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METHODS FOR TREATING AND PREVENTING CARDIOMYOPATHY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Application

No. 62/091 ,075, filed December 12, 2014, which is hereby incorporated by reference

in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to methods of using fusion

proteins comprising a tafazzin peptide and a cellular permeability peptide to treat a

subject having a cardiomyopathy. The present disclosure also relates to use of

fusion proteins comprising a tafazzin peptide and a cellular permeability peptide in

prophylaxis against developing a cardiomyopathy in a subject at risk of developing

such a disorder. In particular, the present disclosure relates to methods of using

fusion proteins comprising a tafazzin peptide coupled to a cellular permeability

peptide by a polypeptide linker.

BACKGROUND

[0003] Barth syndrome is an X-linked disorder that can result from defects in the

gene encoding tafazzin, an acyltransferase that can modify cardiolipin to a

tetralinoleoyl form and that can be involved in mitochondrial respiration. The clinical

manifestations of Barth syndrome may include, but are not limited to, muscular

hypotonia, cardiomyopathy, and neutropenia.

[0004] In Barth syndrome, a single gene mutation in the mitochondrial

transacylase, TAZ, can result in impairment of lipid metabolism (see Aprikyan AA

and Khuchua Z , Brit J Haematol, 2013; 161 (3):330-8) leading to mitochondrial

dysfunction, which is manifested clinically in highly energetic tissues such as the

heart and skeletal muscle (see Aprikyan AA and Khuchua Z , Brit J Haematol, 201 3 ;

161 (3):330-8 and Khuchua Z , et al., Circ Res, 2006; 99(2):201 -8). TAZ can catalyze

the transfer of acyl chains from phosphatidyl choline to cardiolipin (CL), remodeling

monolysocardiolipin (MLCL) to tetralinoleoyl cardiolipin (L4CL) (see Houtkooper RH,

et al., Biochim Biophys Acta, 2009; 1788(1 0):2003-14 and Xu Y, et al., J Biol Chem,

2003; 278(51 ):51 380-5). Barth syndrome patients exhibit a reduction in the levels of

L4CL and an accumulation of MLCL (see Xu Y, et al. J Biol Chem, 2006;



281 (51 ):39217-24), which can lead to mitochondrial dysfunction. These patients

may experience growth deficiencies, exercise intolerance, cardiomyopathy,

hypotonia, neutropenia, etc. (see Barth PG, et al., Am J Med Genet Part A , 2004;

126A(4): 349-54).

[0005] One of the leading causes of morbidity among Barth syndrome patients is

cardiac failure. Patients may exhibit endomyocardial fibroelastosis, dilated

cardiomyopathy, and, as often observed with mitochondrial disorders,

hypertrabeculation. At the cellular level, hearts from affected patients may

demonstrate morphologically abnormal mitochondria (see Neustein HB, et al.,

Pediatrics, 1979; 64(1 ):24-9) while fibroblasts may demonstrate a deficiency of

respiratory complexes (see Barth PG, et al., J Inherit Metab Dis, 1999; 22(4):555-67)

and a decrease in oxygen consumption rates (see Houtkooper RH, et al., Biochim

Biophys Acta, 2009; 1788(1 0):2003-14). CL, a structurally unique phospholipid

component of the inner mitochondrial membrane, can provide functional support for

the electron transport chain complexes (see Kiebish MA, et al., J Lipid Res, 201 3 ;

54(5):1312-25 and Pfeiffer K , et al., J Biol Chem, 2003; 278(52):52873-80). In the

absence of CL, respiratory supercomplex formation may be hindered (McKenzie M ,

et al., J Mol Biol, 2006; 361 (3):462-914) and individual complex activity may be

decreased (see Zhang M , et al., J Biol Chem, 2005; 280(33):29403-8). Disturbances

in the acyl chain composition of CL have been linked to impaired mitochondrial

respiratory function (see Xu Y, et al., J Biol Chem, 2003; 278(51 ):51 380-5), possibly

through alteration in membrane dynamics (see Baile MG, et al., J Biol Chem, 2014;

289(3): 1768-78).

[0006] Since mitochondrial respiration is responsible for ATP generation, it has

long been assumed that the cardiac and skeletal myopathy seen in Barth syndrome

is a result of diminished ATP generation and depleted ATP stores. Recently, it has

been reported that cardiomyocytes (CMs) derived from induced pluripotent stem

cells (iPS cells) containing targeted TAZ mutations demonstrate normal ATP stores

but increased reactive oxygen species (ROS), suggesting that the pathogenesis of

Barth syndrome may be due to ROS generation (see Wang G , et al., Nat Med, 2014;

20(6):616-23). ROS have long been implicated in the pathogenesis of cardiac

hypertrophy and regulation of excitation-contraction coupling through effects on



specific signaling pathways such as ERK, AKT, and PKA (see Sag CM, et al., J Mol

Cell Cardiol, 2014; 73C: 103-1 1) . Mitochondrial ROS, in particular, have been

associated with angiotensin ll-induced hypertrophy and heart failure associated with

Gaq signaling (see Dai DF, et al., Circ Res 201 1; 108(7):837-46). Excessive ROS

have also been linked to apoptosis (see Murphy MP, et al., Cell Metab, 201 1;

13(4): 361-6).

[0007] Additionally, there are other indications associated with a tafazzin

deficiency and remodeled cardiolipin deficiency. These indications include, but are

not limited to, dilated cardiomyopathy, hypertrophic cardiomyopathy, noncompaction

cardiomyopathy, ischemic cardiomyopathy, hypertensive cardiomyopathy, diabetic

cardiomyopathy, and chemotherapy induced cardiomyopathy. The mitochondrial

phospholipid cardiolipin can be involved in optimal, or substantially optimal,

mitochondrial respiration, and loss of mitochondrial phospholipid cardiolipin can be

associated with the development of heart failure (see Sparagna GC, et al., J Lipid

Res, 2007; 48(7): 1559-70).

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The embodiments disclosed herein will become more fully apparent from

the following description and appended claims, taken in conjunction with the

accompanying drawings.

[0009] FIG. 1A is a graph depicting ejection fraction (%EF) and fractional

shortening (%FS) in wild-type (WT) and TAZ-knockdown (KD) mice at 8 weeks of

age. As depicted, TAZ-KD mice show normal ejection fraction and fractional

shortening at 8 weeks of age.

[0010] FIG. 1B is a graph depicting E/A ratio (MV E/A) and myocardial

performance index (MPI) in wild-type (WT) and TAZ-knockdown (KD) mice at 8

weeks of age. As depicted, TAZ-KD mice show normal E/A ratio and MPI at 8

weeks of age.

[001 1] FIG. 2 is a graph depicting relaxation in adult cardiomyocytes isolated from

2-month old wild-type (WT) and TAZ-knockdown (SHR) mice. As depicted, adult

cardiomyocytes isolated from 2-month-old wild-type and TAZ-knockdown mice show

nearly or substantially identical relaxation.



[0012] FIG. 3A is a tafazzin recombinant protein construct comprising a His tag in

the N-terminus and an antennapedia (Antp) tag in the C-terminus.

[0013] FIG. 3B is an SDS-PAGE of tafazzin (TAZ) wild-type (WT) mouse protein

(comprising Antp at the C-terminus) depicting induction in BL21 (DE3) cells and

purification. Bacterial cells were pre-cultured for 2 hours and subsequently induced

with 0.5 mM IPTG for 2 hours. The left panel gel shows pre- (lane 2) and post- (lane

3) induction bacterial lysates. The cells were then lysed and His-tagged tafazzin was

purified using a Cobalt (Co) column, as shown in the right panel.

[0014] FIG. 4 is a series of micrographs depicting that recombinant tafazzin

tagged with cardiac targeting peptide (CTP) localizes to mitochondria. H9c2

myoblasts were treated with untagged TAZ (top panel) or TAZ-CTP (bottom panel).

Protein uptake was detected by immunofluorescence and mitochondrial

colocalization was detected by overlap with MITOTRACKER ® dye.

[0015] FIG. 5 is a graph depicting that recombinant tafazzin tagged with Antp

rescues defective mitochondrial respiration in TAZ-KD cells. The oxygen

consumption rate in C2C12 WT or TAZ-KD cells was measured after treatment with

vehicle or TAZ-Antp. Both basal respiration (before oligomycin treatment) and

maximal respiration (after FCCP administration) were reduced in TAZ-KD cells

compared to WT. After treatment with TAZ-Antp, respiration in TAZ-KD was

restored to WT levels.

[0016] FIG. 6 is a graph depicting ROS levels in WT and TAZ-KD neonatal

cardiomyocytes (NCM) at baseline and after TAZ-Antp treatment.

[0017] FIG. 7 is a micrograph depicting TAZ-CTP uptake into the myocardium.

As depicted, coronary infusion of TAZ-CTP promotes uptake into the myocardium.

[0018] FIG. 8A is a series of multiple reaction monitoring (MRM) chromatograms

for monolysocardiolipin (MLCL, sum of m/z 582.9 → r ?/z 281 .3 and m/z 582.9 → r ?/z

255.3) and tetralinoleoyl cardiolipin (L4CL, m/z 723.8 → r ?/z 279.4) in heart tissue

from TAZ knockdown mice treated with either vehicle control or TAZ-Antp.

[0019] FIG. 8B shows LC-MS spectra of cardiolipin from TAZ knockdown mouse

hearts treated with either vehicle control or TAZ-Antp.

[0020] FIG. 8C is a graph depicting the MLCL/L4CL ratio in hearts from TAZ-Antp

and vehicle control treated TAZ knockdown mice.



[0021] FIG. 8D is a graph depicting oxygen consumption rates in TAZ knockdown

mouse hearts measured with a high resolution OXYGRAPH-2K™ respirometer after

treatment with either TAZ-Antp or vehicle control.

DETAILED DESCRIPTION

[0022] The present disclosure relates generally to methods for treating a subject

having a cardiomyopathy. The present disclosure also relates to methods for

prophylactically treating a subject at risk of developing a cardiomyopathy. The

methods for treating a subject having, or at risk of developing, a cardiomyopathy

may comprise administering to the subject a fusion protein including a tafazzin

peptide and a cellular permeability peptide. The methods for treating a subject

having, or at risk of developing, a cardiomyopathy may also comprise identifying a

subject having a tafazzin gene {TAZ) mutation.

[0023] It will be readily understood that the embodiments, as generally described

herein, are exemplary. The following more detailed description of various

embodiments is not intended to limit the scope of the present disclosure, but is

merely representative of various embodiments. Moreover, the order of the steps or

actions of the methods disclosed herein may be changed by those skilled in the art

without departing from the scope of the present disclosure. In other words, unless a

specific order of steps or actions is required for proper operation of the embodiment,

the order or use of specific steps or actions may be modified.

[0024] Unless specifically defined otherwise, the technical terms, as used herein,

have their normal meaning as understood in the art. The following terms are

specifically defined with examples for the sake of clarity.

[0025] As used herein, "tafazzin" refers to a phospholipid-lysophospholipid

transacylase that can be responsible for modification of cardiolipin (a membrane

phospholipid) to its tetralinoleoyl form. In some embodiments, tafazzin can refer to

full-length human tafazzin or human tafazzin lacking exon 5 , both of which exhibit

transacylase activity. In certain embodiments, tafazzin can refer to full-length mouse

tafazzin, which is homologous to the human tafazzin lacking exon 5 .

[0026] As used herein, "peptide" and "polypeptide" are used in their broadest

senses to refer to a sequence of subunit amino acids. The peptides or polypeptides

of the invention may comprise L-amino acids, D-amino acids (which can be resistant



to L-amino acid-specific proteases in vivo), or a combination of D- and L-amino

acids. The terms peptide and polypeptide can be used interchangeably. The

peptides and polypeptides described herein may be chemically synthesized or

recombinantly expressed. The peptides and polypeptides may be linked to any other

moiety as deemed useful for a given purpose. Such linkage can comprise covalent

linkages or non-covalent linkages as is understood by those of skill in the art.

[0027] As used herein, "fusion proteins" or "chimeric proteins" refer to proteins

created through the joining of two or more genes (e.g., a fusion gene), each of which

originally coded for separate proteins. Translation of this fusion gene may result in

one or more polypeptides comprising functional properties derived from each of the

two or more genes.

[0028] As used herein, a "cellular permeability peptide" is a peptide that facilitates

cellular uptake of the peptide itself and other peptides that are linked to the cellular

permeability peptide. In certain embodiments, these peptides can comprise portions

of Drosophila antennapedia, HIV Tat, cardiac targeting, and Kaposi FGF4 peptides,

which may facilitate cellular uptake. As used herein, such peptide fragments may be

referred to as antennapedia permeability peptides, HIV Tat permeability peptides,

cardiac targeting permeability peptides, and Kaposi FGF4 permeability peptides.

[0029] Amino acid residues as disclosed herein can be modified by conservative

substitutions to maintain, or substantially maintain, overall polypeptide structure

and/or function. As used here, "conservative amino acid substitution" indicates that:

hydrophobic amino acids (i.e., Ala, Cys, Gly, Pro, Met, See, Sme, Val, lie, and Leu)

can be substituted with other hydrophobic amino acids; hydrophobic amino acids

with bulky side chains (i.e., Phe, Tyr, and Trp) can be substituted with other

hydrophobic amino acids with bulky side chains; amino acids with positively charged

side chains (i.e., Arg, His, and Lys) can be substituted with other amino acids with

positively charged side chains; amino acids with negatively charged side chains (i.e.,

Asp and Glu) can be substituted with other amino acids with negatively charged side

chains; and amino acids with polar uncharged side chains (i.e., Ser, Thr, Asn, and

Gin) can be substituted with other amino acids with polar uncharged side chains.

[0030] Treating a subject can comprise delivering an effective amount or

delivering a prophylactic treatment and/or a therapeutic treatment to a subject (e.g.,



a patient). An "effective amount" is an amount of a compound that can result in a

desired physiological change in a subject. Effective amounts may also be

administered for research purposes.

[0031] A "prophylactic treatment" comprises a treatment administered to a subject

who does not display signs or symptoms of a disease or condition, or a subject who

displays only early signs or symptoms of a disease or condition, such that treatment

is administered for the purpose of diminishing, preventing, and/or decreasing the risk

of further developing the disease or condition or of diminishing, preventing, and/or

decreasing the risk of developing the disease or condition. Thus, a prophylactic

treatment may function as a preventative treatment against a disease or condition.

[0032] A "therapeutic treatment" comprises a treatment administered to a subject

who displays symptoms or signs of a disease or a condition and the therapeutic

treatment is administered to the subject for the purpose of diminishing or eliminating

the symptoms or the signs of the disease or the condition.

[0033] "Therapeutically effective amounts" comprise amounts that provide

prophylactic treatment and/or therapeutic treatment. Therapeutically effective

amounts need not fully prevent or cure the disease or the condition but can also

provide a partial benefit, such as a delay of onset or an alleviation or an

improvement of at least one symptom of the disease or the condition.

[0034] For administration, effective amounts and therapeutically effective

amounts (also referred to herein as doses) can be initially estimated based on

results from in vitro assays and/or animal model studies. For example, a dose can

be formulated in animal models to achieve a circulating concentration range that

includes the IC 50 as determined in cell culture. Such information can be used to

more accurately determine useful doses in subjects of interest.

[0035] The actual dose amount administered to a particular subject can be

determined by a physician, a veterinarian, or a researcher, taking into account

parameters such as, but not limited to, physical and physiological factors including

body weight, severity of condition, type of disease, previous or concurrent

therapeutic interventions, idiopathy of the subject, and/or route of administration.

[0036] Doses can range from 0.1 mg/kg/day to 5 mg/kg/day, from 0.5 mg/kg/day

to 1 mg/kg/day, from 0.1 mg/kg/day to 5 pg/kg/day, or from 0.5 mg/kg/day to 1



pg/kg/day. In other non-limiting examples, a dose can comprise 1 pg/kg/day, 5

pg/kg/day, 10 pg/kg/day, 50 pg/kg/day, 100 pg/kg/day, 200 pg/kg/day, 350

pg/kg/day, 500 pg/kg/day, 1 mg/kg/day, 5 mg/kg/day, 10 mg/kg/day, 50 mg/kg/day,

100 mg/kg/day, 200 mg/kg/day, 350 mg/kg/day, 500 mg/kg/day, or 1000 mg/kg/day.

Therapeutically effective amounts can be achieved by administering single or

multiple doses during the course of a treatment regimen (i .e., days, weeks, months,

etc.).

[0037] In some embodiments, at least one compound is provided as part of a

pharmaceutical composition. The pharmaceutical composition can comprise, for

example, at least 0.1 % w/v of a compound. In other embodiments, the

pharmaceutical composition can comprise between 2% and 75% of compound per

weight of the pharmaceutical composition, or between 25% and 60% of compound

per weight of the pharmaceutical composition.

[0038] Pharmaceutically acceptable salts, tautomers, and isomers of the

compounds disclosed herein can also be used. Exemplary salts can include, but are

not limited to, sulfate, citrate, acetate, oxalate, chloride, bromide, iodide, nitrate,

bisulfate, phosphate, acid phosphate, isonicotinate, lactate, salicylate, acid citrate,

tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate,

besylate, gentisinate, fumarate, gluconate, glucaronate, saccharate, formate,

benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate, p-

toluenesulfonate, and pamoate (i .e., 1, 1 '-methylene-bis-(2-hydroxy-3-naphthoate))

salts.

[0039] The formulations described herein can be administered by, without

limitation, injection, inhalation, infusion, perfusion, lavage, and/or ingestion. Routes

of administration can include, but are not limited to, intravenous, intradermal,

intraarterial, intraperitoneal, intralesional, intracranial, intraarticular, intraprostatic,

intrapleural, intratracheal, intranasal, intravitreal, intravaginal, intrarectal, topical,

intratumoral, intramuscular, intravesicular, intrapericardial, intraumbilical,

intraocularal, mucosal, oral, subcutaneous, and/or subconjunctival.

[0040] In some embodiments, for injection, formulations can be made as aqueous

solutions, such as in buffers including, but not limited to, Hanks' solution, Ringer's

solution, and/or physiological saline. The solutions can contain formulatory agents



such as suspending, stabilizing, and/or dispersing agents. Alternatively, the

formulation can be in lyophilized and/or powder form for constitution with a suitable

vehicle control (e.g., sterile pyrogen-free water) before use.

[0041] Any formulation disclosed herein can advantageously comprise any other

pharmaceutically acceptable carrier or carriers, which comprise those that do not

produce significantly adverse, allergic, or other untoward reactions that may

outweigh the benefit of administration, whether for research, prophylactic, and/or

therapeutic treatments. Exemplary pharmaceutically acceptable carriers and

formulations are disclosed in Remington's Pharmaceutical Sciences, 18th Ed., Mack

Printing Company, 1990, which is incorporated by reference herein for its teachings

regarding the same. Moreover, formulations can be prepared to meet sterility,

pyrogenicity, general safety, and purity standards as required by the United States

FDA's Division of Biological Standards and Quality Control and/or other relevant U.S.

and foreign regulatory agencies.

[0042] Exemplary, generally used, pharmaceutically acceptable carriers may

comprise, but are not limited to, bulking agents or fillers, solvents or co-solvents,

dispersion media, coatings, surfactants, antioxidants (e.g., ascorbic acid, methionine,

and vitamin E), preservatives, isotonic agents, absorption delaying agents, salts,

stabilizers, buffering agents, chelating agents (e.g., EDTA), gels, binders,

disintegration agents, and/or lubricants.

[0043] Exemplary buffering agents may comprise, but are not limited to, citrate

buffers, succinate buffers, tartrate buffers, fumarate buffers, gluconate buffers,

oxalate buffers, lactate buffers, acetate buffers, phosphate buffers, histidine buffers,

and/or trimethylamine salts.

[0044] Exemplary preservatives may comprise, but are not limited to, phenol,

benzyl alcohol, meta-cresol, methylparaben, propyl paraben,

octadecyldimethylbenzyl ammonium chloride, benzalkonium halides,

hexamethonium chloride, alkyl parabens (such as methyl or propyl paraben),

catechol, resorcinol, cyclohexanol, and/or 3-pentanol.

[0045] Exemplary isotonic agents may comprise polyhydric sugar alcohols

comprising, but not limited to, trihydric or higher sugar alcohols, (e.g., glycerin,

erythritol, arabitol, xylitol, sorbitol, and/or mannitol).



[0046] Exemplary stabilizers may comprise, but are not limited to, organic sugars,

polyhydric sugar alcohols, polyethylene glycol, sulfur-containing reducing agents,

amino acids, low molecular weight polypeptides, proteins, immunoglobulins,

hydrophilic polymers, and/or polysaccharides.

[0047] Formulations can also be depot preparations. In some embodiments,

such long-acting formulations may be administered by, without limitation,

implantation (e.g., subcutaneously or intramuscularly) or by intramuscular injection.

Thus, for example, compounds can be formulated with suitable polymeric and/or

hydrophobic materials (e.g., as an emulsion in an acceptable oil) or ion exchange

resins, or as sparingly soluble derivatives (e.g., as a sparingly soluble salt).

[0048] Additionally, in various embodiments, compounds can be delivered using

sustained-release systems, such as semipermeable matrices of solid polymers

comprising at least one compound. Various sustained-release materials have been

established and are well known by those of ordinary skill in the art. Sustained-

release capsules may, depending on their chemical nature, release the compound

following administration for a few weeks up to over 100 days.

[0049] A first aspect of the disclosure relates to methods for treating, or methods

for therapeutic treatment of, a subject or patient having cardiomyopathy. The

cardiomyopathy may be selected from at least one of chemotherapy-induced

cardiomyopathy, diabetic cardiomyopathy, dilated cardiomyopathy, hypertensive

cardiomyopathy, hypertrophic cardiomyopathy, ischemic cardiomyopathy, and/or

noncompaction cardiomyopathy. For example, the methods may comprise treating a

subject having dilated cardiomyopathy. Furthermore, the subject may be a human,

another mammal, or another suitable subject.

[0050] In certain embodiments, this disclosure provides methods for treating a

subject having a cardiomyopathy comprising administering to the subject a

therapeutically effective amount of a pharmaceutical composition. In various

embodiments, the pharmaceutical composition may comprise a fusion protein

including a tafazzin peptide and a cellular permeability peptide. Additionally, the

fusion protein may be isolated and/or purified. The therapeutically effective amount

of the pharmaceutical composition may also comprise a pharmaceutically acceptable

carrier.



[0051] In some embodiments, the fusion protein may comprise a tafazzin peptide

that is coupled to the cellular permeability peptide by a polypeptide linker. The

tafazzin peptide may be selected from at least one of SEQ ID NO:1 (human TAZ wild

type full length (NCBI RefSeq no. NP 0001 07. 1)), SEQ ID NO:2 (human TAZ wild

type lacking exon 5 (NCBI RefSeq no. NP 851 828.1 )), SEQ ID NO:3 (mouse TAZ

wild type (NCBI RefSeq no. NP 852657.1 )), SEQ ID NO:4 (human-mouse chimeric

protein), and SEQ ID NO:5 (mouse-human chimeric protein).

[0052] In some embodiments, the fusion protein comprising the tafazzin peptide

and the cellular permeability peptide may comprise a tafazzin peptide that is at least

eighty percent identical to at least one of SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3,

SEQ ID NO:4, and SEQ ID NO:5. In other embodiments, the fusion protein

comprising the tafazzin peptide and the cellular permeability peptide may comprise a

peptide that is at least sixty percent identical to at least one of SEQ ID NO:1 , SEQ ID

NO:2, SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:5. In yet other embodiments,

the fusion protein comprising the tafazzin peptide and the cellular permeability

peptide may comprise a peptide that is at least forty percent identical to at least one

of SEQ ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:5. In

still other embodiments, the fusion protein comprising the tafazzin peptide and the

cellular permeability peptide may comprise a peptide that is at least twenty percent

identical to at least one of SEQ ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,

and SEQ ID NO:5.

[0053] In certain embodiments, the cellular permeability peptide may comprise an

antennapedia permeability peptide. For example, the fusion protein may comprise a

tafazzin peptide and an antennapedia permeability peptide. The fusion protein may

also comprise a tafazzin peptide coupled to an antennapedia permeability peptide.

In some embodiments, the antennapedia permeability peptide may comprise SEQ ID

NO:6 (Antennapedia permeability peptide).

[0054] In various embodiments, the antennapedia permeability peptide may

comprise a peptide that is at least eighty percent identical to SEQ ID NO:6. In other

embodiments, the antennapedia permeability peptide may comprise a peptide that is

at least sixty percent identical to SEQ ID NO:6. In yet other embodiments, the

antennapedia permeability peptide may comprise a peptide that is at least forty



percent identical to SEQ ID NO:6. In still other embodiments, the antennapedia

permeability peptide may comprise a peptide that is at least twenty percent identical

to SEQ ID NO:6.

[0055] In some other embodiments, the cellular permeability peptide may

comprise an HIV Tat permeability peptide. For example, the fusion protein may

comprise a tafazzin peptide and an HIV Tat permeability peptide. The fusion protein

may also comprise a tafazzin peptide coupled to an HIV Tat permeability peptide. In

some embodiments, the HIV Tat permeability peptide may comprise SEQ ID NO:7

(HIV Tat permeability peptide).

[0056] In certain embodiments, the HIV Tat permeability peptide may comprise a

peptide that is at least eighty percent identical to SEQ ID NO:7. In other

embodiments, the HIV Tat permeability peptide may comprise a peptide that is at

least sixty percent identical to SEQ ID NO:7. In yet other embodiments, the HIV Tat

permeability peptide may comprise a peptide that is at least forty percent identical to

SEQ ID NO:7. In still other embodiments, the HIV Tat permeability peptide may

comprise a peptide that is at least twenty percent identical to SEQ ID NO:7.

[0057] In some other embodiments, the cellular permeability peptide may

comprise a cardiac targeting peptide (CTP). For example, the fusion protein may

comprise a tafazzin peptide and a CTP. The fusion protein may also comprise a

tafazzin peptide coupled to a CTP. In some embodiments, the CTP may comprise

SEQ ID NO:8 (Cardiac Targeting Peptide (CTP)).

[0058] In certain embodiments, the CTP may comprise a peptide that is at least

eighty percent identical to SEQ ID NO:8. In other embodiments, the CTP may

comprise a peptide that is at least sixty percent identical to SEQ ID NO:8. In yet

other embodiments, the CTP may comprise a peptide that is at least forty percent

identical to SEQ ID NO:8. In still other embodiments, the CTP may comprise a

peptide that is at least twenty percent identical to SEQ ID NO:8.

[0059] In some other embodiments, the cellular permeability peptide may

comprise a Kaposi FGF4-permeability peptide. For example, the fusion protein may

comprise a tafazzin peptide and a Kaposi FGF4-permeability peptide. The fusion

protein may also comprise a tafazzin peptide coupled to a Kaposi FGF4-permeability



peptide. In some embodiments, the Kaposi FGF4-permeability peptide may

comprise SEQ ID NO:9 (Kaposi FGF4-derived peptide).

[0060] In various embodiments, the Kaposi FGF4-permeability peptide may

comprise a peptide that is at least eighty percent identical to SEQ ID NO:9. In other

embodiments, the Kaposi FGF4-permeability peptide may comprise a peptide that is

at least sixty percent identical to SEQ ID NO:9. In yet other embodiments, the

Kaposi FGF4-permeability peptide may comprise a peptide that is at least forty

percent identical to SEQ ID NO:9. In still other embodiments, the Kaposi FGF4-

permeability peptide may comprise a peptide that is at least twenty percent identical

to SEQ ID NO:9.

[0061] In some embodiments, the tafazzin peptide may be coupled to the cellular

permeability peptide (e.g., an antennapedia permeability peptide, an HIV Tat

permeability peptide, a CTP, or a Kaposi FGF4-permeability peptide) by a

polypeptide linker. In certain embodiments, the tafazzin peptide coupled to the

cellular permeability peptide by the polypeptide linker may comprise a peptide

selected from the group consisting of SEQ ID NO: 10 (mouse TAZ-Antp), SEQ ID

NO:1 1 (human TAZ-Antp), SEQ ID NO:12 (mouse TAZ-CTP), and SEQ ID NO:1 3

(human TAZ-CTP).

[0062] In certain embodiments, the tafazzin peptide coupled to the cellular

permeability peptide by a polypeptide linker may comprise a peptide that is at least

eighty percent identical to at least one of SEQ ID NO: 10 , SEQ ID NO:1 1, SEQ ID

NO: 12, and SEQ ID NO: 13 . In other embodiments, the tafazzin peptide coupled to

the cellular permeability peptide by a polypeptide linker may comprise a peptide that

is at least sixty percent identical to at least one of SEQ ID NO: 10 , SEQ ID NO:1 1,

SEQ ID NO:12, and SEQ ID NO:1 3 . In yet other embodiments, the tafazzin peptide

coupled to the cellular permeability peptide by a polypeptide linker may comprise a

peptide that is at least forty percent identical to at least one of SEQ ID NO: 10 , SEQ

ID NO:1 1, SEQ ID NO:12, and SEQ ID NO:13. In still other embodiments, the

tafazzin peptide coupled to the cellular permeability peptide by a polypeptide linker

may comprise a peptide that is at least twenty percent identical to at least one of

SEQ ID NO:1 0 , SEQ ID NO:1 1, SEQ ID NO:12 and SEQ ID NO:1 3 .



[0063] In various embodiments, the methods for treating a subject having a

cardiomyopathy may comprise administering to the subject an effective amount of a

pharmaceutical composition to reduce a pathological effect or symptom of the

cardiomyopathy. As described above, the pharmaceutical composition may

comprise a fusion protein including a tafazzin peptide and a cellular permeability

peptide. The pharmaceutical composition may further comprise a pharmaceutically

acceptable carrier. The methods for treating a subject having a cardiomyopathy may

further comprise identifying the subject having the cardiomyopathy.

[0064] In some embodiments, the cardiomyopathy may be selected from at least

one of chemotherapy-induced cardiomyopathy, diabetic cardiomyopathy, dilated

cardiomyopathy, hypertensive cardiomyopathy, hypertrophic cardiomyopathy,

ischemic cardiomyopathy, and/or noncompaction cardiomyopathy. In certain

embodiments, the cardiomyopathy may be associated with a tafazzin gene {TAZ)

mutation. In certain other embodiments, the chemotherapy-induced

cardiomyopathy, diabetic cardiomyopathy, dilated cardiomyopathy, hypertensive

cardiomyopathy, hypertrophic cardiomyopathy, ischemic cardiomyopathy, and/or

noncompaction cardiomyopathy may be associated with a tafazzin gene {TAZ)

mutation.

[0065] In certain embodiments, the cardiomyopathy may not be associated with a

tafazzin gene {TAZ) mutation. Nevertheless, a subject having a cardiomyopathy

{e.g., chemotherapy-induced cardiomyopathy, diabetic cardiomyopathy, dilated

cardiomyopathy, hypertensive cardiomyopathy, hypertrophic cardiomyopathy,

ischemic cardiomyopathy, and/or noncompaction cardiomyopathy) that is not

associated with a tafazzin gene {TAZ) mutation may benefit from treatment with a

pharmaceutical composition comprising a fusion protein including a tafazzin peptide

and a cellular permeability peptide. The pharmaceutical composition may further

comprise a pharmaceutically acceptable carrier.

[0066] In various embodiments, the pharmaceutical composition may reduce or

be configured to reduce a pathological effect or symptom of the cardiomyopathy.

The pathological effect or symptom of the cardiomyopathy may be selected from, but

not limited to, at least one of dyspnea, heart enlargement, cardiac fibrosis,



pulmonary congestion, peripheral edema, irregular heart rate, hypotension, and/or

fatigue.

[0067] Another aspect of the disclosure relates to methods of prophylactically

treating, or methods for prophylactic treatment of, a subject or patient at risk of

developing a cardiomyopathy. The cardiomyopathy may be selected from at least

one of chemotherapy-induced cardiomyopathy, diabetic cardiomyopathy, dilated

cardiomyopathy, hypertensive cardiomyopathy, hypertrophic cardiomyopathy,

ischemic cardiomyopathy, and/or noncompaction cardiomyopathy. For example, the

methods may comprise treating a subject at risk of developing dilated

cardiomyopathy. Furthermore, the subject may be a human, another mammal, or

another suitable subject.

[0068] In certain embodiments, this disclosure provides methods for

prophylactically treating a subject at risk of developing a cardiomyopathy comprising

administering to the subject a therapeutically effective amount of a pharmaceutical

composition. In various embodiments, the pharmaceutical composition may

comprise a fusion protein including a tafazzin peptide and a cellular permeability

peptide. Additionally, the fusion protein may be isolated and/or purified. The

therapeutically effective amount of the pharmaceutical composition may also

comprise a pharmaceutically acceptable carrier.

[0069] As discussed above regarding methods of treating a subject having a

cardiomyopathy, the fusion protein may comprise a tafazzin peptide that is coupled

to the cellular permeability peptide by a polypeptide linker. In various embodiments,

the tafazzin peptide may be selected from at least one of SEQ ID NO:1 , SEQ ID

NO:2, SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:5. In various other

embodiments, the tafazzin peptide may comprise a peptide that is at least eighty

percent, at least sixty percent, at least forty percent, or at least twenty percent

identical to at least one of SEQ ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,

and SEQ ID NO:5.

[0070] Additionally, as discussed above regarding methods of treating a subject

having a cardiomyopathy, the fusion protein may comprise a cellular permeability

peptide selected from at least one of a cardiac targeting peptide, an antennapedia



permeability peptide, an HIV Tat permeability peptide, and/or a Kaposi FGF4-

permeability peptide.

[0071] In some embodiments, as described above, the tafazzin peptide may be

coupled to the cellular permeability peptide (e.g., an antennapedia permeability

peptide, an HIV Tat permeability peptide, a CTP, or a Kaposi FGF4-permeability

peptide) by a polypeptide linker. In certain embodiments, the tafazzin peptide

coupled to the cellular permeability peptide by the polypeptide linker may comprise a

peptide selected from the group consisting of SEQ ID NO: 10 , SEQ ID NO:1 1, SEQ

ID NO:12, and SEQ ID NO:1 3 .

[0072] In certain embodiments, the tafazzin peptide coupled to the cellular

permeability peptide by a polypeptide linker may comprise a peptide that is at least

eighty percent, at least sixty percent, at least forty percent, or at least twenty percent

identical to at least one of SEQ ID NO:1 0 , SEQ ID NO:1 1, SEQ ID NO:12, and SEQ

ID NO:1 3 .

[0073] In various embodiments, the methods for prophylactically treating a

subject at risk of developing a cardiomyopathy may comprise administering to the

subject an effective amount of a pharmaceutical composition to reduce a risk of

developing a pathological effect or symptom of the cardiomyopathy. For example,

the pharmaceutical composition may reduce or be configured to reduce a risk of

developing a pathological effect or symptom of a cardiomyopathy. The pathological

effect or symptom of the cardiomyopathy may be selected from, but not limited to, at

least one of dyspnea, heart enlargement, cardiac fibrosis, pulmonary congestion,

peripheral edema, irregular heart rate, hypotension, and/or fatigue. The methods for

treating a subject at risk of developing a cardiomyopathy may further comprise

identifying the subject at risk of developing the cardiomyopathy. In some

embodiments, the subject at risk of developing the cardiomyopathy may have a

tafazzin gene {TAZ) mutation.

EXAMPLES

[0074] The following examples are illustrative of disclosed methods and

compositions. In light of this disclosure, those of skill in the art will recognize that

variations of these examples and other examples of the disclosed methods and

compositions would be possible without undue experimentation.



Example 1 - Mice deficient in TAZ have normal ventricular function at
baseline and isolated myocytes have normal fractional
shortening and relaxation time

[0075] Doxycycline-inducible TAZ-knockdown mice were obtained from THE

JACKSON LABORATORY™ and females were fed with doxycycline chow (625

mg/kg) prior to mating so that offspring would have induction of shRNA directed

against TAZ from the time of conception. These offspring were then raised to the

age of 8 weeks and baseline echocardiography was performed. As shown in FIGS.

1A and 1B , substantially no difference is observed in baseline fractional shortening

(%FS), ejection fraction (%EF), E/A ratio (MV E/A), or myocardial performance index

(MPI).

[0076] To determine whether TAZ-KD hearts exhibit any defects at the myocyte

level, adult cardiac myocytes were isolated from 8-week-old TAZ-KD mice and

fractional shortening, calcium transient, and diastolic relaxation were assessed using

an IONOPTIX™ myocyte calcium and contractility system (see Liu Y, et al., Am J

Physiol Heart Circ Physiol, 2012; 302(9): H1860-70). As shown in Table 1 (see

below), adult myocytes from 2-month-old TAZ-KD mice were longer, but had similar

fractional shortening, sarcomere length, and calcium transients when compared with

WT myocytes. FIG. 2 illustrates that the kinetics of relaxation are substantially

identical in wild-type (WT) and TAZ-KD (SHR) cells, indicating that diastolic

relaxation is not impaired at the cellular level.

Table 1: Adult Cardiomyocyte IONOPTIX™ Data from WT and TAZ-KD Mice

Example 2 - Recombinant tafazzins tethered to cell penetrating peptides
enter cells and localize to mitochondria

[0077] To develop a potential treatment for TAZ deficiency, recombinant tafazzin

proteins were engineered containing a short peptide at the C-terminus, derived from

either the Drosophila antennapedia protein (Antp), which has been shown to

promote uptake of proteins into cells (see Rapoport M , et al., Mol Ther, 2008;

16(4):691 -7; Schwarze SR, et al., Trends Cell Biol, 2000; 10(7):290-5; and Zhou H ,



et a/., Cell Stem Cell, 2009; 4(5):381 -4) or a cardiac targeting peptide (CTP) (see

Zahid M , et al., PLoS One, 201 0;5(8):e12252). The antennapedia peptide has been

shown to facilitate entry of proteins into cells through a mechanism that may involve

interactions with highly cationic basic residues (see Schwarze SR, e al., Trends Cell

Biol, 2000; 0(7):290-5).

[0078] Recombinant tafazzin was induced and purified using E. coli (see

FIGS. 3A and 3B) and the ability of the recombinant protein to enter H9c2 myoblasts

was tested. CTP-tagged TAZ protein successfully entered the cells and colocalized

with mitochondria, while TAZ lacking CTP did not enter the cell (see FIG. 4). The

association of TAZ-Antp with the mitochondrial fraction after treatment was also

analyzed and TAZ-Antp co-purifies with mitochondria.

Example 3 - Recombinant tafazzin rescues defective mitochondrial
respiration in tafazzin-deficient cells

[0079] To determine whether the recombinant protein can rescue defective

mitochondrial respiration, mitochondrial respiration measurements were conducted

using a SEAHORSE BIOSCIENCE™ Extracellular Flux Analyzer to determine the

oxygen consumption rate in both wild type and C2C12 myoblasts in which TAZ is

knocked down by a lentiviral shRNA construct and in which palmitate is used as a

substrate. Measurements were conducted both at baseline and under mitochondrial

stress conditions using oligomycin, an ATP synthase inhibitor; FCCP, an electron

transport chain accelerator; and rotenone, which completely blocks mitochondrial

respiration. FIG. 5 shows the respiration measurements of wild type C2C12

myoblasts, as well as TAZ-KD C2C12 cells, with or without treatment with wild type

tafazzin protein tagged with Antp peptide.

[0080] TAZ-KD cells show a marked decrease in baseline and maximal oxygen

consumption as compared to the wild type cells; this is consistent with data from

Barth syndrome patient-derived fibroblasts (see Houtkooper RH, et al., Biochim

Biophys Acta, 2009; 1788(1 0):2003-14), and lymphocytes and cardiomyocytes

isolated from a Barth syndrome mouse model. While wild type cells treated with

tafazzin show only a slight trend in increase of oxygen consumption during maximal

respiration, the TAZ-deficient cells are rescued to essentially wild-type oxygen

consumption levels. Without being bound by any particular theory, these results may



indicate that the protein is able to reach the mitochondria where it is enzymatically

active and able to restore respiration. A similar analysis done in primary neonatal

cardiomyocytes isolated from TAZ-KD mice comparing TAZ-Antp and TAZ-CTP and

using glucose as a substrate showed that both proteins could augment respiration in

both TAZ-KD and WT cells, with TAZ-CTP giving slightly better results in WT cells.

Example 4 - Tafazzin-deficient neonatal cardiomyocytes demonstrate
increased amounts of ROS that can be suppressed by
recombinant tafazzin

[0081] To determine whether tafazzin deficiency leads to increased ROS

generation in cardiomyocytes, neonatal cardiomyocytes were isolated from TAZ-KD

and WT littermates and ROS levels were measured with MITOSOX™ Red, a

mitochondrial superoxide indicator, and total mitochondria were measured with

MITOTRACKER ® Green FM, a green-fluorescent mitochondrial stain, staining

according to the manufacturer's instructions (LIFE TECHNOLOGIES™). As shown

in FIG. 6 , ROS levels normalized to total mitochondria were increased in TAZ-KD

cells. Treatment with TAZ-Antp suppressed ROS levels to levels comparable to

wild-type cells.

Example 5 - Recombinant tafazzin can be delivered directly to the heart

[0082] As an early step in optimizing protein delivery to the heart, TAZ-CTP was

also delivered via coronary artery perfusion, with about 5% of cells demonstrating

uptake by immunofluorescence (see FIG. 7). These findings demonstrated the

feasibility of delivering tafazzin to the heart to rescue defective mitochondrial

respiration.

Example 6 - Systemic infusion of recombinant tafazzin alters the
MLCL:L4CL ratio and augments mitochondrial respiration in
tafazzin-deficient hearts

[0083] To determine whether recombinant tafazzin can be administered

systemically, alter the MLCL:L4CL ratio, and improve mitochondrial respiration in the

tafazzin-deficient heart, TAZ-KD mice were injected with either 40 g recombinant

TAZ-Antp or vehicle retroorbitally every other day and the hearts were then

harvested on day 8 for LC-MS or oxygraph measurements. Mitochondrial respiration

was measured in an OROBOROS INSTRUMENTS™ oxygraph chamber (see Dai

DF, et al., Circ Res 201 1; 108(7):837-46 and N'Guessan B, et al., Mol Cell Biochem,



2004; 256-257(1 -2):267-80). Equal amounts of heart samples were homogenized

immediately prior to respirometric measurements, and then added to measurement

chambers. Leak respiration was measured prior to addition of any substrates. State

3 , Complex I activity was measured after the addition of malate, pyruvate, and

glutamate; state 3 , Complex I and I I activity was measured after the addition of ADP

and cytochrome C ; the electron transport system (ETS) was measured after the

addition of CCCP; Complex I I activity was measured after the addition of antimycin

A ; non-mitochondrial respiration was measured after the addition of rotenone and

this value was subtracted from all other measurements; and Complex IV activity after

the addition of ascorbate and tetramethyl phenylenediamine (TMPD) and basal

respiration were measured after the addition of potassium cyanide and this value

was subtracted from the Complex IV value. As shown in FIGS. 8A-8D, recombinant

TAZ-Antp administered systemically shifted the MLCL:L4CL ratio and increased

activity of all measured mitochondrial complexes in TAZ-KD heart tissue.

Example 7 - TAZ-deficient neonatal myocytes may demonstrate
increased ROS generation and increased susceptibility to
hypertrophy and increased apoptosis

[0084] Without being bound by any particular theory, it is hypothesized that TAZ

deficiency may lead to increased ROS generation and greater hypertrophy than wild

type controls. Neonatal mouse cardiac myocytes can be isolated. Both adult and

neonatal mouse cardiac myocytes can be successfully cultured, as discussed above

(see also Xiang F, et a/., Am J Physiol Heart Circ Physiol, 2006; 290(5):H1 997-

H2006). Neonatal cardiac myocytes can be harvested by a modification of the

method of Springhorn and Claycomb (see Biochem J , 1989; 258(1 ):73-8). Hearts

can be removed and trimmed of atria and vascular tissue, and the remaining

ventricular tissue from each heart can be cut into several pieces. Tissue can be

incubated in trypsin/EDTA (CAMBREX™ CC-5012, 0.25 mg/ml, 5 ml for 8-1 0

ventricles) with rotation at 4 °C for 30 minutes. Cells can be collected by

centrifugation at 1800 rpm for 5 minutes, followed by removal of supernatant and

resuspension in Dulbecco's modified Eagle Medium (DMEM; GIBCO™, Cat. No.

11995-065, with penicillin, streptomycin, and fungizone) supplemented with 20%

fetal calf serum (FCS). Cells can subsequently be collected by centrifugation,

resuspended in 4 ml of collagenase type I I solution ( 1 mg/ml) in Hanks' balanced salt



solution (HBSS), and then transferred to a P60 dish and placed at 37 °C. Cells can

then be pipetted every 10 minutes until dispersed (up to 30-40 minutes), then filtered

with a 70 m nylon cell strainer (FALCON™ 35-2350) on a 50 ml tube to remove

tissue debris. Collagenase can be neutralized in the filtrate by the addition of

DMEM, 20% FCS. Cells can be collected by centrifugation at 800 rpm for 5 minutes,

resuspended in 10 ml of DMEM, 20% FCS, and incubated on a P 100 dish at 37 °C

for 1-2 hour(s) to remove fibroblasts. The non-adherent cells can be collected by

centrifugation of the culture medium at 800 rpm for 5 minutes, resuspended in 10.5

ml of DMEM, 20% FCS, and the number of cells can be quantified by Coulter

counting. Cells can be seeded onto fibronectin-coated dishes at a density of

1* 105/well in a 24-well plate for hypertrophy assays and 3-5x1 06 cells onto a P60

plate for other purposes. 20 µΜ Ara-C can be included in the culture medium to

inhibit proliferation of any contaminating fibroblasts.

[0085] Hypertrophy in cultured neonatal mouse cardiac myocytes can be induced

and assessed. Neonatal cardiac myocytes can be isolated as described above. For

hypertrophy assays, cells can be stimulated with media containing 20% serum or

media without serum supplemented with 30 µΜ phenylephrine (with 2 µΜ timolol),

100 µΜ angiotensin II, or 1 µΜ isoproteronol. Protein can be harvested at 0 , 1, 3 ,

15 , and 60 minutes after stimulation for analysis of signaling responses by western

blotting. Some cells can be cultured up to 48 hours after stimulation to verify that

hypertrophy had been induced. These cells can be assessed for hypertrophy in two

different assays. Cells can be immunostained for sarcomeric myosin heavy chain

with MF-20 monoclonal antibody (DEVELOPMENTAL STUDIES HYBRIDOMA

BANK™) and cell size can be quantified by digital image capture and quantitative

morphometry (see Xiang F, et al., Am J Physiol Heart Circ Physiol, 2006;

290(5): H 1997-H2006). In addition, treated cells can be cultured in the presence of

3H-leucine to measure protein synthesis. After 24 hours of stimulation, cells can be

pulse-labeled with 1.0 µ / η Ι 3H-leucine for an additional 6 hours. The medium can

be aspirated and the cells can be washed with ice-cold phosphate-buffered saline

(PBS) and fixed on ice for 30 minutes with cold 10% trichloroacetic acid (TCA). After

washing twice with 5% TCA, and once with water, the radioactivity incorporated into



the TCA-precipitable material can be determined by liquid scintillation counting after

solubilization in 0.25 M NaOH.

[0086] ROS induction and hypertrophic signaling can be assessed. To detect

mitochondrial ROS, cultured neonatal myocytes can be stained with MITOSOX™

Red, a mitochondrial superoxide indicator, and MITOTRACKER ® Green FM, a

green-fluorescent mitochondrial stain, at baseline and after 48 hours of hypertrophic

stimulation, according to the manufacturer's instructions. Cell lysates can also be

analyzed by western blotting for appropriate phosphorylated and/or non-

phosphorylated forms of kinases associated with different hypertrophic signaling

pathways including, but not limited to, MAPKs, ERK1/2, JNK, p38, CaMKII, p70S6,

AKT, gp1 30, erbB2, Ras, Rac1 , and GSK-3p.

[0087] The apoptotic response to oxidative and endoplasmic reticulum stress in

cultured neonatal mouse cardiomyocytes can be assessed. Cardiomyocytes can be

prepared and cultured as described above for the assessment of their apoptotic

response to oxidative and endoplasmic reticulum (ER) stress (see Liu Y, et al., Am J

Physiol Heart Circ Physiol, 201 0 ; 298(6): H2082-92 and Yu M , et al., OMICS, 2009;

13(6):501 - ) .

[0088] The cultured neonatal cardiomyocyte apoptotic response to oxidative

stress can be tested by treatment with H2O2 ( 00 µΜ) for 24 hours. The apoptotic

response to ER stress can also be tested by treating with tunicamycin ( 100 ng/ml) for

48 hours. After treatment, apoptotic cells can be detected using TUNEL staining to

detect DNA fragmentation using, for example, a commercially available kit (ROCHE

MOLECULAR DIAGNOSTICS™). Alternatively, cells can undergo Annexin V

staining followed by flow cytometry. In brief, myocytes can be stained with Annexin

V by using the Annexin-V-FLUOS™ staining kit (BECTON, DICKINSON AND

COMPANY™). To exclude necrotic cells from the analysis, cells can also be

incubated with propidium iodide. Cells can be analyzed ( 10,000 cells per sample)

using a FACSCAN™ flow cytometer (BECTON, DICKINSON AND COMPANY™)

with CELLQUEST™ flow cytometric analysis software. Propidium iodide-positive

cells are necrotic and can be excluded from analysis.

[0089] Without being bound by any particular theory, it is anticipated that neonatal

myocytes from TAZ-KD mice may demonstrate increased hypertrophy and increased



ROS production after hypertrophic stimulation when compared to WT control cells. It

is further predicted that increased ROS may be associated with increased signaling

through the ERK and AKT pathways. Additionally, it is expected that TAZ-KD

cardiomyocytes may be more susceptible to apoptosis induced by oxidative and ER

stress.

Example 8 - ROS generation and susceptibility to cardiac hypertrophy
and heart failure may be increased in TAZ-KD mice

[0090] Without being bound by any particular theory, it is hypothesized that TAZ-

KD mice may demonstrate greater ROS generation and increased susceptibility to

hypertrophy and heart failure after pressure overload or Angll infusion.

[0091] Hypertrophy may be induced by transverse aortic constriction or Angll

infusion and heart tissue may be analyzed. Tafazzin-deficient mice reportedly

develop diastolic dysfunction early (see Phoon CKL, ei a/., J Am Heart Assoc, 2012;

1(2):jah3-e000455-jah3-e) and systolic dysfunction relatively late (Acehan D, et al., J

Biol Chem, 201 1; 286(2):899-908 and Soustek MS, ei al., Hum Gene Ther, 201 1;

22(7):865-71 ) ; however, their response to pressure-overload or Angll infusion

appears to have not been studied. Late onset of cardiomyopathy in this model may

suggest that other stressors may be involved, such as hypertension. TAZ-KD and

WT mice can be raised to the age of 8-12 weeks and divided into 4 groups of 10 as

follows: 1) WT, sham operation; 2) TAZ-KD, sham operation; 3) WT, aortic banding;

and 4) TAZ-KD, aortic banding. Animals can undergo echocardiography followed by

either aortic banding or sham operation (see Liu Y, ei al., Am J Physiol Heart Circ

Physiol, 201 0 ; 298(6): H2082-92; Yu M , et al., OMICS, 2009; 13(6):501 - 1 1; and Liao

R , et al., Circulation, 2002; 106(1 6):21 25-31 ) .

[0092] Mice can be anesthetized with avertin and then ventilated. The ascending

aorta can be exposed by anterolateral thoracotomy and then constricted by tying a

7-0 silk suture around the aorta and a 27-gauge needle. Sham operated mice

undergo thoracotomy but not aortic constriction. Mice can undergo serial

echocardiography at 1, 2 , 3 , and 4 weeks, followed by euthanasia, harvesting of

hearts, measurement of ventricular weight to body weight ratio, and measurement of

ventricular weight to tibia length ratio followed by histology. Hypertrophy can also be

induced by angiotensin I I osmotic mini-pump infusion (see Xiang F, et al., Am J



Physiol Heart Circ Physiol, 2006; 290(5):H1 997-H2006), in 4 groups analogous to

those described for TAC, with similar echocardiographic and gravimetric analysis.

[0093] Explanted hearts from treated animals can undergo routine histological

analysis using standard stains such as hematoxylin/eosin and Masson's trichrome to

observe for inflammation and fibrosis. Apoptosis can also be assessed using

TUNEL staining. Oxidative stress can be assessed by immunostaining for 3-

nitrotyrosine (3-NT), a potent marker of oxidative and nitrosative stress. F2-

isoprostane levels can be measured within homogenized heart tissue, using LC-MS.

F2-isoprostane detection is a sensitive marker of lipid peroxidation.

[0094] Without being bound by any particular theory, it is anticipated that TAZ-KD

mice may develop more hypertrophy and worse heart failure after TAC or Angll

compared to WT controls. Furthermore, increased fibrosis, apoptosis, 3-NT staining,

and F2-isoprostane levels may be seen.

Example 9 - Exogenous TAZ can suppress pathological hypertrophy and
heart failure in vitro and in vivo in both TAZ-deficient and WT
cells

[0095] Fusion proteins have been engineered for uptake into cells and it has been

shown that fusion proteins can augment defective mitochondrial respiration in both

cultured cells and tafazzin-deficient hearts. Without being bound by any particular

theory, it is hypothesized that administration of the peptides of the present disclosure

can suppress ROS generation and ameliorate hypertrophy in both TAZ-deficient and

wild-type cells. TAZ-KD and WT neonatal myocytes treated with hypertrophic stimuli

can be concurrently treated with soluble tafazzin, with or without a CPP peptide.

Similarly, TAZ-KD and WT mice undergoing aortic banding can be treated with

soluble tafazzin, with or without a CPP peptide, administered systemically.

Furthermore, it is predicted that TAZ with CPPs may suppress ROS generation,

blunt the hypertrophic response, suppress apoptosis, and ameliorate heart failure.

[0096] Recombinant TAZ may have effects on hypertrophy and apoptosis in vitro.

Neonatal myocytes from WT and TAZ-KD mice can be cultured and tested for

hypertrophy, ROS generation, signal transduction, and apoptosis as described

above. To assess the effectiveness of recombinant TAZ, cells induced with

hypertrophic or apoptotic stimuli can be treated concurrently with recombinant TAZ,

with or without a cell penetrating peptide at 10 µΜ/ml for 48 hours. Cell size, 3H-



leucine uptake, induction of ROS, activation of signaling pathways, and induction of

apoptosis can be tested as discussed above.

[0097] Recombinant TAZ may have effects on hypertrophy and heart failure in

vivo. TAC or Angll infusion on WT and TAZ-KD mice can be performed, but it can

be determined whether exogenous recombinant TAZ may rescue ROS generation

and progression to hypertrophy and heart failure. Recombinant tafazzin can be

systemically administered by retroorbital injection at weekly intervals or by prolonged

infusion by osmotic minipump over 4 weeks. The effects of tafazzin on systolic and

diastolic function can be assessed using echocardiography. Uptake into

myocardium, effects on cardiolipin metabolism, mitochondrial respiration, oxidative

stress, inflammation, fibrosis, and apoptosis can be assessed as described above.

[0098] Without being bound by any particular theory, it is expected that

administration of recombinant TAZ to neonatal myocyte cultures may blunt the

hypertrophic response, limit ROS generation, and decrease apoptosis in TAZ-KD

cells. It is also expected that recombinant TAZ may improve these parameters in

WT cells. It is predicted that systemic administration of tafazzin to tafazzin-deficient

mice concurrently with TAC may lead to uptake into heart muscle, improved

cardiolipin modification, improved mitochondrial respiration, reduced hypertrophy,

heart failure, apoptosis, and fibrosis in TAZ-KD mice. Further, it is expected that

local and systemic administration of tafazzin may improve diastolic and systolic

dysfunction in tafazzin-deficient hearts. Additionally, it is expected that exogenous

tafazzin may also improve these parameters in wild-type mice.

[0099] As will be understood by one of ordinary skill in the art, each embodiment

disclosed herein can comprise, consist essentially of, or consist of its particular

stated element, step, ingredient, or component. As used herein, the transition term

"comprise" or "comprises" means includes, but is not limited to, and allows for the

inclusion of unspecified elements, steps, ingredients, or components, even in major

amounts. The transitional phrase "consisting of excludes any element, step,

ingredient, or component not specified. The transition phrase "consisting essentially

of" limits the scope of the embodiment to the specified elements, steps, ingredients,

or components, and to those that do not materially affect the embodiment.



[00100] Unless otherwise indicated, all numbers expressing quantities of

ingredients, properties such as molecular weight, reaction conditions, and so forth

used in the specification and claims are to be understood as being modified in all

instances by the term "about." Accordingly, unless indicated to the contrary, the

numerical parameters set forth in the specification and attached claims are

approximations that may vary depending upon the desired properties sought to be

obtained by the present invention. At the very least, and not as an attempt to limit

the application of the doctrine of equivalents to the scope of the claims, each

numerical parameter should at least be construed in light of the number of reported

significant digits and by applying ordinary rounding techniques. When further clarity

is required, the term "about" has the meaning reasonably ascribed to it by a person

skilled in the art when used in conjunction with a stated numerical value or range,

i.e., denoting somewhat more or somewhat less than the stated value or range, to

within a range of ±20% of the stated value, ± 19% of the stated value, ± 18% of the

stated value, ± 17% of the stated value, ±16% of the stated value, ±15% of the stated

value, ±14% of the stated value, ± 13% of the stated value, ±12% of the stated value,

± 1 1% of the stated value, ±10% of the stated value, ±9% of the stated value, ±8% of

the stated value, ±7% of the stated value, ±6% of the stated value, ±5% of the stated

value, ±4% of the stated value, ±3% of the stated value, ±2% of the stated value, or

± 1% of the stated value.

[00101] Notwithstanding that the numerical ranges and parameters setting forth

the broad scope of the invention are approximations, the numerical values set forth

in the specific examples are reported as precisely as possible. Any numerical value,

however, inherently contains certain errors necessarily resulting from the standard

deviation found in their respective testing measurements.

[00102] The terms "a," "an," "the" and similar referents used in the context of

describing the invention (especially in the context of the following claims) are to be

construed to cover both the singular and the plural, unless otherwise indicated herein

or clearly contradicted by context. Recitation of ranges of values herein is merely

intended to serve as a shorthand method of referring individually to each separate

value falling within the range. Unless otherwise indicated herein, each individual

value is incorporated into the specification as if it were individually recited herein. All



methods described herein can be performed in any suitable order unless otherwise

indicated herein or otherwise clearly contradicted by context. The use of any and all

examples, or exemplary language (e.g., "such as") provided herein is intended

merely to better illuminate the invention and does not pose a limitation on the scope

of the invention otherwise claimed. No language in the specification should be

construed as indicating any non-claimed element essential to the practice of the

invention.

[00103] Groupings of alternative elements or embodiments of the invention

disclosed herein are not to be construed as limitations. Each group member may be

referred to and claimed individually or in any combination with other members of the

group or other elements found herein. It is anticipated that one or more members of

a group may be included in, or deleted from, a group for reasons of convenience

and/or patentability. When any such inclusion or deletion occurs, the specification is

deemed to contain the group as modified thus fulfilling the written description of all

Markush groups used in the appended claims.

[00104] Certain embodiments of this invention are described herein, including the

best mode known to the inventors for carrying out the invention. Of course,

variations on these described embodiments will become apparent to those of

ordinary skill in the art upon reading the description herein. The inventor expects

skilled artisans to employ such variations as appropriate, and the inventors intend for

the invention to be practiced otherwise than specifically described herein.

Accordingly, this invention includes all modifications and equivalents of the subject

matter recited in the claims appended hereto as permitted by applicable law.

Moreover, any combination of the above-described elements in all possible

variations thereof is encompassed by the invention unless otherwise indicated herein

or otherwise clearly contradicted by context.

[00105] Furthermore, numerous references have been made to patents and

printed publications throughout this specification. Each of the above-cited

references and printed publications are individually incorporated herein by reference

in their entirety.

[00106] In closing, it is to be understood that the embodiments of the invention

disclosed herein are illustrative of the principles of the present invention. Other



modifications that may be employed are within the scope of the invention. Thus, by

way of example, but not of limitation, alternative configurations of the present

invention may be utilized in accordance with the teachings herein. Accordingly, the

present invention is not limited to that precisely as shown and described.

[00107] The particulars shown herein are by way of example and for purposes of

illustrative discussion of the preferred embodiments of the present invention only and

are presented in the cause of providing what is believed to be the most useful and

readily understood description of the principles and conceptual aspects of various

embodiments of the invention. In this regard, no attempt is made to show structural

details of the invention in more detail than is necessary for the fundamental

understanding of the invention, the description taken with the drawings and/or

examples making apparent to those skilled in the art how the several forms of the

invention may be embodied in practice.

[00108] Definitions and explanations used in the present disclosure are meant and

intended to be controlling in any future construction unless clearly and

unambiguously modified in the examples or when application of the meaning renders

any construction meaningless or essentially meaningless. In cases where the

construction of the term would render it meaningless or essentially meaningless, the

definition should be taken from Webster's Dictionary, 3rd Ed. or a dictionary known

to those of ordinary skill in the art, such as the Oxford Dictionary of Biochemistry and

Molecular Biology (Ed. Anthony Smith, Oxford University Press, Oxford, 2004).

[00109] It will be apparent to those having skill in the art that many changes may

be made to the details of the above-described embodiments without departing from

the underlying principles of the invention. The scope of the present invention should,

therefore, be determined only by the following claims.



Claims:

1. A method for treating a subject having a cardiomyopathy, comprising:

administering to the subject a fusion protein comprising a tafazzin peptide and

a cellular permeability peptide.

2 . The method of claim 1, wherein the cardiomyopathy is selected from at

least one of chemotherapy-induced cardiomyopathy, diabetic cardiomyopathy,

dilated cardiomyopathy, hypertensive cardiomyopathy, hypertrophic cardiomyopathy,

ischemic cardiomyopathy, and noncompaction cardiomyopathy.

3 . The method of claim 1 or 2 , wherein the tafazzin peptide is coupled to

the cellular permeability peptide by a polypeptide linker.

4 . The method of claim 1 or 2 , wherein the fusion protein is selected from

the group consisting of SEQ ID NO:10, SEQ ID NO:1 , and SEQ ID NO:12.

5 . The method of claim 1 or 2 , wherein the tafazzin peptide is selected

from at least one of SEQ ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, and

SEQ ID NO:5.

6 . The method of claim 1, wherein the cellular permeability peptide is a

cardiac targeting peptide.

7 . The method of claim 6 , wherein the cardiac targeting peptide

comprises SEQ ID NO:8.

8 . The method of claim 1, wherein the cellular permeability peptide is an

antennapedia permeability peptide.

9 . The method of claim 8 , wherein the antennapedia permeability peptide

comprises SEQ ID NO:6.

10 . The method of claim 1, wherein the cellular permeability peptide is an

HIV Tat permeability peptide.

11. The method of claim 10 , wherein the HIV Tat permeability peptide

comprises SEQ ID NO:7.

12. The method of claim 1, wherein the cellular permeability peptide is a

Kaposi FGF4-permeability peptide.

13 . The method of claim 12, wherein the Kaposi FGF4-permeability

peptide comprises SEQ ID NO:9.

14. A method for treating a patient having a cardiomyopathy, comprising:



administering to the patient an effective amount of a pharmaceutical

composition comprising:

a fusion protein comprising a tafazzin peptide and a cellular

permeability peptide; and

a pharmaceutically acceptable carrier

to reduce a pathological effect or symptom of the cardiomyopathy.

15 . The method of claim 14, wherein the cardiomyopathy is associated

with a tafazzin gene (TAZ) mutation.

16. The method of claim 14 or 15, wherein the cardiomyopathy is selected

from at least one of chemotherapy-induced cardiomyopathy, diabetic

cardiomyopathy, dilated cardiomyopathy, hypertensive cardiomyopathy, hypertrophic

cardiomyopathy, ischemic cardiomyopathy, and noncompaction cardiomyopathy.

17 . The method of claim 14 or 15 , wherein the tafazzin peptide is selected

from at least one of SEQ ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, and

SEQ ID NO:5.

18 . The method of claim 14 or 15 , wherein the cellular permeability peptide

is selected from at least one of a cardiac targeting peptide, an antennapedia

permeability peptide, an HIV Tat permeability peptide, and a Kaposi FGF4-

permeability peptide.

19 . The method of claim 14 or 15 , wherein the pathological effect or

symptom of the cardiomyopathy is selected from at least one of dyspnea, heart

enlargement, cardiac fibrosis, pulmonary congestion, peripheral edema, irregular

heart rate, hypotension, and fatigue.

20. The method of claim 14 or 15 , further comprising:

identifying the patient having the cardiomyopathy.

2 1 . The method of claim 14 or 15 , wherein the patient is a human.

22. A method for prophylactically treating a patient at a risk of developing a

cardiomyopathy, comprising:

administering to the patient an effective amount of a pharmaceutical

composition comprising:

a fusion protein comprising a tafazzin peptide and a cellular

permeability peptide; and



a pharmaceutically acceptable carrier

to reduce the risk of developing the cardiomyopathy.

23. The method of claim 22, wherein the cardiomyopathy is selected from

at least one of chemotherapy-induced cardiomyopathy, diabetic cardiomyopathy,

dilated cardiomyopathy, hypertensive cardiomyopathy, hypertrophic cardiomyopathy,

ischemic cardiomyopathy, and noncompaction cardiomyopathy.

24. The method of claim 22 or 23, wherein the tafazzin peptide is selected

from at least one of SEQ ID NO:1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, and

SEQ ID NO:5.

25. The method of claim 22 or 23, wherein the cellular permeability peptide

is selected from at least one of a cardiac targeting peptide, an antennapedia

permeability peptide, an HIV Tat permeability peptide, and a Kaposi FGF4-

permeability peptide.

26. The method of claim 22, further comprising:

identifying a patient at risk of developing the cardiomyopathy.

27. The method of claim 26, wherein the patient has a tafazzin gene {TAZ)

mutation.

28. The method of claim 22 or 23, wherein the patient is a human.

29. A method of treating a patient having, or at a risk of developing, dilated

cardiomyopathy, comprising:

administering to the patient an effective amount of a pharmaceutical

composition comprising:

a fusion protein comprising a tafazzin peptide and a cellular

permeability peptide; and

a pharmaceutically acceptable carrier

to reduce a pathological effect or symptom of dilated cardiomyopathy, or to

reduce the risk of developing dilated cardiomyopathy.

30. The method of claim 29, wherein the fusion protein is selected from the

group consisting of SEQ ID NO:1 0 , SEQ ID NO:1 , and SEQ ID NO:12.
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