The following Examples will assist those skilled in the art to better understand the invention and
its principles and advantages. It is intended that these Examples be illustrative of the invention

and not limit the scope thereof.

EXAMPLES

As indicated herein above, the neuregulins are a family of growth factors structurally related to
Epidermal Growth Factor (EGF) and are essential for the normal development of the heart.
Evidence suggests that neuregulins are a potential therapeutic for the treatment of heart disease

including heart failure, myocardial infarction, chemotherapeutic toxicity and viral myocarditis.

The studies described herein were served to define dosing in the left anterior descending (LAD)
artery ligation model of congestive heart failure in the rat. Multiple neuregulin splice variants
were cloned and produced. A neuregulin fragment of consisting of the EGF-like domain (EGF-
Id) from previous reports (Liu et al., 2006) was compared to a full-length neuregulin known as
glial growth factor 2 (GGF2) and the EGF-like domain with the Ig domain (EGF-Ig). Male and
female Sprague-Dawley rats underwent LAD artery ligation. At 7 days post ligation rats were
treated intravenously (iv) with neuregulin daily. Cardiac function was monitored by

echocardiography.

The first study compared 10 days of dosing with equimolar amounts of EGF-1d or GGF2 (for
GGF?2 this calculates to 0.0625 and 0.325 mg/kg). GGF?2 treatment resulted in significantly
(p<0.05) greater improvement in Ejection Fraction (EF) and Fractional Shortening (FS) than did
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EGF-Id at the end of the dosing period. The second study compared 20 days of GGF2 with
EGF-Id and EGF-Ig at equimolar concentrations. GGF2 treatment resulted in significantly
improved EF, FS and LVESD (p<0.01). Improvements in cardiac physiology were not
maintained for this period with either EGF-Id or EGF-Ig. The third study compared daily (q 24
hour), every other day (q 48 hour) and every fourth day (q 96 hour) dosing for 20 days with
GGF2 (3.25 mg/kg). All three GGF2 treatment regimens resulted in significant improvements in
cardiac physiology including EF, ESV and EDV and the effects were maintained for 10 days
following termination of dosing. The studies presented here confirm GGF2 as the lead

neuregulin compound and establish optimal dosing regimens for administering same.

As shown herein, the present studies establish the relative efficacy of GGF2 compared with
published neuregulin fragments (Liu et al., 2006), initiate dose ranging and dose frequency

studies, and determine if BSA excipient is required as previously reported.

Methods and Materials
Cloning, expression and purification of the IgEGF (Ig154Y) domain of GGF2 (EGF-Ig)
DNA: IgEGF domain was amplified from an existing GGF2 ¢cDNA and cloned into pet 15b

vector (Novagen cat # 69661-3) using Ndel and BamHI1 restriction sites. The resulting protein is
a 21.89 kda + ~3kDa His tag (= ~ 25 kDa)

DNA sequence of IgEgf pet 15 clone: The underlined sequences are the primers used for
amplification. The bolded sequences are the cloning sites used to insert the sequence into the pet
vector (Ndel and BamH1).

CATATGttgcctccccaattgaaagagatgaaaagccaggaatcggetgcaggttccaaa
L P P QL K E MK S Q E S A A G S K

ctagtccttcggtgtgaaaccagttctgaatactcctctctcagattcaagtggttcaag
L vl R CE T S S E Y S S L R F K W F K
aatgggaatgaattgaatcgaaaaaacaaaccacaaaatatcaagatacaaaaaaagcca
N G N E L N R K N K P Q N I K I Q K K P

gggaagtcagaacttcgcattaacaaagcatcactggctgattctggagagtatatgtge
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G K S E L R I N K A S L A DS G E Y M C
aaagtgatcagcaaattaggaaatgacagtgcctctgccaatatcaccatcgtggaatca
K v I S KL G N D S A S A NI T I V E S
aacgctacatctacatccaccactgggacaagccatcttgtaaaatgtgcggagaaggag
N A T S T $ T T G T S H L V K C A E K E
aaaactttctgtgtgaatggaggggagtgcttcatggtgaaagacctttcaaaccccteg
K T ¥ C V N G G E C FM V K DL S N P s
agatacttgtgcaagtgcccaaatgagtttactggtgatcgctgccaaaactacgtaatg
R Y L ¢ K C P N E F T G D R C Q@ N Y V M
gccagcettctacGGATCC (SEQ ID NO: 15)

A S F Y (SEQ ID NO: 16)

The final translated protein from pet15b vector is shown below. The vector portion is underlined.

M G G S H HHHHHGMASMT G G T A G
vV & b L Y DD DD K VPG S L P P Q L K E M
K S Q E S A A G S KL VL R CUET S S E Y S
S L R F KW F KNG NE L NIREKNE K P Q N I
K I Q0 K K P G K

S E L R I N KA S L A D S G E Y M C K V I s
K LE N D S A S ANI T I VE S N AT S T S
T T 6 T S H L V K C A E K E K T F C V N G G
E ¢CF MV K DL S NP S R Y L C K C P N E F
T 6 DR C Q N Y V M A S F Y (SEQ ID NO: 17)

Protein expression: The clone was transformed into BI21 cells for protein expression using the

Overnight Express Autoinduction System (Novagen) in LB media at 25°C for 24 hours.

Protein Refolding: Adapted from Novagen Protein Refolding Kit, 70123-3,

Protein Purification: His TRAP columns — as per manufacturer’s instructions
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Western blotting: Protein expression was assessed by western blotting. Resulting band with the

His tag runs at around 25 kD.

A 4-20% criterion gel (Biorad) was used for protein resolution followed by transfer onto Protran
nitrocellulose paper (0.1 um pore size from Schliecher and Schull). The blot is blocked in 5%
milk in TBS-T (0.1%). Primary antibody (Anti EGF Human NRG1-alpha/HRG1-alpha Affinity
Purified Polyclonal Ab Cat # AF-296-NA from R&D systems) 1:1000 dilution in 5% milk in
TBS-T- 1 hour at RT (also works at 4°C overnight). Rabbit anti goat HRP secondary antibody
was used at 1:10,000 dilution in 5% milk in TBS-T for 1 hour at RT. All washes were
performed in TBS-T

Purification Protocol for Ig154Y: The cultures are grown at 25°C in Overnight Express
Autoinduction System 1 from Novagen (cat# 71300-4). The culture is spun down and the pellets

are extracted, solubilized and re-folded to acquire the Ig154Y before purification can take place.

Materials for extraction, solubilization and re-folding:

10X Wash Buffer: 200mM Tris-HCI, pH 7.5, 100mM EDTA, 10% Triton X-100
10X Solubilization Buffer: 500mM CAPS, pH 11.0

50X Dialysis Buffer: 1M Tris-HCI, pH 8.5

30% N-laurylsarcosine — add as powder (Sigma 61739-5G)

IMDTT

Reduced glutathione (Novagen 3541)

Oxidized glutathione (Novagen 3542)

A. Cell Lysis and Preparation of Inclusion Bodies

-Cell pellets were thawed and re-suspended in 30mls 1X wash buffer.

-Protease inhibitors (25ul of 10X per 50mls), DNase (200ul of 1mg/ml per 50ml) and MgCl,
(500ul of 1M per 50mls) were added to suspension.

-Cells were lysed by sonication with cooling on ice.
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-Following sonication inclusion bodies were collected by centrifugation at 10000 x g for 12
minutes.

-Supernatant was removed and the pellet thoroughly re-suspended in 30mls of 1X Wash Buffer.
-Step 4 was repeated.

-The pellet was thoroughly re-suspended in 30mls of 1X Wash Buffer.

-The inclusion bodies were collected by centrifugation at 10000 x g for 10 minutes.

B. Solubilization and Refolding

-From the wet weight of inclusion bodies to be processed, calculate the amount of 1X
Solubilization Buffer necessary to re-suspend the inclusion bodies at a concentration of 10-
15mg/ml. If the calculated volume is greater than 250ml, use 250ml.

-At room temperature, prepare the calculated volume of 1X Solubilization Buffer supplemented
with 0.3% N-laurylsarcosine (up to 2% may be used if needed in further optimization)
(300mg/100mL buffer) and ImM DTT.

-Add the calculated amount of 1X Solubilization Buffer from step 2 to the inclusion bodies and
gently mix. Large debris can be broken up by repeated pipetting.

-Incubate in refrigerator shaker at 25°C, 50-100 rpm for 4-5 hours (or longer if needed in further
optimization).

-Clarify by centrifugation at 10000 x g for 10 minutes at room temperature

-Transfer the supernatant containing the soluble protein into a clean tube.

C. Dialysis Protocol for Protein Refolding

-Prepare the required volume of buffer for dialysis of solubilized protein. The dialysis should be
performed with at least 2 buffer changes of greater than 50 times the volume of the sample.
Dilute the 50X Dialysis Buffer to 1X at the desired volume and supplement with 0.1mM DTT.
-Dialyze for at least 4 hours at 4°C. Change the buffer and continue. Dialyze for an additional 4
or more hours.

-Prepare additional dialysis buffer as determined in step 1, but omit DTT.

-Continue the dialysis through two additional changes (minutes 4hr each), with the dialysis
buffer lacking DTT.
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D. Redox Refolding Buffer to Promote Disulfide Bond Formation

-Prepare a dialysis buffer containing 1mM reduced glutathione (1.2g/4L) and 0.2mM oxidized
glutathione (0.48g/4L) in 1X Dialysis Buffer. The volume should be 25 times greater than the
volume of the solubilized protein sample. Chill to 4°C.

-Dialyze the refolded protein from step 1 overnight at 4°C.

Materials for purification

All procedures are done at 4°C.

Chemicals:

Trizma Hydrochloride (Sigma T5941-500G)
Sodium Chloride SM Solution (Sigma S6546-41)
Sodium Hydroxide 10N (JT Baker 5674-02)
Imidazole (JT Baker N811-06)

A. Purification on the HISPrep FF 16/10 Column- 20mls (GE Healthcare)
Buffer A: 20mM Tris-HCL + 500mM NaCl pH 7.5

Buffer B: Buffer A + 500mM Imidazole pH 7.5

Equilibration of column: Buffer A- SCV, Buffer B- 5CV, Buffer A- 10CV
Load 20ml of sample per run on 20ml column at 0.5mi/min

Wash column with SCV of buffer A

Elute column with 5CV of 280mM Imidazole.

Clean with 10CV of 100% Buffer B.
Equilibrate with 15CV of Buffer A
Analyze fractions with a SDS-page silver stain

Pool fractions with Ig154Y

B. His-Tag Removal
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Removal of the His-Tag is done with A Thrombin Cleavage Capture Kit from Novagen (Cat#
69022-3). Based on previous testing, the best conditions are room temperature for 4 hours with
Thrombin at 0.005U of enzyme per pl for every 10ug of Ig154Y protein. After four hours of
incubation, add 16yl of Streptavidin Agarose slurry per unit of Thrombin enzyme. Rock sample
for 30 minutes at room temp. Recover the Ig154Y through spin-filtration or sterile filtering
(depending on volume). |

Full cleavage is determined by EGF and Anti-His western blotting.

C. Concentration of Ig154Y
Adjust to desired concentration with Millipore Centriprep 3000 MWCO 15ml concentrator
(Ultracel YM-3, 4320)

D. Storage in final buffer
Store in 20mM Tris +500mM NaCl pH 7.5 and 1 X PBS + 0.2% BSA.

Cloning, expression and purification of 156Q (EGF-Id) [NRG1b2 EGF domain (156Q)]
DNA: NRG1b2 egf domain was cloned from human brain cDNA and cloned into pet 15b vector
(Novagen cat # 69661-3) using Ndel and BamH]1 restriction sites. The resulting protein is a 6.92
kda + ~3kDa His tag (= 9.35 kDa)

DNA sequence of NRG1b2 egf pet 15 clone

The underlined sequences are the cloning sites (Ndel and BamH1)

CATATGAGCCA TCTTGTAAAA TGTGCGGAGA AGGAGAAAAC TTTCTGTGTG
AATGGAGGGG AGTGCTTCAT GGTGAAAGAC CTTTCAAACC CCTCGAGATA
CTTGTGCAAG TGCCCAAATG AGTTTACTGG TGATCGCTGC CAAAACTACG
TAATGGCCAG CTTCTACAAG GCGGAGGAGC TGTACCAGTA AGGATCC (SEQ ID NO:
18)
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The final translated protein from pet15b vector is shown below. The egf domain is highlighted in

green.

10 20 30
MGSSHHHHHH SSGLVPRGSH MSHLVKCAEK EKTFCVNGGE CFMVKDLSNP
60 70 80

SRYLCKCPNE FTGDRCONYV MASFYKAEEL YQ (SEQ ID NO: 19)

Calculated pl/Mw: 7.69 / 9349.58

Protein expression
The clone was transformed into BI21 cells for protein expression using the Overnight Express
Autoinduction System (Novagen ) in LB media at 25°C for 24 hours. Expression is primarily in

insoluble inclusion bodies.

Protein Refolding: Adapted from Novagen Protein Refolding Kit, 70123-3.

Protein Purification: Protein is loaded onto an anion exchange column DEAE at 2.5ml/min.
The EGF-Id fragment remains in the flow through, whereas the contaminants bind and elute at a
higher salt. The loading and washing buffer is 50mM Tris pH7.9 and elution buffer is 50mM Tris
pH7.9 with 1M NaCl. The flow through is pooled and concentrated with Centriprep YM-3 from
Millipore.

Western blotting: Protein expression is assessed by western blotting. Resulting band runs at
around 10kD.

A 4-20% criterion gel (Biorad) was used for protein resolution followed by transfer onto Protran
nitrocellulose paper (0.1 um pore size from Schliecher and Schull). The blot is blocked in 5%
milk in TBS-T (0.1%). Primary antibody (Anti EGF Human NRG 1-alpha/HRG1-alpha Affinity
Purified Polyclonal Ab Cat # AF-296-NA from R&D systems) 1:1000 dilution in 5% milk in
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TBS-T- 1 hour at RT (also works at 4°C overnight). Rabbit anti goat HRP secondary antibody
was used at 1:10,000 dilution in 5% milk in TBS-T for 1 hour at RT. All washes were
performed in TBS-T

Purification Protocol for NRG-1560Q

The cultures are grown at 25°C in Overnight Express Autoinduction System 1 from Novagen
(cat# 71300-4). There is very little soluble NRG-156Q (EGF-Id) present. The culture is spun
down and the pellets are extracted, solubilized and re-folded to acquire the NRG-156Q before

purification can take place.

Materials for extraction, solubilization and re-folding:

10X Wash Buffer: 200mM Tris-HCI, pH 7.5, 100mM EDTA, 10% Triton X-100
10X Solubilization Buffer: S00mM CAPS, pH 11.0

50X Dialysis Buffer: IM Tris-HCI, pH 8.5

30% N-laurylsarcosine — add as powder (Sigma 61739-5G)

IMDTT

Reduced glutathione (Novagen 3541)

Oxidized glutathione (Novagen 3542)

A. Cell Lysis and Preparation of Inclusion Bodies

-Thaw and re-suspend cell pellet in 30mls 1X wash buffer. Mix as needed for full re-suspension.
-Add protease inhibitors (25ul of 10X per 50mls), DNase (200ul of 1mg/ml per 50ml) and
MgCI2 (500ul of 1M per 50mls) to suspension.

-Lyse the cells by sonication.

a. Cool the cells on ice throughout this step.

b. Using the square tip, sonicate for 30 seconds on level 6, 10 times until suspension
becomes less viscous. Let suspension cool on ice for 60 seconds between each
sonication. Keep volume no higher than 40mls in 50ml conical tube when sonicating.

-When complete, transfer each suspension to 250ml angled neck centrifuge bottles for use with
F-16/250 rotor.
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-Collect the inclusion bodies by centrifugation at 10,000 x g for 12 minutes.

-Remove the supernatant (save a sample for analysis of soluble protein) and thoroughly re-
suspend the pellet in 30mls of 1X Wash Buffer.

-Repeat centrifugation as in Step 4 and save the pellet.

-Again, thoroughly re-suspend the pellet in 30mls of 1X Wash Buffer.

-Collect the inclusion bodies by centrifugation at 10,000 x g for 10 minutes. Decant the

supernatant and remove the last traces of liquid by tapping the inverted tube on a paper towel.

B. Solubilization and Refolding

-From the wet weight of inclusion bodies to be processed, calculate the amount of 1X
Solubilization Buffer necessary to re-suspend the inclusion bodies at a concentration of 10-
15mg/ml. If the calculated volume is greater than 250ml, use 250ml.

-At room temperature, prepare the calculated volume of 1X Solubilization Buffer supplemented
with 0.3% N-laurylsarcosine (up to 2% may be used if needed in further optimization)
(300mg/100mL buffer) and ImM DTT.

-Add the calculated amount of 1X Solubilization Buffer from step 2 to the inclusion bodies and
gently mix. Large debris can be broken up by repeated pipetting.

-Incubate in refrigerator shaker at 25°C, 50-100rpm for 4-5 hours.

-Clarify by centrifugation at 10,000 x g for 10 minutes at room temperature.

C. Dialysis Protocol for Protein Refolding

-Prepare the required volume of buffer for dialysis of solubilized protein. The dialysis should be
performed with at least 2 buffer changes of greater than 50 times the volume of the sample.
-Dilute the 50X Dialysis Buffer to 1X at the desired volume and supplement with 0.1mM DTT.
-Dialyze for at least 4 hours at 4°C. Change the buffer and continue. Dialyze for an additional 4
or more hours.

-Prepare additional dialysis buffer as determined in step 1, but omit DTT.

-Continue the dialysis through two additional changes (minutes 4hours each), with the dialysis
buffer lacking DTT.
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D. Redox Refolding Buffer to Promote Disulfide Bond Formation

-Prepare a dialysis buffer containing ImM reduced glutathione (1.2g/4L) and 0.2mM oxidized
glutathione (0.48g/4L) in 1X Dialysis Buffer. The volume should be 25 times greater than the
volume of the solubilized protein sample. Chill to 4°C.

-Dialyze the refolded protein from step 1 overnight at 4°C.

Materials for purification

All procedures are done at 4°C.

Chemicals:

Trizma Hydrochloride (Sigma T5941-500G)
Sodium Chloride SM Solution (Sigma S6546-4L.)
Sodium Hydroxide 10N (JT Baker 5674-02)

E. Purification on the DEAE HiPrep 16/10 Anion Column- 20mls (GE Healthcare)
Buffer A: 50mM Tris-HCL pH 8.0

Buffer B: 50mM Tris-HCL with 1M NaCl pH 8.0

Equilibration of column: Buffer A- 5CV, Buffer B- 5CV, Buffer A- 10CV

-Load 50ml of sample per run on 20mi column at 2.0 ml/min (NRG-156 (EGF-Id) is in the flow
through).

-Wash 20ml column with 5CV of buffer A

20ml column with gradient to 100% B with SCV. This is to elute off contaminants.
-Clean with 10CV of 100% Buffer B.

-Equilibrate with 15CV of Buffer A

-Analyze fractions with a SDS-page silver stain

-Pool fractions with NRG-156Q (10kDa)

F. Concentration of NRG-156 (EGF-Id)
-Concentrate with Millipore Centriprep 3000 MWCO 15ml concentrator (Ultracel YM-3, 4320)
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-Use Modified Lowry Protein Assay to determine concentration.

G. His-Tag Removal

Removal of the His-Tag is done with A Thrombin Cleavage Capture Kit from Novagen (Cat#
69022-3). Based on previous testing the best conditions are room temperature for 4 hours with
Thrombin at 0.005U of enzyme per pl for every 10ug of NRG-156Q (EGF-Id) protein. After
four hours of incubation, add 16pl of Streptavidin Agarose slurry per unit of Thrombin enzyme.
Rock sample for 30 minutes at room temperature. Recover the NRG-156Q through spin-filtration
or sterile filtering (depending on volume). Complete cleavage is determined with an EGF and

Anti-His western.

H. Storage in final buffer
Stored in 1 X PBS with 0.2% BSA at 4°C.

Expression and Purification of GGF2
For the cloning and background information for GGF2, see USPN 5,530,109. The cell line is
described in USPN 6,051,401. The entire contents of each of USPN 5,530,109 and USPN

6,051,401 is incorporated herein by reference in its entirety.

CHO-(Alpha2HSG)-GGF cell line: This cell line was designed to produce sufficient quantities
of fetuin (human alpha2HSG) to support high production rates of rhGGF2 in serum free

conditions.

Cho (dhfr-) cells were transfected with the expression vector shown below (pSV-AHSG). Stable
cells were grown under ampicillin selection. The cell line was designated (dhfr/a2HSGP). The
dhfr’ /a2HSGP cells were then transfected with the pPCMGGF?2 vector shown below containing
the coding sequence for human GGF2 using the cationic lipid DMRIE-C reagent (Life
Technologies #10459-014).
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PSV-AHSG PCMGGF2

4276 bps 7162 bps

Stable and high producing cell lines were derived under standard protocols using methotrexate
(100 nM, 200 nM, 400 nM, 1 uM) at 4-6 weeks intervals. The cells were gradually weaned from
S  serum containing media. Clones were isolated by standard limiting dilution methodologies.

Details of the media requirements are found in the above mentioned reports.

To enhance transcription, the GGF2 coding sequence was placed after the EBV BMLF-1

intervening sequence (MIS). See diagrams below.
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MIS Sequence (SEQ ID NO: 20)

C - [AACTAGCAG

GT

TITC

-G AGTGGCCGG C

AACT

GTGGAGCCGGGGGCATCCGGTGCCTGAGACAGAGGTGCTCAAGGCAGTCTCCACCTTTT

GTCTCCCCTCTGCAG) AGAGCCACATTCTGGAA} GTT

GGF2 coding sequence (SEQ ID NO: 1) -

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

ggcccceccggg

ccactactgce
gcggctcccg
gagctagctc
cagggggcac
gatcgcgagc
ctcgccgceca
cccggggagg
ggcttgaaga
ccctectgeg
aacagcacca
cggaacctca
ttgaaagaga
accagttctg

CcCgaaaaaaca

cccagcgccce
tgctgctggg
cgggggcctc
agcgcgccge
tcgacaggaa
cgccagccge
acgggaccgt
aggcgcccta
aggactcgct
ggaggctcaa
gcecgegegece
agaaggaggt
tgaaaagcca
aatactcctc

aaccacaaaa

PCT/US2009/004130

AGIGTAAGAAGCTAC

atgagatgg cgacgcgccc cgcgccgctc cgggcecgtcecce

cggctccgcec
gaccgcggcc
ggtgtgctac
ggtggtgatc
ggcggceggceg
gggcccacgg
gccctcecttgg
tctggtgaag
gctcaccgtg
ggaggacagc
ggccgceccttce
cagccgggtg
ggaatcggct
tctcagattc

tatcaagata

41

gcccgetcegt
ctggcgccgg
tcgtccecege
gagggaaagg
gcggcgggceg
gcgctggggce
cccaccgcecce
gtgcaccagg
cgcctgggga
aggtacatct
cgagcctcett
ctgtgcaagc
gcaggttcca
aagtggttca

caaaaaaagc

cgccgecget
gggcggcegge
ccagcgtggg
tgcacccgca
aggcaggggce
cgcccgecga
cggtgcccag
tgtgggcggt
cctggggcca
tcttcatgga
tceccecectcet
ggtgcgcctt
aactagtcct
agaatgggaa

cagggaagtc

gccgctgetg
cggcaacgag
atcggtgcag
gcggcggceaq.
gtggggcggce
ggagccgcetg
cgccggegag
gaaagccggyg
ccccgectte
gcccgacgcc
ggagacgggc
gcctccccaa
tcggtgtgaa
tgaattgaat

agaacttcgc
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1201

1261

1321

1381

1441

1501

attaacaaag
ggaaatgaca
accactggga
ggaggggagt
ccaaatgagt

tccactccct

catcactggc
gtgcctctge
caagccatct
gcttcatggt
ttactggtga

ttctgtctct

tgattctgga
caatatcacc
tgtaaaatgt
gaaagacctt
tcgctgccaa

gcctgaatag

GGF2 Protein Sequence (SEQ ID NO: 2) —

gagtatatgt
atcgtggaat
gcggagaagg
tcaaacccct

aactacgtaa

PCT/US2009/004130

gcaaagtgat
caaacgctac
agaaaacttt
cgagatactt

tggccagctt

MRWRRAPRRSGRPGPRAQRPGSAARSSPPLPLLPLLLLLGTAAL
APGAAAGNEAAPAGASVCYSSPPSVGSVQELAQRAAVVIEGKVHPQRRQQOGALDRKAA

AAAGEAGAWGGDREPPAAGPRALGPPAEEPLLAANGTVPSWPTAPVPSAGEPGEEAPY
LVKVHQVWAVKAGGLKKDSLLTVRLGTWGHPAFPSCGRLKEDSRYIFFMEPDANSTSR

APAAFRASFPPLETGRNLKKEVSRVLCKRCALPPQLKEMKSQESAAGSKLVLRCETSS

EYSSLRFKWEFKNGNELNRKNKPQNIKIQKKPGKSELRINKASLADSGEYMCKVISKLG

NDSASANITIVESNATSTSTTGTSHLVKCAEKEKT FCVNGGECFMVKDLSNPSRYLCK
CPNEFTGDRCONYVMASFYSTSTPFLSLPE

cagcaaatta
atctacatcc
ctgtgtgaat
gtgcaagtgc

ctacagtacg

GGF2 production: One vial of GGF2 at 2.2 X 10° cells/mL was thawed into 100mls of Acorda

Medium 1 (see Table 3) and expanded until reaching sufficient numbers to seed production

vessels. Cells were inoculated into the production media Acorda Medium 2 (see Table 4) at 1.0

X 10’ cells/mL in two liter vented roller bottles. Roller bottles are maintained at 37°C for 5 days

and then reduced to 27°C for 26 days. The roller bottles are monitored for cell count and general

appearance but they are not fed. Once viability is below 10% the cells are spun out and

conditioned media harvested and sterile filtered.
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Table 3: Medium 1

Item Vendor Catalog Final concentration
Number

CD-CHO Invitrogen | 10743-029 -remove 50mi, then

add components below

FeSO,.EDTA Sigma F-0518 1x (10 ml/L)

L-Glutamine Celigro 25-005-CI 4 mM (20 mi/L)

Recombinant Sigma 1-9278 290 U/L (1 ml/L)

Human Insulin

Non-essential Cellgro 25-025-C! 1x (10 ml/L)

amino acid

Peptone Type 4 Sigma PO521 Powder —~ Made 20X in

Soybean-HySoy CD-CHO (50mi/L)

Gentamicin Invitrogen | 15750-078 100ug (2ml/L)
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Table 4: Medium 2

PCT/US2009/004130

item Vendor Catalog Final concentration
Number

CD-CHO Invitrogen | 10743-029 50% (-50mil first)

HyQ SFX-CHO HyClone SH30187.02 50% (-50mi first)

FeSO,4.EDTA Sigma F-0518 1x (10 ml/L)

L-Glutamine Cellgro 25-005-Ci 4 mM (20 mi/L)

Recombinant Sigma 1-9278 290 U/L (1 ml/L)

Human Insulin

Non-essential Cellgro 25-025-C 1x (10 mi/L)

amino acid

Peptone Type 4 Sigma P0521 Powder — Made 20X in

Soybean-HySoy CD-CHO (50mi/L)

Gentamicin Invitrogen | 15750-078 100pg (2mi/L)

Purification protocol for GGF2

All procedures are done at 4°C.

Chemicals:

Sodium Acetate

Glacial Acetic Acid (for pH adjustment)
10N NaOH (for pH adjustment)

NaCl

Sodium Sulfate

L-Arginine (JT Baker cat #: 2066-06)

Mannitol (JT Baker cat #: 2553-01)

Starting material: Conditioned media supernatant. Adjust pH to 6.5.
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Stepl:
Capture- Cation Exchange Chropmatography

HiPrep SP 16/10 (Amersham Biosciences)
Column equilibration: Buffer A - 5CV, buffer B - 5CV, buffer 15%B - SCV
Buffer A: 20 mM NaAcetate, pH 6.0
Buffer B: 20 mM NaAcetate, pH 6.0, M NaCl
Load sample at 2ml/min with a continuous load overnight if possible. Binding is better with

continuous loading.

Maximum capacity for a starting sample: 5 mg GGF2/m! media
Flow rate: 3ml/min

First wash: 15%B, 10CV

Second wash: 35% B, 10CV

GGF2 elution: 60%B, 8CV

Column wash: 100%B, 8CV

Buffers: Composition Conductivity Use

15%B 20 mM NaAcetate, pH 6.0, 150 mM NaCl Preequilibration
First wash

35%B 20 mM NaAcetate, pH 6.0, 350 mM NaCl Second wash

60%B 20 mM NaAcetate, pH 6.0, 600 mM NaCl GGF2 elution

100%B 20 mM NaAcetate, pH 6.0, 1000 mM NaCl 88 mS/cm Column wash

Step 2:

Refinement - Gel Filtration Chromatography
Sephacryl S200 26/60
Elution buffer: 20 mM NaAcetate, 100mM Sodium Sulfate, 1% mannitol,
10 mM L-Arginine, pH 6.5
Buffer conductivity:
Sample: SP GGF2 elution pool concentrated up to ~ AU280 1.0
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Flow rate: 1.3 ml/min

Peak elution: at ~ 0.36CV from injection start

Step 3: DNA and Endotoxin removal - filtration through Intercept Q membrane.
Preequilibration buffer: 20 mM NaAcetate, 100mM Sodium Sulfate, 1% Mannitol,
10 mM L-Arginine, pH 6.5
Collect flow through

Step 4: Final formulation and sample preparation
Add additional 90 mM L-Arginine to the sample
Concentrate

Sterile Filter

The vehicle/control article used herein is 0.2 % Bovine Serum Albumin (BSA), 0.1 M Sodium
Phosphate, pH 7.6.

Rat strains CD®IGS [CrI:CD®(SD)/MYOlNFARCT] and Naive Sprague Dawley are used herein.
These strains were acquired from Charles River Laboratories. The test animals are
approximately 6-7 weeks of age at arrival and weigh approximately 160 - 200 g, at the time of

surgical procedure. The actual range may vary and is documented in the data.

All naive Sprague Dawley animals received were placed on study and assigned to Group 1.

Animals considered suitable for study were weighed prior to treatment.

All CD®IGS [Crl:CD®(SD)MYOIN FARCT] animals received were randomized into treatment
groups (Groups 2 — 5) using a simple randomization procedure based on calculated Ejection
Fraction from Echocardiographic examinations performed on Day 7 post surgical procedure
conducted at Charles River Laboratories. Simple randomization was conducted to result in each
treatment group (Groups 2 — 5) consisting of applicable numbers of animals resulting in an

approximately equal Group Mean Ejection Fraction (+ 3%) across Group 2 — 5.
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All animals in Group 2-6 were acclimated at Charles River Laboratories according to Standard
Operating Procedures of that laboratory. Animals were subsequently randomized into treatment
groups. All naive animals in Group 1 were acclimated for approximately 24 hours post receipt

prior to their primary Echocardiographic examinations.

The animals were individually housed in suspended, stainless steel, wire-mesh type cages, Solid-
bottom cages were not used in general because rodents are coprophagic and the ingestion of
feces containing excreted test article and metabolic products or ingestion of the bedding itself

could confound the interpretation of the results in this toxicity study.

Fluorescent lighting was provided via an automatic timer for approximately 12 hours per day.
On occasion, the dark cycle was interrupted intermittently due to study-related activities.
Temperature and humidity were monitored and recorded daily and maintained to the maximum

extent possible between 64 to 79° F and 30 to 70%, respectively.

The basal diet was block Lab Diet® Certified Rodent Diet #5002, PMI Nutrition International,
Inc. This diet was available ad libitum unless designated otherwise. Each lot number used was
identified in the study records. Tap water was supplied ad libitum to all animals via an automatic

water system unless otherwise indicated.
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STUDY DESIGNS
Table 5: GGF2 versus EGF-Id fragment (Liu et al., 2006)
Dosed for 10 days starting day 7 after LAD

PCT/US2009/004130

Group Treatment In-Life Dose Dosing ECHO Time
Duration Intervalt | Points (post-op)
1 Control . 24 Hr
17 days post-op | Vehicle only Day 6, 17
(n=5M;n=5F) (Vehicle)
2 17 days post 0.0625 24 Hr Day 6, 17
GGF2 P Y
(n=6M;n=6F) mg/kg
3 1 24 H 1
GGE2 7 days post 0.625 mg/ke r Day 6, 17
(n=6M;n=6F)
4 17d t 24 H Day 6, 1
EGF-Id 3ys pos Equimolar d ay 6,17
(h=6M;n=7F)
5 17d t 24H Day 6, 17
EGF-ld 3ys pos Equimolar f ay
(n=7TM;n=6F)
Table 6: GGF2 higher dose compared with EGF-Id and EGF-Ig
Dosed for 20 days starting day 7 after LAD. 10 day washout.
Group Treatment In-Life Dose Dosing ECHO Time
Duration Intervalf | Points (post-op)
N/A: Age
1 30 days post iDay 1, 12, 22,
Matched Naive NA NA
(n=5M;n=5F) primary ECHO & 32
controls
2 ) *Day 7, 18, 28,
Control (Vehicle) | 38 days post-op | Vehicle only 24 Hr
(n=6M;n=6F) & 38
3 24 Hr *Day 7, 18, 28,
GGF-2 38 days post-op | 0.625 mg/kg
(n=6M;n=6F) & 38
4 24 Hr *Day 7, 18, 28,
GGF-2 38 days post-op | 3.25 mg/kg
(n=6M;n=7F) & 38
5 24 Hr *Day 7, 18, 28,
EGF-1d 38 days post-op Equimolar
(n=7M;n=6F) & 38
6 24 Hr *Day 7, 18, 28,
EGF-Ig 38 days post-op Equimolar
(n=7M;n=6F) & 38
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Table 7: GGF2 Dose frequency

PCT/US2009/004130

Group Treatment In-Life Dose Dosing ECHO Time
Duration Intervalt | Points (post-op)

1 N/A: Age 30 days post NA NA i{Day 1, 12,22,
(n=5M;n=5] Matched Naive primary ECHO & 32

F) controls

2 Control (Vehicle) | 38 days post-op | Vehicle only 24 Hr *Day 7, 18, 28,
(n=6M;n=6 & 38

F)

3 GGF-2 38 days post-op | 3.25 mg/kg 24 Hr *Day 7, 18, 28,
(n=6M;n=6 & 38

F)

4 GGF-2 38 days post-op | 3.25 mg/kg 48 Hr *Day 7, 18, 28,
(n=6M;n=7 & 38

F)

5 GGF-2 38 days post-op | 3.25 mg/kg 96 Hr *Day 7, 18, 28,
(n=7M;n=6 & 38

F)
TA 1- Test Article 1; M = males; F = females.
Table 8: GGF2 with and without BSA

Group Treatment In-Life Dose Dosing ECHO Time
Duration Intervalt | Points (post-op)

1 N/A: Age 17 days post-op NA NA Day 6 and 17

(n=5M:;n=5F) Matched Naive
controls

2 Control (Vehicle) | 17 days post Vehicle only 24 Hr Day 6 and 17
(n=6M;n=6F)

3 GGF-2 + BSA 17 days post 3.25 mg/kg 24 Hr Day 6 and 17
(n=6M;n=6F)

4 GGF-2 without | 17 days post 3.25 mg/kg 24 Hr Day 6 and 17
(n=6M;n=7F) BSA
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TEST AND CONTROL ARTICLE ADMINISTRATION

Route of Administration

The test and control articles were administered by intravenous injection. Animals assigned to
Group | were not treated with vehicle or Test Articles; these animals served as age matched
controls without treatment. Frequency of administration, duration, and dose were as described in

the Tables 5-8. The dose volume was approximately 1 ml per kg.

Test Article Administration
The test and control articles were administered via the tail vein. Individual doses were based on
the most recent body weights. The dose was administered by bolus injection, unless otherwise

indicated by the Sponsor.

Preparation of Test System

Surgical Procedure- Left Anterior Descending Artery Ligation

The surgical procedures were performed at Charles River Laboratories as described in Charles
River Laboratories Surgical Capabilities Reference Paper, Vol. 13, No.1, 2005. Briefly, a
cranio-caudal incision is made in the chest, slightly to the left of the sternum, through skin and
the pectoral muscles. The third and forth ribs are transected, and the intercostals muscles are
blunt dissected. The thoracic cavity is rapidly entered, and the pericardium completely opened.
The heart is exteriorized through the incision. The pulmonary cone and left auricle are
identified. A small curved needle is used to pass a piece of 5-0 silk suture under the left anterior
descending coronary artery. The ligature is tied, and the heart is replaced into the thorax. The
air in the thoracic cavity is gently squeezed out while the thoracic wall and skin incision is
closed. The animal is resuscitated using positive pressure ventilation and placed in an oxygen

rich environment.
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Post-Operative Recovery

Short term post-operative monitoring and administration of appropriate analgesics were
performed by Charles River Laboratories as described in Charles River Laboratories Surgical
Capabilities Reference Paper, Vol. 13, No.1, 2005.

Long term post-operative monitoring was conducted to assess the animals for signs of pain or
infection. Daily incision site observations continued for 7 days post receipt of animals.

Supplemental pain management and antimicrobial therapy were administered as necessitated.

TABLE 9. SCHEDULED MEDICATIONS AND DOSAGES

INTERVAL, DOSE, AND ROUTE
DRUG DAY 32/38*
DAILY DAY 1/7* DAY 12/18* DAY 22/28*
ECHO &
POSTSURGERY ECHO ECHO ECHO

Necropsy

Isoflurane - To effect, To effect, To effect, To effect,

inhalation inhalation inhalation inhalation
Buprenorphine | 0.01 mg/kg, .M.

(only as needed) i i

*- ECHO procedure Day defined by animal Group assignment as indicated below.

ANTEMORTEM STUDY EVALUATIONS
Cageside Observations
All animals were observed at least twice a day for morbidity, mortality, injury, and availability of

food and water. Any animals in poor health were identified for further monitoring and possible

euthanasia.

Body Weights

Body weights were measured and recorded at least once prior to randomization and weekly

during the study.

Food Consumption

Food consumption was not measured, but inappetence was documented.
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Echocardiographic Examinations

Echocardiographic examinations were conducted on all animals assigned to Group 1 on Day 1,
12, 22 and Day 32 post receipt (Day 0). Echocardiographic examinations were conducted on all
animals assigned to Group 2 -5 on Day 7, 18, 28 and Day 38 post-surgical procedure conducted

at Charles River Laboratories (Day 0).

For the echocardiographic examination, each animal was anesthetized according to Table 5 and
its hair clipped from the thorax. Coupling gel was applied to the echocardiographic transducer
and image obtained to measure cardiac function at multiple levels. Images were obtained for
each animal in short axis view (at mid-papillary level, or other depending on location of

observed infarct area by echocardiography).

Echocardiographic Parameters

ECHO images were taken at the mid-papillary muscle level, or other depending on location of
observed infarct area by echocardiography, of the left ventricle. M-mode and 2-D images were
recorded and stored on CD and/or MOD. Measurement parameters obtained with ECHO
include: Intraventricular Septal Wall Thickness (diastole); units = cm; Intraventricular Septal
Wall Thickness (systole); units = cm; Left Ventricular Internal Dimension (diastole); units = cm;
Left Ventricular Internal Dimension (systole); units = cm; Left Ventricular Papillary Wall
Thickness (diastole); units = cm; Left Ventricular Papillary Wall Thickness (systole); units = cm;
End Diastolic Volume; units = mL; End Systolic Volume; units = mL; Ejection Fraction;
reported as a percentage; Stroke Volume; units = ml; and Percent Fractional Shortening; reported

as a percentage

EUTHANASIA

Moribundity

Any moribund animals, as defined by a Testing Facility Standard Operating Procedure, were
euthanized for humane reasons. All animals euthanized in extremis or found dead were

subjected to a routine necropsy.
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Method of Euthanasia
Euthanasia was performed by saturated potassium chloride injection into the vena cava followed

by an approved method to ensure death, e.g. exsanguination.

Final Disposition
All surviving animals placed on study were euthanized at their scheduled necropsy or, if

necessary, euthanized in extremis.

RESULTS
Study 1 — Treatment of rats with GGF2 at 0.625 mg/kg iv qday resulted in significant
improvement of cardiac function as shown here by changes in Ejection Fraction and Fractional

Shortening. EGF-1d fragment did not result in the same degree of improvement. See Table 5.

Study 2 — Treatment of rats with GGF2 at 0.625 and 3.25 mg/kg iv qday resulted in significant
improvement of cardiac function as shown here by changes in Ejection Fraction and Fractional
Shortening. Significant improvements were also seen in end systolic and diastolic volumes

during the treatment period. See Table 6.

Study 3 Results — Treatment of rats with GGF2 3.25 mg/kg iv q24, 48 or 96 hours resulted in
significant improvement of cardiac function as shown here by changes in Ejection Fraction and
Fractional Shortening. Significant improvements were also seen in end systolic and diastolic

volumes during the treatment period. See Table 7.

Previous reports (Liu et al) have shown that a carrier protein such as BSA is required for optimal
neuregulin stability and activity. GGF2 has demonstrated stability without carriers such as BSA.
This experiment was designed to test whether GGF2 is stable and active in a therapeutic regimen
without BSA. After 10 days of treatment, both the BSA and non-BSA containing GGF2
formulations resulted in improvements in ejection fraction compared with vehicle controls

similar to those seen in previous studies. It is, therefore, evident from this study that BSA or
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other carrier protein is not required in GGF2 formulations for the treatment of CHF. See Table

8.

Table 10: Pathology findings

Dosing Sciatic Nerve Sheath | Mammary | Injection site / | Cardiac effects
Hyperplasia (NSH) NSH Skin changes

Daily s.c. ++ ++ ++ +

Daily i.v. + + + +/-

48 hour interval i.v. | +/- - - +/--

96 hour interval i.v.

++ frequently present; + present; +/- occasionally observed, - rare or not observed

As shown in Table 10, intermittent dosing of GGF2 reduces side effects associated with

supranormal levels of exogenously administered GGF2. The present inventors have discovered

that this finding holds true irrespective of whether the GGF2 is administered intravenously or

subcutaneously.

The hyperplasia and cardiac effects are sometimes seen with every other day dosing. We have

not seen with less frequent dosing.

Several publications and patent documents are referenced in this application in order to more

fully describe the state of the art to which this invention pertains. All publications and patent

applications mentioned in this specification are herein incorporated by reference to the same

extent as if each independent publication or patent application was specifically and individually

indicated to be incorporated by reference.
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What is claimed is:

1. A method for treating or preventing heart failure in a mammal, said method comprising:
providing a peptide comprising an epidermal growth factor-like (EGF-like) domain ;
administering a therapeutically effective amount of said peptide to a mammal at an

interval of at least 48 hours, wherein said therapeutically effective amount is effective to treat or

prevent heart failure in said mammal.

2. The method of claim 1, wherein said administering is performed every 48 hours.

3. The method of claim 1, wherein said administering is performed every 96 hours.

4. The method of claim 1, wherein said administration is performed on a regimen selected from

the group consisting of every: four days, week, 10 days, 14 days, month, two months, three

months or four months.

5. The method of claim 1, wherein said mammal is a human.

6. The method of claim 1, wherein said peptide is recombinant human GGF2.

7. The method of claim wherein the peptide is :

SHLVKCAEKEKTFCVNGGECFMVKDLSNPSRYLCKCPNEFTGDRCQNYVMASFYKAEE
LYQ.

8. The method of claim wherein the peptide is :

SHLVKCAEKEKTFCVNGGECFMVKDLSNPSRYLCKCPNEFTGDRCQNYVMASFYKAEE
LY.
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9. The method of claim 1, wherein said peptide is encoded by the neuregulin (NRG)-1 gene,
the neuregulin (NRG)-2 gene, the neuregulin (NRG)-3 gene, or the neuregulin (NRG)-4 gene.
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Figure 1
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Figure 3
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Figure 5
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Figure 6

6/18

fdean Concenirations of Radicactivity in Plasma of Male
Sprague-Dawiey Rats Following 8 Single Dose of
1 thGGF2 by the Infravenous Route (Group 1)

:“.Oea ............ !

' & Tolal '

Q  TCA Precipitabis
g
"% 0.100
2 3
8 3
g ]
ﬁ.‘! 0_010--’E

B e T S . E T Sa—E |

@ 2 4 & & 10 32 14 16 18 20 22 24

Hours

PCT/US2009/004130



WO 2010/030317
7/18

Figure7
Concentrations of Radicactivity in Plasma of a Mate
Sprague-Dawiey Rat Following a Single Doge of
125 hBGF2 by the Subcutanesus Route (Group 2}
1000 3
] & Total
O TCA Preciniiable
g
S 4100
g h
>
-

0.010-

P

PCT/US2009/004130




PCT/US2009/004130

WO 2010/030317

8/18

Tes

€87y

SEv

LBE

6¢€€

T6c
ove
08T

0Z1

09

01d
200

uto
uro
ovo

BTy
929

60
TeA
ayg,
o)) 4

bay
290

STH
9)40)

TeA
TeA
OLO

oxd
200

II-4
IYL
A9
599

BTy
200

baiy bay
290 29D

DIOYIOYDIOY

O1,09199LOY

LIOODOVYLIOOL

2023IL2L3D

sA

A19

Ten SAT Ao
919 OYY ¥v9OD

80 II-J499
I9s ATO TeA

198
DL

eIvY
LD

RN
nag
na

DLD

eTv
20D

A1
o9

ey
209

na
na
OLO

Iss
O0L

Tea
219

ato
ovd

skD
na
2LD

AT19
099

P00 II-J499

nio
nro
o¥D

I8s
Isg
Q0¥

usy
oYY

TeA
na
RANS)

oxd
Q20

aTI
911
JLY

TeA
oxd
000

A15
299

na
YLD

By
20D

I=A
TeA
OLD

oxd
0id
520

erv
209

o1d
Y20

utod
13049}

=BA
TBA
oILD

I98
IS
J0L

e1vy
209

na
AN

BTy
200

suyd
BTy
200

BTV
b ETS
204

eTvY
20D

naq
AR

bay
290

oxd eI1v bay Bay diy Bay =W
D00 00D 0DJ ¥DD 9OL VOV OLY JIOVD 9DDILIOYIDIY IDHIIIOVYOHVY.

Qua_mn<
e1v|bay
UUO_UOU

IAL
IV

A19
999

oxd
D00

oad
200

sAD
J9L

oxd
oxdg
002

narg
OLD

A1
0H9

urd
utd
9)f0}

TeA
AR

oad
elv
D09

oad
200

oad
200

®A
BTvY
LOO

bET
201

nar1
nag
oLO

oxd
000

Bay
LD

naq
nafg
YLD

eIvY
209

ervY
eIv
200

Ias
O0&L

ATD
999

nry .
nio
ovo

A1
599

BTvY
erv
20D

198
204

Iss
0L

¥ODOLOYOVD DDOJDOYOVY OVOHIDIOVID HVOIOYYVYYD HYYIOIOYDD

DOYDOVOOVYD DDDDOOVVIND OYDOVOOHVYY VIVYVIVYVL VYVIDIIIIVIO

QLIYVYOVYYL YOODLIILID LDJDDILIOL IJOVWIIIVIIL IO9LOIDLLL

VIVLLOOOOL LLLLLLLINN LIDLLLLLLL LILLIILLLLL LLODLLYYOD

GSEHZ4DD J0 aouanbag pjoy paanpag B aouanbag apRoajonN

V8 3.In3ry



PCT/US2009/004130

WO 2010/030317

9/18

ST16

L98

618

TLL

€L

SL9

LZ9

6LS

A19
b1

D) §

oo
Vo

nag
ne

Y]

11
ey
1= 74
509

nto
) 49)

usvy
10144

AT19
099

eIV
D0o

Iss
Iyr,
Q0¥

sA1
)44

Bay
200

b TS
1es

)4

naT
oLD

T®eA
TeA
2LO

Z0 II-J499

eeY BTV BID 0Id
usy ey dsy oxd
JYY 00D O¥D D00

IA1, eex TeA
Bay AT19H s&D 13§
0OVY 99D 29I I2L

0T II-459
'eEY Na7 naT naT
Iyl na7 na7 IaS
J0V¥ 26O 91D D014

II-4990 % 10 II-J499

dxg
dag,
291

A19
099

elY
20D

eTv
D29

elv
909

TeA
T®eA
DLD

BIvY
209

eTvY
20D

eIV
209

eTvY
RN

n{o STH TeA sS4
urd STH TeA sAT
OY¥D J¥D 9IH OYY

I98 0xd Tep oad
J0¥ 200 OID OO0

na7 nary oxd niod
JOLO DLDO 92D D¥O

oxd oxd nio Hav
Y00 D20 H¥D ODHD

eIV oIV SAT Bay
909 9239 HYVY DOV

nio
ato
DvD

oxd
oad
20D

dsy
dsvy
oY0

TeA
2Lo

BTvY
o0D

nio
ovd

dsvy.
LYO

dsvy
oD

I8N
ISH
OLY

ayd
ayd
OLL

sA
ovY

na
2LO

YL
20Y

BTV
o209

A19
099

ne
LD

ayd
aud
OLL

elv
ey
J99

sA
ovY

TAL
IYL

oag
200

oxd
200

A1D
099

eIV
oo

aud aTI IAL
ayd o1 IAL
JLL JLY¥ JYL

€0 ITI-J499
oaxd oag A1o

oxgq
ploje)

nart
OLL

oxd
200

dag
oD%

oxd
D20

dag,
AR

AT1H
599

STH
9) 4]

AT19

09D

elv
()01)

Ia8
LOL

AT1O
999

BlvY
00D

uio
Ovo

A1D
099

K19
999

nio
ovo

oxd
200

narl
510
A19
999

utd
) 49)

SSEHZ4DY Jo asuanbag pI1oY paonpa( B 9dusnbag apnod|oNN

g8 21n3iy

Bay
R

dar
dxr
OOL

erv
009

nro
OWD

1en
RANY]

1Y
009

eTv
oo
By
B3N]

198
JO¥

e1v
ayg,
9)0)-4

sk
SAT

A1
999

YL
019) 4

Bavy
090

ngod
Dvd

Bxy
290

dsy
J¥O

A19
K19
599

BV
TBA
N3]

oxd
200

A1
999

oxd
YOO

A9
099

utro
)0



PCT/US2009/004130

WO 2010/030317

10/18

LPET

6621

1621

€02t

SSTI

LOTT

6501

1T0T

€96

TeA
YLO

TeA
DO

T®BA
RAT)

Bay
090

skl

na
QLD

A19
€199

eTvy
00D

A19
099

na‘1
LLO

S1I
LY

XA
sAg

nag
ILO

usy
o) 44

198
LOL

eTv
vOD

SAD
9L

YL
00Y

STH
LD

ayg,
o) 4

eey
sAD
O9L

nid
A1)

sA

108
JIL

eTvY
LOD

By
090

ngod
ovd

I8s
09Y

S1I
LY

IR
ISR
oLV

38
Yoo,

Bay
¥o0

1Ay,
OYL

a9s
201

sA
)4 4

nar
oLD

YL
oY

usy
LYV

IAL
1l
hA'AR

sAq
oYY

usy
LYV

nio
Yo

nto
Yo

skD
091

oad
LOO

A1
999

BTy
00D

nro
niod
ovo

A19
599

ne
RAMA

aas
LO&L

utd
ovo

naT
25D

oad
000

4L IyL I18s
ID¥ DOV 001

I98 BIY I8S
LOL O0D 1DV

¢T II-d99

ATD
A1D
CHR)

oiad
Y22

oo
4]

Is8
IOV

I9s
j0la)-4

Tea
DILO

ayd
OLL

xsS
x9S
LOL

SAT
OVY

usvy
hA 4 4

Iy,
010}

SAT]

bayw
29D

ass
LOL

dsvy
dsy
L¥D

sk
A4

A19
009

nTd
4 6

I9N
OIL¥

Ies
JD¥

elvY
209

Iy,
wov

dsy
YD

eTvy
BIvY
LID

uid

usy
LYY

sKD
IOL

ntd
O¥o

T®A
JLO

bavy
¥9o0

I3S JaYg elv usy
ILOIL ¥O¥ LO9 OWvY

usy A19 nag si1
LVY V99D YII VYV

na JI8s eIV SA1
na 19S5 eiy sAq
OLD YOI Y09 VvV

9TI SAT 911 usvy
YLV OYVY oIV 4IWY

sfA7 ayg day sA]

O¥VY OLL 991 OVY

90 II-J9O
Bay no1 Tepa na
fay na7 Tep na
990 LLD OO YLD

sAT na ulo oad
¥YY SLL ¥¥D 20D

nto si&1 sA1 nag
O¥D DYV DYV IID

ayd eTY eTv oid
OLL 209 229 92D

GSEHZADY 10 aauanbag pioy paanpad B asuanbag apioajonN

08 2In31

I3s
YL

I8
ODY

usy
o) A4

uid
¥vd

auyd
OLL

sAr]

oxg
L0

usv
o¥Y

eIvY
£09

ngo
Yo

3TI
oL¥

°11
LLY

oxd
ol
6xy
\-£9)4

198
0L

na1
OLL

bav
299D

Bay
200



PCT/US2009/004130

WO 2010/030317

11/18

£00¢
0561
068T
0€£8T
OLLT
0TLT
0591

06ST
0EST
vaﬁ
1 XA

S6ET

444
LILVOLLLLYY
YYOLIODOLYOY
YOLLYILLLLO
LVDLLYYYOY
LVYVYLOVLVOY
YOVVYOYDLYD

LOIO¥IILIVYO

185 eTY

UYYYYYYYYY
LILIOVYLODLY
DOOVYDILYYIYL
YILOLOVYYYD
LYDLOLYDLY
OLOLOODILO
DOLOLODDLO
¥2LOOOOLOL

nyo oid
w9 1D

I8N TeA AL

OOV D09 OLV YiID DVL

shD sA1
091 SYY

sAD na7 kg
ODL. OLL O¥L

sAD n1H ATD AT1H usy
09L DVD 999D ¥HO IWVY

YOOVVVYYLYY
DLYYYDLLOY
YLLLOLLOLY
ILLYODDYVYY
YOLLYIVYOLL
<BU<OUOUBB
LOJOLOYDLL

¥OOLODLILOL

LYOVVVYILVYYY
kamﬂmwuom
ODLOYOVYOL
LYYIVOLVLY
440WEUBEBU
OIILODLLOY
YIYYLOLYOVY

LOLILODLOD

OVOLOLLLYL
YILOLOOYELD
OYIOLLYDLY
YYOLOYOOVY
LY¥DDOOLODD
LLVILOLLYVYO
JOOVLLOLOID

LODLILOVILO

narq I9s ne ayd oxd Iyl IS UL
91D LOIL DID IIL 200 ID¥ JO& OOV ADY OVL OLL

usy uid sA) bay dsy ATH Iyl =yd
OVY ¥¥D DO 290 1I¥D 195D IOV ILL

Bxy x8s oxdg

TeA sAD aud

usy 195 narl dsvy sA1
¥OY 901 D20 DV¥Y YOI LID DVUD YVVY DID DIV DILL

LOLOLYVYOVYD
0990800044
YYVYVIVYVYL
OLYILVYVOLOV
¥OLOLOLODY
OVVVYVYOYYLL
LVYDVILODVOV

DLYODVYDOVL

Ies x4 a@yd

n{o usy oxd
D¥9D I¥VY ¥OD

TeA 39K ayd

IyL s&7 n1d sAT nid er¥Y sAD sA7
91O IDL OLL LDV YVVY OO HVV OO DID IHL VYWY

SSEHZADD jo esuenbag pioy pasnpaq g asuanbeg aposjonN

as 2131y



PCT/US2009/004130

WO 2010/030317

12/18

86T

4

A"

96

8V

oad
LOO

IAL
oYL

IAL
DVYL

usy
NAAS

na
2LO

usvy
9) 44

bavy
YOV

TeA
LD

IS
LOL

uto
YYD

I9s
¥YOoL

LOL

no

Lo

ODL

oxd
D20

aud
OLL

ayd
Ll

bavy
0]

usy
LYY

ayg,
LOY

oxd
20D

dsvy
NA4I)

Ies
¥oL

S A

ayy,
IOV

AT
199

nog
LD
no
Y9

Ias
OJON

IYL,
LOY

dsvy
9)49)

SAT
OYvY

11493

6 2IN31

IUL
9004

aud
L1l

SAT

niod
)49,

IS
LOY

nTo
VD

TeA
LD

BTV
YOO

OY.L

usy
LYY

B
DLV

SAD
LOL

aud
OLL

oxd
oo

°2Uyd
OLL

sA1
oYY

198
1919)4

OOL

SAD
00L&

TeA
LD

eTvy
20D

SAT
oYV

no
DVD

nan
LLO

DYL

1SN
LY

SAD
DN

ATD

9D

STH
L¥D

nio
AR

eA
YLD

nafq
OIL

AT1D
vO9

Ias
DOY



PCT/US2009/004130

WO 2010/030317

13/18

c6l

AN

96

8%

usvy
LVVY

IAL
J¥.L

usy
LYY

ZAL

OVY.L

nio
)4

Bay
L4914

TeA
AN

na
IO

Iy
LOV

IaS
YO

sAD
ILDL

ntd
Dv¥d

SAD
IOL

oxd
D20

ayd
OLL

ngo
Ovd

bavy
YOV

usy
A4

Iy,
LOV

eTvY
20D

BlvY
20D

I8S
YOL

SAT

SAT

A1
¥o9

nag
LLO

nto
DVD

¢1493

ngo
YYD

YL
LOY

dsvy
)49

sAr
(9)44

uto

ayd
ILL

SAT

nTo
ovd

0T 2an3ig

Iy,
o) 4

ATD
¥OD

eA
OLO

BTy
vod

utod

oaxd

LOO

I9KH
OLY

sKD
IOL

Ten
LD

uto
2Ud
OLL

SAT]
DYV

TeA
QLD

19K
OLY

SA

OVY,

nio
oVD

na1
LLD

oxd
220

SAD
JOL

ATD
099

STH
LYO

TeA
OLO

naJ
OLL

ATO
¥

1988
0OV



PCT/US2009/004130

WO 2010/030317

14/18

€81

AA

96

8P

IAL

OY.L

o)A

usy
LYV

usvy
9)-4§

bavy
L4914

TeA
oLD

utodo
Yo

I3S
YO.L

sSAD
ILDL

A

YVY.L

SAD
DI

oxd
D30

aud
OLL

OY.L

bay
)

usy
LYV

IyL
JLOV

narg
24O

dsv
LVD

I9S
oL

SA

nid
D¥YD

A19
199

nag

IID

no
19)49)

nro
OO

IUL
LOVY

dsvy
VD

)44

£1493

[1 dan31g

ey
00D

ayd
LD

sAT

nid
O¥d

nro
L49)

A
OLD

elv
oD

oYL

usy
ILVY

IS
DLV

LOL

ayd

OLL

oxg
YOO

ayd
DLL

oYY

bET
919)4

SAD
OOL

sAD
DL

TeA
ILD

elvY

20D

)44

ato
L 43

ns
LLO

I9NW
DLV

sAD
DL

A19
299

STH
NA40)

TeA
YL

noq
OLL

A19
¥99

Ias
89\ 4



PCT/US2009/004130

WO 2010/030317

15/18

0Tc

c6l

PPI

96

8P

sAT

IAL
OVYL

oYL

usy

LYY

ngo
VD

usvy
oYY

pavy
YOV

TeA
OLO

RIS
DLV

utd
'A{0)

Iss
YOl

sAD
LOL

oud
RAA

sAD
0OL

oxd
200

ayd
OLL

ngod

bay

oDD

usy
LYY

Iy,
LO¥

STI
LLY

dsvy
A)

I9g
YOI

SAT

ATD
599

A1D
199

nafg
LD

nto
OvD

na
ILD

Iy
LOY

dsvy
9) 9]

SAT
AA-4

1493

I dIn31y

STH
LYO

°4d
L

sAT

nTo
OV¥D

sA
OVY

nto
Ovd

Ten
OLD

BIvY
¥OoD

IAL
oYL

usy
LYV

A9KH
DLY

SAD
IOL

IAL
JYL

°yd
OLL

oxd
Yoo

ayd
JLL

LA

nar
LD

I8
DY

SAD

ODL

OOL

TeA
LD

nio
oD

BeTvY
20D

sA1
3A-Av4

nro
) 43)

na
ILO

oo
ovd

19N
OLY
oD

A19
099

STH
LD

elv
909

Ten
Lo

nag
SLL

AT
V)

199
919) 4



PCT/US2009/004130

WO 2010/030317

16/18

L9¢

ovc

6Tl

IAA"

96

8¥

I98
204

L
1OV

usy
LYV

IAL,
OVYL

usy
LYY

ayyq,
DOV

aud
LLL

ngo
P) 49

bxy

ov

Tea
OLD

Ias
LOY

nro
OvD

ayg
LOVY

b ETS
YOL

SAD
LOL

oYL

usy
LYY

LOL

oxd
20D

ayd
OLL

aud
OLL

oaxd
oD

by
L £9)4

usvy
LYY

YL
LOY

Iss
1) 4

sKkD
ODL

elvY
00D

I9S
YOoL

sA1

eTvy
20D

SAT
)4

A9
vO9

na
LIO

nrod
L4

oYL

ISN
OLY

nro

YL
IOV

dsy

OVD

SAT
) A4

S1493

nto

TeA

A1)

uto

aud
ILL

SAT

urd
O¥D

€1 2an31 4

oxd
dLOD

)-AN

ayg,
00OY

ATD
¥99

TeA
oD

elvY
L 4019)

na
Lo

usy
9) A4

uto

oxdg

LOD

AN

N4

LOL

I9S
LOL

utd

TeA

OLD

uto
L'4"f0)

aud
OLL

SAT
ovvY

na
20D

SAD

ODL

SAT

SAD
9L

sKkD
DL

TeA
JLD

oud
ILL

bavy
290

ASN
OLY

SAT
oY

nro
ovd

nar1
LLD

o1g
000

dsvy
LYD

oxdg
o000

sAD
ODL

A1
D99

STH
LYD

YL
LOY

AT
199

TeA
oL

nag
OLL

A19
vO9

Ies
1) 4



PCT/US2009/004130

WO 2010/030317

17/18

Zse

0vc

c6T

IAAN

96

87V

nto
oD

IYL
LOVY

usvy
LYY

IAL
JY.L

usvy
NAA4

erv
20D

Sud
LLL

nrod
)3

bay
YOV

TBA
OLO

sAT

ngo

D¥D

Ty,
LOY

I8
YOo.L

IOL

IAL
J¥L

usy
RA-A

sAD
IOL

oxd
00D

oud
OLL

oud
JLL

oag
¥OD

Bay
YoV

usy
LYY

ayr
IOV

I9s
019\ 4

SAD
0OL

eIv
20D

I98
YOl

SAT

BTy
200D

SAT
IYY

A1o
vO9

nag
LLO

nto
9)'49)

91493

IBH
oLy

aro
Yo

UL
LOVY

dsvy
J¥D

SAT
A4

TeA
AR

urd

audg
OLL

sA

ngo
ovd

b1 24n31y

IAL
OYL

ayg,
DOY

K19

YOD

TeA
DLO

eIV
¥oD

usy
9)-4-4

uto
A4"f0)

oxg
LOD

9K
OL¥Y

SAD
LOL

utod

T®A

QLD

utd

aud
oL

oYY

TeAn
oLd

IAL
OV

by
09D

19N
DLV

SAT
OVY

nio
OO

nan
L LD

nar
JLD

dsy
ILVD

oaxd
200

JDL

ATD
099

STH
L¥D

nto
ovd

K15
199

TeA
OLD

nan
OLL

Ao
VR)

I9s
DOV



WO 2010/030317 PCT/US2009/004130
18/18

Figure 15

Ser His Leu Val Lys Cys Ala Glu Lys Glu Lys Thr Phe Cys Val Asn
Gly Gly Glu Cys Phe Met Val Lys Asp Leu Ser Asn Pro Ser Arg Tyr
Leu Cys Lys Cys Pro Asn Glu Phe Thr Gly Asp Arg Cys Gln Asn Tyr

Val Met Ala Ser Phe Tyr Lys Ala Glu Glu Leu Tyr
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