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MODIFIED RELAXIN POLYPEPTIDES COMPRISING A PHARMACOKINETIC
ENHANCER AND USES THEREOF

RELATED APPLICATION DISCLOSURES
[1] This application claims the benefit of U.S. Provisional Application
62/627,411, filed February 7, 2018 and U.S. Provisional Application No. 62/456,161, filed

February 8, 2017, the disclosure of all of which listed above are herein incorporated by

reference 1n their entirety.

SEQUENCE DISCLOSURE
[2] This application includes as part of 1ts disclosure a biological sequence listing,
contained in a file named "4656102413.txt" having a size of 150,746 bytes, which was

created on February 8, 2018, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE DISCLOSURE

[3] The present disclosure generally relates to modified relaxin polypeptides, such
as modified human relaxin 2 polypeptides', comprising a pharmacokinetic enhancer, and
therapeutic uses of such polypeptides, such as for the treatment of cardiovascular conditions
(such as heart failure) and/or conditions relating to fibrosis. In exemplary embodiments, the
pharmacokinetic enhancer is linked to a non-naturally encoded amino acid, which may be
ribosomally incorporated into the relaxin polypeptide.

[4] Heart failure (HF) represents a tremendous burden on today’s health care
system with an estimated United States prevalence of 5.8 million and greater than 23 million
worldwide (Roger et al., 2012. Circulation, 125(1): €2-€220). The symptoms of HF are the
result of inadequate cardiac output and can be debilitating depending upon the advanced
stage of the disease. Major symptoms and signs of HF include: 1) dyspnea (difficulty in
breathing) resulting from pulmonary edema due to ineffective forward flow from the left
ventricle and increased pressure in the pulmonary capillary bed; 2) lower extremity edema
occurs when the right ventricle 1s unable to accommodate systemic venous return; and 3)
fatigue due to the failing heart’s inability to sustain sufficient cardiac output to meet the
body's metabolic needs (Kemp & Conte, 2012. Cardiovascular Pathology, 21:365-371).

[5] Many contributory diseases, risk factors, and pathological changes may

ultimately lead to heart failure (Jessup & Brozena, 2003. N Engl J Med, 348(20): 2007-2018).
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Injurious events thought to be involved 1n the pathophysiology of HF range from the very
acute such as myocardial infarction to a more chronic insult such as life-long hypertension.
The death rate remains high with ~50% of people with HF dying within 5 years of diagnosis
(Roger et al., 2012. Circulation, 125(1): e2-¢220; Roger et al., 2004. Jama, 292(3): 344-50).
Heart failure clearly presents a significant unmet medical need.

[6] The human relaxin 2 hormone (also called H2 relaxin) 1s a 6-kDa peptide
composed of 53 amino acids which was known to be responsible for remodeling the
reproductive tract before parturition, thus facilitating the birth process. While predominantly
a hormone of pregnancy, relaxin has also been detected in the non-pregnant female as well as
in the male. Human relaxin 1s a member of the insulin peptide family which includes insulin,
a number of 1nsulin like peptides (INSL3-6), and the insulin-like growth factors (IGFI and
IGFII) (Van Der Westhwizen et al., 2007. Curr Drug Targets, 8(1): 91-104). These
heterodimeric peptides are all structurally related with each comprised of two peptide chains
(A & B) that are connected by two disulfide bonds, and with the A-chain containing a single
intramolecular disulfide bond. The receptor for relaxin 2 (H2), called the Relaxin Family
Peptide Receptor 1 (RXFP1), 1s conserved between mouse and human with §5% amino acid
1dentity and is essentially ubiquitously expressed 1n humans and in other species (Halls et al.,
2007. Br J Pharmacol, 150(6): 677-91).

[7] During human gestation, in order to meet the nutritional demands imposed
upon 1t by the fetus, the female body undergoes a significant ~30% decrease 1n systemic
vascular resistance (SVR) and a concomitant ~50% increase in cardiac output (Jeyabalan,
2010: Renal and Electrolyte Disorders. Lippincott Williams & Wilkins. 462-518; Clapp and
Capeless, 1997. Am J Cardiol, 80(11): 1469-73). Additional vascular adaptations include an
~30% increase 1n global arterial compliance that 1s important for maintaining efficient
ventricular-arterial coupling, as well as an ~50% increase i both renal blood flow (RBF)
and glomerular filtration rate (GFR), important for metabolic waste elimination (Jeyabalan,
2010: Renal and Electrolyte Disorders. Lippincott Williams & Wilkins. 462-518; Poppas et
al., 1997. Circulation, 95(10): p. 2407-15). Both pre-clinical studies in rodents as well as
clinical studies performed in a variety of patient settings provide evidence that relaxin 1s
involved, at least to some extent, in mediating these adaptive physiological changes (Conrad,
2011. Am J Physiol Regul Integr Comp Physiol, 301(2), R267-275; Teichman et al., 2009.
Heart Fail Rev, 14(4), 321-329.). Many of these adaptive responses would likely be of
benefit to HF patients in that excessive fibrosis, poor arterial compliance, and poor renal

function are all characteristics common to heart failure patients (Mohammed et al., 2015.
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Circulation, 131(6), 550-559), (Wohlfahrt et al., 2015. Eur J Heart Fail, 17(1), 27-34;
Dammon et al., 2011. Prog Cardiovasc Dis, 54(2), 144-153). As an estimated 30% of
patients with HF suffer from moderate to severe renal impairment (Triposkiadis and
Skoularigis, 2012. Curr Heart Fail Rep, (4):354-62), an agent such as relaxin by improving
both vascular flow and electrolyte handling, may be of particular benefit to HF patients.
[8] The relaxin peptide has a short pharmacokinetic half-life: Serelaxin, a
recombinant human relaxin peptide, which was developed for the treatment of HF, has a
short first-phase pharmacokinetic half-life of 5-15 minutes, and necessitated 48 hours
continuous intravenous infusion for therapeutic utility (REASANZ (serelaxin) Briefing
Document Prepared by Novartis for FDA Cardiovascular and Renal Drugs Advisory
Committee Meeting. February 26, 2014). For chronic diseases like heart failure, a relaxin
molecule with an improved pharmacokinetic profile provides the opportunity for alternate
routes of drug administration, beyond continuous intravenous imfusion, likely to be more

amenable as a therapeutic for patients suffering from chronic diseases.

- SUMMARY OF THE DISCLOSURE

[9] Provided herein are modified relaxin polypeptides comprising a non-naturally
encoded amino acid, wherein (a) the relaxin polypeptide comprises the relaxin A chain
polypeptide of SEQ ID NO: 4 and the relaxin B chain polypeptide of SEQ ID NO: 5 or SEQ
ID NO: 6, substituted with a non-naturally encoded amino acid at a position selected from the
group consisting of: A chain residue 1, A chain residue 2, A chain residue 5, A chain residue
13, A chain residue 18, B chain residue 5, B chain residue 7, and B chain residue 25, and
optionally having up to two additional amino-acid substitutions, insertions and/or deletions 1n

said relaxin A chain and/or said relaxin B chain; (b) said non-naturally encoded amino acid

1
|

P

has the structure: H2N COM

[10] wherein the R group 1s any substituent other than the side chain found in
alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine,
histidine, 1soleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine or valine; and (¢) said non-naturally encoded amino acid is linked to a
pharmacokinetic enhancer comprising a peptide component between 2 and 30 amino acids

and a half-life extending moiety.
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[11]  Also provided herein 1s a modified relaxin polypeptide comprising AQ1-
GGGGS-Glu' (SEQ ID NO: 139)-C14-COOH which has the structure:

O

AQ1-Relaxin®c 2

HO

y o o Y © y
N. N H N LN )J\/\/NT(\/W\/\N\TOH
i A e O I o
3 HO™ O
(Formula III),
[12] wherein said AQ1-Relaxin comprises a relaxin A chain polypeptide

having at least 90% amino acid sequence identity to SEQ ID NO: 35 and a relaxin B chain
polypeptide having at least 90% amino sequence identity to SEQ ID NO: 5 or SEQ ID NO: 6,
wherein the modified para-acetyl-phenylalanine depicted in Formula III is located at the N-
terminus of said relaxin A chain polypeptide.

[13] Also provided herein is a modified relaxin polypeptide comprising AQ1-
Relaxin-GGGGS-Glu' (SEQ ID NO: 139)-C14-COOH, which has the structure of Formula
[1I described herein, wherein AQ1-Relaxin comprises a relaxin A chain polypeptide of SEQ
ID NO: 35 and a relaxin B chain polypeptide of SEQ ID NO: 6, wherein the modified para-
acetyl-phenylalanine depicted in Formula III 1s located at the N-terminus of said relaxin A
chain polypeptide. '

[14] Also provided herein 1s a modified relaxin polypeptide comprising the
structure shown in FIG. 8.

[15] Also provided herein 1s a modified relaxin polypeptide comprising the
structure shown 1n FIG. 9.

[16] In another aspect, provided herein 1s a pharmaceutical composition comprising
a modified relaxin polypeptide as described herein and a pharmaceutically acceptable carrier.

[17] In another aspect, provided herein 1s a pharmaceutical composition comprising
an effective amount of a modified relaxin polypeptide as described herein for the treatment of
a relaxin-associated disorder and a pharmaceutically acceptable carrier.

[18] In another aspect, provided herein 1s a method of treating a disease associated
with relaxin comprising adminisfering an effective amount of a modified relaxin polypeptide
or composition comprising a modified relaxin polypeptide as described herein.

[19] In another aspect, provided herein is a method of treating a cardiovascular

disease comprising administering an effective amount of a modified relaxin polypeptide or
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composition comprising a modified relaxin polypeptide as described herein to a patient 1n
need thereot.

[20] In another aspect, provided herein 1s a method of treating or alleviating a
symptom of heart failure comprising administering an effective amount of a modified relaxin
polypeptide or composition comprising a modified relaxin polypeptide as described herein to
a patient in need thereof.

[21] In another aspect, provided herein 1s a method of treating a disease associated
with fibrosis, comprising administering a therapeutically effective amount of a modified
relaxin polypeptide or composition comprising a modified relaxin polypeptide as described
herein to a patient in need thereof.

[22] In another aspect, provided herein 1s a method of treating or preventing kidney
failure, comprising administering a therapeutically effective amount of a modified relaxin
polypeptide or composition comprising a modified relaxin polypeptide as described herein to
a patient in need thereof.

[23] In another aspect, provided herein 1s a method of improving, stabilizing or
restoring renal function in a patient in need thereof, comprising administering a
therapeutically effective amount of a modified relaxin polypeptide or compOsition comprising
a modified relaxin polypeptide as described herein to the patient.

[24] In another aspect, provided herein 1s a method of manufacturing a modified
relaxin polypeptide as described herein, comprising: (a) providing a polypeptide comprising
said relaxin A chain and said relaxin B chain, wherein said polypeptide comprises said non-
naturally encoded amino acid; and (b) linking said non-naturally encoded amino acid to said

pharmacokinetic enhancer.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[25] FIG. 1. Sequence of a human relaxin 2 polypeptide without a non-naturally
encoded amino acid. The A chain (SEQ ID NO: 4) and B chain (SEQ ID NO: 6)
polypeptides are linked by disulfide bonds as depicted in FIG. 5. Position 1 in the B chain 1s
modified relative to the human relaxin 2 polypeptide B chain (SEQ ID NO: 5) (underlined
position, aspartic acid substituted with alanine as shown), which has been observed to
improve manufacturing without significantly adversely atfecting potency. In the working
examples herein this polypeptide 1s referred to as "wild-type" or WT-RLX.

[26] FIG. 2. Sequence of RLX-AQI1 (“AQ1”), a human relaxin 2 polypeptide with

a non-naturally encoded amino acid, para-acetyl-phenylalanine (pAck, underlined)
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substituted for A chain position 1. The A chain (SEQ ID NO: 35) and B chain (SEQ ID NO:
6) are linked by disulfide bonds at the positions depicted in FIG. 5.

[27] FIG. 3. Sequence of RLX-BM25/AN1 (“BM25/AN1), a human relaxin 2
polypeptide with a non-naturally encoded amino acid, para-acetyl-phenylalanine (pAckF,
underlined) substituted for B chain position 23, and further A chain position 1 contains the
substitution of asparagine for glutamine (underlined). The A chain (SEQ ID NO: 36) and B
chain (SEQ ID NO: 37) are linked by disulfide bonds at the positions depicted in FIG. 5.

[28] FIG. 4. Schematic of a prepro-relaxin polypeptide for expression of RLX-
AQI1. A prepro-relaxin polypeptide (SEQ ID NO: 38) 1s expressed in £. coli or another
expression system. A non-naturally encoded amino acid such as pAcF can be ribosomally
incorporated into the prepro-relaxin polypeptide sequence, facilitating subsequent linkage to
a pharmacokinetic enhancer ("PK extender"). The leader sequence specific for £. coli
expression 18 indicated by grey circles. The C-peptide (connecting peptide), derived from
proinsulin with added peptide cleavage sites and a Lys to Gly substitution, is indicated by
black circles. The leader sequence and C-peptide are removed by enzymatic cleavage
(cleavage sites indicated by unlabeled arrows). The Alanine substitution at B chain residue 1
(“B1”) (present in SEQ ID NO: 6) aids leader sequence removal. The pAckF residue for site
specific PK enhancer attachment i1s indicated. The A and B chains align with the HUGO
named RILN2 and are derived from the relaxin2 transcript variant 1 cDNA (refseq
NM 134441).

[29] FIG. 5. Structural depiction of mature RLX-AQ1 comprising an A chain
(SEQ ID NO: 36) and B chain (SEQ ID NO: 6), which 1s linked through a non-naturally

encoded amino acid at A chain position 1 to a pharmacokinetic enhancer ("PK extender").

(30] FIGS. 6A-6B. WT-RLX (FIG. 6A) and AQ1-GGGGS-GIu' (SEQ ID NO:

139)-C14-COOH (FIG. 6B) effects on changes 1in smooth muscle alpha-actin gene expression
in TGF-beta treated human cardiac fibroblasts using gRT-PCR to measure mRNA

concentrations. Numbers above bars indicate percent reduction vs. TGF-beta only with

vehicle set as baseline. Means + SEM; *P <0.05. Veh = vehicle. nM = nanomolar.

[31] FIGS. 7A-7D. PEG-related renal cortical tubule epithelial vacuolation 1n
female Sprague Dawley rats. Kidney from rats treated subcutaneously (SQ) once a day with
vehicle or relaxin analogs. PEG containing relaxin analogs (FIGS. 7B and 7C) show marked
cortical tubular vacuolation characterized by the presence of large coalescing vacuoles.

Vacuoles are not observed in vehicle (FIG. 7A) or non-pegylated relaxin (FIG. 7D) treated
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animals. FIG. 7A: Vehicle (150 mM Arg in 10 mM citrate buifer pH 5.5) SQ for 10 days.
FIG. 7B: AQ1-PEG36-Glu-C13-COOH (1.5 kD PEG) SQ at 40 mg/kg/day for 7 days. FIG.
7C: AQ1-20-kDa-PEG (20 kD PEG) SQ at 15 mg/kg/day for 10 days. FI1G. 7D: AQ1-
GGGGS-Glu' (SEQ ID NO: 139)-C14-COOH SQ at 40 mg/kg for 7 days. Magnification
40x, H&E.

[32] FIG. 8. Structure of AQ1-GGGGS-Glu' (SEQ ID NO: 139)-C14-COOH
depicted 1n Formula I11.

[33] FIG. 9. Structure of AQ1-GGGGS-Glu' (SEQ ID NO: 139)-C14-COOH

depicted in Formula III.

DETAILED DESCRIPTION
[34] Definitions

[35] As used herein and in the appended claims, the singular forms *“a,” “an,” and
“the” include plural reference unless the context clearly indicates otherwise. Thus, for

22 &6

example, reference to a “relaxin,” “relaxin polypeptide,” or “modified relaxin polypeptide™ 1s
a reference to one or more such proteins and includes equivalents thereof known to those of
ordinary skill in the art, and so forth.

[36] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood to one of ordinary skill in the art to which this
invention belongs.

[37] The terms "pharmacokinetic extender," "pharmacokinetic enhancer,” "PK
extender," and "PK enhancer" are used interchangeably and each refer to a pharmaceutically
acceptable moiety, domain, or molecule covalently linked ("conjugated" or “fused”) to the
modified relaxin polypeptide described herein, optionally via a non-naturally encoded amino
acid, that prevents, delays or mitigates in vivo proteolytic degradation or other activity-
diminishing chemical modification of the modified relaxin polypeptide, increases half-life
(serum half-life and/or therapeutic half-life), and/or improves or alters other pharmacokinetic
or biophysical properties including but not limited to increasing the rate of absorption,
reducing toxicity, improving solubility, reducing aggregation, increasing biological activity
and/or target selectivity of the modified relaxin polypeptide, and/or reducing immunogenicity
of the modified relaxin polypeptide, compared to a comparator such as an unconjugated form
of the modified relaxin polypeptide or wild-type relaxin polypeptide. The PK enhancer

described herein may comprise a peptide component, comprising one or more amino acids,

and a half-life extending moiety.
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[38] The term "half-life extending moiety" refers to a pharmaceutically acceptable
moiety, domain, or molecule covalently linked ("conjugated" or “fused”) to the moditied
relaxin polypeptide described herein, e.g., as a component of a PK extender, optionally via a
non—naturally encoded amino acid, directly or via a linker (e.g. a peptide component or PEG),
that increases half-life (serum half-life and/or therapeutic half-life), and/or improves or alters
other pharmacokinetic or biophysical properties including but not limited to increasing the
rate of absorption, reducing toxicity, improving solubility, reducing aggregation, increasing
biological activity and/or target selectivity of the modified relaxin polypeptide, increasing
manufacturability, and/or reducing immunogenicity of the moditfied relaxin polypeptide,
compared to a comparator such as an unconjugated form of the modified relaxin polypeptide
or wild-type relaxin polypeptide. The term half-life extending moiety includes, but 1s not
limited to, non-proteinaceous, half-life extending moieties, such as a fatty acid or derivative
thereof, a water soluble polymer such as polyethylene glycol (PEG) or discrete PEG,
hydroxyethyl starch (HES), a lipid, a branched or unbranched acyl group, a branched or
unbranched C8-C30 acyl group, a branched or unbranched alkyl group, and a branched or
unbranched C8-C30 alkyl group; and proteinaceous half-life extending moieties, such as
serum albumin, transferrin, adnectin (e.g., albumin-binding or pharmacokinetics extending
(PKE) adnectin), Fc domain, and unstructured polypeptide, such as XTEN and PAS
polypeptide (e.g. conformationally disordered polypeptide sequences composed of the amino
acids Pro, Ala, and/or Ser), and a fragment of any of the foregoing. The term “linker” or
“spacer” may be any component that links a half-life extending moiety to the modified
relaxin polypeptide. Exemplary linkers include but are not limited to, small organic
compounds, water soluble polymers of a variety of lengths such as poly(ethylene glycol) or
polydextran, and peptides or polypeptides, e.g., of up to 50, 40, 30, 25, 20, 15, 10 orup to 6
amino acids in length.

[39] The term “peptide component” refers to a component of a PK extender and
comprises a peptide of up to 50 amino acids in length. Exemplary peptide components
include but are not limited to peptides of up to 40, 30, 25, 20, 15, 10,9, 8, 7,6, 5,4, 3,2, or 1
amino acids in length. Such a peptide component may covalently link a half-life extending
moiety to the modified relaxin polypeptide described herein. In some embodiments, the
peptide component may comprise 2-50 amino acids. In some embodiments, the peptide
component may comprise 2-30 amino acids. In some embodiments, the peptide component
may comprise 3-20 amino acids. In some embodiments, the peptide component may comprise

5-10 amino acids.
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[40] The term “stability” or “thermal stability” refers to the ability of a polypeptide
to resist unfolding when heated. Generally the higher the thermal stability of a molecule, the
oreater the temperature that is required for the polypeptide to become unfolded. Exemplary
methods of determining the thermal stability of a polypeptide are the differential scanning
calorimetry (DSC) and thermal scanning fluorescence methods. Thermal stability may be
determined with respect to a comparator compound, e.g., to identify a polypeptide having
increased thermal stability.

[41] The term “aggregation” refers to the tendency of a polypeptide to form non-
covalently linked complexes with other molecules (such as other molecules of the same
polypeptide) thereby forming high molecular weight complexes. Exemplary methods of
measuring the formation of aggregates include analytical size exclusion chromatography.
Relative amounts of aggregation may be determined with respect to a comparator compound,
e.g., to 1dentify a polypeptide having reduced aggregation.

[42] The term “deamidation” refers to the tendency of amino acid residues within a
polypeptide to spontaneously undergo a deamidation reaction, thereby changing the chemical
structure of the amino acid, and potentially affecting the function of the polypeptide.
Exemplary methods of measuring deamidation include imaged capillary 1soelectric focusing
(icIEF). The relative amount of deamidation may be determined with respect to a comparator
compound, e.g., to identify a polypeptide having decreased deamidation.

[43] The term “in vivo proteolysis” refers to the cleavage of a polypeptide when
introduced into a living system (e.g., when injected into an organism) which may result from
proteases occurring in said organism. Proteolysis can potentially affect the biological activity
or half-life of a polypeptide. For example, wild-type relaxin may undergo cleavage, resulting
In a truncated, inactive polypeptide. An exemplary method of measuring in vivo proteolysis
of relaxin is the Meso Scale Discovery (MSD)-based electrochemiluminescent
immunosorbent assay (ECLIA). The relative amount of in vivo proteolysis may be
determined with respect to a comparator compound, e.g., to identify a polypeptide having
decreased in vivo proteolysis.

[44] The term “solubility” refers to the amount of a substance that can dissolve in
another substance, e.g., the amount of an unmodified or modified relaxin polypeptide that can
dissolve in an aqueous solution. An exemplary method of measuring the solubility of an
unmodified or modified relaxin polypeptide is the plug flow solubility test. Relative
solubility may be determined with respect to a comparator compound, e.g., to identify a

polypeptide having increased solubility.
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[45] The term “biological activity” or “bioactivity” refers to the ability of a
molecule to affect any physical or biochemical properties of a biological system, pathway,
molecule, or interaction relating to an organism, including but not limited to, viruses,
bacteria, bacteriophage, transposon, prion, insects, fungi, plants, animals, and humans. For
example, in the context of an unmodified or moditied relaxin, biological activity includes any
of the functions performed by relaxin. For example, a “biologically active” modified relaxin
polypeptide may exhibit one or more of the biological activities of wild-type relaxin,
including but without limitation thereto: activation of a relaxin 2 receptor RXFP1 including
human and non-human RXFP1 orthologs, activation of another relaxin receptor such as
RXFP2 including human and non-human orthologs, anti-fibrotic activity in vitro or in vivo,
efficacy in treatment of heart failure or a fibrotic disease whether in a human, non-human
animal, and/or model system, and other biological activities as disclosed herein, for example,
decreasing systemic vascular resistance (SVR), increasing cardiac output, increasing global
arterial compliance, increasing renal blood flow (RBF) and/or glomerular filtration rate
(GFR). Exemplary methods of determining whether a molecule possesses at least one
biological activity of wild-type relaxin (such as the wild-type relaxin polypeptide of SEQ ID
NOs: 4 and SEQ ID NO: 5) may include in vitro activity assays or receptor-binding assays,
for example, intracellular cAMP accumulation assay. The relative level of biological activity
may be determined with respect to a comparator compound, e.g., to 1dentify a polypeptide
having biological activity or having sufficiently high biological activity for an intended
therapeutic use, e.g., having an EC50 less than 5-fold, 10-fold, less than 20-fold, less than 50-
fold, or less than 100-fold higher than the EC50 of a comparator, in an in vitro or in vivo
activity assay.

[46] The comparator compound described herein may be another sequence lacking
a modification, such as a modification described herein. For example, the comparator
compound may be the same modified relaxin polypeptide sequence without linkage to a PK
extender. Exemplary comparator compounds include without limitation thereto the wild-type
relaxin polypeptide of SEQ ID NO: 4 and SEQ ID NO: 5, a modified relaxin polypeptide ot
SEQ ID NO: 4 and SEQ ID NO: 6, a modified relaxin polypeptide of SEQ ID NO: 36 and
SEQ ID NO: 6, a modified relaxin polypeptide of SEQ ID NO: 35 and SEQ ID NO: 6, or
another comparator compound. In some embodiments, the comparator compound may
contain at least one non-naturally encoded amino acid, which may be linked to a linker,
polymer, biologically active molecule, peptide, polypeptide, or half-lite extending moiety

described herein (e.g. PEG, or fatty acid). In some embodiments, a comparator compound
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may contain at least one non-naturally encoded amino acid, which may or may not be linked
to a linker, polymer, biologically active molecule, peptide, polypeptide, or halt-life extending
moiety described herein. In some embodiments, a comparator compound may contain
additional amino acid substitutions, deletions, and/or insertions. In some embodiments, the
comparison may be performed with an acylated or non-acylated form of the polypeptide; in
the former instance, the comparison may be performed with a polypeptide comprising or not
comprising a non-naturally encoded amino acid.

[47] The term “corresponding” refers to a position (“position corresponding” or
“corresponding position™) or region (“region corresponding” or “corresponding region’)
Within a polypeptide or polynucleotide sequence that 1s 1identified by comparison to a
reference sequence. The reference sequence may be a wild-type or unmodified sequence,
such as the wild-type relaxin polypeptide of SEQ ID NO: 4 and SEQ ID NO: 5. A
corresponding position or region may be identified by alignment ot the sequence with a
reference sequence. For example, the “position corresponding to amino acid 1 in the relaxin
A chain" refers to the position in the sequence that 1s in the same alignment column as amino
acid 1 in SEQ ID NO: 4 when that sequence is aligned with SEQ ID NO: 4. In the alignment,
the amino acid or nucleotide may or may not match the amino acid or nucleotide 1n the
corresponding position in the reference sequence.

[48] The alignment used to identify a corresponding position or corresponding
region may be obtained using a conventional alignment algorithm such as Blast (Altschul et
al., J Mol Biol. 1990 Oct 5;215(3):403-10), Smith-Waterman (Smith and Waterman, J Mol
Biol. 1981 Mar 25;147(1):195-7), or Needleman-Wunsch (Needleman and Wunsch, J Mol
Biol. 1970 Mar;48(3):443-53). The Needleman-Wunsch algorithm may be used in order to
obtain the highest-scoring global alignment (i.e., an alignment containing every residue in
both sequences, though an alignment may start and/or end in gaps). Whether Blast, Smith-
Waterman, or Needleman-Wunsch 1s utilized, the highest scoring alignment may be
identified using “default” parameters, such as use of the BLOSUMG62 scoring matrix, a gap
open penalty of 11, and a gap extend penalty of 1, and (when using Blast for pairwise
alignment) a word size of 3.

[49] The term “disease associated with fibrosis” includes diseases, disorders, and
conditions in which fibrosis has been observed to occur or in which fibrosis 1s known or
thought to be associated with or contribute to disease etiology, progression, or symptoms, or
in which fibrosis is known or thought to occur as the disease progresses. The fibrosis may

affect an organ or tissue such as the pancreas, lung, heart, kidney, liver, eyes, nervous system,
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bone marrow, lymph nodes, endomyocardium, or retroperitoneum. Exemplary diseases
associated with fibrosis include, but are not limited to nonalcoholic steatohepatitis (NASH),
liver fibrosis, pre-cirrhosis, cirrhosis, diffuse parenchymal lung disease, cystic fibrosis, lung
or pulmonary fibrosis, progressive massive fibrosis, idiopathic pulmonary fibrosis, injection
fibrosis, kidney or renal fibrosis, chronic kidney disease, diabetic kidney disease, focal
segmental glomerulosclerosis, membranous nephropathy, IgA nephropathy, myelofibrosis,
heart failure, metabolic heart failure, cardiac fibrosis, cataract fibrosis, cataract, ocular
scarring, pancreatic fibrosis, skin fibrosis, intestinal fibrosis, intestinal strictures,
endomyocardial fibrosis, atrial fibrosis, mediastinal fibrosis, Crohn’s disease, retroperitoneal
fibrosis, keloid, nephrogenic systemic fibrosis, scleroderma, systemic sclerosis,
arthrofibrosis, Peyronie’s syndrome, Dupuytren’s contracture, diabetic neuropathy, adhesive
capsulitis, alcoholic liver disease, hepatosteatosis, viral hepatitis, biliary disease, primary
hemochromatosis, drug-related cirrhosis, cryptogenic cirrhosis, Wilson's disease, alpha 1-
antitrypsin deficiency, interstitial lung disease (ILD), human fibrotic lung disease, macular
degeneration, retinal retinopathy, vitreal retinopathy, myocardial fibrosis, Grave's
ophthalmopathy, drug induced ergotism, cardiovascular disease, atherosclerosis/restenosis,
hypertrophic scars, primary or 1diopathic myelofibrosis, and intlammatory bowel disease
(including, but not limited to, collagenous colitis). In some embodiments, the disease
associated with fibrosis may include liver fibrosis, kidney or renal fibrosis, lung or
pulmonary fibrosis, and heart or cardiac fibrosis. In some embodiments, the disease
associated with fibrosis may be liver fibrosis. In some embodiments, the disease associated
with fibrosis may be NASH.

[50] The term “substantially purified” refers to an unmodified or modified relaxin
polypeptide that may be substantially or essentially free of components that normally
accompany or interact with the protein as found 1in its naturally occurring environment, 1.€. a
native cell, or host cell in the case of recombinantly produced unmodified or modified relaxin
polypeptides. Unmodified or modified relaxin polypeptide that may be substantially free of
cellular material includes preparations of protein having less than about 30%, less than about
25%, less than about 20%, less than about 15%, less than about 10%, less than about 5%, less
than about 4%, less than about 3%, less than about 2%, or less than about 1% (by dry or wet
weight) of contaminating protein. Thus, “substantially purified” unmodified or moditfied
relaxin polypeptide as produced by the methods of the present disclosure may have a purity
level of at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%,
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specifically, a purity level of at least about 75%, 80%, 85%, and more specifically, a purity
level of at least about 90%, a purity level of at least about 95%, a purity level of at least about
99% or greater as determined by appropriate methods such as SDS/PAGE analysis, RP-
HPLC, SEC, and capillary electrophoresis.

[S1] A “recombinant host cell” or “host cell” refers to a cell that includes an
exogenous polynucleotide, regardless of the method used for insertion, for example, direct
uptake, transduction, f-mating, or other methods known in the art to create recombinant host
cells. The exogenous polynucleotide may be maintained as a nonintegrated vector, for
example, a plasmid, or alternatively, may be integrated into the host genome.

[52] As used herein, the term “eukaryote” refers to organisms belonging to the
phylogenetic domain Eucarya such as animals (including but not limited to, mammals,
insects, reptiles, birds, etc.), ciliates, plants (including but not limited to, monocots, dicots,
algae, etc.), fungi, yeasts, flagellates, microsporidia, protists, etc.

[53] As used herein, the term “non-eukaryote” refers to non-eukaryotic organisms
or prokayrotic organisms. For example, a non-eukaryotic organism can belong to the
Eubacteria (including but not limited to, Escherichia coli, Thermus thermophilus, Bacillus
stearothermophilus, Pseudomonas fluorescens, Pseudomonas aeruginosa, Pseudomonas
putida, etc.) phylogenetic domain, or the Archaea (including but not limited to,
Methanococcus jannaschii, Methanobacterium thermoautotrophicum, Halobacterium such as
Haloferax volcanii and Halobacterium species NRC-1, Archacoglobus fulgidus, Pyrococcus
furiosus, Pyrococcus horikoshii, Aeuropyrum pernix, etc.) phylogenetic domain.

[54] As used herein, the term “medium” or “media” includes any culture medium,
solution, solid, semi-solid, or rigid support that may support or contain any host cell,
including bacterial host cells, yeast host cells, insect host cells, plant host cells, eukaryotic
host cells, mammalian host cells, CHO cells, prokaryotic host cells, E. coli, or Pseudomonas
host cells, and cell contents. Thus, the term may encompass medium in which the host cell
has been grown, e.g., medium into which the unmodified or modified relaxin polypeptide has
been secreted, including medium either before or after a proliferation step. The term also
may encompass buffers or reagents that contain host cell lysates, such as in the case where
the unmodified or modified relaxin polypeptide is produced intracellularly and the host cells
are lysed or disrupted to release the unmodified or modified relaxin polypeptide.

[55] The term "relaxin” as used herein, refers to human relaxin, specifically human
relaxin 2 (also known as H2 relaxin or RLN2) unless the context indicates otherwise, whose

amino acid sequence and spatial structure are well-known. Human relaxin is comprised of a
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twenty-four amino acid A-chain and a twenty-nine amino acid B-chain which are cross-
linked by disulfide bonds (see FIG. 5). A properly cross-linked wild-type relaxin contains
three disulfide bridges: one between position 11 of the A-chain and position 11 of the B-
chain, a second between position 24 of the A-chain and position 23 of the B-chain, and a
third between positions 10 and 15 of the A-chain.

[56] As used herein, “modified relaxin polypeptide” or “modified relaxin™ are used
interchangeably and shall include those polypeptides and proteins that differ from wild-type
relaxin (e.g., wild-type human relaxin of SEQ ID NO:4 and SEQ ID NO:5) and typically
have at least one biological activity of a relaxin 2, as well as relaxin analogs, relaxin
isoforms, relaxin mimetics, polymorphisms (€.g., naturally occurring relaxin sequence
variants), relaxin fragments, hybrid relaxin proteins, fusion proteins, oligomers and
multimers, homologues, glycosylation pattern variants, variants, splice variants, and muteins,
thereof. The term “modified relaxin polypeptide” and “modified relaxin” encompass relaxin
polypeptides comprising one or more amino acid substitutions, additions or deletions.

[57] Substitutions in a wide variety of amino acid positions in naturally-occurring
relaxin may be incorporated into a modified relaxin polypeptide. Substitutions including but
not limited to, those that modulate solubility or stability, increase agonist activity, increase in
vivo or in vitro half-life, increase protease resistance, reduce immunogenicity or toxicity,
facilitate purification or manufacturability, etc. and are encompassed by the term "modified
relaxin polypeptide" or “modified relaxin.” In some embodiments, the non-naturally encoded
amino acid substitution(s) described herein may be combined with other additions,
substitutions or deletions within the modified relaxin polypeptide to affect biological traits of
the modified relaxin polypeptide relative to another relaxin polypeptide (e.g., the wild-type
relaxin polypeptide of SEQ ID NO: 4 and SEQ ID NO: 5, or another relaxin polypeptide such
as the same relaxin polypeptide without said addition, substitution, or deletion, or another
unmodified or modified relaxin unmodified or modified polypeptide). In some embodiments,
the other additions, substitutions or deletions may increase the stability (including but not
limited to, resistance to proteolytic degradation) of the modified relaxin polypeptide or
increase affinity of the modified relaxin polypeptide for its receptor. In some cases, the other
additions, substitutions or deletions may increase the pharmaceutical stability of the modified
relaxin polypeptide. In some embodiments, the other additions, substitutions or deletions
may increase the solubility (including but not limited to, when expressed in E. coli or other
host cells), increase the manufacturability, or decrease the aggregation of the modified relaxin

polypeptide. In some embodiments, the additions, substitutions or deletions may increase the
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polypeptide solubility following expression in E. coli or other recombinant host cells. In
some embodiments, site(s) may be selected for substitution with a naturally encoded or non-
natural amino acid in addition to another site for incorporation of a non-natural amino acid
that results in increasing the solubility of a polypeptide following expression in £. coli or
other recombinant host cells.

[58] In some embodiments, the modified relaxin polypeptides further comprise an
additional insertion, substitution or deletion that modulates biological activity of the modified
relaxin polypeptide. For example, the additions, substitutions or deletions may modulate one
or more properties or activities of modified relaxin. For example, the additions, substitutions
or deletions may modulate affinity for the relaxin polypeptide receptor, binding proteins, or
associated ligand, modulate signal transduction after binding to the relaxin receptor,
modulate in vivo or circulating half-life, modulate therapeutic half-life, modulate stability of
the polypeptide, modulate cleavage by proteases, modulate dose, modulate release or bio-
availability, facilitate purification, decrease deamidation, decrease aggregation, improve
shelf-life or in vitro half life, or improve or alter a particular route of administration.
Similarly, modified relaxin polypeptides may comprise protease cleavage sequences, reactive
groups, antibody-binding domains (including but not limited to, FLAG or poly-His) or other
affinity based sequences (including but not limited to, FLAG, poly-His, GST, etc.) or linked
molecules (including but not limited to, biotin) that improve detection (including but not
limited to, GFP), purification or other traits of the polypeptide.

[539] The term “modified relaxin polypeptide” also includes biologically-active
fragments, biologically active variants and stereoisomers of the naturally-occurring relaxin as
well as agonist, mimetic, and antagonist variants of the naturally-occurring relaxin and
polypeptide fusions thereof. Fusions comprising additional amino acids at the amino
terminus, carboxyl terminus, or both, are encompassed by the term “modified relaxin
polypeptide.” Exemplary fusions include, but are not limited to, e.g., methionyl relaxin in
which a methionine is linked to the N-terminus of a relaxin A chain and/or B chain resulting
from the recombinant expression of the mature form of relaxin lacking the leader or signal
peptide or portion thereof (for example, a methionine is linked to the N-terminus of a relaxin
A chain and/or B chain resulting from the recombinant expression, e.g. in E. coli), fusions for
the purpose of purification (including, but not limited to, to poly-histidine or affinity
epitopes), fusions with serum albumin binding peptides such as PKE adnectin and fusions
with serum proteins such as serum albumin, and fusion proteins comprising relaxin and one

or more other molecules (“fusion partner”), including but not limited to, serum albumin, Fc
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domain, immunoglobulin constant region, unstructured polypeptide, and adnectin, and a
fragment thereof. Any such fragments can be prepared from the proteins by standard
biochemical methods, or by expressing a polynucleotide encoding the fragment.

[60] Except where indicated otherwise, in general the terms “relaxin polypeptide”™
and “relaxin” as used herein encompasses both unmodified (i.e., wild-type) relaxin and
modified relaxin polypeptides.

[61] The term “modified relaxin polypeptide” includes polypeptides conjugated to
a polymer such as PEG or PK extender and may optionally comprise one or more
derivitizations of cysteine, lysine, or other residues. In some embodiments, the modified
relaxin polypeptide may comprise a linker, polymer, or PK extender, wherein the amino acid
to which the linker, polymer or PK extender 1s conjugated may be a non-natural amino acid
according to the present disclosure, or a naturally encoded amino acid (e.g. lysine or cysteine)
utilizing techniques known 1n the art such as coupling to lysine or cysteine.

[62] The term “modified relaxin polypeptide” also includes relaxin polypeptides
conjugated or linked to the PK extender described herein via a naturally-encoded amino acid,
for example, cysteine or lysine, in the relaxin polypeptide. In some embodiments, the
naturally-encoded amino acid may be a substitution or insertion in the relaxin polypeptide.

[63] The term “modified relaxin polypeptide” also includes glycosylated modified
relaxin, such as but not limited to, polypeptides glycosylated at any amino acid position, N-
linked or O-linked glycosylated forms of the polypeptide. In addition, splice variants are also
included.

[64] All references to amino acid positions in unmodified or modified relaxin
described herein are based on the corresponding position in the A chain of SEQ ID NO: 4 or
B chain of SEQ ID NO:5, unless otherwise specified. Those of skill in the art will appreciate
that amino acid positions corresponding to positions in SEQ ID NO: 4 or 5 or another relaxin
sequence can be readily identified in any other relaxin molecule such as relaxin fusions,
variants, fragments, etc. For example, sequence alignment programs such as BLAST can be
used to align and identify a particular position in a protein that corresponds with a position 1n
SEQ ID NO: 4 or 5 or other relaxin sequence. Substitutions, deletions or additions of amino
acids described herein in reference to SEQ ID NO: 4 or 5, or other relaxin sequence are
intended to also refer to substitutions, deletions or additions in corresponding positions 1n

relaxin fusions, variants, fragments, etc. described herein or known in the art and are

expressly encompassed by the present disclosure.
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[65] The term “modified relaxin polypeptide” also encompasses homodimers,
heterodimers, homomultimers, and heteromultimers that are formed via fusion partners, such -
as Fc domains, or that are linked, including but not limited to those linked directly via non-
naturally encoded amino acid side chains, either to the same or different non-naturally
encoded amino acid side chains, to naturally-encoded amino acid side chains, or indirectly
via a linker. Exemplary linkers including but are not limited to, small organic compounds,
water soluble polymers of a variety of lengths such as poly(ethylene glycol) or polydextran,
or peptides or polypeptides, e.g., of up to 50, 40, 30, 25, 20, 15, 10,9, 8,7, 6, 5,4, 3,2, or up
to 1 amino acids 1n length.

[66] The term “modified,” as used herein refers to any changes made to a given
polypeptide, such as changes to the length of the polypeptide, the amino acid sequence,
chemical structure, co-translational modification, or post-translational modification of a
polypeptide. The term “post-translationally modified” refers to any modification of a natural
or non-natural amino acid that occurs to such an amino acid after it has been incorporated
into a polypeptide chain. The term encompasses, by way of example only, co-translational i
vivo modifications, co-translational in vitro modifications (such as in a cell-free translation
system), post-translational in vivo modifications, and post-translational in vitro modifications.

[67] A "non-naturally encoded amino acid" refers to an amino acid that 1s not one
of the 20 common amino acids or pyrrolysine or selenocysteine. Other terms that may be
used synonymously with the term “non-naturally encoded amino acid” are “non-natural
amino acid,” “unnatural amino acid,” “non-naturally occurring amino acid,” and variously
hyphenated and non-hyphenated versions thereof. The term "non-naturally encoded amino
acid" also includes, but is not limited to, amino acids that occur by modification (e.g. post-
translational modifications) of a naturally encoded amino acid (including but not limited to,
the 20 common amino acids or pyrrolysine and selenocysteine) but are not themselves
naturally incorporated into a growing polypeptide chain by the translation complex.
Examples of such non-naturally encoded amino acids include, but are not limited to, /N-
acetylglucosaminyl-L-serine, N-acetylglucosaminyl-L-threonine, and O-phosphotyrosine.

[68] In the context of a modified relaxin polypeptide, as used herein the terms
"para-acetyl-phenylalanine” and "para-acetyl-L-phenylalanine” (including the abbreviations
pAcF and pAF) also embrace the products of chemical reactions wherein the acetyl group 1n
the para position is absent and a linkage to another molecule is present in its place. Thus, tor
example, in a modified relaxin polypeptide that comprises a para-acetyl-phenylalanine (such

as para-acetyl-L-phenylalanine), the para-acetyl-phenylalanine may comprise an oxime,
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triazole, amide, or other linkage at the para-position, €.g., having an oxime linkage that
results from the reaction of the carbonyl group of para-acetyl-L-phenylalanine with an
aminooxy group, and lacking a carbonyl carbon, at the para position. Such a para-acetyl-
phenylalanine may be referred to as a "modified para-acetyl-phenylalanine”, e.g., "modified
para-acetyl-L-phenylalanine.”

[69] An exemplary non-naturally encoded amino acid 1s para-acetyl phenylalanine
(pACF). It may be synthesized using the previously described procedure in Zhang, Z., Smith,
B. A. C., Wang, L., Brock, A., Cho, C. & Schultz, P. G., Biochemistry, (2003) 42, 6735-
6746, which is hereby incorporated by reference in its entirety.

[70] An "amino terminus modification group" refers to any molecule that can be
attached to the amino terminus of a polypeptide. Similarly, a "carboxy terminus modification
oroup” refers to any molecule that can be attached to the carboxy terminus of a polypeptide.
Terminus modification groups include, but are not limited to, various water soluble polymers,
methionine, peptides, or proteins such as serum albumin, Fc domain, immunoglobulin
constant region, unstructured polypeptide, adnectin, or a fragment thereot, fatty acids or
derivatives thereof, or other moieties that increase serum (in vivo) half-life of polypeptides.

72  Ge 2% &6 b R 14

[71] The terms “functional group”, “active moiety”, “activating group”, “leaving
group”, “reactive site”, “chemically reactive group” and “chemically reactive moiety” are
used in the art and herein to refer to distinct definable portions or units of a molecule. The
terms are somewhat synonymous in the chemical arts and are used herein to indicate the
portions of molecules that perform some function or activity and are reactive with other
molecules.

[72] The term “linkage” is used herein to refer to groups or bonds that normally are
formed as the result of a chemical reaction and typically are covalent linkages. Hydrolytically
stable linkages means that the linkages are substantially stable in water and do not react with
water at useful pH values, including but not limited to, under physiological conditions for an
extended period of time, perhaps even indefinitely. Hydrolytically unstable or degradable
linkages mean that the linkages are degradable in water or in aqueous solutions, including for
example, blood. Enzymatically unstable or degradable linkages mean that the linkage can be
degraded by one or more enzymes. As understood in the art, PEG, fatty acids, and other
polymers may include degradable linkages in the polymer backbone or in the linker group
between the polymer backbone and one or more of the terminal functional groups of the

polymer molecule. For example, ester linkages that can be formed by the reaction of

carboxylic acids or activated carboxylic acids with alcohol groups on a biologically active
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agent generally hydrolyze under physiological conditions to release the agent. Other
hydrolytically degradable linkages include, but are not limited to, carbonate linkages; imine
linkages that can result from reaction of an amine and an aldehyde; phosphate ester linkages
that can be formed by reacting an alcohol with a phosphate group; hydrazone linkages which
can be reaction product of a hydrazide and an aldehyde; acetal linkages that can be the
reaction product of an aldehyde and an alcohol; orthoester linkages that can be the reaction
product of a formate and an alcohol; peptide linkages that can be formed by an amine group,
including but not limited to, at an end of a polymer, and a carboxyl group of a peptide;
oxime, or semicarbazone linkages that can be the reaction product of a carbonyl functionality
and a hydroxylamine-, or semicarbazide-containing reagent; and oligonucleotide linkages that
can be formed by a phosphoramidite group, including but not limited to, at the end of a
polymer, and a 5' hydroxyl group of an oligonucleotide.

[73] Where substituent groups are specified by their conventional chemical
formulas, written from left to right, they equally encompass the chemically identical
substituents that would result from writing the structure from right to left, for example, the
structure CH20O is equivalent to the structure -OCH2. Compositions presented herein may
include isotopically-labelled compounds with one or more atoms replaced by an atom having
an atomic mass or mass number different from the atomic mass or mass number usually
found in nature. Compositions presented herein may include isomers, including but not
limited to diastereomers, enantiomers, and mixtures thereof, e.g., L-amino acids and/or D-
amino acids (such as para-acetyl-D-phenylalanine and/or para-acetyl-L-phenylalanine).

[74] The term “substituents” includes but 1s not limited to “non-interfering
substituents”. ‘“Non-interfering substituents” are those groups that yield stable compounds.
Suitable non-interfering substituents or radicals include, but are not limited to, halo, C1-C10
alkyl, C2-C10 alkenyl, C2-C10 alkynyl, C1-C10 alkoxy, C1-C12 aralkyl, C1-C12 alkaryl,
C3-C12 cycloalkyl, C3-C12 cycloalkenyl, phenyl, substituted phenyl, toluoyl, xylenyl,
biphenyl, C2-C12 alkoxyalkyl, C2-C12 alkoxyaryl, C7-C12 aryloxyalkyl, C7-C12 oxyaryl,
C1-C6 alkylsulfinyl, C1-C10 alkylsulfonyl, --(CH2)m --O--(C1-C10 alkyl) wherein m 1s
from 1 to 8, aryl, substifuted aryl, substituted alkoxy, fluoroalkyl, heterocyclic radical,
substituted heterocyclic radical, nitroalkyl, --NO2, --CN, --NRC(0O)--(C1-C10 alkyl), --C(O)-
-(C1-C10 alkyl), C2-C10 alkyl thioalkyl, --C(O)O--( C1-C10 alkyl), --OH, --SO2, =8, --
COOH, --NR2, carbonyl, --C(0O)--(C1-C10 alkyl)-CF3, --C(O)—CF3, --C(O)NR2, --(C1-
C10 aryl)-S--(C6-C10 aryl), --C(0)--(C1-C10 aryl), --(CH2)m --O--(--(CH2)m--O--(C1-C10
alkyl) wherein each m is from 1 to 8, --C(O)NR2, --C(S)NR2, -- SO2NRZ2, --NRC(O) NR2, --
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NRC(S) NR2, salts thereof, and the like. Each R as used herein 1s H, alkyl or substituted
alkyl, aryl or substituted aryl, aralkyl, or alkaryl.

[7S] The term “halogen” includes fluorine, chlorine, 'iodine, and bromuine.

[76] The term “alkyl,” by itself or as part of another substituent, means, unless
otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination
thereof, which may be fully saturated, mono- or polyunsaturated and can include di- and
multivalent radicals, having the number of carbon atoms designated (1.e. C1-C10 means one
to ten carbons). Examples of saturated hydrocarbon radicals include, but are not limited to,
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs and isomers of, for example,
n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated alkyl group is one having
one or more double bonds or triple bonds. Examples of unsaturated alkyl groups include, but
are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-
(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and
isomers. The term “alkyl,” unless otherwise noted, 1s also meant to include those derivatives
of alkyl defined in more detail below, such as “heteroalkyl.” Alkyl groups which are limited

to hydrocarbon groups are termed “homoalkyl™.

[77] The term “alkylene” by itself or as part of another substituent means a divalent
radical derived from an alkane, as exemplified, but not limited, by the structures -CH2CH?2-
and ~CH2CH2CH2CH?2-, and further includes those groups described below as
“heteroalkylene.” Typically, an alkyl (or alkylene) group will have from 1 to 24 carbon
atoms, with those groups having 10 or fewer carbon atoms being a particular embodiment of
the methods and compositions described herein. A “lower alkyl” or “lower alkylene™ 1s a
shorter chain alkyl or alkylene group, generally having eight or fewer carbon atoms.

[78] The terms “alkoxy,” “alkylamino” and “alkylthi0” (or thioalkoxy) are used 1n
their conventional sense, and refer to those alkyl groups attached to the remainder of the
molecule via an oxygen atom, an amino group, or a sulfur atom, respectively.

[79] The term “heteroalkyl,” by itself or in combination with another term, means,
unless otherwise stated, a stable straight or branched chain, or cyclic hydrocarbon radical, or
combinations thereof, consisting of the stated number of carbon atoms and at least one
heteroatom selected from the group consisting of O, N, S1 and S, and wherein the nitrogen
and sulfur atoms may optionally be oxidized and the nitrogen heteroatom may optionally be
quaternized. The heteroatom(s) O, N and S and Si may be placed at any interior position of

the heteroalkyl group or at the position at which the alkyl group is attached to the remainder
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of the molecule. Examples include, but are not limited to, ~-CH2-CH2-O-CH3, -CH2-CH2-
NH-CH3, -CH2-CH2-N(CH3)-CH3, -CH2-S-CH2-CH3, -CH2-CH2,-S(O)-CH3, -CH2-CH2-
S(0)2-CH3, -CH=CH-0O-CH3, -Si(CH3)3, -CH2-CH=N-OCH3, and -CH=CH-N(CH3)-
CH3. Up to two heteroatoms may be consecutive, such as, for example, -CH2-NH-OCH3
and —CH2-O-Si(CH3)3. Similarly, the term “heteroalkylene” by itself or as part of another
substituent means a divalent radical derived from heteroalkyl, as exemplified, but not limited
by, -CH2-CH2-S-CH2 CH2- and —-CH2-S-CH2-CH2-NH-CH2-. For heteroalkylene groups,
the same or different heteroatoms can also occupy either or both of the chain termini
(including but not limited to, alkyleneoxy, alkylenedioxy, alkyleneamino, alkylenediamino,
aminooxyalkylene, and the like). Still further, for alkylene and heteroalkylene linking
groups, no orientation of the linking group is implied by the direction in which the formula of
the linking group is written. For example, the formula —C(O)2R’ represents both —C(O)2R’
and —R’C(O)2.

[80] The terms “cycloalkyl” and “heterocycloalkyl”, by themselves or in
combination with other terms, represent, unless otherwise stated, cyclic versions of “alkyl”
and “heteroalkyl”, respectively. Thus, a cycloalkyl or heterocycloalkyl include saturated,
partially unsaturated and fully unsaturated ring linkages. Additionally, for heterocycloalkyl,
a heteroatom can occupy the position at which the heterocycle is attached to the remainder of
the molecule. Examples of cycloalkyl include, but are not limited to, cyclopentyl,
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. Examples of
heterocycloalkyl include, but are not limited to, 1—(1,2,5,6-tetrahydropyridyl), 1-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydroturan-2-yl,
tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl,
and the like. Additionally, the term encompasses bicyclic and tricyclic ring structures.
Similarly, the term “heterocycloalkylene” by itself or as part of another substituent means a
divalent radical derived from heterocycloalkyl, and the term “cycloalkylene” by itself or as
part of another substituent means a divalent radical derived from cycloalkyl.

[81] The term “aryl” means, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon substituent which can be a single ring or multiple rings (including but not
limited to, from 1 to 3 rings) which are fused together or linked covalently. The term
“heteroaryl” refers to aryl groups (or rings) that contain from one to four heteroatoms
selected from N, O, and S, wherein the nitrogen and sulfur atoms are optionally oxidized, and
the nitrogen atom(s) are optionally quaternized. A heteroaryl group can be attached to the

remainder of the molecule through a heteroatom. Non-limiting examples of aryl and
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heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-
phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-
thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-
pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-1soquinolyl,
5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for
each of the above noted aryl and heteroaryl ring systems are selected from the group of
acceptable substituents described below.

[82] For brevity, the term “aryl” when used in combination with other terms
(including but not limited to, aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl
rings as defined above. Thus, the term “arylalkyl” 1s meant to include those radicals in which
an aryl group is attached to an alkyl group (including but not limited to, benzyl, phenethyl,
pyridylmethyl and the like) including those alkyl groups in which a carbon atom (including
but not Iimited to, a methylene group) has been replaced by, for example, an oxygen atom
(including but not limited to, phenoxymethyl, 2-pyridyloxymethyl, 3-(1-naphthyloxy)propyl,
and the like).

[83] Each of the above terms (including but not limited to, “alkyl,” “heteroalkyl,”
“aryl” and “heteroaryl”) are meant to include both substituted and unsubstituted forms of the
indicated radical. Exemplary substituents for each type of radical are provided below.

[84] Substituents for the alkyl and heteroalkyl radicals (1including those groups
often referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of
groups selected from, but not limited to: -OR’, =0, =NR’, =N-OR’, -NR’R”, -SR”’, -halogen,
-SiR’R”R’’, OC(O)R’, -C(O)R’, -CO2R’, -CONR’R”, -OC(O)NR’R”, -NR”C(O)R’, NR’
C(O)NR”R’”, -NR”C(0O)2R’, -NR-C(NR’R”R’”)=NR””, NR C(NR’R”)=NR’”, -S(O)R’, -
S(O)2R’, -S(O)2NR’R”, NRSO2R’, -CN and —NO2 in a number ranging from zero to
(2m’+1), where m’ is the total number of carbon atoms 1n such a radical. R’, R”, R” and
R’ each independently refer to hydrogen, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, including but not limited to, aryl substituted with 1-3
halogens, substituted or unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl groups.
When a compound of the invention includes more than one R group, for example, each of the
R groups is independently selected as are each R’, R”, R’” and R groups when more than
one of these groups is present. When R’ and R” are attached to the same nitrogen atom, they

can be combined with the nitrogen atom to form a 5-, 6-, or 7-membered ring. For example, -
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NR’R” is meant to include, but not be limited to, I-pyrrolidinyl and 4-morpholinyl. From the
above discussion of substituents, one of skill in the art will understand that the term “alkyl” 1s
meant to include groups including carbon atoms bound to groups other than hydrogen groups,
such as haloalkyl (including but not limited to, -CF3 and —CH2CF3) and acyl (including but
not limited to, -C(O)CH3, -C(O)CF3, -C(O)CH20CH3, and the like).

[85] Similar to the substituents described for the alkyl radical, substituents for the
aryl and heteroaryl groups are varied and are selected from, but are not limited to: halogen,
OR’, =0, =NR’, =N-OR’, -NR’R”, -SR’, -halogen, -SiR’R”R””’, OC(O)R’, -C(O)R’,
CO2R’, -CONR’R”, -OC(O)NR’R”, -NR”C(O)R’, NR’ C(O)NR”R’’, -NR”C(0O)2R’, NR-
C(NR’R”R’”)=NR””, NR C(NR’R”)=NR’”, -S(O)R”’, -S(0O)2R’, -S(O)2NR’R”, NRSO2ZR’,
-CN and -NO2, -R’, -N3, -CH(Ph)2, fluoro(C1-C4)alkoxy, and fluoro(C1-C4)alkyl, in a
number ranging from zero to the total number of open valences on the aromatic ring system;
and where R’, R”, R”” and R are independently selected from hydrogen, alkyl, heteroalkyl,
aryl and heteroaryl. When a compound of the invention includes more than one R group, for
example, each of the R groups is independently selected as are each R’, R”, R*” and R™”
groups when more than one of these groups 1s present.

[86] The term “fatty acid” refers to a saturated or unsaturated acyl chain having
from 6 to 20 carbon atoms or derivative thereof. In some embodiments, the fatty acid may be
linked to a peptide component of the PK enhancer described herein and terminate 1n a
carboxylic acid or a methyl group. In some embodiments, the fatty acid linked to the peptide
component of the PK enhancer may terminate in a carboxylic acid. In some embodiments,
the fatty acid may be linked to the peptide component through an amide bond. In some
embodiments, the fatty acid may have between 10 and 18 carbon atoms. In some
embodiments, the fatty acid may have between 12 and 17 carbon atoms. In some
embodiments, the fatty acid may have 14, 15, or 16 carbon atoms. In some embodiments, the
fatty acid may have 15 carbon atoms.

[87] As used herein, the term “water soluble polymer” refefs to any polymer that 1s
soluble 1n aqueous solvents. Linkage of water soluble polymers to modified relaxin
polypeptides can result in changes including, but not limited to, increased or modulated
serum (in vivo) half-life, or increased or modulated therapeutic half-life relative to the
unmodified form, reduced or modulated immunogenicity or toxicity, modulated physical
association characteristics such as decreased aggregation and multimer formation, altered
receptor binding, altered binding to one or more binding partners, and altered receptor

dimerization or multimerization. The water soluble polymer may or may not have its own
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biological activity, and may be utilized as a linker for attaching modified relaxin to other
substances, including but not limited to one or more unmodified or modified relaxin
polypeptides, or one or more biologically active molecules. Suitable polymers include, but
are not limited to, polyethylene glycol, polyethylene glycol propionaldehyde, mono C1-C10
alkoxy or aryloxy derivatives thereof (described in U.S. Patent No. 5,252,714 which is
incorporated by reference herein), monomethoxy-polyethylene glycol, discrete PEG,
polyvinyl pyrrolidone, polyvinyl alcohol, polyamino acids, divinylether maleic anhydride, N-
(2-Hydroxypropyl)-methacrylamide, dextran, dextran derivatives including dextran sulfate,
polypropylene glycol, polypropylene oxide/ethylene oxide copolymer, polyoxyethylated
polyol, heparin, heparin fragments, polysaccharides, oligosaccharides, glycans, cellulose and
cellulose derivatives, including but not limited to methylcellulose and carboxymethyl
cellulose, starch and starch derivatives, polypeptides of two or more amino acids,
polyalkylene glycol and derivatives thereof, copolymers of polyalkylene glycols and
derivatives thereof, polyvinyl ethyl ethers, and alpha-beta-poly[(2-hydroxyethyl)-DL-
aspartamide, and the like, or mixtures thereof. Examples of such water soluble polymers
include, but are not limited to, polyethylene glycol and serum albumin.

I88] As used herein, the term "polyalkylene glycol” (PEG) or “poly(alkene glycol)”
refers to polyethylene glycol (poly(ethylene glycol)), polypropylene glycol, polybutylene
glycol, and derivatives thereof. The term “polyalkylene glycol” encompasses both linear and
branched polymers and average molecular weights of between 0.1 kDa and 100 kDa. Other
exemplary embodiments are listed, for example, in commercial supplier catalogs, such as
Shearwater Corporation's catalog "Polyethylene Glycol and Derivatives for Biomedical
Applications” (2001).

[89] As used herein, the terms "modulated serum half—life". or "modulated in vivo
half-life" and similar terms refer to the positive or negative change in circulating half-life of a
modified relaxin relative to a comparator such as its non-modified form or the wild-type
relaxin. Serum half-life can be measured by taking blood samples at various time points after
administration of a modified relaxin, and determining the concentration of that molecule 1n
each sample. Correlation of the serum concentration with time allows calculation of the
serum half-life. Increased serum (in vivo) half-life desirably may be at least about two-fold,
but a smaller increase may be useful, for example where it enables a satisfactory dosing
regimen or avoids a toxic effect. In some embodiments, the increase may be at least about

three-fold, at least about five-fold, at least about ten-fold, at least about twenty-fold, or at
least about fifty-fold.
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[90] The term “modulated therapeutic half-life” as used herein means the positive
or negative change in the serum or in vivo half-life of the therapeutically effective amount of
the modified relaxin polypeptide described herein, relative to a comparator such as 1ts non-
modified form or the wild-type relaxin. Therapeutic half-life 1s measured by measuring
pharmacokinetic and/or pharmacodynamic properties of the molecule at various time points
after administration. Increased therapeutic half-life desirably enables a particular beneficial
dosing regimen, a particular beneficial total dose, or avoids an undesired effect. In some
embodiments, the increased therapeutic half-life results from increased potency, increased or
~ decreased binding of the modified molecule to its target, increased or decreased breakdown
of the molecule by enzymes such as proteases, or an increase or decrease in another
parameter or mechanism of action of the non-modified molecule or an increase or decrease 1n
receptor-mediated clearance of the molecule. In some embodiments, the increase 1n
therapeutic half-life may be at least about two-fold, at least about three-fold, at least about
five-fold, at least about ten-fold, at least about twenty-fold, or at least about fifty-fold.

[91] The term "isolated," when applied to a nucleic acid or protein, denotes that the
nucleic acid or protein is free of at least some of the cellular components with which it 1s
associated in the natural state, or that the nucleic acid or protein has been concentrated to a
level greater than the concentration of its in vivo or in vitro production. It can be in a
homogeneous state. Isolated substances can be in either a dry or semi-dry state, or 1n
solution, including but not limited to, an aqueous solution. It can be a component of a
pharmaceutical composition that comprises additional pharmaceutically acceptable carriers
and/or excipients. Purity and homogeneity are typically determined using analytical
chemistry techniques such as polyacrylamide gel electrophoresis or high performance liquid
chromatography. A protein which is the predominant species present in a preparation 1S
substantially purified. In particular, an isolated gene is separated from open reading tframes
which flank the gene and encode a protein other than the gene of interest. The term
"purified" denotes that a nucleic acid or protein gives rise to substantially one band 1n an
electrophoretic gel. Particularly, it may mean that the nucleic acid or protein 1s at least 85%
pure, at least 90% pure, at least 95% pure, at least 99% or greater pure.

[92] The term "nucleic acid" refers to deoxyribonucleotides, deoxyribonucleosides,
ribonucleosides, or ribonucleotides and polymers thereof in either single- or double-stranded
form. Unless specifically limited, the term encompasses nucleic acids containing known
analogues of natural nucleotides which have similar binding properties as the reference

nucleic acid and are metabolized in a manner similar to naturally occurring nucleotides.
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Unless specifically limited otherwise, the term also refers to oligonucleotide analogs
including PNA (peptidonucleic acid), analogs of DNA used in antisense technology
(phosphorothioates, phosphoroamidates, and the like). Unless otherwise indicated, a
particular nucleic acid sequence also implicitly encompasses conservatively modified
variants thereof (including but not limited to, degenerate codon substitutions) and
complementary sequences as well as the sequence explicitly indicated.

[93] The terms “polypeptide,” “peptide” and “protein” are used interchangeably
herein to refer to a polymer of amino acid residues. That is, a description directed to a
polypeptide applies equally to a description of a peptide and a description of a protein, and
vice versa. The terms apply to naturally occurring amino acid polymers as well as amino
acid polymers in which one or more amino acid residues is a non-naturally encoded amino
acid. As used herein, the terms encompass amino acid chains of any length, including full
length proteins, wherein the amino acid residues are linked by covalent peptide bonds.

[94] “Conservatively modified variants” refers to amino acid sequences containing
conservative substitutions. Exemplary conservatively modified variants include substitutions,
deletions or insertions to a nucleic acid, peptide, polypeptide, or protein sequence which
alters, adds or deletes a single amino acid or a small percentage of amino acids in the
polypeptide sequence or encoded polypeptide sequence, e.g., up to 1, 2, 3, 4, or 5 amino
acids, or up to 0.5%, 1%, 1.5%, 2%, 2.5%, or 3.5% of the amino acids in the polypeptide
sequence or encoded polypeptide sequence, which optionally may be or may include
substitution of amino acid(s) with chemically similar amino acid(s). Conservative
substitution tables providing functionally similar amino acids are known to those of ordinary
skill in the art. Such conservatively modified variants are in addition to and do not exclude
polymorphic variants, interspecies homologs, and alleles of the disclosed modified relaxin
polypeptides.

[95] Conservative substitution tables providing functionally similar amino acids are
known to those of ordinary skill in the art. The following eight groups each contain amino

acids that are conservative substitutions for one another:

1) Alanine (A or Ala), Glycine (G or Gly);

2) Aspartic acid (D or Asp), Glutamic acid (E or Glu);

3) Asparagine (N or Asn), Glutamine (Q or Gln);

4) Arginine (R or Arg), Lysine (K or Lys), Histidine (H or His);

J) Isoleucine (I or Ile), Leucine (L or Leu), Methionine (M or Met), Valine (V or
Val);
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6) Phenylalanine (F or Phe), Tyrosime (Y or Tyr), Tryptophan (W or Trp);
7) Serine (S or Ser), Threonine (T or Thr); and
8) Cysteine (C or Cys), Methionine (M or Met)

(see, e.g., Creighton, Proteins: Structures and Molecular Properties (W H Freeman & Co.;
2nd edition (December 1993 )

[96] The terms “identical” or percent “identity,” in the context of two or more
nucleic acids or polypeptide sequences, refer to two or more sequences or subsequences that
are the same. Sequences are "substantially identical” 1f they have a percentage of amino acid
residues or nucleotides that are the same (i.e., about 60% i1dentity, about 65%, about 70%,
about 75%. about 80%, about 85%, about 90%, about 95%, about 96%, about 97%., about
98%, about 99%, i1dentity over a specified region), when compared and aligned for
maximum correspondence over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms (or other algorithms available to
persons of ordinary skill in the art) or by manual alignment and visual ispection. The
1dentity may exist over a region or comparison window that 1s at least about 20 amino acids
or nucleotides 1in length, or over a region that 1s at least about 25 amino acids or nucleotides
in length, or, where not specified, across the entire sequence of a polynucleotide or
polypeptide. A “comparison window”, as used herein, includes reference to any segment of
contiguous positions, for example, at least or about 10, 15, 20, 25, or 30 amino acids, in
which a sequence may be compared to a reference sequence of the same number of
contiguous positions after the two sequences are optimally aligned. Examples of algorithms
that may be suitable for determining percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in Altschul et al. (1997) Nuc. Acids
Res. 25:3389-3402, and Altschul ef al. (1990) J. Mol. Biol. 215:403-410, respectively, as well
as the Smith-Waterman (Smith and Waterman, J Mol Biol. 1981 Mar 25;147(1):195-7), or
Needleman-Wunsch (Needleman and Wunsch, J Mol Biol. 1970 Mar;48(3):443-33)
algorithms, which may be run with the default parameters, e€.g., as described in those
respective publications.

[97] The term "subject"” as used herein, refers to an animal, 1n some embodiments a
mammal, and 1n other embodiments a human, who 1s the object of treatment, observation or
experiment. An animal may be a companion animal (e.g., dogs, cats, and the like), farm
animal (e.g., cows, sheep, pigs, horses, and the like) or a laboratory animal (e.g., rats, mice,

guinea pigs, and the like).
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[98] The term “effective amount™ as used herein refers to that amount of the
compound (e.g., a modified relaxin polypeptide described herein) being administered which
may prevent, cure, relieve, alleviate, delay the onset, decrease the severity, or reduce to some
extent one or more of the symptoms of the disease, condition or disorder being treated.
Compositions containing the modified relaxin polypeptide described herein can be
administered for prophylactic, enhancing, and/or therapeutic treatments.

[99] The terms “enhance” or “enhancing” means to increase or prolong either in
potency or duration a desired effect. Thus, 1n regard to enhancing the etfect of therapeutic
agents, the term “enhancing’ refers to the ability to increase or prolong, either 1n potency or
duration, the effect of other therapeutic agents on a system.

[100] In prophylactic applications, compositions containing the modified relaxin
polypeptide are administered to a patient susceptible to or otherwise at risk of a particular
disease, disorder or condition. Such an amount is defined to be a "prophylactically effective
amount."

[101] In therapeutic applications, compositions comprising the modified non-natural
amino acid polypeptide are administered to a patient already suffering from a disease,
condition or disorder, in an amount sufficient to cure or at least partially arrest or alleviate the
symptoms of the disease, disorder or condition. Such an amount 1s defined to be a
“therapeutically effective amount,” and may depend on the severity and course of the disease,
disorder or condition, previous therapy, the patient's health status and response to the drugs,
and the judgment of the treating physician. It i1s considered well within the skill of the art for
one to determine such therapeutically effective amounts by routine experimentation (e.g., a
dose escalation clinical trial).

[102] The term “treating’ is used to refer to prophylactic and/or therapeutic
freatments.

[103] "Reducing agent," as used herein with respect to protein refolding, is defined
as any compound or material which maintains sulthydryl groups 1n the reduced state and
reduces intra- or intermolecular disulfide bonds. Suitable reducing agents include, but are not
limited to, dithiothreitol (DTT), 2-mercaptoethanol, cysteine, cysteamine (2-
aminoethanethiol), and reduced glutathione. It is readily apparent to those of ordinary skill in
the art that a wide variety of reducing agents are suitable for use in the methods and
compositions of the present invention.

[104] "Oxidizing agent," as used herein with respect to protein refolding, 1s defined

as any compound or material which is capable of removing an electron from a compound
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being oxidized. Suitable oxidizing agents include, but are not limited to, oxidized
glutathione, cystine, cystamine, oxidized dithiothreitol, oxidized erythreitol, and oxygen. It is
readily apparent to those of ordinary skill in the art that a wide variety of oxidizing agents are
suitable for use in the methods of the present invention.

[105] "Denaturing agent” or "denaturant,” as used herein, is defined as any
compound or material which will cause a reversible unfolding of a protein. The strength of a
denaturing agent or denaturant will be determined both by the properties and the
concentration of the particular denaturing agent or denaturant. Suitable denaturing agents or
denaturants may be chaotropes, detergents, organic solvents, water miscible solvents,
phospholipids, or a combination of two or more such agents. Suitable chaotropes include, but
are not limited to, urea, guanidine, and sodium thiocyanate. Useful detergents may include,
but are not limited to, strong detergents such as sodium dodecyl sulfate, or polyoxyethylene
ethers (e.g. Tween or Triton detergents), Sarkosyl, mild non-1onic detergents (e.g., digitonin),
mild cationic detergents such as N->2,3-(Dioleyoxy)-propyl-N,N,N-trimethylammonium,
mild 1onic detergents (e.g. sodium cholate or sodium deoxycholate) or zwitterionic detergents
including, but not limited to, sulfobetaines (Zwittergent), 3-(3-
chlolamidopropyl)dimethylammonio-1-propane sulfate (CHAPS), and 3-(3-
chlolamidopropyl)dimethylammonio-2-hydroxy-1-propane sulfonate (CHAPSO). Organic,
water miscible solvents such as acetonitrile, lower alkanols (especially C2 - C4 alkanols such
as ethanol or isopropanol), or lower alkandiols (especially C2 - C4 alkandiols such as
ethylene-glycol) may be used as denaturants. Phospholipids useful in the present invention
may be naturally occurring phospholipids such as phosphatidylethanolamine,
phosphatidylcholine, phosphatidylserine, and phosphatidylinositol or synthetic phospholipid
derivatives or variants such as dihexanoylphosphatidylcholine or
diheptanoylphosphatidylcholine.

[106] "Refolding," as used herein describes any process, reaction or method which
transforms disulfide bond containing polypeptides from an improperly folded or untolded
state to a native or properly folded conformation with respect to disulfide bonds.

[107] "Co-folding," as used herein, refers specifically to refolding processes,
reactions, or methods which employ at least two polypeptides which interact with each other
and result 1n the transformation of unfolded or improperly folded polypeptides to native,
properly folded polypeptides.

[108] The term “protected” refers to the presence of a “protecting group” or moiety

that prevents reaction of the chemically reactive functional group under certain reaction
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conditions. The protecting group will vary depending on the type of chemically reactive
group being protected. For example, if the chemically reactive group 1s an amine or a
hydrazide, the protecting group can be selected from the group of tert-butyloxycarbonyl (-
Boc) and 9-fluorenylmethoxycarbonyl (Fmoc). If the chemically reactive group is a thiol, the
protecting group can be orthopyridyldisulfide. If the chemically reactive group is a carboxylic
acid, such as butanoic or propionic acid, or a hydroxyl group, the protecting group can be
benzyl or an alkyl group such as methyl, ethyl, or tert-butyl. Other protecting groups known
in the art may also be used in or with the methods and compositions described herein,
including photolabile groups such as Nvoc and MeNvoc. Other protecting groups known in
the art may also be used 1n or with the methods and compositions described herein.

[109] By way of example only, blocking/protecting groups may be selected from:

: »
HZC"’C““C” ™ ©/ H,C” ﬁz \,/ HaC™™
H, 5
allyl Bn Cbz alloc Me
H, HsC._ CHa \/ o
C - ..--'Si "
H3C/ — (H3C)3C (H3C)3C ™~ /Sl\/\o/u\
Et t-butyl TBDMS Teoc
O
C'---.. HZC""O
(CH3)sC” W]/ O/ (CgHs)aC— CJ\
H3
HsCO
Boc pMBn trityl acetyl

Fmoc

[110] Other protecting groups are described in Greene and Wuts, Protective Groups
in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY, 1999, which 1s
incorporated herein by reference in its entirety.

[111] The terms “disorders of the cardiovascular system™ or “cardiovascular
disorders” include for example the following disorders: hypertension (high blood pressure),
peripheral and cardiac vascular disorders, coronary heart disease, stable and unstable angina
pectoris, heart attack, myocardial insufficiency, abnormal heart rhythms (or arrhythmias),
persistent ischemic dysfunction ("hibernating myocardium"), temporary postischemic
dysfunction ("stunned myocardium"), heart failure, disturbances of peripheral blood tlow,
acute coronary syndrome, heart failure, heart muscle disease (cardiomyopathy), myocardial

infarction and vascular disease (blood vessel disease).
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[112] The term “heart failure” includes both acute and chronic manifestations of
heart failure, as well as more specific or related types of disease, such as advanced heart
failure, post-acute heart failure, cardio-renal syndrome, heart failure with impaired kidney
function, chronic heart failure, chronic heart failure with mid-range ejection fraction
(HFmEF), compensated heart failure, decompensated heart failure, right heart failure, left
heart failure, global failure, 1schemic cardiomyopathy, dilated cardiomyopathy, heart failure
associated with congenital heart defects,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>