wo 2016/130518 A2 |1 0F V00 00000 A O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date
18 August 2016 (18.08.2016)

(10) International Publication Number

WO 2016/130518 A2

WIPOIPCT

(51) International Patent Classification:
A61K 38/39 (2006.01) A61K 38/18 (2006.01)

(21) International Application Number:

PCT/US2016/017102

(22) International Filing Date:

9 February 2016 (09.02.2016)
(25) English
(26)

(30)

Filing Language:

Publication Language: English

Priority Data:

62/113,943 9 February 2015 (09.02.2015) Us
62/145,770 10 April 2015 (10.04.2015) Us

62/150,679 21 April 2015 (21.04.2015) Us

Applicant: PHASEBIO PHARMACEUTICALS, INC.
[US/US]; One Great Valley Parkway, Suite 30, Malvern,
Pennsylvania 19355 (US).

Inventors: GEORGOPOULQOS, Lynne; c/o Phasebio
Pharmaceuticals, Inc., One Great Valley Parkway, Suite
30, Malvern, Pennsylvania 19355 (US). ARNOLD, Susan;
c/o Phasebio Pharmaceuticals, Inc., One Great Valley Park-
way, Suite 30, Malvern, Pennsylvania 19355 (US). BAL-
LANCE, David James; c/o Phasebio Pharmaceuticals,
Inc., One Great Valley Parkway, Suite 30, Malvern,
Pennsylvania 19355 (US).

Agents: TUSCAN, Michael et al; Cooley LLP, 1299
Pennsylvania Avenue, N.W., Suite 700, Washington, Dis-
trict of Columbia 20004-2400 (US).

1

(72

74

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

with sequence listing part of description (Rule 5.2(a))

(54) Title: METHODS AND COMPOSITIONS FOR TREATING MUSCLE DISEASE AND DISORDERS

FIG. 1A

Fractional Area Shortening - MDX

60» v PBLOJ6 9: %*
50 control : bt
-= Control
40 - PB1046
30
0 10 20 30
Time {week)

(57) Abstract: The present disclosure provides a method of treating muscle myopathy, including muscle dystrophies and cardiomy-
opathies, by administering stable, long-lasting vasoactive intestinal peptide therapeutic agents. These agents include one or more

elastin-like peptides and can be administered at a low-dose.



WO 2016/130518 PCT/US2016/017102

METHODS AND COMPOSITIONS FOR TREATING MUSCLE DISEASE AND
BISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001] This Apphication claims the benefit of US. Provisional Application No. 62/113,943 filed
February 9, 2015, US. Provisional Apphication No. 62/145,770 filed April 10, 2015, and

62/150,679, filed April 21, 20135, the contents of each of which are hereby incorporated by

reference in their entireties.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

[0002] The contents of the text file submutted electronically herewith are mcorporated herein by
reference in their entirety: a computer readable format copy of the sequence listing (filename:

PHAS 032/04W0 __ Seqglast_ST25.ixt, date recorded: February 9, 2016, file size 32 kilobytes).

BACKGROUND

{0003] Duchenne and Becker muscular dystrophies (DMD and BMD) represent the muost
frequent neuromuscular diseases in human, occurring 1o one of 3,500 to one n 6,000 live male
births depending on the population studied (Bushby et al. (2010)). DMD and BMD are allelic
disorders resulting from mutations in the dystrophin gene. In DMD, functioning dystrophin is
completely absent from muscle, while in BMD there is some dystrophin present, although not in
sufficient amounts for normal muscle function. In addition to skeletal muscle weakness,
dystrophin deficiency in the myocardium results in a progressive cardiomyopathy.

{0604] Currently there are no approved therapies specific to the treatment of DMD/BMD. High
dose corticosteroids are often used to treat muscle weakness and to maintain ambulation as long
as possible, but these are associated with unacceptable side effects and/or suboptimal responses.
It 15 also uncertain whether these therapeutics help or hinder cardiac function. Additional
therapeutic approaches are needed to treat both the skeletal and cardiac abnormalities of

muscular dystrophies.
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SUMMARY OF THYE INVENTION

{0005] The present disclosure provides long-lasting Vasoactive Intestinal Peptide (VIP)
therapeutics to treat, delay, prevent, or ameliorate muscle myopathy. Myopathic muscles sustain
damage during repeated contractions but, because they lack the ability to properly repair
themselves, the muscles develop defects such as fibrotic lesions. These defects can inhibit
muscle function, often by impatring the muscle’s ability to contract. Preventing, delaying, or
ameliorating these defects from forming can treat muscle myopathy in patients. The VIP
therapeutics disclosed herein can also improve cardiac function in patients with muscle
myopathies,

{0006] In some aspects, the present disclosure provides a method for treating muscle myopathy
comprising administering to a patient in need thereof a pharmaceutical composition comprising a
Vasoactive Intestinal Peptide (VIP) and one or more elastin-like peptides (ELP).

{8607] In some aspects, the present disclosure provides a method for protecting against muscle
contraction-induced injury i 3 patient in need thereof comprising administering a
pharmaceutical composition comprising a Vasoactive Intestinal Peptide (VIP) and one or more
elastin-like peptides (ELP}.

[{B008] In some aspects, the present disclosure provides a method for slowing the progression of
cardiomyopathy comprising admumistering to a patient in need thereof a pharmaceutical
composition comprising a Vasoactive Intestinal Peptide (VIP) and one or more elastin-like
peptides (ELP).

{8009] In some aspects, the present disclosure provides a method for treating cardiomyopathy
comprising administering to a patient in need thereof a pharmaceutical composition comprising a
Vasoactive Intestinal Peptide (VIP) and one or more elastin-like peptides (ELP).

{0010} In some aspects, the pharmaceutical composition comprises the amino acid sequence of

SEQ ID NGO 15.
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BRIEF DESCRIPTION OF THYE FIGURES

{0011} Figure 1A-B shows cardiac function monitored via echocardiography: n=10- 11, *P<
0.05 vs controls. Panel A shows the fractional area shortening in MDX (dystrophin deficient
mice}). Panel B shows the E/A ratio it MDX mice. PB1046 treatment preserves fractional area
shortening after 32 weeks of treatment PB1046 administration before cardiomyopathy
developed preserved the QRS duration in mdx and double knockout mice, and slowed the

deterioration of cardiac function (fractional area shortening and E/A ratios) i mdx nuce.

{0012] Figure 2A-E shows the in vivo assessment of left ventricular function m MDX mice ina
terminal procedure. n =4 - 5 (MDX) and n = 2 (DKO}, P< 0.05 vs controls. Both mdx and
double knockout treated animals showed preserved dP/din. (contraction) and faster Tau

{relaxation).

{6013] Figure 3A-B shows the results from evaluation of skeletal muscle physiology in isolated
extensor digitorum longus muscles from MDX mice n = 4 — 16, Treatment with PB1046
maintained eccentric contraction compared with untreated mice, indicating that the muscles
the treatment group were more resistant to contraction-induced damage.

{0014] Figure 4A~C shows collagen content (Panels A-B) in MDX mice measured with Sirius
Red staining. Macrophage identification (Panel C) was determined via immunohistochemistry n
=4 -7, "P<0.05 vs controls. The degree of fibrosis as determined by collagen deposition was

reduced 1 both skeletal muscle {gastrocnemius) and cardiac muscle.

DBETAVLED DESCRIPTION

{8615] Muscle myopathies, which may affect skeletal or cardiac muscle, are disorders in which
muscle fibers no longer function correctly, resulting in muscle weakness which can lead to
muscle wasting, paralysis, and even death. Cardiac dysfunction is a frequent manifestation of
various muscular myopathies, and 1s a common cause of death for mdividuals with these
conditions.

[{0616] Often, 1n inherited myopathies such as muscular dystrophies, patients exhibit a mutation

in the dystrophin gene. The dystrophin gene plays both a structural and regulatory role 1n muscle
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contraction. Dystrophin s part of a larger membrane-spanning complex, the dystrophin
elycoprotein complex (DGC) (Lapidos et al. {2004)), the absence of which directly impacts
contractility. In many muscular myopathy patients (e.g. Duchenne or Becker Muscular
Dystrophies, or dystrophin-associated cardiomyopathy), the dystrophin protein may be
completely absent or only partially functioning. Absence of dystrophin increases ntracellular
calcium and results 1 an overproduction of nitric oxide, which triggers protein degradation,
fibrosis, necrosis, the activation of macrophages, and ultimately results in skeletal and
cardiomyopathy (Townsend et al. (2011); Judge et al. (2011)).

[8017] Io cardiomvocytes, these pathologic consequences are mediated n part by an increase in
calcium permeability and increased myocyte calcium concentrations, which in turn tmtiates a
cascade of events including expression of inflammatory cytokines within the myocytes, and
flammatory cells responding to myocyte necrosis {Zhou et al. (2010); Khinger et al. (2012}).
Further, disruption of intracellular cyclic guanosine monophosphate (cGMP) signaling pathways
directly contributes to loss of muscle function (Lapidos et al. (2004)); Townsend et al. (2011},

Byers et al. {1991)).

[6018] In addition to direct effects on muscle function, the loss of dystrophin and consequent
changes in nitric oxide synthase activity results in mitochondnal and metabolic stress which
stimulates cytokine production and cell apoptosis. These events result in further loss of muscle
mass, loss of muscle function, and ultimately in fibrosis. In particular, cardiomyocyte stress
imcreases production of IL-6 and TGF-B, which stimulate fibroblasts, collagen synthesis, and

mfiltration of macrophages, all of which contribute to the increased fibrosis.

{0019} In healthy muscles, following acute tissue mjury, infiltrating inflammatory cells and
resident stem cells restore tissue homeostasis. However, during chronic tissue damage, such as in
muscular dystrophies, inflammatory-cell nfiltration and fibroblast activation persist, while the
reparative capacity of stem cells {e.g. satellite cells) is attenuated. In many dysirophies the
muscle undergoes constant cycles of fiber degeneration associated with chronic inflammation. In
DMD, the satellite-cell population responsible for repairing muscle damage 1s either exhausted

over time, or it loses the capacity to mediate repair, and the muscle tissue is progressively
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replaced by adipose and fibrotic tissue. Fibrosis and loss of muscle tissue in dystrophies reduces
motile and contractile functions.

{00208} Muscular fibrosis 1s the excessive formation of fibrous bands of scar tissue in between
muscle fibers. Although fibrosis may develop in any organ, skeletal muscle fibrosis and cardiac
muscle fibrosis are the only known muscle fibroses. Fibrous scar tissue develops after the
muscle has been damaged to fill in the open spaces in the injured muscle, providing more surface
area for the regenerating muscle fibers to adhere to. The connective tissue cells that comprise
scar fissue are unable to contract and relax to enable movement. Once the overproduction of
fibrous scar tissue begins, the muscle becomes progressively weaker.

{0021] Vasoactive Intestinal Peptide (VIP) plays a role in the development of fibrosis. VIP acts
through the VPACT and VPAC2 receptors to, among other activities, increase cAMP and ¢GMP
fevels. Importantly, i murine macrophages, VIP has been shown to decrease TGF-f production,
an important mediator of cardiac fibrosis in DMD {Ameen et al. (2010); Burks et al {2011},
Bujak et al (2007)). VIP also stimulates regulatory T cells (T} which suppress muscle

mflammation and 1njury 10 muscular dystrophy (Villata et al. (2014)),

[0022] The present disclosure provides a method of preventing, delaying, or ameliorating the
onset of symptoms (including the development of muscle fibrosis) in myopathy patients by

administering stable, long-acting Vasocactive Intestinal Peptide (VIP) therapeutics.

Vasoactive Intestinal Peptides

{8023] Vasoactive ntestinal peptide (VIP) is a neuropeptide which binds to two receptors,
VPACT and VPACZ. VIP and its functionally and structurally related analogs are known to have
many physiological functions, mcluding smooth muscle relaxation (bronchodilation, mtestinal
mobility) and modulation of varnous mmone functions {(anti-inflarmomation, 1mmune cell
protection) (Hinkle et al. (2005)).

{0024} Mature VIP has 28 amuno acid residues with the following sequence:
HSDAVFTDNYTRLRKOMAVKKYLNSIEN (SEQ 1D NO: 17}, VIP results from processing

of the 170-amino acid precursor molecule prepro-VIP. Structures of VIP and exemplary analogs

5
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have been described in US Patents 4,835,252 4,939,224 5141924, 4,734,400, 4,605,641,
6,080,837, 6,316,593, 5.677.419, 5,072,883, 6,489,207, 7,094,755, and 6,608,174,

{0025} In some aspects the disclosure provides therapeutic compositions that may include one or
more VIP peptides, variants, or analogs. In some embodiments, the VIP peptide is a variant. In
some embodiments, the VIP peptide s an analog. In some embodiments, the VIP peptide s
mature VIP (e.g. SEQ ID NO: 17). In some embodiments, the VIP peptide 1s modified compared
to mature VIP {e.g. SEQ ID NO: 17). In some embodiments, the modified VIP peptide 15 a
vartant compared to mature VIP (e.g. SEQ ID NO: 17} In some embodiments, the modified VIP
peptide 15 a functional variant compared to mature VIP (eg SEQ ID NO: 17). In some
embodiments, the modified VIP peptide 15 a functional analog compared to mature VIP {e.g.
SEQIDNG: 17).

[0026] In some embodiments, the modified VIP peptide contains one or more amuno acid
substitutions compared to the ammno acid sequence of matuwe VIP (eg SEQ ID NO: 17). In
some embodiments, one to 20 amune acids are substituted compared to the amino acid sequence
of mature VIP (SEQ ID NO: 17). In some embodiments, the modified VIP peptide contains
about 1, about 2, about 3, about 4, about 5, about 6, about 7, about &, about 9, or about 10 amino
acid substitutions compared to the anmino acid sequence of mature VIP (SEQ ID NGO 17}

{0627} In some embodiments, the modified VIP peptide contains one or more amuno acid
deletions compared to the aming acid sequence of mature VIP (SEQ ID NO: 17). In some
embodiments, one to 20 amino acids are deleted compared to the amino acid sequence of mature
VIP (SEQ 1D NO: 173, In some embodiments, the modified VIP peptide has about 1, about 2,
about 3, about 4, about 5, about 6, about 7, about 8, about 9, or about 10 amino acid deletions
compared to the amino acid sequence of mature VIP (SEQ ID NO: 17). In some embodiments,
one to ten amino acids are deleted at etther terminus compared to the amino acid sequence of
mature VIP (SEQ D NO: 17). In some embodiments, one to ten amino acids are deleted from
both termini compared to the amino acid sequence of mature VIP (SEQ ID NO: 17). In some
embodiments, the amino acid sequence of the modified VIP peptide is at least about 70%
identical to the amino acid sequence of mature VIP (SEQ D NO: 17). In some embodiments, the

amino acid sequence of the modified VIP peptide 1s about 70%, about 80%, about 85%, about

6
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90%, about 95%, about 96%, or about 97% identical to the amino acid sequence of mature VIP
(SEQ 1D NO: 17). Percentage identity can be calculated using the alignment program
ClustalW2, available at http://’www.ebi.ac uk/Tools/psa/emboss_needle/. The following default
parameters may be used for Pairwise alignment: Protein Weight Matrix = BLOSUMG62; Gap
Open = 10; Gap Extension =0.1.

{0028] In various aspects, the present disclosure provides a moditied VIP peptide having relative
receptor preference for VPAC2 or VPACH, as compared to mature VIP {(1.e, SEQ ID NG: 17).
For example, the modified VIP peptide may have a relative binding preference for VPAC2 over
VPAC! of at least about 2:1, about 5:1, about 10:1, about 25:1, about 50:1, about 100:1, about
500:1 or more. In other embodiments, the modified VIP peptide may have a relative binding
preference for VPACT over VPACZ of at least about 2:1, about 5:1, about 10:1, about 25:1,
about 50:1, about 100:1, about 500:1, or more. For example, mn certain embodiments, the
modified VIP peptide activates the VPACZ receptor with an ECS0 within a factor of about 2 - 4
of mature human VIP (SEQ ID NO: 17). However, 1 some embodiments, this same modified
VIP peptide ts 50~ or 100-fold or more less potent than mature, unmodified, human VIP peptide
(SEQ ID NO: 173 in activating the VPACT receptor.

{08029] In some embodiments, the modified VIP peptide contains additional amino acid residues
compared to mature VIP (SEQ ID NO: 17). In some embodiments, the modified VIP peptide
contains an one or more amino acids added at the N- and/or C-terminus compared to mature VIP
(SEQ ID NOG: 17). Such modified VIP peptides may contain modified N-terminal regions, such
as an addition of from 1 to about 500 amino acids to the N-terminal histidine of VIP, which may
mclude heterclogous mammahan (eg non-human} amino acid sequences. The additional
sequence added to the N-terminus of VIP may be of any sequence, including bislogically active
and biologically nert sequences of from 1 to about 100, 1 to about 50, 1 to about 20, 1 to about
10, and 1 to about 5 amino acids. For example, the modified VIP may contain a single
methionine at the N-termunal end of the natural N-termuinal histidine of mature VIP. While
methionine can sometimes be removed by methionine aminopeptidase (MA) in bacterial
expression systems, histidine (H) is one of the least favored residues at position 2 for MA. In

some embodiments, the modified VIP peptide 1s SEQ 1D NO: 14. Such modified VIP peptides

7
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containing an N-terminal methionine can be prepared in £ cofi or other bacterial or vyeast
expression systems, since the methionine will not be removed by ¥ cofi when the adjacent amino
actd 1s histidine. Alternatively, the N-terminal amino acid may be any of the naturally-occurring
amino acids, namely alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glveine, histidine, isoleucine, leucine, lysine, methionime, phenylalanine, serine,
threonine, tryptophan, tyrosine, valine, and proline. In other embodiments, the VIP peptide 1s
activatable by a peptidase or protease, such as an endogenous peptidase or protease. Such
activatable sequences are described, for example, in International Application No.
PCT/US2009/068656. As used herein, the terms “peptidase” and “protease” are interchangeable.
For example, the VIP peptide mav be designed to be activatable by a dipeptidy] peptidase.
Exemplary dipeptidy! peptidases include dipeptidy! peptidase-1 (DPP-I), dipeptidyl peptidase-3
(DPP-III), dipeptidyl peptidase-4 (DPP-IV), dipeptidyl peptidase-6 (DPP-VI}, dipeptidyl
peptidase-7 (DPP-VI), dipeptidyl peptidase-8 (DPP-VIH), dipeptidyl peptidase-9 {DPP-IX),
dipeptidyl peptidase-10 (BPP-X}. Substrate sequences for such dipeptidases are known.

[8030] In some embodiments, the N-terminus of an activatable VIP peptide may have the
structure Z-N, where 7 15 a substrate for a dipeptidase (e.g., 7 1s removed by dipeptidase
exposure), and N 1s the N-terminus of VIP. The activatable VIP peptide may have an N-ternunal
sequence with the formula M-X-N where M 1s methionine, X 1s Pro, Ala, or Ser, and N 1s the N-
terminal of VIP or VIP analog. In this manner, M and X will be sensitive to, and removed by a
host cell (e.g., £. coli), and/or a dipeptidase {e.g., DPP-1V}, subsequently. Alternatively, the N-
terminal sequence of the activatable VIP may be X1-X2-N, where X1 1s Gly, Ala, Ser, Cys, Thr,
Val or Pro; X2 15 Pro, Ala, or Ser; and N is the N-terminal of VIP. X1-XZ i3 a substrate for
dipeptidase {e.g., DPP-1V), and dipeptidase digestion will expose N, the desired N-terminus of
the VIP or the VIP analog In such embodiments, the VIP peptide may be produced by
expression of a construct encoding M-X1-X2-N (where M 15 methionine)} in a host cell (e.g., £.
coli.}, since Gly, Ala, Ser, Cys, Thr, Val, or Pro at the second position will signal the removal of
the Met, thereby leaving X1-X2 on the N-terminus, which can be activated by a dipeptidase (e.g.,
DPP-1V) in vivo. In some embodiments, the peptidase may be present in the body and act on the

activatable VIP peptide after injection.  In some embodiments, the activatable VIP peptide
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contains the amino acid sequence MAA added at the N-terminus compared to mature VIP (e.g.
SEQ 1D NQO: 17). In some embodiments, the activatable VIP peptide 1s SEQ ID NO: 18

{0031} In other embodiments, the N-terminus of the modified activatable VIP peptide has the
structure M-Z-N, where M s methionine, Z 1s a substrate for a dipeptidase (e.g., Z 15 removed by
dipeptidase exposure), and N is a non-His N-ternunal of an activatable VIP. For example, the
modified activatable VIP peptide may have an N-terminal sequence with the formula M-X-N
where M 1s methionine; X is Pro, Ala, or Ser; and N 1s a non-His N-termmnal of the activatable
VIP. In this manner, M and X will be sensitive to, and removed by a host cell (e.g., /. cofi},
and/or a dipeptidase (e.g., DPP-1V), subsequently. Alternatively, the N-terminal sequence of the
activatable VIP peptide may be X1-X2-N, where X1 15 Gly, Ala, Ser, Cys, Thr, Val, or Pro; X2
15 Pro, Ala, or Ser; and N is a non-His N-terminal of the activatable VIP. X1-X2 i3 a substrate
for dipeptidase {e.g., DPP-IV), and dipeptidase digestion will expose N, the desired non-His N-
terminus of the VIP.

[0632] Sull other embodiments, the N-ternunus of an activatable VIP peptide has the structure
M-Z-5-N, where M 15 methionine; Z is a substrate for a dipeptidase {e.g., 7 s removed by
dipeptidase exposure);, N 15 the N-terminus of mature VIP (His); and S 13 one or more amino
actds which will be exposed after dipeptidase digestion, and which provide an activatable VIP as
previously described.  For example, the activatable VIP peptide may have an N-terminal
sequence with the formula M-X-8-N where M 15 methionine, X 13 Pro, Ala, or Ser; N is the N-
terminal of matare VIP {e.g. SEQ 1D NG: 17}; and S 1s one or more amino acids which wiil be
exposed after dipeptidase digestion, and will provide receptor preference.  Alternatively, the N-
terminal sequence of the activatable VIP peptide may be X1-X2-8-N, where X1 is Gly, Ala, Ser,
Cys, Thr, Val, or Pro; X2 15 Pro, Ala, or Ser; N is a non-His N-termunal of VIP; and S 1s one or
more amino acids which will be exposed after dipeptidase digestion. X1-X2 15 a substrate for
dipeptidase (e.g., DPP-IV), and dipeptidase digestion will expose S.

{0033] In still other embodiments, the VIP peptide 15 modified by fusion with a mammahan
heterologous protein, such as a mammahan protein effective for extending half-life of
therapeutic molecules. Such sequences may be mammalian sequences, such as albumin,

transferrin, or antibody Fc sequences. Such sequences are described 1in US Patent No. 7,238,667

9
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{(particularly with respect to albumin fusions}, US Patent No. 7,176,278 (particularly with respect
to transferrin fusions), and US Patent No. 5,766,883, In some embodiments, the VIP peptide is
modified by fusion with a mammalian heterologous protein at the N-terminus. In some
embodiments, the VIP is modified by fusion with a mammalian heterologous protein at the C-
terminus. In some embodiments, the VIP s modified by fusion with a mammalian heterologous
protein at both the N- and C-termini.

[0034] In some embodiments, N-terminal chemical modifications to the VIP peptide N-terminus
provides receptor preference. Chemical modification of proteins and methods thereof are well
known in the art  Non-limiting exemplary chemical modifications are PEGylation,
methylglyoxalation, reductive alkylation, performic acid oxdation, succinylation,
aminoethylation, and bipidation (Chifton, New Protein Techniques, New Jersey: Humana Press,
1985, ISBX. 0-89603-126-8. Volume. 3 of Methods in Molecular Biology}. Chemical groups,
such as PEGylation, may be attached by modifications of cysteine, methionine, histidine, lysine,
arginine, tryptophan, tyrosine, carboxyl groups have been described previously (see Lundblad,
Technigues 0 Protein Modification, CRC Press, 1995},

[0035] In still other embodiments, the VIP peptide 1s modified by fusion with a proten including
a repeating amino acid sequence, such as a sequence comprising prolings, alanines, and serines
{e.g. PASylation {Schlapschy, M. et al. (2013}}, or XTEN sequences {Schellenberger, V. et al
{2009)).

Flastin-like Peptides

{00636] In some aspects the disclosure provides therapeutic compositions that include a
Vasoactive Intestinal Peptide and one or more elastin-like peptides (ELP). In some
embodiments, a VIP peptide and one or more ELPs are fused together. In some embodiments, a
VIP peptide and one or more ELPs are produced as a recombinant fusion polypeptide. In some
embodiments, the therapeutic composttion includes a Vasoactive Intestinal Peptide and one or
more ELPs as separate molecules. In yet other embodiments, the compositions include a VIP-
ELP fusion protein and ELPs as separate molecules. In some embodiments, the compositions
mclude SEQ ID NO: 15, In some embodiments, the compositions include SEQ 1D NO: 19 In

some embodiments, the compositions include SEQ ID NO: 16.

10
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{10037} The ELP sequence includes structural peptide units or sequences that are related to, or
mimics of, the elastin protein. The ELP sequence 15 constructed from structural units of from
three to about twenty amino acids, or in some embodiments, from four to ten amino acids, such
as four, five or six amino acids. The length of the individual structural units may vary or may be
uniform. For example, structural units include units defined by SEQ ID NOS: 1-13, which may
be emploved as repeating structural units, including tandem-repeating units, or may be employed
in sorme combnation. Thus, the ELP includes essentially structural urut{(s) selected from SEQ ID
NOS: 1-13.

[0038] In some embodiments, the amino acid sequence of the ELP unit 1s from about | to about
SO0 structural units, or in certain embodiments about 9 to about 200 structural units, or 1n certain
ermnbodiments about 10 to 200 structural units, or in certain embodiments about S0 to about 200
structural units, or in certain embodiments from about 80 to about 200 structural units, or from
about 80 to about 150 structural units, such as one or a combination of units defined by SEQ ID
NOS: 1-13. Thus, the structural units collectively may have a length of from about 50 to about
2000 amino acid residues, or from about 100 to about 800 amino acid residues, or from about
200 to about 700 amino acid residues, or from about 400 to about 600 ammno acid residues. In
exemplary embodiments, the amine acid sequence of the ELP structural unit mcludes about 3
structural untis, about 7 structural units, about 9 structural units, about 10 structural units, about
15 structural units, about 20 structural units, about 40 structural units, about 80 structural units,
about 90 structural umis, about 100 structural units, about 120 structural uniis, about 140
structural units, about 144 structural units, about 160 structural units, about 180 structural units,
about 200 structural units, or about 500 structural units. In exemplary embodiments, the
structural units collectively have a length of about 45 amino acid residues, of about 90 amino
acid residues, of about 100 amuno acid residues, of about 200 amino acid residues, of about 300
amino acid residues, of about 400 amino acid residues, of about 300 amino acid residues, of
about 600 amino acid residues, of about 700 amino acid residues, of about 720 amino acid
residues, of about 800 amino acid residues, or of about 1000 amino acid residues.

{0039} The ELP anuno acid sequence may exhibit a visible and reversible inverse phase

transition with the selected formulation. That is, the ELP amino acid sequence may be
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structurally disordered and highly soluble in the formulation below a transition temperature (Tt),
but exhibit a sharp {(2-3°C range) disorder-to-order phase transition when the temperature of the
formulation is raised above the Tt. In addition to temperature, length of the amino acid polymer,
amino acid composition, 1onic strength, pH, pressure, temperature, selected solvents, presence of
organic solutes, and protein concentration may also affect the transition properties, and these
may be tailored in the formulation for the desired absorption profile. The absorption profile can
be easily tested by determining plasma concentration or activity of the active agent over time.
{0040] In certain embodiments, the ELP component{s) may be formed of multipeptide structural
units {e.g. tetrapeptides, pentapeptides, hexapeptides, octapeptides, or nonapeptides), including
but not limited to:

{a) the tetrapeptide Val-Pro-Gly-Gly, or VPGG (SEQ ID NO: 1};

(b} the tetrapeptide Hle-Pro-Gly-Gly, or IPGG (SEQ ID NGO: 2},

{¢) the pentapeptide Val-Pro-Gly-X-Gly (SEQ ID NGO 3), or VPGXG, where X 15 any

natural or non-natural amine acid residue, and where X optionally varies among

polymeric or oligomeric repeats;

(d} the pentapeptide Ala-Val-Gly-Val-Pro, or AVGVP {SEQ ID NG 4);

(e} the pentapeptide He-Pro-Gly-X-Gly, or IPGXG (SEQ IB NO: 5), where X is any

natural or non-natural amine acid residue, and where X optionally varies among

polymeric or oligomeric repeats;

(e} the pentapeptide He-Pro-Gly-Val-Gly, or IPGVG (SEQ 1D NG 6);

(f) the pentapeptide Leu-Pro-Gly-X-Gly, or LPGXG (SEQ 12 NO: 7), where X 1s any

natural or non-natural amino acid residue, and where X optionally varies among

polymeric or oligomeric repeats;

(g} the pentapeptide Leu-Pro-Gly-Val-Gly, or LPGVG (SEQ 1D NO: 8);

(h) the hexapeptide Val-Ala-Pro-Gly-Val-Gly, or VAPGVG (SEQ D NO: 9);

(1) the octapeptide Gly-Val-Gly-Val-Pro-Gly-Val-Gly, or GVGVPGVG (SEQ ID NO:

10y;
(1) the nonapeptide Val-Pro-Gly-Phe-Gly-Val-Gly-Ala-Gly, or VPGFGVGAG (SEQ 1D
NO:11);
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(k) the nonapeptides Val-Pro-Gly-Val-Gly-Val-Pro-Gly-Gly, or VPGVGVPGG (SEQ 1D

NO: 12); and

(1} the pentapeptide Xaa-Pro-Gly-Val-Gly, or XPGVG (SEQ ID NO:13) where X 1s any

natural or non-natural amino acid residue, and where X optionally varies among

polvmeric or oligomeric repeats.
{0041] The multipeptide structural units as defined v SEQ ID NOs: 1-13 form the elastin-hike
peptide component, or may be used i combination to form an ELP. In some embodiments, the
ELP includes more than one structural unit. In some emboduments, the ELP includes two or
more structural units of any of SEQ ID NOs: 1-13, which may be in any combination. In some
embodiments, the two or more structural units are the same and are repeated tandemly. In some
embodiments, the two or more structural units are different and are repeated alternately. In some
embodiments, the ELP inchudes stractural units repeated tandemly for one or more portions of
sequence, and also different stractural umits repeated alternately for other portions of the
sequence. In some embodiments, the ELP component 15 formed entirely {or almost entirely) of
one or a combination of {e.g., 2, 3 or 4) stractural units selected from SEQ ID NOS: 1-13. In
other embodiments, at least 75%, or at least 80%, or at least 90% of the ELP component 1s
formed from one or a combination of structural units selected from SEQ ID NOS: 1-13. In
certain embodiments, the ELP contains repeat units, including tandem repeating units, of Val-
Pro-Gly-X-Gly (SEGQ ID NG: 3), where X 13 as defined above, and where the percentage of Val-
Pro-(Gly-X-Gly umits taken with respect to the entire ELP component (which may comprise
structural uynits other than VPGXG) 1s greater than about 50%, or greater than about 75%, or
greater than about 85%, or greater than about 95% of the ELP. The ELP may contain motifs of §
to 15 structural units {e.g. about 10 structural units) of SEQ ID NO: 3, with the guest residue X
varying among at least 2 or at least 3 of the units in the motif. The guest residues may be
mdependently selected, such as from non-polar or hydrophobic residues, such as the ammo acids
V,L L, A G, and W {(and may be selected so as to retain a desired inverse phase transition
property}. In certain embodiments, the guest residues are selected from V, G, and A In some
embodiments, the ELP includes the ELP 1 series (VPGXG: V5A2G3). In some embodiments,

the ELP includes the amino acid sequence of SEQ ID NO: 21, In some embodiments, the ELP
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mchudes the ELP 4 series (VPGXG: V-5).  In some embodiments, the ELP includes a
combination of the ELP1 and ELP4 series. Without being bound by theory, the differences in the
ELP polymer hydrophobicity is determined by the guest residues and their ratios, with the ELP 4
series being more hydrophobic than the ELP1 series.

[0042] In certain embodiments, the ELP 1s the ELP-1 series which includes [VPGXGly, where
m is any number from | to 200, each X 15 selected from V, G, and A, and wheremn the ratio of
VG A may be about 5:3:2. In certain embodiments, ELP includes [VPGXGloo, where each X is
selected from V, G, and A, and wherein the ratio of V.(G:A may be about 5:3:2. In certain
ernbodiments, the ELP includes [VPGX G, where each X 15 selected from V, GG, and A, and
wherein the ratio of V:G: A may be about 5:3:2.

[0043] In certain ernbodiments, the ELP includes [VPGXGliag, where each X i3 selected from V,
G, and A, and wherein the ratio of V{4 A 15 about 7:.2:0. In certain embodiments, the ELP
mcludes [VPGXGliag, where each X is selected from V, G, and A, and wheremn the ratio of
VG A 13 about 7.0:2. In certain embodiments, the ELP includes [VPGX (G144, where each X 15
selected from V, G, and A, and wherein the ratio of V:G:A is agbout 60:3. In certain
embodiments, the ELP mcludes [VPGXGligg, where each X is selected from V, (G, and A, and
wheremn the ratio of V.(G: A 1s about 5:2:2,

[0044] In certain embodiments, the ELP includes [ XPGV (G, where m 18 any number from 1 to
200, each X is selected from V, G and A In certain embodiments, the ELP includes
[XPGV G, where m s any number from 1 to 200, each X 13 selected from V, G, and A and
wherein the ratio of Vi A 15 about 5:0:4.  In certain embodiments, the ELP includes
[XPGV(Gliae, where each X is selected from V, G, and A, and wherein the ratio of V.G A 1s
about 5:0:4.

{0045} Alternatively, the ELP is the ELP-4 series which includes [VPGVGlo, or [VPGYG]i.
One hundred and twenty structural units of this ELP can provide a transition temperature at
about 37°C with about 0005 to about 0.05 mg/ml {e.g, about 0.01 mg/ml) of protem.
Alternatively, the ELP mcludes [VPGX Gy or [XPGV Gl For example, 144 structural units

of either of these ELPs can provide a transition temperature at between about 28°C and 35°C.
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{0046] In certain embodiments, the ELP contains repeat units, including tandem repeating units,
of Xaa-Pro-Gly-Val-Gly (SEQ 1D NO: 13), where X is as defined above, and where the
percentage of Xaa-Pro-Gly-Val-Gly units taken with respect to the entire ELP component (which
may include structural units other than XPGVG) 1s greater than about 50%, or greater than about
75%, or greater than about 85%, or greater than about 95% of the ELP. The ELP may contain
motifs of 5 to 15 structural units {e.g. about 9 structural units) of SEQ 1D NO: 13, with the guest
residue X varying among at least 2 or at least 3 of the units in the motif. The guest residues may
be independently selected, such as from non-polar or hydrophobic residues, such as the anmuno
acids V, I, L, A, G, and W (and may be selected so as to retain a desired inverse phase transition
property). In certain embodiments, the guest residues are selected from V and A

[0047] In certain embodiments, the ELP contains repeat units, including tandem repeating units
of any of SEQ ID NGs: 1-13 either alone or i combination. In one embodiment, the ELP
contains repeats of two or more of any of SEQ ID NOs: 1-13 in combination.  In certain
embodiments, the ELP contains repeats of SEQ ID NO: 3 and SEQ ID NO: 13, In some
embodiments, the ELP contains repeats of SEQ ID NQO: 3 and SEQ ID NO: 13, wherein the guest
residues are independently selected, such as from non-polar or hydrophobic residues, such as the
amino acids V, L L, A, G, and W {and may be selected so as to retain a desired mverse phase
transition property). In certain embodiments, the guest residues are selected from Vand A, In
some embodiments, the ELP comprises 9mers comprising five copies of a pentapeptide disclosed
herein. In some embodiments, the ELP comprises 9mers comprising SEQ 1D NGs: 3 and 13 in
any combination. In some embodiments, the ELP comprises a sequence alternating between
SEQ ID NQOs: 3 and 13 .In some embodiments, the ELP includes 9mers including nine copies of
one or more ELP structural units disciosed herein. In some embodiments, the ELP includes
9mers including nine copies of a pentapeptide disclosed herein. In some embodiments, the ELP
mcludes 9mers including SEQ 1D NOs: 3 and 13 in any combination. In some embodiments, the
ELP includes a sequence alternating between SEQ ID NOs: 3 and 13. ELPs of varying numbers
of 9mers can be combined to produce ELPs with, for instance, 18, 27, 36, 45, 54, 63, 72, 81, 90,
99, 108, 117,126, 135, 144, 153, 162, 171, or 180 copies of the 9mer. In some embodiments, the
ELP includes the amino acid sequence of SEQ 1D NO: 20.
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{0048] In certain embodiments, the ELP includes 9mers including SEQ ID NO: 3, wherein the
cuest residue is selected from V, G, and A In certain embodiments, the ELP includes 9 mers
mcluding SEQ 1D NO: 3, wherem V, G, and A are in the ratio of 7:2:0 (alpha}. In certain
embodiments, the ELP includes 9mers including SEQ 1D NO:3, wherein V, G, and A are in the
ratio of 7:0:2 (beta v1). In certamn embodiments, the ELP includes 9mers including SEQ 1D
NO:3, wherein V, G, and A are in the ratio of 6:0:3 (beta v2). In certain embodiments, the ELP
ncludes 9mers 1ncluding SEQ 1D NO:3, wherein V, G, and A are in the ratio of 5:2:2 (gamma).
In certain embodiments, the ELP includes 9mers including SEQ ID NO: 13, wherein the guest
residue s selected from V, G, and A In certain embodiments, the ELP includes 9mers including
SEQ 1D NO:13, wherem V, (G, and A are in the ratio of 5:0:4 (delia).

[8049] In some embodiments, the FLP includes combinations of the alpha, beta v1, beta v2,
and/or delta 9mers. For example, the gamma ELP 15 constructed by alternating between an alpha
9mer and a beta v1 9mer for 16 copies until a 144mer 1s constructed. In certain embodiments,
the ELP mcludes combinations of alpha and beta v1 9mers. In certain embodiments, the ELP
mcludes combinations of alpha and beta v2 9mers.  In certain embodiments, the ELP inclades
combinations of alpha and delta 9mers.  In certain embodiments, the ELP mcludes combinations
of beta vl and beta v2 9mers. In certain embodunents, the ELP inchides combinations of beta v
and delta 9mers.  In certain embodiments, the ELP inchudes combinations of beta v2 and delta
9mers. In certain embodiments, the ELP includes combinations of alpha, beta vi, and beta v2
9mers. In certain embodiments, the FLP includes combinations of alpha, beta vi, and delta
9mers. In certain embodiments, the ELP mncludes combinations of alpha, beta v2, and delta
9mers. For example, in particular arrangements, the ELPbeta v2 may include the following
cuest residues in structural units iterated in the following sequence: A-V-A-V-V-A-V-A-V. The
terated sequence may be repeated sequentially in the ELP about 10 times, about 15 times, about
16 times, about 20 times, about 25 times, about 30 times, or about 35 times or more. In some
aspects, the ELP contains about 10 to about 20 iterated sequences. In other aspects, the ELP
contains about 15 to 20 iterated sequences. In some aspects, the ELP contains about 16 iterated

Sequences.
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[0050] In some embodiments, the ELP includes 10mers including ten copies of one or more ELP
structural units disclosed herein. In some embodiments, the ELP includes 10mers including ten
copies of a pentapeptide disclosed herein. In some embodiments, the ELP includes 10mers
mcluding SEQ ID NOs: 3 and 13 in any combination, In some embodiments, the ELP includes a
sequence alternating between SEQ ID NOs: 3 and 13. ELPs of varying numbers of 10mers can
be combined to produce ELPs with, for mstance, 20, 30, 40, 60, 90, 100, 120, 150, 160, or 200
copies of the 10mer.

[0051] In some embodiments, the ELP may form a p-turn structure. Exemplary peptide
sequences suitable for creating a B-turn structure are described 1o International Patent
Application PCT/US96/05186. For example, the fourth residue (X) in the sequence VPGXG,
can be altered without eliminating the formation of a f~turn.

{0052] The structure of exemplary ELPs may be described using the notation ELPk [XiY-n],
where k designates a particular ELP repeat umit, the bracketed capital letters are single letter
anmuno actd codes and their corresponding subscripts designate the relative ratio of each guest
residue X in the structural units (where applicable}, and o describes the total length of the ELP n
number of the structural repeats. For example, ELPl [V:A;Gs-10] designates an ELP
component containing 10 repeating units of the pentapeptide VPGXG, where X 15 valine,
alanine, and glycine at a relative ratio of about 5:2:3; ELP1 [KiV,F-4] designates an ELP
component containing 4 repeating units of the pentapeptide VPGXG, where X is lysing, valine,
and phenylalanine at a relative ratio of about 1:2:1; ELP1 {K,VF-9] designates a polypeptide
containing 9 repeating units of the pentapeptide VPGXG, where X is lysine, valine, and
phenylalanine at a relative ratio of about 1:7:1; ELP1 {V-5] designates a polypeptide containing
S repeating units of the pentapeptide VPGXG, where X 1s valine; ELP1 [V-20] designates a
polypeptide containing 20 repeating units of the pentapeptide VPGXG, where X 15 valine; ELP2
[S] designates a polypeptide containing 5 repeating units of the pentapeptide AVGVP (SEQ ID
NG: 4y, ELP3 [V-5] designates a polypeptide containing 5 repeating units of the pentapeptide
IPGXG (SEQ ID NO: 5}, where X 1s valine; ELP4 [V-5] designates a polypeptide containing 5
repeating units of the pentapeptide LPGXG (SEQ ID NO: 7}, where X 15 valine.
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{0053] With respect to the ELP, the Tt 15 a function of the hydrophobicity of the guest residue.
Thus, by varying the identity of the guest residue(s) and their mole fraction{s}, ELPs can be
synthesized that exhibit an mverse transition over a broad range. Thus, the Tt at a given ELP
length may be decreased by incorporating a larger fraction of hydrophobic guest residues in the
ELP sequence. FExamples of suitable hvdrophobic guest residues include valine, leucine,
isoleucine, phenylalanine, tryptophan and methionine. Tyrosine, which 15 moderately
hydrophobic, may also be used. Conversely, the Tt may be ncreased by incorporating residues,
such as those selected from: glutamic acid, cysteine, lysine, aspartate, alanine, asparagine, serine,
threonine, glycine, arginine, and glutamine,

{0054] For polypeptides having a molecular weight > 100,000 Da, the hydrophobicity scale
disclosed in PCT/US96/05186 provides one means for predicting the approximate Tt of a
specific ELP sequence. For polypeptides having a molecular weight <100,000 Da, the Tt may be
predicted or determined by the following quadratic function: Tt = MO + MIX + M2X2 where X
1s the MW of the fusion protemn, and MO = 116.21; M1 =-1.7499; M2 = 0.010349.

{80635] The ELP v some embodiments 1s selected or designed to provide a Tt ranging from
about 10 to about 37°C at formulation conditions, such as from about 20 to about 37°C, or from
about 25 to about 37°C. In some embodiments, the transition temperature at physiclogical
conditions {e.g., 0.9% saline} 13 from about 34 to 36°C, to take nto account a shghtly lower
peripheral temperature.

{0056] Elastin-like-peptide (ELP} protein polymers and recombinant fusion proteins can be
prepared as described 1n U.S. Patent Publication No. 2610/0022455. In some embodiments, the
ELPs are constructed through recursive ligation to rapidly clone highly repetitive polypeptides of
any sequence and specified length over a large range of molecular weights. In a single cycle, two
halves of a parent plasmid, each containing a copy of an oligomer, are ligated together, thereby
dimernizing the oligomer and reconstituting a functional plasmid. This process 15 carried out
recursively to assemble an oligomeric gene with the desired number of repeats. For example,
one ELP structural subunit {e.g a pentapeptide or a 9mer of pentapeptides) s inserted imnto a
vector. The vector 1s digested, and another ELP structural unit {(e.g. a pentapeptide or a 9mer of

pentapeptides) is inserted. Fach subsequent round of digestion and ligation doubles the number
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of ELP structural units contained in the resulting vector until the ELP polymer is the desired
length.

{0057} In other embodiments, the ELP includes a random cotl or non-globular extended
structure. For example, the ELP includes an ammo acid sequence disclosed in U8 Patent
Publication No. 2008/0286808, WIPO Patent Publication No. 2008/155134, and U.S. Patent
Publication No. 201 1/0123487.

[0038] For example, in some embodiments the ELP amino acid sequence icludes an
unstructured recombinant polymer of at least 40 anmuno acids. For example, the unstructured
polymer may be defined where the sum of glycine (G), aspartate (D), alanine (A), serine (S),
threonine (1), glutamate (F) and proline (P) residues contamned n the unstructured polymer,
constitutes more than about 80% of the total amino acids. In some embodiments, at least 50% of
the ammo acids are devoid of secondary structure as determined by the Chou-Fasman algorithm.
The unstructured polymer includes more than about 100, 150, 200 or more contiguous amino
acids. In some embodiments, the amino acid sequence forms a random coll domam. In
particular, a polypeptide or amino acid polymer having or forming “random codl conformation”
substantially lacks a defined secondary and tertiary structure.

[8039] In various embodiments, the mtended subject 1s human, and the body temperature 13
about 37°C, and thus the therapeutic agent 15 designed to provide a sustained release at or near
this temperature (e.g. between about 28°C to about 37°C). A slow release into the circulation
with reversal of hydrogen bonding and/or hydrophobic interactions is driven by a drop in
concentration as the product diffuses at the injection site, even though body temperature remains
constant. In other embodiments, the subject 1s a3 non-human mammal, and the therapeutic agent
is designed to exhibit a sustained release at the body temperature of the mammal, which may be
from about 30 to about 40°C in some embodiments, such as for certain domesticated pets {e.g.,
dog or cat} or hivestock {e.g., cow, horse, sheep, or pig). Generally, the Tt 1s higher than the
storage conditions of the formulation {which may be from about 2°C to about 30°C, or about
10°C to about 25°C, or from about 15°C to about 22°C, or about 2°C to about 8°C), such that the
therapeutic agent remains in solution for injection. Alternatively, the therapeutic agent may be

stored frozen, such as from about -80°C to about -20°C.
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{0060} In some embodiments, the ELP can provide a transition temperature at a range of 27°C to
36°C inclusive. In some embodiments, the ELP can provide a transition temperature at a range
of 28 °C to 35°C inclusive. In some embodiments, the ELP can provide a transition temperature
at a range of 29 °C to 34°C inclusive. In some embodiments, the ELP can provide a transition
temperature at a range of 27°C to 33°C inclusive. In some embodiments, the ELP can provide a
transition temperature at a range of 30°C to 33°C inclusive. In some emmbodiments, the ELP can
provide a transition temperature at a range of 31°C to 31°C nclusive. In some embodiments, the
ELP can provide a transition temperature of 27°C, 28°C, 29°C, 30°C, 31°C, 32°C, 33°C, 34°C,
35°C, or 36°C. In some embodiments, the ELP can provide a transition temperature at a range of
28 °C to 35 °C inclusive at a proteimn concentration of 10 mg/mL m 110 mM NaCl.

[0061] In some embodiments, the ELP protein polymers are constructed through recursive
figation to rapidly clone DNA encoding highly repetitive polypeptides of any sequence and
specified length over a large range of molecular weights. In a single cycle, two halves of a parent
plasnud, each contaiming a copy of an oligomer, are higated together, thereby dimenizing the
oligomer and reconstituting a functional plasmid. This process 15 carned out recursively to
assemble an oligomeric gene with the desired number of repeats. For example, one ELP
structural subunit (e.g. a pentapeptide or a 9mer of pentapeptides) is mserted mto a vector. The
vector 18 digested, and another ELP structural unit {e.g a pentapeptide or a 9mer of
pentapeptides) 1s inserted. Each subsequent round of digestion and ligation doubles the number
of ELP structural umits contained 1n the resulting vector until the ELP polymer is the desired
length. By varying the number of pentapeptides in the initial structural unit, ELPs of varving
length can easily be constructed. Alternative means of construction {1e. other than recursive
ligation} can be used to produce alternative lengths of ELP.

{0062} In some embodiments, the vector contains one or more additional amino acids or ELP
structural unit repeats. For example, the vector may add an additional pentamer repeat to the N
terminus of the ELP with valine in the guest position and an additional pentamer to the C
terminus with a tryptophan in the guest residue. The tryptophan may be used as a means to
imncrease the extinction coefficient of the molecule, allowing for betier measurement of

absorbance, for instance at 280nm, which can be useful for determination of protein
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concentration, or for monitoring protein content during purification. The pentamers added to
either end can also be designed so as the encoding DNA contains restriction enzyme recognition
sites for cloning of fusion partners on to either end of the ELP coding sequence.

{0063} In some embodiments, the therapeutic composition includes an active agent and one or
more ELPs. In some embodiments, the therapeutic composition includes an active agent with one
or more ELPs at etther the N- or C-terminus. In some embodiments, the therapeutic composition
mncludes an active agent with one or more ELPs at both the N- or C-termini. In some
embodiments, the ELPs are approximately the same size. In some embodiments, the ELPs differ
in size. In some embodiments, an ELP at one terminus is larger than an ELP at the other
terminus. In some embodiments, an ELP at the N-terminus 1s larger than an ELP at the C-
terminus. In some embodiments, an ELP at the C-termunus is larger than an ELP at the N-

terminus.

Myvopathies and Methods of Trearment

{080664] Myopathies are neuromuscular diseases i which the muscle fibers do not function for
any one of many reasons, resulting in muscular weakness. Phenotypically, these diseases are
characterized by mflammation of the muscle tissue, skeletal-muscle wasting, muscle loss, and
fibrosis which can cause premature death through respiratory and cardiac failure. Muscle
myopathies may affect any type of muscle, including skeletal muscle, cardiac muscle, and/or
smooth muscle. In some embodiments, the myopathy is characterized by increased muscle
fibrosis. In some embodiments, the myopathy s characterized by decreased muscle strength
and/or force contractility. In some embodiments, the myopathy s characterized by decreased
myocyte shortening. In some embodiments, the myopathy is characterized by decreased
myocyte re-lengthening velocity. In some embodiments, the myopathy is characterized by
decreased myocyte relaxation. In some embodiments, the myocyte 15 a skeletal muscle myocyte.
In some embodiments, the myocyte 1s a cardiomyocyte.

{0065] In some aspects, the present disclosure provides a method of treating muscle myopathy
comprising administering pharmaceutical compositions of a vasoactive intestinal peptide and one

or more ELPs to a subject in need. In some aspects, the present disclosure provides a method of
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preventing muscle myopathy comprising administering pharmaceutical compositions of a
vasoactive intestinal peptide and one or more ELPs to a subject in need. In some aspects, the
present disclosure provides a method of delaving muscle myopathy comprising administering
pharmaceutical compositions of a vascactive intestinal peptide and one or more ELPs to a
subject n need. In some aspects, the present disclosure provides a method of slowing the
progression of muscle myopathy comprising administering pharmaceutical compositions of a
vasoactive intestinal peptide and one or more ELPs to a subject in need. In some aspects, the
present  disclosure provides a method of ameliorating muscle myopathy comprising
admuinistering pharmaceutical composttions of a vasocactive mtestinal peptide and one or more
ELPs to a subject in need.

[8066] Tvpes of myopathies that may be treated, prevented, delaved, or ameliorated by the
pharmaceutical compositions disclosed herein include, but are not limited to, muscular
dystrophies, myotomia, neuromyotonia, congenital myopathies {e.g. nemaline myopathy,
multi/mimicore myopathy, centronuclear myopathy), nutochondrial myopathies, familial periodic
paralysis, mflammatory myopathies, metabolic myopathies {(e.g. glycogen storage diseases, lipid
storage disorder); acquired myopathies (e.g. drug-induced myopathy, glucocorticoid myopathy,
alcoholic myopathy), dermatomyosttis, polymyositis, clusion body myositis, myositis
osstficans, rhabdomyolysis and myoglobinurias.

{0667] Types of muscular dystrophy that may be treated, prevented, delaved, or ameliorated by
the pharmaceutical compositions disclosed herein include, but are not limited to, BMD (Becker
Muscuiar Dystrophy), DMD (Duchenne Muscular Dystrophy), Myotonic Dystrophy, LGMD
{(Limb Girdle Muscular Dystrophy), Oculopharyngeal Muscular Dystrophy, Congenital Muscular
Dystrophy, Distal Muscular Dystrophy, Landouzy-Dejerine Muscular Dystrophy, Emery-
Dreifuss muscular dystrophy, and Facioscapulohumeral Muscular Dystrophy.

{0068] Cardiomyopathy is the measurable deterioration of the myocardium’s ability to contract,
leading to heart failure. The disease progresses over time with variable onset of arrhythmias and
ventricle dysfunction. Electrocardiographic abnormalities can be found early in the disease and
progress with age. Development of cardiomyopathy is characterized by wutial diastolic

dysfunction followed by eccentric hypertrophy.
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{0069] In some aspects, the present disclosure provides methods of treating cardiomyopathy
comprising administering pharmaceutical compositions of a vasoactive intestinal peptide and one
or more ELPs to a subject in need. In some aspects, the present disclosure provides a method of
preventing cardiomyopathy comprising administering pharmaceutical compositions of a
vasoactive intestinal peptide and one or more ELPs to a subject in need. In some aspects, the
present disclosure provides a method of delaying cardiomyopathy comprising administering
pharmaceutical compositions of a vasoactive intestinal peptide and one or more ELPs 1o a
subject in need. In some aspects, the present disclosure provides a method of slowing the
progression of cardiomyopathy comprising adnmumstering pharmaceutical compositions of a
vasoactive mtestinal peptide and one or more ELPs to a subject in need. In some aspects, the
present disclosure provides a method of ameliorating cardiomyopathy comprising administering
pharmaceutical compositions of a vasoactive intestinal peptide and one or more ELPs to a
subject in need.

{0678] Types of cardiomyopathy that may be treated, prevented, delayed, or ameliorated by the
pharmaceutical compositions disclosed herein include, but are not hmited to, genetic
cardiomyopathies (e.g. hypertrophic cardiomyopathy (HCM or HOCM); arthythmogenic right
ventricular  cardiomyopathy (ARV(), isolated ventricular non-compaction; mutochondrial
myopathy)}, dilated cardiomyopathy (BCM), restrictive cardiomyopathy (RCM), acquired
cardiomyopathies {e.g peripartum cardiomyopathy; Takotsubo cardiomyopathy, Loeffler
endocarditis), metabolic/storage cardiomyopathies (e.g.  amyloidosis, hemochromatosis),
mflammatory cardiomyopathies {e.g. "viral myocarditis”; cardiomyopathy caused by Chagas
disease), endocrine cardiomyopathies (e.g. diabetic cardiomyopathy; cardiomvopathy caused by
hyperthyroidism; acromegaly), cardiomyopathies caused by toxicity {eg chemotherapy
cardiomyopathy, alcoholic cardiomyopathy), X-linked dilated cardiomyopathy, and/or
neuromuscular cardiomyopathies (e.g. muscular dystrophy). In some preferred embodiments, the
cardiomyopathy results from a muscular dystrophy. In some embodiments, the cardiomyopathy
results from Duchenne Muscular Dystrophy. In some embodiments, the cardiomyopathy results

from Becker Muscular Dystrophy.
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{0071} The treatment, prevention, delay, or amelioration of cardiomyopathic symptoms may be
measured by any means known in the art. For example, evaluation may include
echocardiographic evaluation, cardia magnetic resonance imagining (MR}, cardiac MRI with
late gadohinium enhancement. In particular, the LV size, thickness, volumes, EF, and
scar/mflaromatory burden of the myocardium, as well as strain may be evaluated. Strain, change
in LV dimension and volume, and scar burden are key measures.

{8072} The treatment, prevention, delay, or amelioration of myvopathic symptoms may be
measured by any means known in the art. For example, tests used to evaluate patients with
myaopathies 1nclude, but are not limited to, creatine kinase (CK) levels with 1soenzyvmes, levels of
electrolytes, calcium, and magnesium, serum myoglobin levels, serum creatinine and blood urea
nitrogen levels, urinalysis {e.g. myoglobinuria indicated by positive urinalysis with few red
blood cells on microscopic evaluation, complete blood count, erythrocyte sedimentation rate,
thyroid function tests, aspartate aminotransferase levels, electrocardiography, antinuclear
antibody levels, electromyography, magnetic resonance imaging, and/or muscle biopsy. The
effects of admimstration of the pharmaceutical compositions disclosed herein may be measured
m any relevant muscle, ncluding but not lunited io skeletal muscle, cardiac muscle,
gastrocnenus muscle, quadriceps muscle, diaphragm muscle, and/or tibalis anterior muscle.
{8073] In some aspects, the present disclosure provides a method of preventing cardiac
deterioration comprising administering pharmaceutical compositions of a vasocactive intestinal
peptide and one or more ELPs to a subject in need. In some aspects, the present disclosure
provides a method of delaying cardiac deterioration comprising administering pharmaceutical
compositions of a vascactive intestinal peptide and one or more ELPs 0 a subject in need. In
some aspects, the present disclosure provides a method of slowing the progression of cardiac
deterioration comprising administering pharmaceutical compositions of a vasoactive intestinal
peptide and one or more ELPs to a subject in need. In some aspects, the present disclosure
provides a method of ameliorating cardiac deterioration comprising administering
pharmaceutical compositions of a vascactive intestinal peptide and one or more ELPs to a
subject m need. In some embodiments, cardiac deterioration is prevented, delayed, or

ameliorated for about 1 week, about 1 month, about 2 months, about 3 months, about 4 months,
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about 5 months, about 6 months, about § months, about 1 vear, about 2 vears, about 5 years,
and/or about 10 vears compared with the cardiac deterioration in an untreated myopathic subject.
In some embodiments, cardiac deterioration is prevented, delayed, or ameliorated by about 1%,
about 5%, aboui 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%,
about 80%, or about 90% compared with cardiac deterioration in an untreated myopathic subject.
In some embodiments, this prevention, delay, or amelioration of cardiac deterioration is observed
at the time points disclosed herein. For example, cardiac deterioration may be delayed by about
20% at 32 weeks. In some embodiments, the cardiac deterioration is a decrease m motropy. In
some embodiments, the cardiac deterioration 15 a decrease n lusitropy. In some embodiments,
the cardiac deterioration is a thickening of the heart muscle. In some embodiments, the cardiac

deterioration 1s cardiac hypertrophy.

{0074] In some embodiments, administration of the pharmaceutical compositions disclosed
herein 1mprove cardiac function tn a subject compared to an untreated myopathic subject. In
some embodiments, cardiac function 13 improved for about T week, about 1 month, about 2
months, about 3 months, about 4 months, about 5 months, about 6 months, about & mounths, about
1 vear, about 2 vears, about 5 years, and/or about 10 vears compared with cardiac function of an
untreated myopathic subject. In some embodiments, cardiac function 1s improved by about 1%,
about 5%, about 10%, about 20%, about 30%, about 40%, about 30%, about 60%, about 70%,
about 80%, or about 90% compared with cardiac function of an untreated myopathic subject. In
some embodiments, this improvement in cardiac function is observed at the time points disclosed
herein. In some embodiments, the cardiac improvement is an increase in notropy. In some
embodiments, the cardiac improvement is an increase in lusitropy. In some embodiments, the
cardiac improvement is less thickening of the heart muscle compared to a cardiomyopathy
subject. In some embodiments, the cardiac improvement is less cardiac hypertrophy compared to

a cardiomyopathy subject.

{0075} In some aspects, the present disclosure provides a method of preventing the development

of fibrosis comprising administering pharmaceutical compositions of a vasocactive intestinal

peptide and one or more ELPs to a subject in need. In some aspects, the present disclosure

provides a method of delaying the development of fibrosis comprising administering
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pharmaceutical compositions of a vasoactive intestinal peptide and one or more ELPs to a
subject in need. In some aspects, the present disclosure provides a method of slowing the
progression of fibrosis comprising administering pharmaceutical compositions of a vasoactive
mtestinal peptide and one or more ELPs to a subject in need. In some aspects, the present
disclosure provides a method of ameliorating the development of fibrosis comprising
adminustering pharmaceutical compositions of a vasoactive intestinal peptide and one or more
ELPs to a subject in need.  In some embodiments, development of fibrosis is prevented, delaved,
or ameliorated for about 1 week, about 1 month, about 2 months, about 3 months, about 4
months, about 5 months, about 6 months, about 8 months, about 1 vear, about 2 vears, about 5
years, and/or about 10 years compared with the development of fibrosis 1n an untreated
myopathic subject. In some embodiments, the development of fibrosis is prevented, delaved, or
ameliorated by about 1%, about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, or about 90% compared with the development of fibrosis in
an untreated myopathic subject. In some embodiments, this prevention, delay, or amelioration of
fibrosis 15 observed at the time pomts disclosed herein. In some embodiments, fibrosis s
measured using histological techniques on a biopsy {e.g hematoxylin and eosin (HE) and
trichrome staining) where fibrosis can be assessed by determining the percentage of collagen

present versus the total tissue area.

{08676} In some aspects, the present disclosure provides a method of reducing the production of
collagen comprising admunistering pharmaceutical compositions of a vasoactive intestinal
peptide and one or more ELPs to a subject in need. In some aspects, the present disclosure
provides a method of delaying the production of collagen comprising administering
pharmaceutical compositions of a vascactive intestinal peptide and one or more ELPs to a
subject in need. In some aspects, the present disclosure provides a method of ameliorating the
production of coliagen comprising administering pharmaceutical compositions of a vasoactive
mtestinal peptide and one or more ELPs to a subject in need. In some embodiments, production
of collagen is reduced, delaved, or ameliorated for about 1 week, about 1 month, about 2 months,
about 3 months, about 4 months, about 5 months, about 6 months, about 8 months, about 1 year,

about 2 years, about S years, or about 10 vears compared with the production of collagen in an
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untreated myopathic subject. In some embodiments, the production of collagen is reduced,
delayed, or ameliorated by about 1%, about 5%, about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, or about 90% compared with the production of
collagen in an untreated myopathic subject. In some embodiments, this reduction, delay, or
amelioration of collagen production 15 observed at the time pomnts disclosed herein.  For
example, the amount of collagen produced in a myopathic patient may be decreased by about

25% at 32 weeks.

{0077} In some embodiments, administration of the pharmaceutical compositions disclosed
herein maintains muscle contractility and/or contractile force m a subject.  In some
embodiments, the muscle contractility and/or contractile force 15 maintained at about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, agbout 80%, about 90%, about 95%, or
about 99% of the muscle contractility and/or contractile force of a healthy subject. In some
embodiments, admimstration of the pharmaceutical compositions disclosed herein mantains
muscle contractility and/or contractile force 1n a subject for about 1 week, about T month, about
2 months, about 3 months, about 4 months, about 5 months, about & months, about 8 months,
about 1 year, about 2 vyears, about 5 years, and/or about 10 vears compared to the muscle
contractifity and/or contractile force of a healthy subject. In some embodiments, the degree of
muscle contractility and/or contractile force 1s mamntamed 1n the subject at the time points
disclosed herein. A healthy subject 1s defined as a subject who 18 not suffering from a muscular

dystrophy or other muscle wasting disease or disorder.

{0678] In some embodiments, administration of the pharmaceutical compositions disclosed
herein maintains muscle strength in a subject. In some embodiments, muscle strength 1s
maintained at about 20%., about 30%, about 40%, about 50%, about 60%, about 70%, about
80%, about 90%, about 95%., or about 99% of the muscle strength of a healthy subject. In some
embodiments, admimstration of the pharmaceutical compositions disclosed herein maintains
muscle strength in a subject for about 1 week, about 1 month, about 2 months, about 3 months,
about 4 months, about 5 months, about 6 months, about 8 months, about 1 vear, about 2 years,
about 5 years, and/or about 10 years compared to the muscle strength of a healthy subject In

some embodiments, the degree of muscle strength is maintained in the subject at the time points
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disclosed herein. Muscle function may be measured at the whole subject level, at the organ level,
and/or the myocyte level Skeletal muscle strength may be measured by any means known in the
art, and for example, by manual muscle-testing and/or the use of a dynamometer. Cardiac
muscle strength may be measured by any means known mn the art, and for example, through the
use of electrocardiograms, echocardiography, magnetic resonance imaging (MRI), pressure
volume assessment {e.g. ejection fraction, fractional shortening, end diastolic volume (EDV),
end systolic volume (ESV), stroke volume (SV), myocardial straim, end diastolic pressure (EDP),
end systolic pressure (ESP)).  For example, in some embodiments, administration of the
pharmaceutical composition preserves fractional area shortening compared to an untreated
myopathic subject. In some embodiments, administration of the pharmaceutical composition
preserves ejection fraction compared to an unireated myopathic subject. In some embodiments,
administration of the pharmaceutical composition increases the ventricular filling velocity
compared to an untreated myopathic subject.  In some embodiments, adounistration of the
pharmaceutical composition elevates the maximal rate of pressure rise compared to an untreated
myopathic subject. In still other embodiments, administration of the pharmaceutical composition
mereases the Tau constant of relaxation compared to an untreated myopathic subject.

{80679] In some embodiments, admimnstration of the pharmaceutical compositions disclosed
herein prevent, delay, or ameliorate contraction-induced muscle mjury in a subject. In some
embodiments, administration of the pharmaceutical compositions disclosed herein prevent,
delay, or ameliorate contraction-induced muscle imjury by about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, and/or about 95% compared with an
untreated myopathic subject. In some embodiments, administration of the pharmaceutical
compositions disclosed herein prevents, delays, or ameliorates contraction-induced muscle iyury
in a subject for about 1 week, about 1 month, about 2 months, about 3 months, about 4 months,
about 5 months, about 6 months, about 8 months, about 1 vear, about 2 vears, about 5 years,
and/or about 10 years compared with an untreated myopathic subject. In some embodiments, the
degree of prevention, delay, or amelioration of contraction-induced muscle injury s observed in
the subject at the time points disclosed herein. For example, adminstration of the

pharmaceutical compositions disclosed herein may reduce contraction-induced muscle mnjury by
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25% at 10 weeks. In some embodiments, administration of the pharmaceutical compositions
disclosed herein prevent, delay, or ameliorate contraction-induced muscle imjury in a subject
without changing specific muscle force. In some embodiments, admmistration of the
pharmaceutical compositions disclosed herein prevent, delay, slow the progression, or ameliorate
contraction-induced muscle mjury n a subject and improve specific muscle force.

{0080] In some embodiments, administration of the pharmaceutical compositions disclosed
herein maintains myocyte function. In some embodiments, administration of the pharmaceutical
composttions disclosed herein maintain myocyte shortening, myocyte re-lengthening, relaxation,
and/or myocyte contractility. In some embodiments, myocvte shortening, mvocyte re-
lengthening, relaxation, and/or myocyte contractility 15 maintained at about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, and/or about
99% of the myocyte shortening, myocyte re-lengthening, relaxation, and/or myocyte contractility
in a healthy subject. In some embodiments, adnmunistration of the pharmaceutical compositions
disclosed herein maintains myocyie shortening, myocyte re-lengthening, relaxation, and/or
myocyte contractility in a subject for about 1 week, about 1 month, about 2 months, about 3
months, about 4 months, about 5 months, about 6 months, about 8 months, about T year, about 2
vears, about 5 years, and/or about 10 years compared with myocyte shortening, myocyte re-
fengthening, relaxation, and/or myocyte contractility in a healthy subject. In some embodiments,
the maintenance of the degree of myocyte shortening, myocyte re-lengthening, relaxation, and/or
myocyte contractility 1s observed n the subject at the time points disclosed herein. Myocyte
function can be assayed through any means known in the art, including for example, the
measurement of biomarkers associated with function and/or damage, and/or direct testing of the
myocytes. In some embodiments, the myocytes are skeletal myocytes. In some embodiments,

the myocytes are cardiomyocytes.

{00681} In some embodiments, administration of the pharmaceutical compositions disclosed
herein affects the immune cell count in a muscle. In some embodiments, administration of the
pharmaceutical compositions disclosed herein decreases the immune cell count in a muscle. In
some embodiments, admimstration of the pharmaceutical compositions disclosed herein
decreases macrophage count in a muscle. In some embodiments, the immune cell count is
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decreased by about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%,
about 80%, about 90%, about 95% or about 99% of the immune cell count in the muscle of an
untreated myopathic subject. In some embodiments, administration of the pharmaceutical
compositions disclosed herein decreases the immune cells count in the muscle of a subject for
about 1 week, about 1 month, about 2 months, about 3 months, about 4 months, about 5§ months,
about 6 months, about 8 months, about I year, about 2 vears, about S vears, and/or about 10
vears compared with the immune cell count in the muscle of an untreated myopathic subject. In
some embodiments, this decrease in tmmune cell count in a muscle 1s observed in the subject at
the time points disclosed herein. For example, administration of the pharmaceutical compositions

disclosed herein may decrease the immune cell count in a muscle by about 25% at 32 weeks.

[0082] In some aspects, the present disclosure provides a method of preventing mflammation
comprising administering pharmaceutical compositions of a vasoactive mtestinal peptide and one
or more ELPs to a subject in need. In some aspects, the present disclosure provides a method of
delaying mmflammation comprising admmistering pharmaceutical compositions of a vasoactive
miestinal peptide and one or more ELPs to a subject in need. In some aspects, the present
disclosure provides a method of slowing the development of inflammation comprising
administering pharmaceutical composttions of a vascactive mtestinal peptide and one or more
ELPs to a subject in need. In some aspects, the present disclosure provides a method of
ameliorating  mflammation comprising administering pharmaceutical compositions of 2
vasoactive mtestinal peptide and one or more ELPs to a subject in need. In some aspects, the
present disclosure provides a method of reducing inflammation comprising administering
pharmaceutical compositions of a vasoactive intestinal peptide and one or more ELPs to a
subject in need. In some embodiments, inflammation 1s prevented, delaved, reduced, or
ameliorated for about 1 week, about 1 month, about 2 months, about 3 months, about 4 months,
about 5 months, about 6 months, about 8 months, about 1 year, about 2 years, about 5 years,
and/or about 10 vears compared with the inflammation in an untreated myopathic subject. In
some embodiments, inflammation is prevented, delayed, reduced, or ameliorated by about 1%,
about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%,

about 80%, or about 90% compared with inflammation in an untreated myopathic subject. In
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some embodiments, this prevention, delay, reduction, or amelioration of inflammation 1s
observed at the time points disclosed herein. In some embodiments, administration of the
pharmaceutical compositions disclosed herein prevents, delays, reduces, or ameliorates
mflammation by inhibiting pro-inflammatory cytokine expression or activity. In some
embodiments, the pro-inflammatory cytokine is any pro-inflamnmatory cytokine, mcluding but
not himited to, OPN, LTP4, TNF-alpha, mterleukin-6 (IL-6) and soluble tumor necrosis factor-
alpha receptor (sSTNFR).

Pharmaceutical Compositions and Administration
{0083] The present disclosure provides pharmaceutical compositions including a Vasoactive
Intestinal Peptide and one or more ELPs with one or more pharmaceutically acceptable

excipients and/or diluents.

{0084] The present disclosure provides sustained release formulations including a therapeutic
agent disclosed herein and one or more pharmaceutically acceptable excipients and/or diluents.
For example, such excipients include salts, and other excipients that may act to stabilize
hydrogen bonding. Any appropriate excipient known in the art may be used Exemplary
excipients include, but are not hinuted to, amino acids such as histidine, glycine, or arginine;
glycerol; sugars, such as sucrose; surface active agents such as polysorbate 20 and polysorbate
80; citric acid; sodium citrate; antioxidants; salts including alkaline earth metal salis such as
sodium, potassium, and calcium; counter 1ons such as chlonde and phosphate; preservatives;
sugar alcohols {e.g. mannitol, sorbitol}; and buffering agents. Exemplary salts include sodium
chloride, potassium chlonde, magnesium chloride, calcium chloride, sodium phosphate dibasic,
sodium phosphate monobasic, potassium phosphate monobasic, and potassium phosphate
dibasic. In certain embodiments, the pharmaceutical compositions disclosed herein have

enhanced efficacy, bivavailability, therapeutic half-life, persisience, degradation resistance, etc.

{B0&3] In certain embodiments, the formulation may include from about SmM histidine to about
100mM histidine. In some embodiments, the formulation includes about 50mM histidine, about

40mM histidine, about 30mM histiding, about 25mM histidine, abowt 20mM histidine, or about
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15mM histidine. In certain embodiments, the formulation may include from about 10 mM
sodium chloride to about 200 mM sodium chloride. In some embodiments, the formulation
includes about 20 mM sodium chloride, about 40 mM sodium chloride, about 60 mM sodium
chloride, about 75 mM sodium chloride, about 100 mM sodium chloride, about 120 mM sodium
chloride, or about 150 mM sodium chloride. Tn certain embodiments, the formulation may
include from about 10 mM histidine to about 30 oM histidine and from about 60 mM sodium
chloride to about 80 mM sodium chlonide. In certain embodiments, the formulation may include

about 20 mM histidine and about 75 miM sodium chloride.

[0086] The pharmaceutical composition 1s formulated at a pH, ionic strength, and generally with
excipients sufficient to enable the formation of the matrix at body temperature {e.g., 37°C, or at
from 34 to 36°C in some embodiments). The pharmaceutical composition 1s generally prepared
such that it does not form the matrix at storage conditions. The formulation can be stored frozen,
refrigerated or at room temperature. The storage condition may be below freezing, such as lower
than about ~10°C, or lower than about ~20°C, or lower than about —40°C, or lower than about ~
70°C. Storage conditions are generally less than the transition temperature of the formulation,
such as less than about 32°C, or less than about 30°C, or less than about 27°C, or less than about
25°C, or less than about 20°C, or less than about 15°C. In some embodiments, the formulation is
stored at 2°-8°C. For example, the formulation may be 1sotonic with blood or have an ionic
strength that mimics physiclogical conditions. For example, the formulation may have an ionic
strength of at least that of 25 mM Sodium Chloride, or at least that of 30 mM Sodium chloride,
or at least that of 40 mM Sodium Chioride, or at least that of 50 mM Sodium Chloride, or at least
that of 75 mM Sodium Chloride, or at least that of 100 mM Sodium Chloride, or at least that of
150 mM Sodium Chionde In certain embodiments, the formulation has an ionic strength

equivalent to that of 6.9% saline (154 mM sodium chloride).

{6087] In some embodiments, the formulation is formulated at physiological pH. In some
embodiments, the formulation 1s formulated at a pH in the range of about 5.5 to about 85. In
some embodiments, the formulation is formulated at a pH in the range of about 6.0 to about 8.0.
In some embodiments, the formulation s formulated at a pH in the range of about 6.5 to about

7.5, In some embodiments, the formulation is formulated at a pH of 7.5. In some embodiments,
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formulations with a lower pH demonstrate improved formulation stability compared to
formulations at a higher pH. In some embodiments, formulations with a higher pH demonstrate

improved formulation stability compared to formulations at a lower pH.

{0088] In some embodiments, the formulation 1s stable at storage conditions. Stability can be
measured using any appropriate means in the art. Generally, a stable formulation 1s one that
shows less than a 5% increase in degradation products or impurities. In some embodiments, the
formulation 1s stable for at least about 1 month, at least about 2 months, at least about 3 months,
at least about 4 months, at least about 5 months, at least about 6 months, at least about one vear,
or at least about 2 vears or more at the storage conditions. In some embodiments, the formulation
1s stable for at least about 1 month, at least about 2 months, at least about 3 months, at least about
4 months, at least about S months, at least about 6 months, or at least about one vear or more at

a5 °C.

[0089] The protein concentration in the formulation is tatlored to enable the formation of the
coacervate at the temperature of adnumustration. For example, higher protein concentrations help
drive the formation of the coacervate, and the protein concentration needed for this purpose
varies depending on the ELP series used. For example, i some embodiments using an ELP1-
120, or ELPs with comparable transition temperatures, the protein 1s present in the range of
about 1 mg/ml. to about 200 mg/ml., or 1s present in the range of about 5 mg/mL to about 125
mg/mb. In embodiments using an ELP4-120, or amino acid sequences with comparable
transition temperatures, the protemn s present in the range of about 0.005 mg/mL to about 10
mg/ml, or is present in the range of about 0.01 mg/mL. to about 5 mg/mi..

{0090} In exemplary embodiments, the disclosure provides a sustained release pharmaceutical
composition that includes a vasoactive intestinal peptide disclosed herein (e.g. having an N-
terminal motety such as a Methionine) and one or more amino acid sequences including
IVPGXGlog, [VPGXGlige, [VPGXGlise, or [VPGXGligs where gach X is selected from V, (G,
and AV, G, and A may be present at a ratio of about 5:3:2, of about 7:2:0, of about 7:0:2, of
about 6:0:3, or of about 5.2:2. Alternatively, the amino acid sequence includes [VPGVGly or
VPGV Gl In exemplary embodiments, the disclosure provides a sustained release
pharmaceutical composition that includes a vasoactive intestinal peptide or derivatives thereof
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{e.g. having an N-terminal moiety such as a Methionine} and one or more amino acid sequences
mcluding [ XPGVGlias, where each X s selected from V, G, and A. V, G, and A may be present
at a ratio of about 5:0:4. Alternatively, the amino acid sequence includes [XPGVGls. The
formulation further includes one or more pharmaceutically acceptable excipients and/or diluents
for formation of a reversible matrix from an aqueous form upon administration to a human
subject. VIP and denivatives thereof are disclosed in U.S. Patent Publication No. 2011/0178017.

[0091] In another aspect, the disclosure provides a method for delivering a sustained release
regimen of a vasoactive intestinal peptide disclosed herein. The method comprises adnunistering
the pharmaceutical composition described herein to a subject in need, wherein the
pharmaceutical composition 1s administered from about 1 to about 8 times per month. In some
ernbodiments, the pharmaceutical composition s administered about 1 time, about 2 times, about
3 times, and/or about 4 times per month. In some embodiments, the pharmaceutical composttion
15 admimstered weekly. In some embodiments, the pharmaceutical composition is adminstered
daily. In some embodiments, the pharmaceutical composition 13 administered from one to three
times weekly. In some embodiments, the pharmaceutical composition 13 adnunistered once every
two weeks. In some embodiments, the pharmaceutical composition 15 administered from one to
two times a month. In particular embodiments, the pharmaceutical composition 1s adminstered
about 1 time per month. In some embodiments, the pharmaceutical composition 15 admimstered
about once every 2 months, about once every 3 months, about once every 4 months, about once
every 5 months, and/or about once every 6 months. In some embodiments, VIP may have an
additional moiety such as Methionine at the N-terminus to alter the receptor binding profile, as
described in U.S. Patent Publication No. 2011/0178017. In some embodiments, VIP is fused to
ELPT (having from about 90 to about 180 ELP units}. In some embodiments, VIP s fused to
ELP4 (having from about (having from about 90 to about 180 ELP units). In some embodiments,
VIP 15 fused to ELPbeta v2 (having from about 90 to about 180 ELP units). The pharmaceutical
composttion can be packaged in the form of pre-filled pens or syringes for administration once
per week, twice per week, or from one to eight times per month, or alternatively filled in

conventional vials and the like.
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{0092} Advantageously, the compositions provide for prolonged pharmacokinetic exposure due
to sustained release of the active agent.  In particular aspects, the maximal exposure level may
be achieved at about 10 hours, about 24 hours, about 48 hours or about 72 hours after
administration; typically the maximum exposure level is achieved between about 10 hours and
about 48 hours after administration. After the maximal exposure level is achieved the
compositions may achieve a sustained level of release whereby a substantial percentage of the
maximal level 1s obtained for a period of time. For example, the sustained level may about 50%,
about 60%, about 70%, about 80%, about 90% or about 100%. Exemplary periods of time for
maintaining the sustained rate are about 3 days, about 4 days, about 5 days, about 6 days, about 1
week, about 2 weeks, about 4 weeks, about 6 weeks, or about 8 weeks, after the maximal
exposure rate 18 achieved. Subsequently, the sustained level may lower to a reduced exposure
fevel. Such reduced exposure rates may be about 5%, about 10%, about 20%, about 30%, about
40%, about 50% or about 60%.

{0093] In some embodiments, the pharmaceutical compositions disclosed herein are
admunistered chronically. In some embodiments, the pharmaceutical compositions disclosed
herein are administered for about 6 months, for about 7 months, for about 8 months, for about 9
months, for about 10 months, for about 11 months, for about 1 vear, for about 2 years, for about
3 years, for about 4 years, for about S years, for about 10 years or more. The pharmaceutical
compositions may be administered at any required dose and/or frequency disclosed herein.

{0094} In some embodiments, the pharmaceutical compositions disclosed herein are
administered until myopathic symptoms improve. In some embodiments, the pharmaceutical
compositions disclosed herein are admunistered until myopathic symptoms are ameliorated. In
some embodiments, the pharmaceutical compositions disclosed herein are administered until
myopathic symptoms are delayed. In some embodiments, the pharmaceutical compositions
disclosed herein are administered until myopathic symptoms are cured.

{0095} In some embodiments, the pharmaceutical compositions disclosed herein are
administered before the patient begins to exhibit one or more myopathic symptoms. In some
embodiments, the pharmaceutical compositions disclosed herein are administered at the onset of

myopathic symptoms. In some embodiments, the pharmaceutical compositions disclosed herein
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are administered before the patient begins to exhibit cardiomyopathy. In some embodiments, the
pharmaceutical compositions disclosed herein are administered at the onset of cardiomyopathy
symptoms.

{0096] In some embodiments, the pharmaceutical composition i1s administered to a subject
determuned to have muscle wasting. In some embodiments, the pharmaceutical composition is
admirnustered to a subject determined to have muscle myopathy. In some embodiments, the
subject 18 determined to have increased levels of muscle protein circulating in the blood
compared to a non-myopathic subject. In some embodiments, the subject i3 deternuned to have
increased levels of creatine kinase (CK) circulating in the blood compared to a non-myopathic
subject. In some embodiments, the subject 15 deternuned to have increased levels of lactic
dehydrogenase (LDH) circulating in the blood compared to a non-myopathic subject. In some
embodiments, the subject 1s determuned to have increased levels of pyruvate kinase (PK)
circulating 1 the blood compared to a non-myopathic subject. Muscle protein levels can be
determined using a serum enzyme test.

[8097] Tn some embodiments, the subject 15 determuned to have altered levels of electrolytes in
the urine. In some embodiments, the subject 1s determined to have increased levels of calcium m
the urine compared to non-myopathic subjects. In some embodiments, the subject 13 determined
to have mncreased levels of magnesium in the urine compared to non-myopathic subjects. Urine
electrolyte levels can be determined using a urine test.

{0098} In some embodiments, the pharmaceutical composition is administered to a subject
determined to have an inflammatory myopathy. In some embodiments, the subject 15 determined
to have increased levels of antibodies circulating in the blood compared to a non-myopathic
subject. In some embodiments, the subject is determined to have increased levels of myositis-
associated antibodies circulating in the blood compared to a non-myopathic subject. In some
embodiments, the myositis-associated antibodies include, but not limited to, Jo-1, PL-7, PI-12,
EK, O], KS, Zo and Ha. In some embodiments, the myositis-associated antibodies bind to
antigens including, but not limited to, those bound by the antibodies Jo-1, PL-7, PI-12, EK, O],
KS, Zo and Ha. In some embodiments, the antibodies include, but are not limited to, SRP, Mi-2,

PMS1, P155, p140, CADM-140, MJ (p140), MU, SAE, decorin, KU, KJI, HMGCR, Mup44,
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Cortactin, nuclear pore, FHL1, PM-8cl, 56kD, SSA/ro, Ul-nRNP, UZ-NRNP, Fer, MAS, and
mitochondrial. In some embodiments, the antibodies bind to antigens including, but not himited
to, those bound by the SRP, Mi-2, PMS1, P155, p140, CADM-140, MJ (p140), MU, SAE,
decorin, KU, KJ, HMGCR, Mup44, Cortactin, nuclear pore, FHL1, PM-Scl, 56kD, SSA/ro, Ul-
nRNP, U2-NRNP, Fer, MAS, and mitochondrial antibodies.

[0099] In some embodiments, the subject is determined to have abnormal echocardiograms
compared to a non-cardiomyopathic subject. In some embodiments, the subject 1s determined to
have changes in cardiac performance compared to a non-cardiomyopathic subject. In some
embodiments, the subject 1s determined to have an mncreased P-R interval compared to non-
cardiomyopathic subjects. In some embodiments, the subject 13 determined to have increased U
waves compared to non-cardiomyopathic subjects.  In some embodiments, the subject 15
determined to have wide QRS compared to non-cardiomyopathic subjects. In some
embodiments, the subject 1s deternuned to have nonspecific 8T-T changes compared to non-
cardiomyopathic subjects.  In some embodiments, the subject 15 determuned to have sinus
arrhythmias compared to non-cardiomyopathic subjects. In some embodiments, the subject 13
determined to have deep Q@ waves and elevated R waves precordially compared to non-
cardiomyopathic subjects. In some embodiments, the subject 1s determined to have an abnormal
tonic contraction {TC} compared to non-cardiomyopathic subjects. In some embodiments, tonic
contraction results from a period of calcium dysregulation which manifests as sustained ion-
driven myocyte contraction, resulting in echocardiographic appearance of left ventricle
“underfilling” (Su et al. (2015). In some embodiments, the subject is determined to have an
arthythmia compared to non-cardiomyopathic subjects. In some embodiments, the subject is
determined to have an sinus tachycardia compared to non-cardiomyopathic subjects. In some
embodiments, the subject is determined to have systolic dysfunction compared to non-
cardiomyopathic subjects. In some embodiments, the subject is determined to have diastolic
dysfunction compared to non-cardiomyopathic subjects. In some embodiments, the subject 1s
determined to have decreased mutral systolic wave velocity compared to non-cardiomyopathic

subjects. In some embodiments, the subject is determined to have wall motion abnormalities
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compared to non-cardiomyopathic subjects. The heart function and/or characteristics may be
measured using electrocardiogram

{00100} In some embodiments, the subject is determined to have increased pro-
mflammatory cytokine expression compared to a non-cardiomyopathic subject. In some
ernbodiments, the subject 1s deternuined to have increased pro-inflammatory cvtokine activity
compared to a non-cardiomyopathic subject. In some embodiments, the pro-inflammatory
cytokine 1s any pro-inflaramatory cytokine, mcluding but not limited to, OPN, LTR4, TNF-alpha,
interleukin-6 (IL-6} and soluble tumor necrosis factor-alpha receptor (STNFR). The expression
or activity of pro~-inflammatory cytokines in a subject may be measured through cytokine assays.
{60101} In some embodiments, the subject 1s determined to have decreased nNOS protein
expression compared to a non-cardiomyopathic subject. In some embodiments, the subject is
determined to have decreased nNOS activity compared to a non-cardiomyopathic subject. In
some embodiments, the subject 18 determined to have aliered nNOS protein accumulation
compared to a non-cardiomyopathic subject. In some embodiments, the subject 15 determuned to
have increased nNOS protemn accumulation in the cytosol of skeletal muscle compared to a non-
cardiomyopathic subject. In some embodiments, the subject 1s determined to have decreased
nNGS protein accumulation in the sarcolemma of skeletal muscle compared to a non-
cardiomyopathic subject. Protein accumulation may be assayed through histological techniques.
Protein expression may be assayed through immunoprecipitation techniques. Protein activity
may be measured by NOS catalytic assays.

{66102} The pharmaceutical composition is generally for “systemic delivery,” meaning
that the agent is not delivered locally to a pathological site or a site of action. Instead, the agent
is absorbed into the bloodstream from the injection site, where the agent acts systemically or is
transported to a site of action via the circulation. The therapeutic agent may be administered by
any known route, such as for example, orally, intravenously, intramuscularly, nasally,
subcutaneously, intra-vaginally, and intra-rectally. In one embodiment, the formulation 1s
generally for subcutaneous adminmistration. In one embodiment, the pharmacokinetic (PK)
parameters are prolonged when the agent i1s administered subcutaneously. In one embodiment,

the half-life of the fusion protein 1s prolonged. In one embodiment, the PK parameters when the
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agent is administered subcutaneously are prolonged compared with the agent administered by
other means {(e.g. intravenously). In one embodiment, the depot of the agent 1s prolonged when
the agent 1s adnunistered subcutaneously compared with the agent administered by other means
{e.g. intravenously).

{60103 In some embodiments, the formulation 1s administered about monthly, and may
be admunstered subcutaneously or mtramuscularly. In some embodiments, the formulation 1s
administered about weekly, and may be administered subcutaneously or intramuscularly. In
some embodiments, the site of admunstration is not a pathological site, for example, 15 not the
intended site of action.

[06104] In various embodiments, the plasma concentration of the active agent does not
change by more than a factor of 10, or a factor of about 3, or a factor of about 3 over the course
of a plurality of admunistrations, such as at least 2, at least about 5, or at least about 10
admunistrations of the formulation. The admmistrations are substantially evenly spaced, such as,
for example, about daily, or about once per week, or from one to about five times per month, or
about once every two months, or about once every three months.

{00105} The pharmaceutical composttions disclosed herein may be admumstered
smaller doses and/or less frequently than unfused or unconjugated counterparts. While one of
skill m the art can determine the desirable dose in each case, a suitable dose of the therapeutic
agent for achievement of therapeutic benefit, may, for example, be in a range of about 1
microgram {ug) to about 100 milligrams {mg} per kilogram body weight of the recipient per day,
preferably in a range of about 10 pg to about 50 mg per kilogram body weight per day and most
preferably in a range of about 100 ug to about 10 mg per kilogram body weight per day. In some
embodiments, the pharmaceutical composition 15 administered at a low dose. In some
embodiments, the pharmaceutical composition i1s administered at a dose between 1 mg per
kilogram per body weight per day to about @ mg per kilogram per body weight per day. In some
embodiments, the pharmaceutical composition is administered at about 1 mg per kilogram body
weight per day, about 3 mg per kilogram body weight per day, and/or about 9@ mg per kilogram
body weight per day. The desired dose may be presented as one dose or two or more sub-doses

administered at appropriate intervals throughout the day. These sub-doses can be administered
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in unit dosage forms, for example, containing from about 10 ug to about 1000 mg, preferably
from about 50 ug to about 500 mg, and most preferably from about 50 ug to about 250 mg of
active ingredient per unit dosage form. Alternatively, if the condition of the recipient so
requires, the doses may be administered as a continuous infusion.

{00106} In certain embodiments, the subject 1s a human, but in other embodiments may be
a non-human mammal, such as a domesticated pet (e.g., dog or cat}, or livestock or farm animal

{e.g., horse, cow, sheep, or pig).

Combination Therapies

{00107} The pharmaceutical compositions disclosed herein may be administered with
various therapies used to treat, prevent, delay, or ameliorate myopathies, muscular dystrophies,
and/or cardiomyopathies, including, but vot himited to, physical therapy, respiratory therapy,
speech therapy, occupational therapy, corrective surgery, and/or therapeutic agents. The
pharmaceutical compositions disclosed herein may be used alove or in combination with one or
more therapeutic agents. The one or more therapeutic agents may be any compound, molecule,
or substance that exerts therapeutic effect to a subject in need thereof.

[00108] The one or more therapeutic agents may be “co-administered”, 1.e., adminmistered
together in a coordinated fashion 1o a subject, either as separate pharmaceutical compositions or
admixed 1 a single pharmaceutical composition. By “co-adnunistered”, the one or more
therapeutic agents may also be admunistered simultaneously with the present pharmaceutical
compositions, or be admunistered separately, mcluding at different times and with different
frequencies. The one or more therapeutic agents may be administered by any known route, such
as orally, intravenously, intramuscularly, nasally, subcutaneously, ntra-vaginally, intra-rectally,
and the like; and the therapeutic agent may also be administered by any conventional route. In
many embodiments, at least one therapeutic agent may be administered subcutaneously.

{66109} These one or more therapeutic agents include, but are not hmited to,
corticosteniods, sterouds, phenviom, procammamide; quimineg; glucorticoids {eg deflazacort,
VEPIS, prednisone triamcinolone, methyiprednisolone systemic, betamethasone, budesonide,
prednisolone,  hydrocortisone,  dexamethasone, and/or  cortisone);,  anticonvulsants;
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immunosuppressants {e.g. cyclosporine, tacrolimus, prednisolone, hydrocortisone, sirolimus,
everolimus, azathioprine, mycophenolic acid, methotrexate, bastliximab, dachizumab, rituximab,
anti-thymocyte globulin, anti-lymphocyte globulin); penicillins (e.g. penicillin and amoxicillin};
cephalosporing {e.g. cephalexin), macrolides {eg erythromycin,  clartthromycin, and
azithromycin); fluoroquinolones {e.g. ofloxacin, levofloxacin, and ofloxacin); sulfonamides (e.g.
co-trimoxazole and trimethopnim); tetracychines {eg tetracycline and doxycychine);
amnmoglycosides (e.g. gentammicin and tobramyciny), ACE inlubitors {eg perindopril and
enalapril); angiotensin 11 receptor blockers; beta blockers; calcium channel blockers; digoxin;
antiarrhyvthmics; anticoagulants; antibiotics; diuretics {e.g. sprronolactone, eplerenone); exon-
skipping therapies (e.g. eteplusen, drisapersen); anti-myostatin antibodies (e.g. PF-06252616);
anti-connective fissue growth factor antibodies (e.g. FG-3019), PDES inlubitors (e.g. tadalafil,
sildenafil); PDES inhibitors; NF-«B mhibitors; stop codon read-through drugs {e.g ataluren};
utrophin modulators {e.g. SMT C1100, SMT022357), antifibrotic agents {(e.g. halofuginone,
angtotensin [1-7]}; synthetic analogs of coenzyme Qo {e.g. idebenoneg), allogeneic cardiac cell
therapy (e.g. CAP-1002; Toll-like receptor antagomsts (e.g. IM{-8400};, muneralocorticod-
receptor antagonists; B-adrenoceptor antagonists; reservatol; SIRTT activators; .

[80118] When two or more therapeutic agents are used i combination, the dosage of each
therapeutic agent 1s commonly wdentical to the dosage of the agent when used independently.
However, when a therapeutic agent interferes with the metabolism of others, the dosage of each
therapeutic agent is properly adjusted. Alternatively, where the two or more therapeutic agents
show synergistic effects, the dose of one or more may be reduced. Hach therapeutic agent may be
administered simultaneously or separately 1 an appropriate time interval.

133 22

{06111} 1t should be understood that singular forms such as “a,” “an,” and “the” are used
throughout this application for convenience, however, except where context or an explicit
statement indicates otherwise, the singular forms are mtended to include the plural All
numerical ranges should be understood to include each and every numerical point within the
numerical range, and should be interpreted as reciting each and every numerical point
mdividually. The endpoints of all ranges directed to the same component or property are

mclusive, and intended to be independently combinable.
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{00112] The term “about” when used in connection with a referenced numeric indication
means the referenced numeric indication plus or minus up to 10% of that referenced numeric

mndication. For example, the language “about 507 covers the range of 45 to 55,

{00113] As used herein, the word “include,” and its varants, is intended to be non-limiting,
such that recitation of 1tems in a hist is not to the exclusion of other like 1tems that may also be
useful m the materials, compositions, devices, and methods of this technology. Similarly, the
terms “can” and “may” and their variants are intended to be non-limiting, such that recitation that
an embodiment can or may comprise certain elements or features does not exclude other
ernbodiments of the present technology that do not contain those elements or features. Although
the open-ended term “comprising,” as a synonym of terms such as including, containing, or
having, 18 used herein to describe and claim the disclosure, the present technology, or
embodiments thereof, may alternatively be described using more limiting terms such as

“consisting of” or “consisting essentially of” the recited ingredients.

{00114] Unless defined otherwise, all technical and scientific terms herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although any methods and materials, similar or equivalent to those described herein,
can be used i the practice or testing of the present disclosure, the preferred methods and

materials are described herein.

{80118] This disclosure 1s further illustrated by the following non-himiting examples.

EXAMPLES

Fxample - PBIO46 effects on cardiomyoparhy and skeleiql muscle myopathy in muscular
dvstrophy patienis

[00116] A clinical tnial 1s performed i Duchenne Muscular Dystrophy and Becker Muscular
Dystrophy patients to test the efficacy of PB1046 treatment on delaying the onset of skeletal and

cardiac symptoms.
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{00117} Design: This 15 a randomized (2:1), double blind, placebo controlled trial. Initially
patients 18 years old or older will be evaluated, but the study will open to adolescents 12 years
old and older. In order to evaluate dose response, at least two dose levels will be evaluated, e.g.
doses between 0.4 mg/kg and 3.2 mg/ke, for instance 0.8 mg/kg and 1.6 mg/kg Depending on
safety considerations, higher or lower doses may also be evaluated. At least six patients will be

treated at each dose level.

{00118} The primary study endpoints are efficacy, which is measured as a change from
baseline 1n global cardiac/regional function properties following 12 weeks of treatment. This
function will additionally be evaluated at 24 weeks. Echocardiography and cardiac MRI with
late gadolinium evnhancement will be used for evaluation. The effect of treatment on left
ventricular circumferential strain will be measured. Left ventricle end diastolic volume
(LVEDV), night ventricle end diastolic volume (RVEDV), the degree of enhancement as a
measurement of cardiac fibrosis, fractional shortening (FS), and/or cardiac output (CO) will be
measured. LV swze, thickness, volumes, ejection fraction, and scar/inflammatory burden of the
myocardiom, as well as strain, change n LY dimension and volume, and scar burden are key
measures,

{80119] The secondary efficacy endpoints are respiratory function, quantitative muscle

strength, functional and quality assessments.

[80128] Once the study 1s over, patients will be offered continued open label therapy

based on the recommendations of the Data Safety Monitoring Board.

Example 2- Chronic Treatment with PBI046, a stable and long-acting vasoactive intestinal
peptide receptor agonist, improves cardiac and skeletal muscle function in mouse models of

Duchenne Muscular Dystrophy

{60121} Materials and Methods: MDX (C57BL10/ScSnDMDmdx, dystrophin deficient, n
= 21} and DKO (double knockout) mdy/umrn-/- (dystrophin/utrophin deficient, n = 13} mice were
administered with PB1046 (1.5 mg/kg) or 0.9% Na{'l saline {control} subcutanecusly three times
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a week for the duration of the study (32 weeks for MDX and up to 4 weeks for DKO). Left
ventricular function (via echocardiography; ECHQO) and electrocardiography (ECG) changes
were monitored during routine check-ups. Terminal assessments included either an anesthetized
preparation in an instrumented animal with a pressure catheter to measure systemic/left
ventricular hemodynamics or skeletal muscle strength evaluation on the extensor digitorium
longus (EDL) (MDX only). Tissue samples were flash frozen or fixed in formalin for
histological assessments {Sirius Staining and Macrophage and CD counting).

{00122} The most commonly used echocardiographic parameter of ventricular
performance s fractional shortening (FS8%) which is used as an estimate of myocardial
contractility and s the ratio between the diameter of the left ventricle and the end of diastole and
its diameter at the end of systole. Fractional Area shortening (FAS) and Fractional Shortening
measured. To calculate FAS, teft ventricular areas were visualized in short axis at the level of
the papillary and using the cross-sectional images, end-diastolic and end-systolic endocardial
borders were manually traced. FAS was determined in the animals before and during the course
of treatment. The rate of left ventricle (LV) pressure rise in early systole {(dP/dt may) measures LYV
global contractility. The greater the contractile force exerted, the greater the rate of ncrease n
left ventricular pressure. This rate can be measured invasively, for example, using high-fidelity
micromanometer catheters inside the LV, as well as non-invasively, from a continuous wave
Doppler examination of mitral regurgitation jet. Tau, which represents the exponential decay of
the ventricular pressure during isovolumic relaxation was also measured. A longer Tau indicates
heart dysfunction.

{00123} Extensor digitorum longus {(EDL) muscles from both mouse legs were dissected
at the tendons and placed in Krebs-Henselet (K-H} buffer. Muscles were analyzed as disclosed in
Heller et al. (2013} and Rodino-Klapac et al. (2007) with some adaptations. Briefly, one tendon
was tied to the lever arm of the force transducer and the other tendon was tied to a linear
servomotor.  Once the muscle was stabilized, 1t was set to an optimal length of 1 gram and
subjected to a warm-up consisting of three 1 Hz twitches every 30 seconds followed by three 150
Hz twitches every minute. After a 3 minute rest period, the EDL was stimulated at 50, 100, 150,

and 200 Hz, with a 1 minute rest period between each stimulus to determine the maximum
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tetanic force. Muscle length was measured following stimulation. Following a 5 minute rest, the
susceptibility of the EDL muscle to contraction-induced damage was assessed. After 500 ms of
stimulation, the muscle was lengthened by 10% of the optimal length and stimulated at 150 Hz
for 700 ms. After the stimulation, the muscle was returned to the optimal length. The cycle was
repeated every minute for a total of 10 cycles.

[00124] Specific force was calculated by dividing the maximum tetanic force by the EDL
muscle cross-sectional area. For comparative purposes, all force measurements were expressed
petr unit cross-sectional area of the contractie raterial (CSA) (normalized sometric force or
tension, aN/mm’). CSA was calculated using the following equation:

CSA = {muscle mass in g)
[(optimal fiber length in cm) X (muscle density in g/emt’)]

[00125] TIn addition, tissue samples were analyzed by staining with Sirius Red to determine the

extent of collagen deposition as a marker of fibrosis.

[06126] Results: Chronic PB1046 slowed cardiac deterioration m MDX mice. The
fractional area shortening {an mdex of systolic function) was preserved over the duration of the
study (P<0.05) (Figure 1A). Ventricular filling velocities (E/A ratio — an mndex of diastolic
function) tended to be faster throughout the study, but did not reach statistical significance
(Figure 1B). Fractional shortenung (FS) was also preserved over the duration of the study (data
not shown).

{60127} Electrocardiograms were also assessed at these time points. Throughout the study,
PB1046 treated MDX mice tended to have shorter QRS {preserved ventricular conduction) when
compared to placebo-treated animals, but did not reach statistical significance (data not shown).
Simular trends were noted in DKO muce, with PB1046 treatment blunting the QRS prolongation
noted 10 controls {data not shown}.

{060128] In vive analysis showed that the elevated maximal rate of pressure rise {dP/dtmay -
an index of systolic function) was significantly greater (Figure 2A-B) and the Tau constant of

relaxation was faster with PB1046 treatment i MEPX mice (P<0.05) (Figure 2C-E).
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{00129} In evaluation of skeletal muscle function, PB1046 treatment protected against
contraction-induced damage on isolated EDL muscles without changing specific force in MDX
mice (Figure 3A-B).

{00130} In agreement with increased skeletal and cardiac function, PB1046 significantly
decreased the extent of fibrosis (collagen content) in the gastrocnemius muscle in the MDX mice
{(no statistically significant effect in quadriceps, diaphragm or tibialis anterior muscles, though
trends were evident) (Figure 4A). Additionally there was a trend to reduce collagen content in
MDX heart muscle (Figure 4B). Although n was small, similar trends in fibrosis were noted in
DKO roice hearts {data not shown).

{00131} A significant reduction in total macrophage count was observed after treatment
with PB1046 (Figure 4C). While no differences were observed 1o other wunune cells {CD3,
CD4, CD8, data not shown).

[80132] Conclusion: Chronic treatment with 3 novel VIP receptor agonist, PB1046,
ameliorated DMD myopathy by slowing cardiac deterioration and protected against skeletal
muscle contraction-induced damage. In addition to positive 1notropic and lusitropic effects on
cardiac function, decreased fibrosis (collagen content) 15 likely to contribute to positive effects of

PB1046 on both cardiac and skeletal muscle.

INCORPORATION BY REFERENCE

[80133] All publications, patents, and patent publications cited are ncorporated by reference

herein in thetr entirety for all purposes.

{80134] This application incorporates by reference the following publications in thewr entireties
for all purposes: US 2001/0034050; US 2009/0220455; US 8,334,257, US 2013/0310538 ; US
2013/0172274; US 2011/0236384; US 6,582,926, UK 7,429,458, UK 7,364,859, US §,178,495;
US 2013/0079277, US 2013/0085099; US 2013/0143802, US 2014/0024600; US 261 1/0178017,
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CLAIMS

1. A method for treating muscle myopathy comprising adnunistering to a patient in need thereof
a pharmaceutical composition comprising a Vasoactive Intestinal Peptide (VIP) and one or more

elastin-like peptides (ELP).

2. A method for protecting against muscle contraction-induced injury in a patient in need thereof
comprising administering a pharmaceutical composition comprising a Vasoactive Intestinal

Peptide (VIP) and one or more elastin-like peptides (ELP).

3. A method for slowing the progression of cardiomyopathy comprising adnunistering to a
patient in need thereof a pharmaceutical composition comprising a Vasoactive Intestinal Peptide

{(VIP) and one or more elastin-like peptides (ELP).

4. A method for treating cardiomyopathy comprising administering to a patient i need thereof a
pharmaceutical composition comprising a Vasoactive Intestinal Peptide (VIP) and one or more

elastin-like peptides (ELP}.

5. The method of any of claims 1-4, wherein the pharmaceutical composition reduces muscle

fibrosis.

6. The method of any of the proceeding claims, wherein the ELP comprises repeat units of any

of SEQ I NOs: 1-13, or a combinaiion thereof.

7. The method of any of the proceeding clamms, wherein the ELP comprises repeat units of

VPGXG (SEQ 1D NG:3).

8. The method of claim 7, wherein the ELP comprises 120 repeat units of VPGXG, where X 13

independently selected from Val, Ala, and Gly.
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9. The method of claim 8, wheremn X is independently selected from Val, Ala, and Glv 1n a ratio

of about 5:2:3.

10. The method of any of claims 1-4, wherein the VIP peptide has a relative binding preference

for VPACZ over VPACT.

11. The method of any of claims 1-4, wherein the pharmaceutical composition is formulated for

subcutaneous, intramuscular, or intravenous adnmunistration.

12, The method of claim 11, wherein the pharmaceutical composition 1s administered

subcutaneously.

13. The method of any of claims -4 wherem the pharmaceutical composition 1s admimstered at

a low dose.

14. The method of c¢laim 13, wherein the dose s between 0.1 mg/kg per day and 10 mg/kg per

day.

15. The method of any of claims 1-4, wherein the pharmaceutical composition is administered

daily.

16. The method of any of claims 1-4, wherein the pharmaceutical composition is administered

from one to three times weekly.

17. The method of any of claims 1-4, wherein the pharmaceutical composition i1s administered

weekly.

18. The method of any of claims 1-4, wherein the pharmaceutical composition is administered

from one to two times per month.
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19. The method of claim 5, wherein the muscle fibrosis 1s reduced by about 5%, 10%, 20%,

30%, 40%, or 50% compared with untreated patients.

20. The method of claim 5, wherein the muscle fibrosis is delayed for about 1 month, 6 months,

1 vear, or 5 years compared with untreated patients.

21. The method of any of claims 1-4, wherein muscle contractility in the patient is preserved.

22. The method of claim 21, wherein the muscle contractility in the patient 1s preserved at about

90%, 80%, 70%, 60%, or 50% compared with healthy subjects.

23. The method of any of clamms 1-4, wherein muscle strength i the patient 1s preserved.

24. The method of claim 23, wherein the muscle strength in the patient is preserved at about

90%, 80%, 70%, 60%, or 50% compared with healthy subjects.

J
V4

5. The method of any of claims 19-24, whereimn the muscle 1s a skeletal muscle.

26. The method of any of claims 19-24, wherein the muscle is cardiac muscle.

27. The method of any of clamms 1-4, wherein the pharmaceutical composttion preserves

myocyte shortening compared to that of untreated myocytes.

28. The method of any of claims 1-4, wherein the pharmaceutical composition preserves

myocyte re-lengthening velocity compared to that of untreated myocytes.

29. The method of any of claims 1-4, wherein the pharmaceutical composition preserves

myocyte contractility compared to that of untreated myocytes.
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30. The method of any of claims 1-4, wherein the pharmaceutical composition preserves

myocyte relaxation compared to that of untreated myocytes.

31. The method of any of claims 27-30, wheren the myvocyte 18 a cardiomyocyte.

32. The method of any of claims 27-30, wherein the myocyte 1s a skeletal muscle myocyie.

33. The method of any of claims -4, wheren the patient has a muscular dyvstrophy.

34. The method of claum 33, wherein the muscular dystrophy 1s selected from the group
consisting of Myotonic muscular dystrophy, Duchenne muscular dystrophy, Becker muscular
dystrophy, Limb-girdle muscular dystrophy, Facioscapulohumeral muscular dystrophy,
Congemital muscular dystrophy, Oculopharyngeal muscular dystrophy, Phstal muscular

dystrophy, and Emery-Dreifuss muscular dystrophy.

35, The method of any of claims 1-4, wherein the patient has an mflammatory myopathy.

36. The method of claim 35, wherein the inflammatory myopathy is selected from the group

consisting of polymyositis, dermatomyositis, and inclusion body myositis.

37. The method of any of claims 3-4, wherein the cardiomyopathy results from a muscular
dystrophy.
38. The method of claim 37, wherein the muscular dystrophy 1s Duchenne muscular dystrophy,

Becker Muscular Dystrophy or X-linked dilated cardiomyopathy.

39. The method of any of claims 1-4, wherein the pharmaceutical composition comprises SEQ

ID NQO: 15 or SEQ ID NO: 20.
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40. The method of claim 39, wherein the pharmaceutical composition is administered

subcutaneously to a subject.

41. The method of claim 40, wherein the pharmaceutical composition ts administered from one

to two times a month to a subject.

42. The method of claim 41, wherein the pharmaceutical composition 1s administered at a low

dose.

43. The method of claim 42, wherein the pharmaceutical composition 1s adnunistered at a dose

betweenl mg/kg per day and 9 mg/kg per day.
o o & o

44. The method of claim 43, wherem the subject has a muscular dystrophy.

45. The method of claim 44, wherein the muscular dystrophy 1s Duchenne Muscular Dystrophy,

Becker Muscular Dystrophy or X-linked dilated cardiomyopathy.

46, The method of claim 45, wherein the subject has cardiomyopathy.

47. The method of any of claims 1-4, wherein the pharmaceutical composition comprising a
Vasoactive Intestinal Peptide {(VIP) and one or more elastin-like peptides (ELP) is formulated for

sustained release.

48. The method of any of claims 3-4, wherein administration of the pharmaceutical composition

preserves fractional shortening compared to an untreated myopathic subject

49. The method of claim 48, wherein the fractional shortening is preserved by about 20% to 50%

compared to an untreated myopathic subject.
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50. The method of any of claims 3-4, wherein administration of the pharmaceutical composition

imncreases the ventricular filling velocity compared to an untreated myopathic subject.

51. The method of claim 30, wherein the ventricular filling velocity 1s increased by about 10-

S0% compared to an untreated myopathic subject.

52. The method of any of clairos 3-4, wheremn admurnustration of the pharmaceutical composition

elevates the maximal rate of pressure rise compared to an untreated myopathic subject.

53. The method of claim 52, wherein the maximal rate of pressure is elevated from about 20% to

about S0% compared to an untreated myopathic subject.

54, The method of any of claims 3-4, wheremn admunistration of the pharmaceutical composition

mereases the Tau constant of relaxation compared to an untreated myopathic subject.

55. The method of claim 54, wherein the Tau constant of relaxation is mncereased about 10% to

about S0% compared to an untreated myopathic subject.

56. The method of any of claims 1-4, wherein administration of the pharmaceutical composition

decreases the collagen content in a muscle compared to an untreated myopathic subject.

57. The method of claim 56, wherein the collagen content in a muscle is decreased by about 20%

to about 50% compared to an untreated myopathic subject.

58 The method of any of claims 1-4, wherein administration of the pharmaceutical composition

decreases immune cell count in muscle compared to an untreated myopathic subject.

59. The method of claim 58 wherein the immune cells are macrophages.
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60. The method of claim 59, wherein the macrophage cell count is decreased by about 20-50% n

a muscle compared to an untreated myopathic subject.

61. The method of any of claims 56-60, wheremn the muscle 1s gastrocnemius muscle, quadriceps

muscle, diaphragm muscle, tibialis anterior muscle, and/or cardiac muscle.

62. A method for treating muscle myopathy comprising adnunistering to a patient in need thereof

a pharmaceutical composition comprising the amino acid sequence of SEQ ID NO: 15,

63. A method for protecting against muscle contraction-mduced injury comprising administering
to a patient in need thereof a pharmaceutical composition comprising the amino acid sequence of

SEQ ID NO: 15,

64. A method for slowing the progression of cardiomvopathy comprising administering to a
el 4 o o fae) L]
patient 10 need thereof a pharmaceutical composition comprising the amino acid sequence of

SEQ ID NO: 15,

65. A method for treating cardiomyopathy comprising administering to a patient in need thergof

a pharmaceutical composition comprising the amino acid sequence of SEQ 1D NO: 15

66. The method of any one of claims 62-65, wherein the pharmaceutical composition reduces

muscle fibrosis.

(]
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