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GENE THERAPY COMPOSITION AND TREATMENT OF RIGHT VENTRICULAR

ARRYTHMOGENIC CARDIOMYOPATHY

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims the benefit of priority of U.S. Provisional Patent Application
Serial No. 62/903,103, filed on September 20, 2019, the disclosure of which is hereby incorporated

by reference herein in its entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to the treatment of cardiac diseases (e.g., cardiac
myopathies), and, more specifically, to gene therapy methods and pharmaceutical compositions

for the treatment of cardiomyopathy.

BACKGROUND OF THE INVENTION
[0003] Despite pharmacologic advances in the treatment of various heart conditions, such as
heart failure, mortality, and morbidity remain unacceptably high. Furthermore, certain therapeutic
approaches are not suitable for many patients (e.g., ones who have an advanced heart failure
condition associated with other co-morbid diseases). Alternative approaches, such as gene therapy
and cell therapy, have attracted increased attention due to their potential to be uniquely tailored

and efficacious in addressing the root cause pathogenesis of many cardiac diseases.

OBJECTS AND SUMMARY OF THE INVENTION
[0004] It is an object of the present invention to provide methods of delivering therapeutic
polynucleotide sequences to cardiomyocytes of a human subject.
[0005] It is a further object of certain embodiments of the present invention to vectorize a
polynucleotide sequence encoding for plakophilin-2 (PKP2) protein in a viral vector, such as an
adeno-associated virus.
[0006] It is a further object of certain embodiments of the present invention to utilize gene
therapy methods for correcting haploinsufficiency in PKP2-mutated cardiomyocytes.
[0007] The above objects and others are met by the present invention which in certain
embodiments is directed to a method of treating or preventing cardiomyopathy in a human subject.
The method includes, e.g., delivering a therapeutic dose of a gene therapy vector to
cardiomyocytes of the human subject, wherein the gene therapy vector comprises a nucleic acid

sequence encoding for PKP2.
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[0008] In some embodiments, the gene therapy vector comprises a viral vector. In some
embodiments, the viral vector comprises one or more of AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAVS, AAV9, AAV10, AAV11, AAV12, variations thereof, and combinations
thereof. In some embodiments, the viral vector comprises AAV6 or AAVO.

[0009] In some embodiments, the therapeutic dose is effective to treat or prevent
arrhythmogenic right ventricular cardiomyopathy (ARVC) by effecting the production of PKP2
protein by the cardiomyocytes of the human subject.

[0010] Certain other embodiments are directed to a gene therapy vector adapted for expressing
a nucleic acid sequence within cardiomyocytes of a human subject. The nucleic acid sequence
comprises, e.g., a first sequence encoding for a PKP2 protein and a second sequence comprising a
promoter. In some embodiments, the gene therapy vector comprises a viral vector. In some
embodiments, the viral vector comprises one or more of AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAV7, AAVS, AAV9, AAV10, AAV11, AAV12, variations thereof, and combinations
thereof. In some embodiments, the viral vector comprises AAV6 or AAVO.

[0011] In some embodiments, the promoter comprises TNNT2.

DEFINITIONS

[0012] As used herein, the singular forms “a,” “an,” and “the” include plural references unless
the context clearly indicates otherwise. Thus, for example, reference to “a drug” includes a single
drug as well as a mixture of two or more different drugs; and reference to a “viral vector” includes
a single viral vector as well as a mixture of two or more different viral vectors, and the like.
[0013] Also as used herein, “about,” when used in connection with a measured quantity, refers
to the normal variations in that measured quantity, as expected by one of ordinary skill in the art
in making the measurement and exercising a level of care commensurate with the objective of
measurement and the precision of the measuring equipment. In certain embodiments, the term
“about” includes the recited number £10%, such that “about 10” would include from 9 to 11.
[0014] Also as used herein, “polynucleotide” has its ordinary and customary meaning in the
art and includes any polymeric nucleic acid such as DNA or RNA molecules, as well as chemical
derivatives known to those skilled in the art. Polynucleotides include not only those encoding a
therapeutic protein, but also include sequences that can be used to decrease the expression of a
targeted nucleic acid sequence using techniques known in the art (e.g., antisense, interfering, or
small interfering nucleic acids). Polynucleotides can also be used to initiate or increase the
expression of a targeted nucleic acid sequence or the production of a targeted protein within cells

of the cardiovascular system. Targeted nucleic acids and proteins include, but are not limited to,

nucleic acids and proteins normally found in the targeted tissue, derivatives of such naturally
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occurring nucleic acids or proteins, naturally occurring nucleic acids or proteins not normally
found in the targeted tissue, or synthetic nucleic acids or proteins. One or more polynucleotides
can be used in combination, administered simultaneously and/or sequentially, to increase and/or
decrease one or more targeted nucleic acid sequences or proteins.

[0015] Also as used herein, “exogenous” nucleic acids or genes are those that do not occur in
nature in the vector utilized for nucleic acid transfer; e.g., not naturally found in the viral vector,
but the term is not intended to exclude nucleic acids encoding a protein or polypeptide that occurs
naturally in the patient or host.

[0016] Also as used herein, “cardiac cell” includes any cell of the heart that is involved in
maintaining a structure or providing a function of the heart such as a cardiac muscle cell, a cell of
the cardiac vasculature, or a cell present in a cardiac valve. Cardiac cells include cardio myocytes
(having both normal and abnormal electrical properties), epithelial cells, endothelial cells,
fibroblasts, cells of the conducting tissue, cardiac pace making cells, and neurons.

[0017] Also as used herein, “adeno-associated virus” or “AAV” encompasses all subtypes,
serotypes, and pseudotypes, as well as naturally occurring and recombinant forms. A variety of
AAV serotypes and strains are known in the art and are publicly available from sources, such as
the ATCC and academic or commercial sources. Alternatively, sequences from AAV serotypes
and strains which are published and/or available from a variety of databases may be synthesized
using known techniques.

[0018] Also as used herein, “serotype” refers to an AAV which is identified by and
distinguished from other AAVs based on capsid protein reactivity with defined antisera. There
are at least twelve known serotypes of human AAV, including AAV1 through AAV12, however
additional serotypes continue to be discovered, and use of newly discovered serotypes are
contemplated.

[0019] Also as used herein, “pseudotyped” AAV refers to an AAV that contains capsid
proteins from one serotype and a viral genome including 5’ and 3’ inverted terminal repeats (ITRs)
of a different or heterologous serotype. A pseudotyped recombinant AAV (rAAV) would be
expected to have cell surface binding properties of the capsid serotype and genetic properties
consistent with the ITR serotype. A pseudotyped rAAV may comprise AAV capsid proteins,
including VP1, VP2, and VP3 capsid proteins, and ITRs from any serotype AAV, including any
primate AAV serotype from AAV1 through AAV12, as long as the capsid protein is of a serotype
heterologous to the serotype(s) of the ITRs. In a pseudotyped rAAYV, the 5" and 3' ITRs may be
identical or heterologous. Pseudotyped rAAYV are produced using standard techniques described

in the art.
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[0020] Also as used herein, a “chimeric” rAAV vector encompasses an AAV vector
comprising heterologous capsid proteins; that is, a rAAV vector may be chimeric with respect to
its capsid proteins VP1, VP2, and VP3, such that VP1, VP2, and VP3 are not all of the same
serotype AAV. A chimeric AAV as used herein encompasses AAV wherein the capsid proteins
VP1, VP2, and VP3 differ in serotypes, including for example but not limited to capsid proteins
from AAV1 and AAV2; are mixtures of other parvo virus capsid proteins or comprise other virus
proteins or other proteins, such as for example, proteins that target delivery of the AAV to desired
cells or tissues. A chimeric rAAYV as used herein also encompasses an rAAV comprising chimeric
5"and 3' ITRs.

[0021] Also as used herein, a “pharmaceutically acceptable excipient or carrier” refers to any
inert ingredient in a composition that is combined with an active agent in a formulation. A
pharmaceutically acceptable excipient can include, but is not limited to, carbohydrates (such as
glucose, sucrose, or dextrans), antioxidants (such as ascorbic acid or glutathione), chelating agents,
low-molecular weight proteins, high-molecular weight polymers, gel-forming agents, or other
stabilizers and additives. Other examples of a pharmaceutically acceptable carrier include wetting
agents, emulsifying agents, dispersing agents, or preservatives, which are particularly useful for
preventing the growth or action of microorganisms. Various preservatives are well known and
include, for example, phenol and ascorbic acid. Examples of carriers, stabilizers or adjuvants can
be found in Remington’s Pharmaceutical Sciences, Mack Publishing Company, Philadelphia, Pa.,
17th ed. (1985).

[0022] Also as used herein, a “patient” refers to a subject, particularly a human (but could also
encompass a non-human), who has presented a clinical manifestation of a particular symptom or
symptoms suggesting the need for treatment, who is treated prophylactically for a condition, or
who has been diagnosed with a condition to be treated.

[0023] Also as used herein, a “subject” encompasses the definition of the term “patient” and
does not exclude individuals who are otherwise healthy.

[0024] Also as used herein, “treatment of” and “treating” include the administration of a drug
with the intent to lessen the severity of or prevent a condition, e.g., heart disease.

[0025] Also as used herein, “prevention of” and “preventing” include the avoidance of the
onset of a condition, e.g., heart disease.

[0026] Also as used herein, a “condition” or “conditions” refers to those medical conditions,
such as heart disease, that can be treated, mitigated, or prevented by administration to a subject of
an effective amount of a drug.

[0027] Also as used herein, an “effective amount” refers to the amount of a drug that is

sufficient to produce a beneficial or desired effect at a level that is readily detectable by a method
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commonly used for detection of such an effect. In some embodiments, such an effect results in a
change of at least 10% from the value of a basal level where the drug is not administered. In other
embodiments, the change is at least 20%, 50%, 80%, or an even higher percentage from the basal
level. As will be described below, the effective amount of a drug may vary from subject to subject,
depending on age, general condition of the subject, the severity of the condition being treated, the
particular drug administered, and the like. An appropriate “effective” amount in any individual
case may be determined by one of ordinary skill in the art by reference to the pertinent texts and
literature and/or by using routine experimentation.

[0028] Also as used herein, an “active agent” refer to any material that is intended to produce
a therapeutic, prophylactic, or other intended effect, whether or not approved by a government
agency for that purpose.

[0029] Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate 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
illuminate certain materials and methods and does not pose a limitation on scope. No language in
the specification should be construed as indicating any non-claimed element as essential to the

practice of the disclosed materials and methods.

DETAILED DESCRIPTION

[0030] Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a primary heart muscle
disorder and a major cause of sudden cardiac death (SCD) in young individuals. It is characterized
by myocardial degeneration and fibro-fatty replacement of the myocardium, which can be present
in the right and/or left ventricle and ultimately lead to progressive heart failure. The clinical
cardiac phenotype is characterized by the presence of typical electrocardiographic abnormalities,
an increased burden of ventricular arrhythmias, and extensive myocardial scarring on cardiac
magnetic resonance imaging.

[0031] ARVC is familial in approximately 50% of cases and is usually inherited as an
autosomal dominant trait. About 30% of patients of Caucasian descent carry dominant mutations
in the PKP2 gene. The majority of mutations result in aberrant or truncated protein resulting from
insertion-deletion, nonsense, or splice site mutations, resulting in haploinsufficiency.

[0032] ARVC is considered a disease of the desmosome, the electron-dense structure

providing mechanical attachment between cardiomyocytes. PKP2 is one among several genes
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which form part of the desmosomal protein complex and where mutations leading to ARVC have
been identified. Lack of PKP2 protein through haploinsufficiency destabilizes the desmosomal
protein complex with mechanical and signaling consequences.

[0033] The mechanical component is highlighted in vifro by the abnormal gene expression
pattern caused by lack of PKP2 protein under mechanical stress conditions involving down-
regulation of several extracellular matrix genes such as different collagens and strong up-
regulation of fibril-forming collagens, fibronectin, and other pro-fibrotic markers such as TIMP1.
In pre-clinical and clinical contexts, this is mirrored by exacerbation of ARVC by exercise in
PKP2-mouse models and by the detrimental effects of exercise on the phenotype in humans, such
as in athletes. At the signaling level, lack of plakophilin causes translocation of plakoglobin to the
nucleus, which leads to reduction of canonical Wnt/b-catenin signaling and increased expression
of fibrogenic and adipogenic genes.

[0034] The two main forms of PKP2 include PKP2 isoform 2a (SEQ ID NO: 2) and PKP2
isoform 2b (SEQ ID NO: 4). The protein coding portion of the PKP2 gene for PKP2 isoform 2a
is contained in a 2764bp cDNA sequence (GenBank: BC126199.1; SEQ ID NO:1), which can be
vectorized in an AAV by virtue of the present invention. As used herein, “PKP2” or “PKP2
protein,” unless otherwise stated or implied from the context, should be interpreted to encompass
the isoforms of PKP2, including PKP2 isoform 2a and PKP2 isoform 2b.

[0035] Certain embodiments may correct haploinsufficiency of the PKP2 protein by
substituting a normal allele via AAV9-TNNT2-PKP2-mediated gene transfer. In certain
embodiments, the compositions and methods of the present invention may be capable of, e.g., (1)
localizing the PKP2 protein correctly to the desmosome; and (2) correcting the haploinsufficiency
in PKP2-mutated human induced pluripotent stem cell-derived cardiomyocytes (iPSC-CMs) and
consequently correcting the desmosomal protein complex. Certain embodiments are also
contemplated to result in complete or near-complete PKP2 deficiency in iPSC-CMs carrying two
pathogenic mutations in frans. A non-limiting illustrative embodiment for testing the delivery of
PKP2 polynucleotides to cardiomyocytes include: (1) vectorizing PKP2 using a TNNT2 promoter
into AAV9 and/or AAV6; creating create iPSC-CMs carrying PKP2 mutations (either 1 mutation
or 2 mutations in frans); transducing 2D PKP2-mutated cardiomyocyte cultures (carrying 1 or 2
mutations) with AAV6-PKP2 or AAV9-PKP2 in vitro and testing subcellular localization into
desmosomes; testing molecular and physiological data including cell size, contractility, and
transcriptome analysis.

[0036] Although numerous embodiments herein are described with respect to PKP2 protein,
it is to be understood that the expression of additional proteins (e.g., sarcomeric proteins) is

contemplated. Exemplary proteins in addition to PKP2 may include, without limitations, one or
6
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more of SERCA2, MYBPC3, MYH7, MYL3, MYL2, ACTC1, TPMI, TNNT2, TNNI3, TTN,

FHL1, ALPK3, dystrophin, FKRP, variants thereof, or combinations thereof. The protein or
proteins used may also be functional variants of the proteins mentioned herein and may exhibit a
significant amino acid sequence identity compared to the original protein. For instance, the amino
acid identity may amount to at least about 30%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%. In
this context, the term “functional variant” means that the variant of the protein is capable of,
partially or completely, fulfilling the function of the naturally occurring corresponding protein.
Functional variants of a protein may include, for example, proteins that differ from their naturally
occurring counterparts by one or more amino acid substitutions, deletions or additions.

[0037] The amino acid substitutions can be conservative or non-conservative. It is preferred
that the substitutions are conservative substitutions, i.e., a substitution of an amino acid residue by
an amino acid of similar polarity, which acts as a functional equivalent. Preferably, the amino acid
residue used as a substitute is selected from the same group of amino acids as the amino acid
residue to be substituted. For example, a hydrophobic residue can be substituted with another
hydrophobic residue, or a polar residue can be substituted with another polar residue having the
same charge. Functionally homologous amino acids, which may be used for a conservative
substitution comprise, for example, non-polar amino acids such as glycine, valine, alanine,
isoleucine, leucine, methionine, proline, phenylalanine, and tryptophan. Examples of uncharged
polar amino acids comprise serine, threonine, glutamine, asparagine, tyrosine and cysteine.
Examples of charged polar (basic) amino acids comprise histidine, arginine, and lysine. Examples
of charged polar (acidic) amino acids comprise aspartic acid and glutamic acid.

[0038] Also considered as variants are proteins that differ from their naturally occurring
counterparts by one or more (e.g., 2, 3, 4, 5, 10, or 15) additional amino acids. These additional
amino acids may be present within the amino acid sequence of the original protein (i.e., as an
insertion), or they may be added to one or both termini of the protein. Basically, insertions can
take place at any position if the addition of amino acids does not impair the capability of the
polypeptide to fulfill the function of the naturally occurring protein in the treated subject.
Moreover, variants of proteins also comprise proteins in which, compared to the original
polypeptide, one or more amino acids are lacking. Such deletions may affect any amino acid
position provided that it does not impair the ability to fulfill the normal function of the protein.
[0039] Finally, variants of cardiac sarcomeric proteins (e.g., PKP2) also refer to proteins that

differ from the naturally occurring protein by structural modifications, such as modified amino
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acids. Modified amino acids are amino acids which have been modified either by natural
processes, such as processing or post-translational modifications, or by chemical modification
processes known in the art. Typical amino acid modifications comprise phosphorylation,
glycosylation, acetylation, O-linked N-acetylglucosamination, glutathionylation, acylation,
branching, ADP ribosylation, crosslinking, disulfide bridge formation, formylation,
hydroxylation, carboxylation, methylation, demethylation, amidation, cyclization, and/or covalent
or non-covalent bonding to phosphotidylinositol, flavine derivatives, lipoteichonic acids, fatty
acids, or lipids.

[0040] The therapeutic polynucleotide sequence encoding the target protein may be
administered to the subject to be treated in the form of a gene therapy vector, i.e., a nucleic acid
construct which comprises the coding sequence, including the translation and termination codons,
next to other sequences required for providing expression of the exogenous nucleic acid such as
promoters, kozak sequences, polyA signals, and the like.

[0041] For example, the gene therapy vector may be part of a mammalian expression system.
Useful mammalian expression systems and expression constructs are commercially available.
Also, several mammalian expression systems are distributed by different manufacturers and can
be employed in the present invention, such as plasmid- or viral vector based systems, e.g., LENTI-
Smart™ (InvivoGen), GenScript™ Expression vectors, pAdVAntage™ (Promega), ViraPower™
Lentiviral, Adenoviral Expression Systems (Invitrogen), and adeno-associated viral expression
systems (Cell Biolabs).

[0042] Gene therapy vectors for expressing an exogenous therapeutic polynucleotide sequence
of the invention can be, for example, a viral or non-viral expression vector, which is suitable for
introducing the exogenous therapeutic polynucleotide sequence into a cell for subsequent
expression of the protein encoded by said nucleic acid. The expression vector can be an episomal
vector, i.e., one that is capable of self-replicating autonomously within the host cell, or an
integrating vector, i.e., one which stably incorporates into the genome of the cell. The expression
in the host cell can be constitutive or regulated (e.g., inducible).

[0043] In a certain embodiment, the gene therapy vector is a viral expression vector. Viral
vectors for use in the present invention may comprise a viral genome in which a portion of the
native sequence has been deleted in order to introduce a heterogeneous polynucleotide without
destroying the infectivity of the virus. Due to the specific interaction between virus components
and host cell receptors, viral vectors are highly suitable for efficient transfer of genes into target
cells. Suitable viral vectors for facilitating gene transfer into a mammalian cell can be derived
from different types of viruses, for example, from an AAV, an adenovirus, a retrovirus, a herpes

simplex virus, a bovine papilloma virus, a lentivirus, a vaccinia virus, a polyoma virus, a sendai
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virus, orthomyxovirus, paramyxovirus, papovavirus, picornavirus, pox virus, alphavirus, or any
other viral shuttle suitable for gene therapy, variations thereof, and combinations thereof.

[0044] “Adenovirus expression vector” or “adenovirus” is meant to include those constructs
containing adenovirus sequences sufficient (a) to support packaging of the therapeutic
polynucleotide sequence construct, and/or (b) to ultimately express a tissue and/or cell-specific
construct that has been cloned therein. In one embodiment of the invention, the expression vector
comprises a genetically engineered form of adenovirus. Knowledge of the genetic organization of
adenovirus, a 36 kilobase (kb), linear, double-stranded DNA virus, allows substitution of large
pieces of adenoviral DNA with foreign sequences up to 7 kb.

[0045] Adenovirus growth and manipulation is known to those of skill in the art, and exhibits
broad host range in vitro and in vivo. This group of viruses can be obtained in high titers, e.g.,
107 to 10! plaque-forming units per mL, and they are highly infective. The life cycle of adenovirus
does not require integration into the host cell genome. The foreign genes delivered by adenovirus
vectors are episomal and, therefore, have low genotoxicity to host cells. No side effects have been
reported in studies of vaccination with wild-type adenovirus, demonstrating their safety and/or
therapeutic potential as in vivo gene transfer vectors.

[0046] Retroviruses (also referred to as “retroviral vector”) may be chosen as gene delivery
vectors due to their ability to integrate their genes into the host genome, transferring a large amount
of foreign genetic material, infecting a broad spectrum of species and cell types and for being
packaged in special cell-lines.

[0047] The retroviral genome contains three genes, gag, pol, and env that code for capsid
proteins, polymerase enzyme, and envelope components, respectively. A sequence found
upstream from the gag gene contains a signal for packaging of the genome into virions. Two long
terminal repeat (LTR) sequences are present at the 5’ and 3’ ends of the viral genome. These
contain strong promoter and enhancer sequences and are also required for integration in the host
cell genome.

[0048] In order to construct a retroviral vector, a nucleic acid encoding a gene of interest is
inserted into the viral genome in the place of certain viral sequences to produce a virus that is
replication-defective. In order to produce virions, a packaging cell line is constructed containing
the gag, pol, and/or env genes but without the LTR and/or packaging components. When a
recombinant plasmid containing a cDNA, together with the retroviral LTR and packaging
sequences is introduced into this cell line (by calcium phosphate precipitation for example), the
packaging sequence allows the RNA transcript of the recombinant plasmid to be packaged into
viral particles, which are then secreted into the culture media. The media containing the

recombinant retroviruses is then collected, optionally concentrated, and used for gene transfer.
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Retroviral vectors are able to infect a broad variety of cell types. However, integration and stable
expression require the division of host cells.

[0049] The retrovirus can be derived from any of the subfamilies. For example, vectors from
Murine Sarcoma Virus, Bovine Leukemia, Virus Rous Sarcoma Virus, Murine Leukemia Virus,
Mink-Cell Focus-Inducing Virus, Reticuloendotheliosis Virus, or Avian Leukosis Virus can be
used. The skilled person will be able to combine portions derived from different retroviruses, such
as LTRs, tRNA binding sites, and packaging signals to provide a recombinant retrovirus. These
retroviruses are then normally used for producing transduction competent retroviral vector
particles. For this purpose, the vectors are introduced into suitable packaging cell lines.
Retroviruses can also be constructed for site-specific integration into the DNA of the host cell by
incorporating a chimeric integrase enzyme into the retroviral particle.

[0050] Because herpes simplex virus (HSV) is neurotropic, it has generated considerable
interest in treating nervous system disorders. Moreover, the ability of HSV to establish latent
infections in non-dividing neuronal cells without integrating into the host cell chromosome or
otherwise altering the host cell’s metabolism, along with the existence of a promoter that is active
during latency makes HSV an attractive vector. And though much attention has focused on the
neurotropic applications of HSV, this vector also can be exploited for other tissues given its wide
host range.

[0051] Another factor that makes HSV an attractive vector is the size and organization of the
genome. Because HSV is large, incorporation of multiple genes or expression cassettes is less
problematic than in other smaller viral systems. In addition, the availability of different viral
control sequences with varying performance (temporal, strength, etc.) makes it possible to control
expression to a greater extent than in other systems. It also is an advantage that the virus has
relatively few spliced messages, further easing genetic manipulations.

[0052] HSV also is relatively easy to manipulate and can be grown to high titers. Thus,
delivery is less of a problem, both in terms of volumes needed to attain sufficient multiplicity of
infection (MOI) and in a lessened need for repeat dosing. Avirulent variants of HSV have been
developed and are readily available for use in gene therapy contexts.

[0053] Lentiviruses are complex retroviruses, which, in addition to the common retroviral
genes gag, pol, and env, contain other genes with regulatory or structural function. The higher
complexity enables the virus to modulate its life cycle, as in the course of latent infection. Some
examples of lentivirus include the Human Immunodeficiency Viruses (HIV-1, HIV-2) and the
Simian Immunodeficiency Virus (SIV). Lentiviral vectors have been generated by multiply
attenuating the HIV virulence genes, for example, the genes env, vif, vpr, vpu, and nef are deleted

making the vector biologically safe.
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[0054] Lentiviral vectors are plasmid-based or virus-based, and are configured to carry the
essential sequences for incorporating foreign nucleic acid, for selection and for transfer of the
nucleic acid into a host cell. The gag, pol and env genes of the vectors of interest also are known
in the art. Thus, the relevant genes are cloned into the selected vector and then used to transform
the target cell of interest.

[0055] Vaccinia virus vectors have been used extensively because of the ease of their
construction, relatively high levels of expression obtained, wide host range and large capacity for
carrying DNA. Vaccinia contains a linear, double-stranded DNA genome of about 186 kb that
exhibits a marked “A-T” preference. Inverted terminal repeats of about 10.5 kb flank the genome.
The majority of essential genes appear to map within the central region, which is most highly
conserved among poxviruses. Estimated open reading frames in vaccinia virus number from 150
to 200. Although both strands are coding, extensive overlap of reading frames is not common.
[0056] At least 25 kb can be inserted into the vaccinia virus genome. Prototypical vaccinia
vectors contain transgenes inserted into the viral thymidine kinase gene via homologous
recombination. Vectors are selected on the basis of a tk-phenotype. Inclusion of the untranslated
leader sequence of encephalomyocarditis virus results in a level of expression that is higher than
that of conventional vectors, with the transgenes accumulating at 10% or more of the infected
cell’s protein in 24 hours.

[0057] The empty capsids of papovaviruses, such as the mouse polyoma virus, have received
attention as possible vectors for gene transfer. The use of empty polyoma was first described when
polyoma DNA and purified empty capsids were incubated in a cell-free system. The DNA of the
new particle was protected from the action of pancreatic DNase. The reconstituted particles were
used for transferring a transforming polyoma DNA fragment to rat FIII cells. The empty capsids
and reconstituted particles consist of all three of the polyoma capsid antigens VP1, VP2 and VP3.
[0058] AAVs are parvoviruses belonging to the genus Dependovirus. They are small,
nonenveloped, single-stranded DNA viruses which require a helper virus in order to replicate. Co-
infection with a helper virus (e.g., adenovirus, herpes virus, or vaccinia virus) is necessary in order
to form functionally complete AAV virions. /n vitro, in the absence of co-infection with a helper
virus, AAV establishes a latent state in which the viral genome exists in an episomal form, but
infectious virions are not produced. Subsequent infection by a helper virus “rescues” the genome,
allowing it to be replicated and packaged into viral capsids, thereby reconstituting the infectious
virion. Recent data indicate that in2 vivo both wild type AAV and recombinant AAV predominantly
exist as large episomal concatemers. In one embodiment, the gene therapy vector used herein is
an AAV vector. The AAV vector may be purified, replication incompetent, pseudotyped rAAV

particles.
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[0059] AAYV are not associated with any known human diseases, are generally not considered
pathogenic, and do not appear to alter the physiological properties of the host cell upon integration.
AAYV can infect a wide range of host cells, including non-dividing cells, and can infect cells from
different species. In contrast to some vectors, which are quickly cleared or inactivated by both
cellular and humoral responses, AAV vectors have been shown to induce persistent transgene
expression in various tissues iz vivo. The persistence of recombinant AAV-mediated transgenes
in non-diving cells in vivo may be attributed to the lack of native AAV viral genes and the vector’s
ITR-linked ability to form episomal concatemers.

[0060] AAV is an attractive vector system for use in the cell transduction of the present
invention as it has a high frequency of persistence as an episomal concatemer and it can infect
non-dividing cells, including cardiomyocytes, thus making it useful for delivery of genes into
mammalian cells, for example, in tissue culture and in vivo.

[0061] Typically, rAAV is made by cotransfecting a plasmid containing the gene of interest
flanked by the two AAYV terminal repeats and/or an expression plasmid containing the wild-type
AAV coding sequences without the terminal repeats, for example pIM45. The cells are also
infected and/or transfected with adenovirus and/or plasmids carrying the adenovirus genes
required for AAV helper function. Stocks of rAAV made in such fashion are contaminated with
adenovirus, which must be physically separated from the rAAYV particles (for example, by cesium
chloride density centrifugation or column chromatography). Alternatively, adenovirus vectors
containing the AAV coding regions and/or cell lines containing the AAV coding regions and/or
some or all of the adenovirus helper genes could be used. Cell lines carrying the rAAV DNA as
an integrated provirus can also be used.

[0062] Multiple serotypes of AAV exist in nature, with at least twelve serotypes (AAVI1-
AAV12). Despite the high degree of homology, the different serotypes have tropisms for different
tissues. Upon transfection, AAV elicits only a minor immune reaction (if any) in the host.
Therefore, AAV is highly suited for gene therapy approaches.

[0063] The present disclosure may be directed in some embodiments to a drug comprising an
AAYV vector that is one or more of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT, AAVS,
AAV9, AAV10, AAV11, AAV12, ANC AAYV, chimeric AAV derived thereof, variations thereof,
and combinations thereof, which will be even better suitable for high efficiency transduction in
the tissue of interest. In certain embodiments, the gene therapy vectoris an AAV serotype 1 vector.
In certain embodiments, the gene therapy vector is an AAV serotype 2 vector. In certain
embodiments, the gene therapy vector is an AAV serotype 3 vector. In certain embodiments, the
gene therapy vector is an AAV serotype 4 vector. In certain embodiments, the gene therapy vector

is an AAV serotype 5 vector. In certain embodiments, the gene therapy vector is an AAV serotype
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6 vector. In certain embodiments, the gene therapy vector is an AAV serotype 7 vector. In certain
embodiments, the gene therapy vector is an AAV serotype 8 vector. In certain embodiments, the
gene therapy vector is an AAV serotype 9 vector. In certain embodiments, the gene therapy vector
is an AAV serotype 10 vector. In certain embodiments, the gene therapy vector is an AAV
serotype 11 vector. In certain embodiments, the gene therapy vectoris an AAV serotype 12 vector.
[0064] A suitable dose of AAV for humans may be in the range of about 1x10® vg/kg to about
3x10" vg/kg, about 1x10® vg/kg, about 1x10° vg/kg, about 1x10'° vg/kg about 1x10' vg/kg,
about 1x10'2 vg/kg, about 1x10'* vg/kg, or about 1x10'* vg/kg. The total amount of viral particles
or DRP is, is about, is at least, is at least about, is not more than, or is not more than about,
5x10'° vg/kg, 4x10%° vg/kg 3x10"° vg/kg, 2x10V vg/kg, 1x10° vg/kg 9x10 vg/kg,
8x10'" vg/kg, 7x10'™ vg/kg 6x10" vg/kg, 5x10M vg/kg, 4x10" vg/kg 3x10 vg/kg,
2x10M" vg/kg, 1x10" vg/kg, 9x10V vg/kg 8x10" vgkg 7x10"% vgkg 6x10" vgkg,
5x100 vg/kg, 4x10"% vg/kg 3x10V vg/kg, 2x10V vg/kg, 1x10Y vgkg 9x102 vg/kg,
8x10'2 vg/kg, 7x10" vg/kg 6x102 vg/kg, 5x102 vg/kg, 4x102 vg/kg 3x102 vg/kg,
2x102 vg/kg, 1x10'? vg/kg, 9x10'" vg/kg 8x10' vgkg 7x10" vgkg 6x10" vgkg,
5x10" vg/kg, 4x10" vg/kg 3x10' vg/kg, 2x10'' vg/kg, 1x10'! vg/kg 9x10'° vg/kg,
8x10'% vg/kg, 7x10' vg/kg 6x10' vg/kg, 5x10'0 vg/kg, 4x10'° vg/kg 3x10'° vg/kg,
2x10' vg/kg, 1x10'° vg/kg, 9x10° vg/kg, 8x10° va/kg, 7107 vg/kg, 6x10° vg/kg, 5x10° vg/kg,
4x10° vg/kg, 3x10° vg/kg, 2x10° vg/kg, 13107 vg/kg, 9x10® vg/kg, 8x10® vg/kg 7x10% vg/kg,
6x10% vg/kg, 5x10% vg/kg, 4x10% vg/kg, 3x10% vg/kg, 2x10® vg/kg, or 1x10® vg/kg, or falls within
a range defined by any two of these values. The above listed dosages being in vg/kg heart tissue
units.

[0065] Apart from viral vectors, non-viral expression constructs may also be used for
introducing a gene encoding a target protein or a functioning variant or fragment thereof into a cell
of a patient. Non-viral expression vectors which permit the in vivo expression of protein in the
target cell include, for example, a plasmid, a modified RNA, a cDNA, antisense oligomers, DNA-
lipid complexes, nanoparticles, exosomes, any other non-viral shuttle suitable for gene therapy,
variations thereof, and a combination thereof.

[0066] Apart from viral vectors and non-viral expression vectors, nuclease systems may also
be used, in conjunction with a vector and/or an electroporation system, to enter into a cell of a
patient and introduce therein a gene encoding a target protein or a functioning variant or fragment
thereof. Exemplary nuclease systems may include, without limitations, a clustered regularly
interspaced short palindromic repeats (CRISPR), a DNA cutting enzyme (e.g., Cas9),
meganucleases, TALENSs, zinc finger nucleases, any other nuclease system suitable for gene

therapy, variations thereof, and a combination thereof. For instance, in one embodiment, one viral
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vector (e.g., AAV) may be used for a nuclease (e.g., CRISPR) and another viral vector (e.g., AAV)

may be used for a DNA cutting enzyme (e.g., Cas9) to introduce both (the nuclease and the DNA
cutting enzyme) into a target cell.

[0067] Other vector delivery systems which can be employed to deliver a therapeutic
polynucleotide sequence encoding a therapeutic gene into cells are receptor-mediated delivery
vehicles. These take advantage of the selective uptake of macromolecules by receptor-mediated
endocytosis in almost all eukaryotic cells. Because of the cell type-specific distribution of various
receptors, the delivery can be highly specific. Receptor-mediated gene targeting vehicles may
include two components: a cell receptor-specific ligand and a DNA-binding agent.

[0068] Suitable methods for the transfer of non-viral vectors into target cells are, for example,
the lipofection method, the calcium-phosphate co-precipitation method, the DEAE-dextran
method and direct DNA introduction methods using micro-glass tubes, ultrasound,
electroporation, and the like. Prior to the introduction of the vector, the cardiac muscle cells may
be treated with a permeabilization agent, such as phosphatidylcholine, streptolysins, sodium
caprate, decanoylcarnitine, tartaric acid, lysolecithin, Triton X-100, and the like. Exosomes may
also be used to transfer naked DNA or AAV-encapsidated DNA.

[0069] A gene therapy vector of the invention may comprise a promoter that is functionally
linked to the nucleic acid sequence encoding to the target protein. The promoter sequence must
be compact and ensure a strong expression. Preferably, the promoter provides for an expression
of the target protein in the myocardium of the patient that has been treated with the gene therapy
vector. In some embodiment, the gene therapy vector comprises a cardiac-specific promoter which
is operably linked to the nucleic acid sequence encoding the target protein. As used herein, a
“cardiac-specific promoter” refers to a promoter whose activity in cardiac cells is at least 2-fold
higher than in any other non-cardiac cell type. Preferably, a cardiac-specific promoter suitable for
being used in the vector of the invention has an activity in cardiac cells which is at least 5-fold, at
least 10-fold, at least 15-fold, at least 20-fold, at least 25-fold, or at least S0-fold higher compared
to its activity in a non-cardiac cell type.

[0070] The cardiac-specific promoter may be a selected human promoter, or a promoter
comprising a functionally equivalent sequence having at least about 80%, at least about 90%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity to the selected human promoter. An exemplary non-limiting promoter that may
be used is a cardiac troponin T promoter (TNNT2). Other non-limiting examples of promoters
include alpha myosin heavy chain promoter, the myosin light chain 2v promoter, the alpha myosin
heavy chain promoter, the alpha-cardiac actin promoter, the alpha-tropomyosin promoter, the

cardiac troponin C promoter, the cardiac troponin I promoter, the cardiac myosin-binding protein
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C promoter, and the sarco/endoplasmic reticulum Ca**-ATPase (SERCA) promoter (e.g., isoform
2 of this promoter (SERCA?2)).

[0071] The vectors useful in the present invention may have varying transduction efficiencies.
As a result, the viral or non-viral vector transduces more than, equal to, or at least about 10%,
about 20%, about 30%, about 40%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, about 95%, about 99%, or 100% of the cells of the
targeted vascular territory. More than one vector (viral or non-viral, or combinations thereof) can
be used simultaneously or in sequence. This can be used to transfer more than one polynucleotide,
and/or target more than one type of cell. Where multiple vectors or multiple agents are used, more
than one transduction/transfection efficiency can result.

[0072] Pharmaceutical compositions that contain gene therapy vectors may be prepared either
as liquid solutions or suspensions. The pharmaceutical composition of the invention can include
commonly used pharmaceutically acceptable excipients, such as diluents and carriers. In
particular, the composition comprises a pharmaceutically acceptable carrier, e.g., water, saline,
Ringer’s solution, or dextrose solution. In addition to the carrier, the pharmaceutical composition
may also contain emulsifying agents, pH buffering agents, stabilizers, dyes, and the like.

[0073] In certain embodiments, a pharmaceutical composition will comprise a therapeutically
effective gene dose, which is a dose that is capable of preventing or treating cardiomyopathy in a
subject, without being toxic to the subject. Prevention or treatment of cardiomyopathy may be
assessed as a change in a phenotypic characteristic associated with cardiomyopathy with such
change being effective to prevent or treat cardiomyopathy. Thus, a therapeutically effective gene
dose is typically one that, when administered in a physiologically tolerable composition, is
sufficient to improve or prevent the pathogenic heart phenotype in the treated subject.

[0074] In certain embodiments, gene therapy vectors may be transduced into a subject through
several different methods, including intravenous delivery, intraarterial delivery, or intraperitoneal
delivery. In some embodiments, a gene therapy vector may be administered directly to heart tissue,
for example, by intracoronary administration. In some embodiments, tissue transduction of the
myocardium may be achieved by catheter-mediated intramyocardial delivery, which may be used
to transfer vector-free cDNA coupled or uncoupled to transduction-enhancing carriers into
myocardium.

[0075] In certain embodiments, the drug will comprise a therapeutically effective gene dose.
A therapeutically effective gene dose is one that is capable of preventing or treating a particular
heart condition in a patient, without being toxic to the patient.

[0076] Heart conditions that may be treated by the methods disclosed herein may include,

without limitations, one or more of a genetically determined heart disease (e.g., genetically
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determined cardiomyopathy), arrhythmic heart disease, heart failure, ischemia, arrhythmia,
myocardial infarction, congestive heart failure, transplant rejection, abnormal heart contractility,
non-ischemic cardiomyopathy, mitral valve regurgitation, aortic stenosis or regurgitation,
abnormal Ca’" metabolism, congenital heart disease, primary or secondary cardiac tumors, and

combinations thereof.

ILLUSTRATIVE PROPHETIC EXAMPLES
[0077] The following example is set forth to assist in understanding the disclosure and should
not, of course, be construed as specifically limiting the embodiments described and claimed herein.
Such variations of the embodiments, including the substitution of all equivalents now known or
later developed, which would be within the purview of those skilled in the art, and changes in
formulation or minor changes in experimental design, are to be considered to fall within the scope
of the embodiments incorporated herein.
[0078] In an illustrative example of an in vifro system, a PKP2 isoform 2a cDNA sequence
(2764bp cDNA, GenBank: BC126199.1; SEQ ID NO:1)is cloned under the cardiac-specific
TNNT?2 promoter (SEQ ID NO:5) and using AAV?2 internal terminal repeats (ITRs): ITR-TNNT2-
PKP2cDNA-ITR. As another illustrative example, the nucleic acid sequence encoding PKP2 may
be a codon-optimized version of the PKP2 gene (SEQ ID NO:3) encoding for PKP2 isoform 2b
(SEQ ID NO: 4). The construct may be vectorized into AAV, such as AAV6 and AAV9. A
construct with Flag added on (Flag-PKP2) may be prepared in order to be able to identify protein
after transfection by anti-Flag and distinguish it from endogenous protein. SEQ ID NO:6 is an
exemplary construct sequence for expressing, for example, PKP2 isoform 2b. Expression of PKP2
in vitro may be observed with immunofluorescence microscopy using PKP2 primary antibodies,
which reveals localization of the PKP2 at the cell membranes and in dense plaques.
[0079] The AAV6-TNNT2-PKP2 is used to transfect iPSC-CMs in 2D cell cultures including:
normal cardiomyocytes; cardiomyocytes carrying 1 heterozygous PKP2 mutation (from ARVC
patients); and cardiomyocytes carrying two PKP2 mutations in framns.
[0080] After successful transfection and characterization of PKP2 RNA and protein levels, a
comparison of normal versus PKP2-deficient and PKP2-corrected CM is performed for a number
of readouts, including: cell-size and correction of genes with known altered expression in PKP2
deficiency (MYL2, SCNSA (whose protein product is NaV1.5), GJA1, and TTN).
[0081] It is contemplated that similar methodologies may be adapted for ex vivo treatment in
a human 3D culture model as well as in vivo treatment in a PKP2-mutated mouse model.
[0082] It is believed that when (Flag-)PKP2 protein gets expressed, it will arrive at its correct

sub cellular localization (the desmosome), and that transfection corrects PKP2-haploinsufficient
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or completely deficient cells at the RNA level and at the protein level. In completely PKP2-

deficient cells, it is believed PKP2-transfection is also capable of restoring the desmosomal protein
complex in the desmosome, in particular the restoration of plakoglobin, which is reduced when
PKP2 is diminished.

[0083] It is further contemplated that the gene therapy vector for expressing PKP2 isoform 2a,
PKP2 isoform 2b, or both may be delivered to cardiac tissue of a human subject. For example, the
gene therapy vector may be formulated into a therapeutic formulation that includes one or more
gene therapy vectors and a pharmaceutically acceptable excipient or carrier. The formulation may
be transduced into the human subject through several different methods, including intravenous
delivery, intraarterial delivery, or intraperitoneal delivery. The gene therapy vector may be
administered directly to heart tissue, for example, by intracoronary administration. The gene
therapy vector may also be delivered via catheter-mediated intramyocardial delivery.

[0084] It is further contemplated that the gene therapy vector may be administered locally to
the subject’s heart tissue, for example, by isolating the subject’s coronary circulation from the
subject’s systemic circulation thus forming a closed circuit, and perfusing a fluid (e.g, a
formulation comprising the gene therapy vector) into the subject’s isolated coronary circulation.
The perfusion may be performed in the subject’s unarrested beating heart. The closed circuit may
be formed, for example, with a first drug delivery catheter positioned in the patient’s right coronary
artery, a second drug delivery catheter positioned in a patient’s left main coronary artery, a drug
collection catheter positioned in a coronary sinus, the coronary artery, the coronary venous system,
and an external membrane oxygenator interspersed between the venous and arterial branches.
Such local delivery may be performed as described with respect to International Application No.
PCT/IB2020/000692, filed August 26, 2020, the disclosure of which is hereby incorporated by
reference herein in its entirety.

[0085] In the foregoing description, numerous specific details are set forth, such as specific
materials, dimensions, processes parameters, etc., to provide a thorough understanding of the
present invention. The particular features, structures, materials, or characteristics may be
combined in any suitable manner in one or more embodiments. The words “example” or
“exemplary” are used herein to mean serving as an example, instance, or illustration. Any aspect
or design described herein as “example” or “exemplary” is not necessarily to be construed as
preferred or advantageous over other aspects or designs. Rather, use of the words “example” or
“exemplary” is simply intended to present concepts in a concrete fashion. As used in this
application, the term “or” is intended to mean an inclusive “or” rather than an exclusive “or.” That
is, unless specified otherwise, or clear from context, “X includes A or B” is intended to mean any

of the natural inclusive permutations. That is, if X includes A; X includes B; or X includes both
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A and B, then “X includes A or B” is satisfied under any of the foregoing instances. Reference

2
2

throughout this specification to “an embodiment”, “certain embodiments”, or “one embodiment”
means that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus, the appearances of the phrase “an
embodiment”, “certain embodiments”, or “one embodiment” in various places throughout this
specification are not necessarily all referring to the same embodiment.

[0086] The present invention has been described with reference to specific exemplary
embodiments thereof. The specification and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense. Various modifications of the invention in addition to
those shown and described herein will become apparent to those skilled in the art and are intended
to fall within the scope of the appended claims.

[0087] SEQ ID NO:1 below is a cDNA copy of an mRNA sequence that includes a protein

coding sequence for PKP2 isoform 2a (GenBank: BC126199.1):

GAGTCCAGAGGCAGGCGAGCAGCTCGGTCGCCCCCACCGGCCCCATGGCAGCCCCC
GGCGCCCCAGCTGAGTACGGCTACATCCGGACCGTCCTGGGCCAGCAGATCCTGGG
ACAACTGGACAGCTCCAGCCTGGCGCTGCCCTCCGAGGCCAAGCTGAAGCTGGCGG
GGAGCAGCGGCCGCGGCGGCCAGACAGTCAAGAGCCTGCGGATCCAGGAGCAGGT
GCAGCAGACCCTCGCCCGGAAGGGCCGCAGCTCCGTGGGCAACGGAAATCTTCACC
GAACCAGCAGTGTTCCTGAGTATGTCTACAACCTACACTTGGTTGAAAATGATTTTG
TTGGAGGCCGTTCCCCTGTTCCTAAAACCTATGACATGCTAAAGGCTGGCACAACTG
CCACTTATGAAGGTCGCTGGGGAAGAGGAACAGCACAGTACAGCTCCCAGAAGTCC
GTGGAAGAAAGGTCCTTGAGGCATCCTCTGAGGAGACTGGAGATTTCTCCTGACAG
CAGCCCGGAGAGGGCTCACTACACGCACAGCGATTACCAGTACAGCCAGAGAAGCC
AGGCTGGGCACACCCTGCACCACCAAGAAAGCAGGCGGGCCGCCCTCCTAGTGCCA
CCGAGATATGCTCGTTCCGAGATCGTGGGGGTCAGCCGTGCTGGCACCACAAGCAG
GCAGCGCCACTTTGACACATACCACAGACAGTACCAGCATGGCTCTGTTAGCGACA
CCGTTTTTGACAGCATCCCTGCCAACCCGGCCCTGCTCACGTACCCCAGGCCAGGGA
CCAGCCGCAGCATGGGCAACCTCTTGGAGAAGGAGAACTACCTGACGGCAGGGCTC
ACTGTCGGGCAGGTCAGGCCGCTGGTGCCCCTGCAGCCCGTCACTCAGAACAGGGC
TTCCAGGTCCTCCTGGCATCAGAGCTCCTTCCACAGCACCCGCACGCTGAGGGAAGC
TGGGCCCAGTGTCGCCGTGGATTCCAGCGGGAGGAGAGCGCACTTGACTGTCGGCC
AGGCGGCCGCAGGGGGAAGTGGGAATCTGCTCACTGAGAGAAGCACTTTCACTGAC
TCCCAGCTGGGGAATGCAGACATGGAGATGACTCTGGAGCGAGCAGTGAGTATGCT

CGAGGCAGACCACATGCTGCCATCCAGGATTTCTGCTGCAGCTACTTTCATACAGCA
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CGAGTGCTTCCAGAAATCTGAAGCTCGGAAGAGGGTTAACCAGCTTCGTGGCATCCT

CAAGCTTCTGCAGCTCCTAAAAGTTCAGAATGAAGACGTTCAGCGAGCTGTGTGTGG
GGCCTTGAGAAACTTAGTATTTGAAGACAATGACAACAAATTGGAGGTGGCTGAAC
TAAATGGGGTACCTCGGCTGCTCCAGGTGCTGAAGCAAACCAGAGACTTGGAGACT
AAAAAACAAATAACAGGTTTGCTGTGGAATTTGTCATCTAATGACAAACTCAAGAA
TCTCATGATAACAGAAGCATTGCTTACGCTGACGGAGAATATCATCATCCCCTTTTC
TGGGTGGCCTGAAGGAGACTACCCAAAAGCAAATGGTTTGCTCGATTTTGACATATT
CTACAACGTCACTGGATGCCTAAGAAACATGAGTTCTGCTGGCGCTGATGGGAGAA
AAGCGATGAGAAGATGTGACGGACTCATTGACTCACTGGTCCATTATGTCAGAGGA
ACCATTGCAGATTACCAGCCAGATGACAAGGCCACGGAGAATTGTGTGTGCATTCTT
CATAACCTCTCCTACCAGCTGGAGGCAGAGCTCCCAGAGAAATATTCCCAGAATATC
TATATTCAAAACCGGAATATCCAGACTGACAACAACAAAAGTATTGGATGTTTTGGC
AGTCGAAGCAGGAAAGTAAAAGAGCAATACCAGGACGTGCCGATGCCGGAGGAAA
AGAGCAACCCCAAGGGCGTGGAGTGGCTGTGGCATTCCATTGTTATAAGGATGTAT
CTGTCCTTGATCGCCAAAAGTGTCCGCAACTACACACAAGAAGCATCCTTAGGAGCT
CTGCAGAACCTCACGGCCGGAAGTGGACCAATGCCGACATCAGTGGCTCAGACAGT
TGTCCAGAAGGAAAGTGGCCTGCAGCACACCCGAAAGATGCTGCATGTTGGTGACC
CAAGTGTGAAAAAGACAGCCATCTCGCTGCTGAGGAATCTGTCCCGGAATCTTTCTC
TGCAGAATGAAATTGCCAAAGAAACTCTCCCTGATTTGGTTTCCATCATTCCTGACA
CAGTCCCGAGTACTGACCTTCTCATTGAAACTACAGCCTCTGCCTGTTACACATTGA
ACAACATAATCCAAAACAGTTACCAGAATGCACGCGACCTTCTAAACACCGGGGGC
ATCCAGAAAATTATGGCCATTAGTGCAGGCGATGCCTATGCCTCCAACAAAGCAAG
TAAAGCTGCTTCCGTCCTTCTGTATTCTCTGTGGGCACACACGGAACTGCATCATGC
CTACAAGAAGGCTCAGTTTAAGAAGACAGATTTTGTCAACAGCCGGACTGCCAAAG
CCTACCACTCCCTTAAAGACTGAGGAAAATGACAAAGTATTCTCGGCTGCAAAAAT
CCCCAAAGGAAAACACCTATTTTTCTACTACCCAGCCCAAGAAACCTCAAAAGCAT
GCCTTGTTTCTATCCTTCTCTATTTCCGTGGTCCCCTGAATCCAGAAAACAAATAGAA
CATAATTTTATGAGTCTTCCAGAAGACCTTTGCAAGTTTGCCACCAGTAGATACCGG
CC

[0088] SEQ ID NO:2 below is the amino acid sequence for PKP2 isoform 2a:

MAAPGAPAEYGYIRTVLGQQILGQLDSSSLALPSEAKLKLAGSSGRGGQTVKSLRIQEQ
VQQTLARKGRSSVGNGNLHRTSSVPEYVYNLHLVENDFVGGRSPVPKTYDMLKAGTT

ATYEGRWGRGTAQYSSQKSVEERSLRHPLRRLEISPDSSPERAHYTHSDYQYSQRSQAG
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HTLHHQESRRAALLVPPRYARSEIVGVSRAGTTSRQRHFDTYHRQYQHGSVSDTVFDSI

PANPALLTYPRPGTSRSMGNLLEKENYLTAGLTVGQVRPLVPLQPVTQNRASRSSWHQS
SFHSTRTLREAGPSVAVDSSGRRAHLTVGQAAAGGSGNLLTERSTFTDSQLGNADMEM
TLERAVSMLEADHMLPSRISAAATFIQHECFQKSEARKRVNQLRGILKLLQLLKVQNED
VQRAVCGALRNLVFEDNDNKLEVAELNGVPRLLQVLKQTRDLETKKQITGLLWNLSSN
DKLKNLMITEALLTLTENIHIPFSGWPEGD YPKANGLLDFDIFYNVTGCLRNMSSAGADG
RKAMRRCDGLIDSLVHYVRGTIADYQPDDKATENCVCILHNLSYQLEAELPEKY SQNIY
IQNRNIQTDNNKSIGCFGSRSRKVKEQYQDVPMPEEKSNPKGVEWLWHSIVIRMYLSLIA
KSVRNYTQEASLGALQNLTAGSGPMPTSVAQTVVQKESGLQHTRKMLHVGDPSVKKT
AISLLRNLSRNLSLOQNEIAKETLPDLVSIIPDTVPSTDLLIETTASACYTLNNIIQNSYQNAR
DLLNTGGIQKIMAISAGDAYASNKASKAASVLLYSLWAHTELHHAYKKAQFKKTDFVN
SRTAKAYHSLKD

[0089] SEQ ID NO:3 below is a codon-optimized cDNA sequence encoding for PKP2 isoform
2b:

ATGGCCGCCCCCGGAGCACCTGCCGAGTATGGCTACATTCGCACCGTCCTGGGACA
GCAGATTCTGGGACAGCTGGATTCATCAAGCCTGGCCCTGCCTTCTGAGGCCAAGCT
GAAGCTGGCAGGAAGCTCCGGAAGGGGAGGACAGACCGTGAAGAGCCTGAGAATC
CAGGAGCAGGTGCAGCAGACACTGGCCCGGAAGGGCAGATCTAGCGTGGGCAACG
GCAATCTGCACAGGACCTCCTCTGTGCCAGAGTACGTGTATAACCTGCACCTGGTGG
AGAATGACTTCGTGGGAGGCCGCAGCCCAGTGCCAAAGACATACGATATGCTGAAG
GCCGGCACCACAGCAACCTATGAGGGCAGGTGGGGAAGAGGAACAGCACAGTACA
GCTCCCAGAAGTCTGTGGAGGAGCGGAGCCTGAGACACCCTCTGCGGAGACTGGAG
ATCAGCCCAGACTCTAGCCCTGAGAGGGCACACTATACCCACTCCGATTACCAGTAT
TCTCAGAGAAGCCAGGCAGGACACACACTGCACCACCAGGAGAGCAGGAGGGCCG
CCCTGCTGGTGCCACCTAGATACGCCCGCTCTGAGATCGTGGGCGTGAGCAGGGCA
GGAACCACATCCCGGCAGAGACACTTCGACACCTACCACAGACAGTATCAGCACGG
CTCTGTGAGCGACACAGTGTTTGATTCCATCCCTGCCAACCCAGCCCTGCTGACCTA
TCCTCGGCCAGGCACATCCAGATCTATGGGCAACCTGCTGGAGAAGGAGAATTACC
TGACCGCAGGCCTGACAGTGGGACAGGTGAGGCCCCTGGTGCCTCTGCAGCCAGTG
ACCCAGAATCGGGCCAGCAGATCCTCTTGGCACCAGAGCTCCTTCCACTCTACCAGG
ACACTGAGGGAGGCAGGACCAAGCGTGGCAGTGGACTCTAGCGGCCGGAGAGCCC
ACCTGACCGTGGGACAGGCAGCAGCAGGAGGATCCGGCAACCTGCTGACAGAGAG

GTCCACCTTTACAGACTCTCAGCTGGGCAATGCCGATATGGAGATGACCCTGGAGA
20
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GGGCCGTGAGCATGCTGGAGGCAGACCACATGCTGCCATCCAGGATCTCTGCCGCA

GCCACATTCATCCAGCACGAGTGCTTTCAGAAGTCCGAGGCAAGGAAGAGGGTGAA
CCAGCTGAGGGGCATCCTGAAGCTGCTGCAGCTGCTGAAGGTGCAGAACGAGGATG
TGCAGAGGGCCGTGTGCGGCGCCCTGAGGAATCTGGTGTTCGAGGACAACGATAAT
AAGCTGGAGGTGGCAGAGCTGAACGGAGTGCCAAGGCTGCTGCAGGTGCTGAAGCA
GACCCGCGACCTGGAGACAAAGAAGCAGATCACCGATCACACAGTGAACCTGCGGA
GCAGAAATGGATGGCCTGGAGCAGTGGCACACGCATGCAATCCAAGCACCCTGGGA
GGACAGGGAGGAAGGATCACAAGATCCGGCGTGCGGGACCAGCCTGATCAGCACG
GCCTGCTGTGGAACCTGTCCTCTAATGACAAGCTGAAGAACCTGATGATCACCGAG
GCCCTGCTGACCCTGACAGAGAATATCATCATCCCTTTTAGCGGCTGGCCAGAGGGC
GATTATCCCAAGGCCAACGGCCTGCTGGACTTCGATATCTTTTACAACGTGACCGGC
TGCCTGAGGAATATGAGCTCCGCCGGAGCAGACGGAAGAAAGGCCATGAGGCGCTG
TGACGGCCTGATCGATTCCCTGGTGCACTACGTGCGGGGCACCATCGCCGATTATCA
GCCCGACGATAAGGCCACAGAGAACTGCGTGTGCATCCTGCACAATCTGTCTTATCA
GCTGGAGGCCGAGCTGCCTGAGAAGTACAGCCAGAACATCTATATCCAGAACAGAA
ATATCCAGACCGACAACAATAAGAGCATCGGCTGCTTCGGCAGCAGGTCCCGCAAG
GTGAAGGAGCAGTACCAGGATGTGCCCATGCCTGAGGAGAAGTCCAATCCCAAGGG
CGTGGAGTGGCTGTGGCACTCTATCGTGATCAGGATGTATCTGAGCCTGATCGCCAA
GTCCGTGCGCAACTACACCCAGGAGGCATCTCTGGGCGCCCTGCAGAATCTGACAG
CAGGATCTGGACCAATGCCCACCAGCGTGGCCCAGACAGTGGTGCAGAAGGAGTCC
GGCCTGCAGCACACCCGGAAGATGCTGCACGTGGGCGACCCATCCGTGAAGAAGAC
AGCCATCTCTCTGCTGAGGAACCTGAGCCGCAATCTGTCCCTGCAGAACGAGATCGC
CAAGGAGACACTGCCCGATCTGGTGAGCATCATCCCAGACACCGTGCCCTCCACAG
ATCTGCTGATCGAGACAACAGCCTCCGCCTGTTACACCCTGAACAATATCATCCAGA
ACTCTTATCAGAATGCCCGGGACCTGCTGAACACAGGCGGCATCCAGAAGATCATG
GCAATCTCCGCCGGCGATGCATACGCATCTAATAAGGCCAGCAAGGCCGCCTCCGT
GCTGCTGTATTCTCTGTGGGCACACACCGAGCTGCACCACGCATACAAGAAGGCCC
AGTTTAAGAAGACTGATTTCGTGAATAGCAGAACAGCCAAAGCCTACCACAGCCTG
AAGGAC

[0090] SEQ ID NO: 4 below is the amino acid sequence for PKP2 isoform 2b:

MAAPGAPAEYGYIRTVLGQQILGQLDSSSLALPSEAKLKLAGSSGRGGQTVKSLRIQEQ
VQQTLARKGRSSVGNGNLHRTSSVPEYVYNLHLVENDFVGGRSPVPKTYDMLKAGTT

ATYEGRWGRGTAQYSSQKSVEERSLRHPLRRLEISPDSSPERAHYTHSDYQYSQRSQAG
21
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HTLHHQESRRAALLVPPRYARSEIVGVSRAGTTSRQRHFDTYHRQYQHGSVSDTVFDSI

PANPALLTYPRPGTSRSMGNLLEKENYLTAGLTVGQVRPLVPLQPVTQNRASRSSWHQS
SFHSTRTLREAGPSVAVDSSGRRAHLTVGQAAAGGSGNLLTERSTFTDSQLGNADMEM
TLERAVSMLEADHMLPSRISAAATFIQHECFQKSEARKRVNQLRGILKLLQLLKVQNED
VQRAVCGALRNLVFEDNDNKLEVAELNGVPRLLQVLKQTRDLETKKQITDHTVNLRSR
NGWPGAVAHACNPSTLGGQGGRITRSGVRDQPDQHGLLWNLSSNDKLKNLMITEALLT
LTENIIIPFSGWPEGDYPK ANGLLDFDIFYNVTGCLRNMSSAGADGRKAMRRCDGLIDSL
VHYVRGTIADYQPDDKATENCVCILHNLSYQLEAELPEK Y SQNIYIQNRNIQTDNNKSIG
CFGSRSRK VKEQYQDVPMPEEK SNPKGVEWLWHSIVIRMYLSLIAKSVRNYTQEASLG
ALQNLTAGSGPMPTSVAQTVVQKESGLQHTRKMLHVGDPSVKKTAISLLRNLSRNLSL
QNEIAKETLPDLVSIIPDTVPSTDLLIETTASACYTLNNIIQNSYQNARDLLNTGGIQKIMA
ISAGDAYASNKASKAASVLLYSLWAHTELHHA YKKAQFKKTDFVNSRTAKAYHSLKD

[0091] SEQ ID NO:5 below is a nucleic acid sequence encoding a TNNT2 promoter:

GTCATGGAGAAGACCCACCTTGCAGATGTCCTCACTGGGGCTGGCAGAGCCGGCAA
CCTGCCTAAGGCTGCTCAGTCCATTAGGAGCCAGTAGCCTGGAAGATGTCTTTACCC
CCAGCATCAGTTCAAGTGGAGCAGCACATAACTCTTGCCCTCTGCCTTCCAAGATTC
TGGTGCTGAGACTTATGGAGTGTCTTGGAGGTTGCCTTCTGCCCCCCAACCCTGCTC
CCAGCTGGCCCTCCCAGGCCTGGGTTGCTGGCCTCTGCTTTATCAGGATTCTCAAGA
GGGACAGCTGGTTTATGTTGCATGACTGTTCCCTGCATATCTGCTCTGGTTTTAAATA
GCTTATCTGAGCAGCTGGAGGACCACATGGGCTTATATGGCGTGGGGTACATGTTCC
TGTAGCCTTGTCCCTGGCACCTGCCAAAATAGCAGCCAACACCCCCCACCCCCACCG
CCATCCCCCTGCCCCACCCGTCCCCTGTCGCACATTCCTCCCTCCGCAGGGCTGGCTC
ACCAGGCCCCAGCCCACATGCCTGCTTAAAGCCCTCTCCATCCTCTGCCTCACCCAG
TCCCCGCTGAGACTGAGCAGACGCCTCCA

[0092] SEQ ID NO:6 below is an exemplary vector construct for expressing PKP2 isoform 2b

in a cardiomyocyte:

GGCACTGGGCAGGTAAGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAA
ACTGGGCTTGTCGAGACAGAGAAGACTCTTGCGTTTCTGATAGGCACCTATTGGTCT
TACTGACATCCACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAGTTCAATTACAGC
TCTTAAGGCTAGAGTACTTAATACGACTCACTATAGGCTAGCGGTACCGGTCGCCAC

CATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGG
22
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ATGACGATGACAAGCTTGGTACCGAGCTCGGATCCATGGCCGCCCCCGGAGCACCT

GCCGAGTATGGCTACATTCGCACCGTCCTGGGACAGCAGATTCTGGGACAGCTGGA
TTCATCAAGCCTGGCCCTGCCTTCTGAGGCCAAGCTGAAGCTGGCAGGAAGCTCCGG
AAGGGGAGGACAGACCGTGAAGAGCCTGAGAATCCAGGAGCAGGTGCAGCAGACA
CTGGCCCGGAAGGGCAGATCTAGCGTGGGCAACGGCAATCTGCACAGGACCTCCTC
TGTGCCAGAGTACGTGTATAACCTGCACCTGGTGGAGAATGACTTCGTGGGAGGCC
GCAGCCCAGTGCCAAAGACATACGATATGCTGAAGGCCGGCACCACAGCAACCTAT
GAGGGCAGGTGGGGAAGAGGAACAGCACAGTACAGCTCCCAGAAGTCTGTGGAGG
AGCGGAGCCTGAGACACCCTCTGCGGAGACTGGAGATCAGCCCAGACTCTAGCCCT
GAGAGGGCACACTATACCCACTCCGATTACCAGTATTCTCAGAGAAGCCAGGCAGG
ACACACACTGCACCACCAGGAGAGCAGGAGGGCCGCCCTGCTGGTGCCACCTAGAT
ACGCCCGCTCTGAGATCGTGGGCGTGAGCAGGGCAGGAACCACATCCCGGCAGAGA
CACTTCGACACCTACCACAGACAGTATCAGCACGGCTCTGTGAGCGACACAGTGTTT
GATTCCATCCCTGCCAACCCAGCCCTGCTGACCTATCCTCGGCCAGGCACATCCAGA
TCTATGGGCAACCTGCTGGAGAAGGAGAATTACCTGACCGCAGGCCTGACAGTGGG
ACAGGTGAGGCCCCTGGTGCCTCTGCAGCCAGTGACCCAGAATCGGGCCAGCAGAT
CCTCTTGGCACCAGAGCTCCTTCCACTCTACCAGGACACTGAGGGAGGCAGGACCA
AGCGTGGCAGTGGACTCTAGCGGCCGGAGAGCCCACCTGACCGTGGGACAGGCAGC
AGCAGGAGGATCCGGCAACCTGCTGACAGAGAGGTCCACCTTTACAGACTCTCAGC
TGGGCAATGCCGATATGGAGATGACCCTGGAGAGGGCCGTGAGCATGCTGGAGGCA
GACCACATGCTGCCATCCAGGATCTCTGCCGCAGCCACATTCATCCAGCACGAGTGC
TTTCAGAAGTCCGAGGCAAGGAAGAGGGTGAACCAGCTGAGGGGCATCCTGAAGCT
GCTGCAGCTGCTGAAGGTGCAGAACGAGGATGTGCAGAGGGCCGTGTGCGGCGCCC
TGAGGAATCTGGTGTTCGAGGACAACGATAATAAGCTGGAGGTGGCAGAGCTGAAC
GGAGTGCCAAGGCTGCTGCAGGTGCTGAAGCAGACCCGCGACCTGGAGACAAAGA
AGCAGATCACCGATCACACAGTGAACCTGCGGAGCAGAAATGGATGGCCTGGAGCA
GTGGCACACGCATGCAATCCAAGCACCCTGGGAGGACAGGGAGGAAGGATCACAA
GATCCGGCGTGCGGGACCAGCCTGATCAGCACGGCCTGCTGTGGAACCTGTCCTCTA
ATGACAAGCTGAAGAACCTGATGATCACCGAGGCCCTGCTGACCCTGACAGAGAAT
ATCATCATCCCTTTTAGCGGCTGGCCAGAGGGCGATTATCCCAAGGCCAACGGCCTG
CTGGACTTCGATATCTTTTACAACGTGACCGGCTGCCTGAGGAATATGAGCTCCGCC
GGAGCAGACGGAAGAAAGGCCATGAGGCGCTGTGACGGCCTGATCGATTCCCTGGT
GCACTACGTGCGGGGCACCATCGCCGATTATCAGCCCGACGATAAGGCCACAGAGA
ACTGCGTGTGCATCCTGCACAATCTGTCTTATCAGCTGGAGGCCGAGCTGCCTGAGA

AGTACAGCCAGAACATCTATATCCAGAACAGAAATATCCAGACCGACAACAATAAG
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AGCATCGGCTGCTTCGGCAGCAGGTCCCGCAAGGTGAAGGAGCAGTACCAGGATGT

GCCCATGCCTGAGGAGAAGTCCAATCCCAAGGGCGTGGAGTGGCTGTGGCACTCTA
TCGTGATCAGGATGTATCTGAGCCTGATCGCCAAGTCCGTGCGCAACTACACCCAGG
AGGCATCTCTGGGCGCCCTGCAGAATCTGACAGCAGGATCTGGACCAATGCCCACC
AGCGTGGCCCAGACAGTGGTGCAGAAGGAGTCCGGCCTGCAGCACACCCGGAAGAT
GCTGCACGTGGGCGACCCATCCGTGAAGAAGACAGCCATCTCTCTGCTGAGGAACC
TGAGCCGCAATCTGTCCCTGCAGAACGAGATCGCCAAGGAGACACTGCCCGATCTG
GTGAGCATCATCCCAGACACCGTGCCCTCCACAGATCTGCTGATCGAGACAACAGC
CTCCGCCTGTTACACCCTGAACAATATCATCCAGAACTCTTATCAGAATGCCCGGGA
CCTGCTGAACACAGGCGGCATCCAGAAGATCATGGCAATCTCCGCCGGCGATGCAT
ACGCATCTAATAAGGCCAGCAAGGCCGCCTCCGTGCTGCTGTATTCTCTGTGGGCAC
ACACCGAGCTGCACCACGCATACAAGAAGGCCCAGTTTAAGAAGACTGATTTCGTG
AATAGCAGAACAGCCAAAGCCTACCACAGCCTGAAGGACCTCGAGGGATCTGGAGC
AACAAACTTCTCACTACTCAAACAAGCAGGTGACGTGGAGGAGAATCCCGGGCCTA
AGCTTATGAAAACCTTCAACATCTCTCAGCAGGATCTGGAGCTGGTGGAGGTCGCCA
CTGAGAAGATCACCATGCTCTATGAGGACAACAAGCACCATGTCGGGGCGGCCATC
AGGACCAAGACTGGGGAGATCATCTCTGCTGTCCACATTGAAGCCTACATTGGCAG
GGTCACTGTCTGTGCTGAAGCCATTGCCATTGGGTCTGCTGTGAGCAACGGGCAGAA
GGACTTTGACACCATTGTGGCTGTCAGGCACCCCTACTCTGATGAGGTGGACAGATC
CATCAGGGTGGTCAGCCCCTGTGGCATGTGTAGAGAGCTGATCTCTGACTATGCTCC
TGACTGCTTTGTGCTCATTGAGATGAATGGCAAGCTGGTCAAAACCACCATTGAGGA
ACTCATCCCCCTCAAGTACACCAGGAACTAATAAGCGGCCGCTTCCCTTTAGTGAGG
GTTAATGCTTCGAGCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAA
CTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATT
TGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTAT
GTTTCAGGTTCAGGGGGAGATGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACA
AATGTGGTAAAATCCGATAAGGGACTAGAGCATGGCTACGTAGATAAGTAGCATGG
CGGGTTAATCATTAACTACAAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCT
GCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCT
TTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCCAGCTGGCGTAATAGCGAAGA
GGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGAATTC
CAGACGATTGAGCGTCAAAATGTAGGTATTTCCATGAGCGTTTTTCCGTTGCAATGG
CTGGCGGTAATATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTA
CTCAGGCAAGTGATGTTATTACTAATCAAAGAAGTATTGCGACAACGGTTAATTTGC

GTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGG
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ATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCTCCCG

CTCTGATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACG
CGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACC
GCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCG
CCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCC
GATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCAC
GTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGT
TCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCT
ATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCT
GATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTCTACAATTTAAAT
ATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACAT
ATGATTGACATGCTAGTTTTACGATTACCGTTCATCGATTCTCTTGTTTGCTCCAGAC
TCTCAGGCAATGACCTGATAGCCTTTGTAGAGACCTCTCAAAAATAGCTACCCTCTC
CGGCATGAATTTATCAGCTAGAACGGTTGAATATCATATTGATGGTGATTTGACTGT
CTCCGGCCTTTCTCACCCGTTTGAATCTTTACCTACACATTACTCAGGCATTGCATTT
AAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGTTGAAATAAAGGCTTCTCCC
GCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCT
GAGGCTTTATTGCTTAATTTTGCTAATTCTTTGCCTTGCCTGTATGATTTATTGGATGT
TGGAATCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCA
TATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGAC
ACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTT
ACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCAT
CACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAAT
GTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGC
GGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGAC
AATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAA
CATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCA
CCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGG
GTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAG
AACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCC
GTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACT
TGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGA
GAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTG
ACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCA

TGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACG
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AGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACT

GGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGA
TAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGA
TAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAG
ATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGG
ATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAA
CTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAAT
TTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAAC
GTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTT
GAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTAC
CAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTG
GCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCC
ACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTAC
CAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGAT
AGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCC
AGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGA
AAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTA
TAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCA
GGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGC
CTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATA
ACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGC
GCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTC
CCCGCGCGTTGGCCGATTCATTAATGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCG
CCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAG
CGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAAT
GATTAACCCGCCATGCTACTTATCTACGTAGCCATGCTCTAGATGTCATGGAGAAGA
CCCACCTTGCAGATGTCCTCACTGGGGCTGGCAGAGCCGGCAACCTGCCTAAGGCTG
CTCAGTCCATTAGGAGCCAGTAGCCTGGAAGATGTCTTTACCCCCAGCATCAGTTCA
AGTGGAGCAGCACATAACTCTTGCCCTCTGCCTTCCAAGATTCTGGTGCTGAGACTT
ATGGAGTGTCTTGGAGGTTGCCTTCTGCCCCCCAACCCTGCTCCCAGCTGGCCCTCC
CAGGCCTGGGTTGCTGGCCTCTGCTTTATCAGGATTCTCAAGAGGGACAGCTGGTTT
ATGTTGCATGACTGTTCCCTGCATATCTGCTCTGGTTTTAAATAGCTTATCTGAGCAG
CTGGAGGACCACATGGGCTTATATGGCGTGGGGTACATGTTCCTGTAGCCTTGTCCC

TGGCACCTGCCAAAATAGCAGCCAACACCCCCCACCCCCACCGCCATCCCCCTGCCC
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CACCCGTCCCCTGTCGCACATTCCTCCCTCCGCAGGGCTGGCTCACCAGGCCCCAGC

CCACATGCCTGCTTAAAGCCCTCTCCATCCTCTGCCTCACCCAGTCCCCGCTGAGACT
GAGCAGACGCCTCCAGAGCTCGGATCCTGAGAACTTCAGGGTGAGTCTATGGGAC
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What is claimed is:

1. A method of treating or preventing cardiomyopathy in a human subject, the method
comprising delivering a therapeutic dose of a gene therapy vector to cardiomyocytes of the human
subject, wherein the gene therapy vector comprises a nucleic acid sequence encoding for

plakophilin-2 (PKP2) or a functional variant thereof.

2. The method of claim 1, wherein the gene therapy vector comprises a viral vector.

3. The method of claim 2, wherein the viral vector comprises one or more of AAV1, AAV2,

AAV3, AAV4, AAV5, AAV6, AAV7, AAVS, AAV9, AAVI0, AAVI11, AAVI2, variations

thereof, and combinations thereof.

4. The method of claim 2, wherein the viral vector comprises AAV6 or AAVO.
5. The method of claim 2, wherein the viral vector comprises AAV6.
6. The method of any of claims 1-5, wherein the nucleic acid sequence further encodes for a

cardiac-specific promoter.

7. The method of any of claims 1-6, wherein the therapeutic dose is effective to treat or
prevent arrhythmogenic right ventricular cardiomyopathy (ARVC) by effecting production of the

PKP2 or functional variant thereof by the cardiomyocytes of the human subject.

8. The method of any of claims 1-7, wherein the delivering of the therapeutic dose is

performed intravenously.

9. A gene therapy vector adapted for expressing a nucleic acid sequence within
cardiomyocytes of a human subject, the nucleic acid sequence comprising:
a first sequence encoding for PKP2 or a functional variant thereof; and

a second sequence comprising a cardiac-specific promoter.

10. The gene therapy vector of claim 9, wherein the gene therapy vector comprises a viral

vector.
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11.  The gene therapy vector of claim 10, wherein the viral vector comprises one or more of
AAVI1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS, AAV9, AAVI0, AAV11, AAV12,

variations thereof, and combinations thereof.

12.  The gene therapy vector of claim 10, wherein the viral vector comprises AAV6 or AAV9.

13.  The gene therapy vector of any of claims 9-12, wherein the cardiac-specific promoter
comprises TNNT2.
14. A therapeutic formulation for treating or preventing cardiomyopathy in a human subject,

the therapeutic formulation comprising:
a pharmaceutically acceptable excipient or carrier;
a viral vector comprising a nucleic acid sequence encoding for PKP2 or a functional variant

thereof.

15.  The therapeutic formulation of claim 14, further comprising:
one or more additional viral vectors each comprising a nucleic acid sequence encoding for

one or more non-PKP2 sarcomeric proteins or functional variants thereof.
16. A method of genetically modifying a PKP2-mutated cardiomyocyte to express non-
mutated PKP2, the method comprising:

transfecting the PKP2-mutated cardiomyocyte with a nucleic acid sequence that encodes

for the non-mutated PKP2.

17. The method of claim 16, wherein the nucleic acid sequence is delivered via a viral vector

comprises AAV6 or AAVO.

18. The method of claim 17, wherein the viral vector comprises AAV6.

19.  The method of any of claims 16-18, wherein the nucleic acid sequence further encodes for

a cardiac-specific promoter.

20. The method of claim 19, wherein the cardiac-specific promoter comprises TNNT2.

21. The method of any of claims 1-8 or 16-20, wherein the PKP2 is PKP2 isoform 2a.
29



WO 2021/053222 PCT/EP2020/076290

22. The method of any of claims 1-8 or 16-20, wherein the PKP2 is PKP2 isoform 2b.

23. The gene therapy vector or therapeutic formulation of any of claims 9-15, wherein the

PKP2 is PKP2 isoform 2a.

24, The gene therapy vector or therapeutic formulation of any of claims 9-15, wherein the

PKP2 is PKP2 isoform 2b.
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<110>

<120>

SEQUENCE LISTING

UCL BUSINESS LTD

ARRYTHMOGENIC CARDIOMYOPATHY

<130> Ue79

<150>
<151>

us 6
2019

<160> 6
<170>
<210> 1

<211> 2764
<212> DNA
<213> Homo

<400> 1
gagtccagag

ccccagctga
acagctccag
geggegeeca
ggaagggcecg
atgtctacaa
aaacctatga
gaacagcaca
ggagactgga
accagtacag
ccgccctect
gcaccacaag
ttagcgacac
cagggaccag
tcactgtcgg
ccaggtcctc
ccagtgtcgc
cagggggaag
atgcagacat
tgccatccag
aagctcggaa
ttcagaatga

acaatgacaa

34W0

2/903,103
-09-20

sapiens

gcaggegagce
gtacggctac
cctggegetg
gacagtcaag
cagctccgtg
cctacacttg
catgctaaag
gtacagctcc
gatttctcct
ccagagaagc
agtgccaccg
caggcagcgc
cgtttttgac
ccgcagcatg
gcaggtcagg
ctggcatcag
cgtggattcc
tgggaatctg
ggagatgact
gatttctgct
gagggttaac
agacgttcag

caaattggag

PatentIn version 3.5

agctcggtcg
atccggaccg
ccctccgagg
agcctgcegga
ggcaacggaa
gttgaaaatg
gctggcacaa
cagaagtccg
gacagcagcc
caggctggsc
agatatgctc
cactttgaca
agcatccctg
ggcaacctct
ccgectggtgc
agctccttcc
agcgggagea
ctcactgaga
ctggagcgag
gcagctactt
cagcttcgtg
cgagctgtgt

gtggctgaac

cccccaccgg
tcctgggcca
ccaagctgaa
tccaggagca
atcttcaccg
attttgttgg
ctgccactta
tggaagaaag
cggagaggsc
acaccctgca
gttccgagat
cataccacag
ccaacccggc
tggagaagga
ccctgcagcc
acagcacccg
gagcgcactt
gaagcacttt
cagtgagtat
tcatacagca
gcatcctcaa

gtggggectt

taaatggggt

ccccatggcea

gcagatcctg

gctggeggss
ggtgcagcag
aaccagcagt
aggccgttcc
tgaaggtcgc
gtccttgagg
tcactacacg
ccaccaagaa
cgtgggggtc
acagtaccag
cctgctcacg
gaactacctg
cgtcactcag
cacgctgagg
gactgtcggc
cactgactcc
gctcgaggcea
cgagtgcttc
gcttctgcag
gagaaactta

acctcggctg

GENE THERAPY COMPOSITION AND TREATMENT OF RIGHT VENTRICULAR

gcceceeggeg
ggacaactgg
agcagcggcc
accctcgccc
gttcctgagt
cctgttccta
tggggaagag
catcctctga
cacagcgatt
agcaggeges
agccgtgcetg
catggctctg
taccccaggc
acggcagggc
aacagggctt
gaagctgggc
caggeggecg
cagctgggga
gaccacatgc
cagaaatctg
ctcctaaaag
gtatttgaag

ctccaggtgc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



tgaagcaaac
catctaatga
atatcatcat
tcgattttga
ctgatgggag
tcagaggaac
ttcttcataa
tctatattca
gtcgaagcag
accccaaggg
tcgccaaaag
cggccggaag
gcctgcagcea
tctcgetgcet
ctctccctga
aaactacagc
cacgcgacct
cctatgcctc
acacggaact
gccggactgce
gctgcaaaaa
aaagcatgcc

tagaacataa

ggcc

210> 2
<211> 837
<212> PRT
<213> Homo
<400> 2
Met Ala Ala
1

Leu Gly Gln

Pro Ser Glu
35

Gln Thr Vval

cagagacttg
caaactcaag
ccccttttcet
catattctac
aaaagcgatg
cattgcagat
cctctcctac
aaaccggaat
gaaagtaaaa
cgtggagtgg
tgtccgcaac
tggaccaatg
cacccgaaag
gaggaatctg
tttggtttcc
ctctgectgt
tctaaacacc
caacaaagca
gcatcatgcc
caaagcctac
tccccaaagg
ttgtttctat

ttttatgagt

sapiens

Pro Gly
5

Gln
20

Ile
Ala

Lys

Lys Ser

gagactaaaa
aatctcatga
gggtggectg
aacgtcactg
agaagatgtg
taccagccag
cagctggagg
atccagactg
gagcaatacc
ctgtggcatt
tacacacaag
ccgacatcag
atgctgcatg
tccecggaatc
atcattcctg
tacacattga
gggggcatcc
agtaaagctg
tacaagaagg
cactccctta
aaaacaccta
ccttctctat

cttccagaag

Ala Pro Ala Glu

Leu Gly Gln Leu

Leu Lys Leu Ala

40

Leu Arg Ile Gln

aacaaataac
taacagaagc
aaggagacta
gatgcctaag
acggactcat
atgacaaggc
cagagctccc
acaacaacaa
aggacgtgcc
ccattgttat
aagcatcctt
tggctcagac
ttggtgaccc
tttctctgca
acacagtccc
acaacataat
agaaaattat
cttccgtcect
ctcagtttaa
aagactgagg
tttttctact
ttccgtggtc

acctttgcaa

Tyr Gly
10

Asp Ser
25

Gly Ser

Glu Gln

aggtttgctg
attgcttacg
cccaaaagca
aaacatgagt
tgactcactg
cacggagaat
agagaaatat
aagtattgga
gatgccggag
aaggatgtat
aggagctctg
agttgtccag
aagtgtgaaa
gaatgaaatt
gagtactgac
ccaaaacagt
ggccattagt
tctgtattct
gaagacagat
aaaatgacaa
acccagccca
ccctgaatcc

gtttgccacc

tggaatttgt
ctgacggaga
aatggtttgc
tctgctggceg
gtccattatg
tgtgtgtgca
tcccagaata
tgttttggca
gaaaagagca
ctgtccttga
cagaacctca
aaggaaagtg
aagacagcca
gccaaagaaa
cttctcattg
taccagaatg
gcaggcgatg
ctgtgggcac
tttgtcaaca
agtattctcg
agaaacctca
agaaaacaaa

agtagatacc

Tyr Ile Arg Thr Val

15

Ser Ser Leu Ala Leu

30

Ser Gly Arg Gly Gly

45

Val Gln Gln Thr Leu

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2764



Ala

65

Ser

Phe

Ala

Gln

Leu

145

Tyr

Thr

Arg

Ser

Ser

225

Leu

Glu

Pro

Ser

Gly

305

Val

50

Arg

Ser

Val

Gly

Tyr

130

Arg

Thr

Leu

Tyr

Arg

210

Val

Thr

Lys

Leu

Trp

290

Pro

Gly

Lys

Val

Gly

Thr

115

Ser

Arg

His

His

Ala

195

Gln

Ser

Tyr

Glu

Val

275

His

Ser

Gln

Pro

Gly

100

Thr

Ser

Leu

Ser

His

180

Arg

Arg

Asp

Pro

Asn

260

Pro

Gln

Val

Ala

Arg

Glu

85

Arg

Ala

Gln

Glu

Asp

165

Gln

Ser

His

Thr

Arg

245

Tyr

Leu

Ser

Ala

Ala
325

Ser

70

Tyr

Ser

Thr

Lys

Ile

150

Tyr

Glu

Glu

Phe

Val

230

Pro

Leu

Gln

Ser

Val

310

Ala

55

Ser

Val

Pro

Tyr

Ser

135

Ser

Gln

Ser

Ile

Asp

215

Phe

Gly

Thr

Pro

Phe

295

Asp

Gly

Val

Tyr

Val

Glu

120

Val

Pro

Tyr

Arg

Val

200

Thr

Asp

Thr

Ala

Val

280

His

Ser

Gly

Gly

Asn

Pro

105

Gly

Glu

Asp

Ser

Arg

185

Gly

Tyr

Ser

Ser

Gly

265

Thr

Ser

Ser

Ser

Asn

Leu

90

Lys

Arg

Glu

Ser

Gln

170

Ala

Val

His

Ile

Arg

250

Leu

Gln

Thr

Gly

Gly
330

Gly

75

His

Thr

Trp

Arg

Ser

155

Arg

Ala

Ser

Arg

Pro

235

Ser

Thr

Asn

Arg

Arg

315

Asn

60

Asn

Leu

Tyr

Gly

Ser

140

Pro

Ser

Leu

Arg

Gln

220

Ala

Met

Val

Arg

Thr

300

Arg

Leu

Leu

Val

Asp

Arg

125

Leu

Glu

Gln

Leu

Ala

205

Tyr

Asn

Gly

Gly

Ala

285

Leu

Ala

Leu

His

Glu

Met

110

Gly

Arg

Arg

Ala

Val

190

Gly

Gln

Pro

Asn

Gln

270

Ser

Arg

His

Thr

Arg

Asn

95

Leu

Thr

His

Ala

Gly

175

Pro

Thr

His

Ala

Leu

255

Val

Arg

Glu

Leu

Glu
335

Thr

80

Asp

Lys

Ala

Pro

His

160

His

Pro

Thr

Gly

Leu

240

Leu

Arg

Ser

Ala

Thr

320

Arg



Ser

Leu

Arg

Ser

385

Leu

Gly

Val

Thr

Leu

465

Leu

Gly

Asn

Arg

Tyr

545

Glu

Glu

Ile

Thr

Glu

Ile

370

Glu

Gln

Ala

Ala

Arg

450

Ser

Thr

Asp

Val

Lys

530

Val

Asn

Leu

Gln

Phe

Arg

355

Ser

Ala

Leu

Leu

Glu

435

Asp

Ser

Leu

Tyr

Thr

515

Ala

Arg

Cys

Pro

Thr
595

Thr

340

Ala

Ala

Arg

Leu

Arg

420

Leu

Leu

Asn

Thr

Pro

500

Gly

Met

Gly

Val

Glu

580

Asp

Asp

Val

Ala

Lys

Lys

405

Asn

Asn

Glu

Asp

Glu

485

Lys

Cys

Arg

Thr

Cys

565

Lys

Asn

Ser

Ser

Ala

Arg

390

Val

Leu

Gly

Thr

Lys

470

Asn

Ala

Leu

Arg

Ile

550

Ile

Tyr

Asn

Gln

Met

Thr

375

Val

Gln

Val

Val

Lys

455

Leu

Ile

Asn

Arg

Cys

535

Ala

Leu

Ser

Lys

Leu

Leu

360

Phe

Asn

Asn

Phe

Pro

440

Lys

Lys

Ile

Gly

Asn

520

Asp

Asp

His

Gln

Ser
600

Gly

345

Glu

Ile

Gln

Glu

Glu

425

Arg

Gln

Asn

Ile

Leu

505

Met

Gly

Tyr

Asn

Asn

585

Ile

Asn

Ala

Gln

Leu

Asp

410

Asp

Leu

Ile

Leu

Pro

490

Leu

Ser

Leu

Gln

Leu

570

Ile

Gly

Ala

Asp

His

Arg

395

Val

Asn

Leu

Thr

Met

475

Phe

Asp

Ser

Ile

Pro

555

Ser

Tyr

Cys

Asp

His

Glu

380

Gly

Gln

Asp

Gln

Gly

460

Ile

Ser

Phe

Ala

Asp

540

Asp

Tyr

Ile

Phe

Met

Met

365

Cys

Ile

Arg

Asn

Val

445

Leu

Thr

Gly

Asp

Gly

525

Ser

Asp

Gln

Gln

Gly
605

Glu

350

Leu

Phe

Leu

Ala

Lys

430

Leu

Leu

Glu

Trp

Ile

510

Ala

Leu

Lys

Leu

Asn

590

Ser

Met

Pro

Gln

Lys

Val

415

Leu

Lys

Trp

Ala

Pro

495

Phe

Asp

Val

Ala

Glu

575

Arg

Arg

Thr

Ser

Lys

Leu

400

Cys

Glu

Gln

Asn

Leu

480

Glu

Tyr

Gly

His

Thr

560

Ala

Asn

Ser



Arg

Ser

625

Met

Ala

Pro

His

Ala

705

Glu

Thr

Tyr

Leu

Asp

785

Tyr

Gln

His

Lys

610

Asn

Tyr

Ser

Thr

Thr

690

Ile

Ile

Val

Thr

Leu

770

Ala

Ser

Phe

Ser

<210>
<211>
<212>
<213>

<220>
<223>

Val Lys

Pro Lys

Leu Ser

Leu Gly
660

Ser Val
675

Arg Lys

Ser Leu

Ala Lys

Pro Ser
740

Leu Asn
755

Asn Thr

Tyr Ala

Leu Trp

Lys Lys
820

Leu Lys
835

3
2643
DNA

Glu

Gly

Leu

645

Ala

Ala

Met

Leu

Glu

725

Thr

Asn

Gly

Ser

Ala

805

Thr

Asp

artificial

PKP2b codon optimized

Gln

Val

630

Ile

Leu

Gln

Leu

Arg

710

Thr

Asp

Ile

Gly

Asn

790

His

Asp

Tyr

615

Glu

Ala

Gln

Thr

His

695

Asn

Leu

Leu

Ile

Ile

775

Lys

Thr

Phe

Gln

Trp

Lys

Asn

Val

680

Val

Leu

Pro

Leu

Gln

760

Gln

Ala

Glu

Val

Asp

Leu

Ser

Leu

665

Val

Gly

Ser

Asp

Ile

745

Asn

Lys

Ser

Leu

Asn
825

Val

Trp

Val

650

Thr

Gln

Asp

Arg

Leu

730

Glu

Ser

Ile

Lys

His

810

Ser

Pro

His

635

Arg

Ala

Lys

Pro

Asn

715

Val

Thr

Tyr

Met

Ala

795

His

Arg

Met

620

Ser

Asn

Gly

Glu

Ser

700

Leu

Ser

Thr

Gln

Ala

780

Ala

Ala

Thr

Pro

Ile

Tyr

Ser

Ser

685

Val

Ser

Ile

Ala

Asn

765

Ile

Ser

Tyr

Ala

Glu

Val

Thr

Gly

670

Gly

Lys

Leu

Ile

Ser

750

Ala

Ser

Val

Lys

Lys
830

Glu

Ile

Gln

655

Pro

Leu

Lys

Gln

Pro

735

Ala

Arg

Ala

Leu

Lys

815

Ala

Lys

Arg

640

Glu

Met

Gln

Thr

Asn

720

Asp

Cys

Asp

Gly

Leu

800

Ala

Tyr



<400> 3
atggccgccc

attctgggac
gcaggaagct
cagcagacac
tcctectgtgce
cgcagcccag
ggcaggtggg
ctgagacacc
tatacccact
caggagagca
ggcgtgagca
tatcagcacg
ctgacctatc
tacctgaccg
acccagaatc
ctgagggagg
gtgggacagg
gactctcagc
gaggcagacc
tgctttcaga
ctgcagctgc
aatctggtgt
aggctgctgce
cacacagtga
ccaagcaccc
gatcagcacg
accgaggcecc
ggcgattatc
tgcctgagga
ggcctgatcg
gataaggcca
gagctgcctg
aacaataaga

gatgtgccca

ccggagcacc

agctggattc

ccggaagees
tggcccggaa
cagagtacgt
tgccaaagac
gaagaggaac
ctctgcggag
ccgattacca
ggagggceegce
gggcaggaac
gctctgtgag
ctcggccagg

caggcctgac

gggccageag
caggaccaag
cagcagcagg
tgggcaatgc
acatgctgcc
agtccgaggc
tgaaggtgca
tcgaggacaa
aggtgctgaa
acctgcggag
tgggaggaca
gcctgetgtg
tgctgaccct
ccaaggccaa
atatgagctc
attccctggt
cagagaactg
agaagtacag
gcatcggcectg

tgcctgagga

tgccgagtat
atcaagcctg
aggacagacc
gggcagatct
gtataacctg
atacgatatg
agcacagtac
actggagatc
gtattctcag
cctgetggtg
cacatcccgg
cgacacagtg
cacatccaga
agtgggacag
atcctcttgg
cgtggcagtg
aggatccggc
cgatatggag
atccaggatc
aaggaagagg
gaacgaggat
cgataataag
gcagacccgc
cagaaatgga
gggaggaagyg
gaacctgtcc
gacagagaat
cggectgetg
cgccggagca
gcactacgtg
cgtgtgcatc
ccagaacatc
cttcggcagc

gaagtccaat

ggctacattc
gccctgectt
gtgaagagcc
agcgtgggca
cacctggtgg
ctgaaggccg
agctcccaga
agcccagact
agaagccagg
ccacctagat
cagagacact
tttgattcca
tctatgggca
gtgaggcccc
caccagagct
gactctagcg
aacctgctga
atgaccctgg
tctgccgeag
gtgaaccagc
gtgcagaggg
ctggaggtgsg
gacctggaga
tggcctggag
atcacaagat
tctaatgaca
atcatcatcc
gacttcgata
gacggaagaa
cggggcacca
ctgcacaatc
tatatccaga

aggtcccgca

cccaagggceg

gcaccgtcct
ctgaggccaa
tgagaatcca
acggcaatct
agaatgactt
gcaccacagc
agtctgtgga
ctagccctga
caggacacac
acgcccgctc
tcgacaccta
tccctgcecaa
acctgctgga
tggtgcctct
ccttccactc
gccggagage
cagagaggtc
agagggccgt
ccacattcat
tgaggggcat
ccgtgtgegg
cagagctgaa
caaagaagca
cagtggcaca
ccggegtgeg
agctgaagaa
cttttagecgg
tcttttacaa
aggccatgag
tcgccgatta
tgtcttatca
acagaaatat
aggtgaagga

tggagtggct

gggacagcag
gctgaagctg
ggagcaggtg
gcacaggacc
cgtgggaggc
aacctatgag
ggagcggagce
gagggcacac
actgcaccac
tgagatcgtg
ccacagacag
cccagccctg
gaaggagaat
gcagccagtg
taccaggaca
ccacctgacc
cacctttaca
gagcatgctg
ccagcacgag
cctgaagctg
cgccctgagg
cggagtgcca
gatcaccgat
cgcatgcaat
ggaccagcct
cctgatgatc
ctggccagag
cgtgaccggc
gcgetgtgac
tcagcccgac
gctggaggcec
ccagaccgac
gcagtaccag

gtggcactct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040



atcgtgatca
gcatctctgg
gcccagacag
ggcgacccat
tccctgcaga
accgtgccect
aatatcatcc
aagatcatgg
tccgtgetge
cagtttaaga
gac

<210> 4
<211> 881
<212> PRT
<213> Homo
<400> 4
Met Ala Ala

1

Leu Gly Gln

Glu
35

Pro Ser

Gln Thr

50

Val

Ala
65

Arg Lys

Ser Ser Val

Phe Vval Gly

Ala Thr

115

Gly

Gln Tyr Ser

130

Leu
145

Arg Arg

ggatgtatct
gcgccctgea
tggtgcagaa
ccgtgaagaa
acgagatcgc
ccacagatct
agaactctta
caatctccgc
tgtattctct

agactgattt

sapiens
Pro

Gly

Gln
20

Ile

Ala Lys

Lys Ser
Gly

Arg

Glu
85

Pro

Gly
100

Arg
Thr Ala
Gln

Ser

Leu Glu

Ala

Leu

Leu

Leu

Ser

70

Tyr

Ser

Thr

Lys

Ile

gagcctgatc
gaatctgaca
ggagtccggc
gacagccatc
caaggagaca
gctgatcgag
tcagaatgcc
cggcgatgca
gtgggcacac

cgtgaatagc

Pro Ala

Gln

Gly

Leu
40

Lys

Arg Ile

55

Ser Val

Val Tyr
Val

Pro

Glu
120

Tyr

Ser Val

135

Ser Pro

150

gccaagtccg
gcaggatctg
ctgcagcaca
tctctgetga
ctgcccgatc
acaacagcct
cgggacctgc
tacgcatcta
accgagctgc

agaacagcca

Glu Tyr

10

Gly

Leu Ser

25

Asp

Ala Gly Ser

Gln Glu Gln

Gly Asn Gly

75

Leu His

90

Asn

Pro Thr

105

Lys

Gly Arg Trp

Glu Glu Arg

Ser
155

Asp Ser

tgcgcaacta
gaccaatgcc
cccggaagat
ggaacctgag
tggtgagcat
ccgectgtta
tgaacacagg
ataaggccag
accacgcata

aagcctacca

Tyr Ile Arg

Leu
30

Ser Ser

Ser Gly

45

Arg

Val
60

Gln Gln

Asn Leu His

Leu Val Glu

Met
110

Tyr Asp

Gly Arg

125

Gly

Ser Leu

140

Arg

Pro Glu Arg

cacccaggag
caccagcgtg
gctgcacgtg
ccgcaatctg
catcccagac
caccctgaac
cggcatccag
caaggccgcc
caagaaggcc

cagcctgaag

Thr
15

Val

Ala Leu

Gly Gly
Thr

Leu

Thr
80

Arg

Asn
95

Asp

Leu Lys

Thr Ala

His Pro

Ala His

160

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2643



Tyr

Thr

Arg

Ser

Ser

225

Leu

Glu

Pro

Ser

Gly

305

Val

Ser

Leu

Arg

Ser

385

Leu

Gly

Thr

Leu

Tyr

Arg

210

Val

Thr

Lys

Leu

Trp

290

Pro

Gly

Thr

Glu

Ile

370

Glu

Gln

Ala

His

His

Ala

195

Gln

Ser

Tyr

Glu

Val

275

His

Ser

Gln

Phe

Arg

355

Ser

Ala

Leu

Leu

Ser

His

180

Arg

Arg

Asp

Pro

Asn

260

Pro

Gln

Val

Ala

Thr

340

Ala

Ala

Arg

Leu

Arg
420

Asp

165

Gln

Ser

His

Thr

Arg

245

Tyr

Leu

Ser

Ala

Ala

325

Asp

Val

Ala

Lys

Lys

405

Asn

Tyr

Glu

Glu

Phe

Val

230

Pro

Leu

Gln

Ser

Val

310

Ala

Ser

Ser

Ala

Arg

390

Val

Leu

Gln

Ser

Ile

Asp

215

Phe

Gly

Thr

Pro

Phe

295

Asp

Gly

Gln

Met

Thr

375

Val

Gln

Val

Tyr

Arg

Val

200

Thr

Asp

Thr

Ala

Val

280

His

Ser

Gly

Leu

Leu

360

Phe

Asn

Asn

Phe

Ser

Arg

185

Gly

Tyr

Ser

Ser

Gly

265

Thr

Ser

Ser

Ser

Gly

345

Glu

Ile

Gln

Glu

Glu
425

Gln

170

Ala

Val

His

Ile

Arg

250

Leu

Gln

Thr

Gly

Gly

330

Asn

Ala

Gln

Leu

Asp

410

Asp

Arg

Ala

Ser

Arg

Pro

235

Ser

Thr

Asn

Arg

Arg

315

Asn

Ala

Asp

His

Arg

395

Val

Asn

Ser

Leu

Arg

Gln

220

Ala

Met

Val

Arg

Thr

300

Arg

Leu

Asp

His

Glu

380

Gly

Gln

Asp

Gln

Leu

Ala

205

Tyr

Asn

Gly

Gly

Ala

285

Leu

Ala

Leu

Met

Met

365

Cys

Ile

Arg

Asn

Ala

Val

190

Gly

Gln

Pro

Asn

Gln

270

Ser

Arg

His

Thr

Glu

350

Leu

Phe

Leu

Ala

Lys
430

Gly

175

Pro

Thr

His

Ala

Leu

255

Val

Arg

Glu

Leu

Glu

335

Met

Pro

Gln

Lys

Val

415

Leu

His

Pro

Thr

Gly

Leu

240

Leu

Arg

Ser

Ala

Thr

320

Arg

Thr

Ser

Lys

Leu

400

Cys

Glu



Val

Thr

Leu

465

Pro

Arg

Asp

Glu

Lys

545

Cys

Arg

Thr

Cys

Lys

625

Asn

Glu

Gly

Leu

Ala

Ala

Arg

450

Arg

Ser

Asp

Lys

Asn

530

Ala

Leu

Arg

Ile

Ile

610

Tyr

Asn

Gln

Val

Ile

690

Leu

Glu

435

Asp

Ser

Thr

Gln

Leu

515

Ile

Asn

Arg

Cys

Ala

595

Leu

Ser

Lys

Tyr

Glu

675

Ala

Gln

Leu

Leu

Arg

Leu

Pro

500

Lys

Ile

Gly

Asn

Asp

580

Asp

His

Gln

Ser

Gln

660

Trp

Lys

Asn

Asn

Glu

Asn

Gly

485

Asp

Asn

Ile

Leu

Met

565

Gly

Tyr

Asn

Asn

Ile

645

Asp

Leu

Ser

Leu

Gly

Thr

Gly

470

Gly

Gln

Leu

Pro

Leu

550

Ser

Leu

Gln

Leu

Ile

630

Gly

Val

Trp

Val

Thr

Val

Lys

455

Trp

Gln

His

Met

Phe

535

Asp

Ser

Ile

Pro

Ser

615

Tyr

Cys

Pro

His

Arg

695

Ala

Pro

440

Lys

Pro

Gly

Gly

Ile

520

Ser

Phe

Ala

Asp

Asp

600

Tyr

Ile

Phe

Met

Ser

680

Asn

Gly

Arg

Gln

Gly

Gly

Leu

505

Thr

Gly

Asp

Gly

Ser

585

Asp

Gln

Gln

Gly

Pro

665

Ile

Tyr

Ser

Leu

Ile

Ala

Arg

490

Leu

Glu

Trp

Ile

Ala

570

Leu

Lys

Leu

Asn

Ser

650

Glu

Val

Thr

Gly

Leu

Thr

Val

475

Ile

Trp

Ala

Pro

Phe

555

Asp

Val

Ala

Glu

Arg

635

Arg

Glu

Ile

Gln

Pro

Gln

Asp

460

Ala

Thr

Asn

Leu

Glu

540

Tyr

Gly

His

Thr

Ala

620

Asn

Ser

Lys

Arg

Glu

700

Met

Val

445

His

His

Arg

Leu

Leu

525

Gly

Asn

Arg

Tyr

Glu

605

Glu

Ile

Arg

Ser

Met

685

Ala

Pro

Leu

Thr

Ala

Ser

Ser

510

Thr

Asp

Val

Lys

Val

590

Asn

Leu

Gln

Lys

Asn

670

Tyr

Ser

Thr

Lys

Val

Cys

Gly

495

Ser

Leu

Tyr

Thr

Ala

575

Arg

Cys

Pro

Thr

Val

655

Pro

Leu

Leu

Ser

Gln

Asn

Asn

480

Val

Asn

Thr

Pro

Gly

560

Met

Gly

Val

Glu

Asp

640

Lys

Lys

Ser

Gly

Val



705

Ala Gln Thr

Met Leu His

Asn
755

Leu Arg

Glu Thr

770

Leu

Thr
785

Asp Leu

Asn Ile Ile

Gly Gly Ile

Ser Asn Lys

835

Ala His Thr

850

Thr
865

Asp Phe

Asp

<210> 5

<211> 600
<212> DNA
<213> Homo

<400> 5
gtcatggaga

cctaaggctg
cagttcaagt
acttatggag
ccaggcctgg
gttgcatgac
aggaccacat

tgccaaaata

710

Val Val

725

Val
740

Gly
Leu Ser
Pro

Asp

Leu Ile

Gln

Asp

Arg

Leu

Glu

Lys Glu

Ser

Pro

Leu
760

Asn

Val
775

Ser

Thr Thr

790

Gln Asn

805

Gln
820

Lys
Ala Ser
Glu

Leu

Val Asn

Ser

Ile

Lys

His

Ser

Tyr Gln

Met Ala

Ala Ala

840

His Ala

855

Arg Thr

870

sapiens

agacccacct
ctcagtccat
ggagcagcac
tgtcttggag
gttgctggec
tgttccctgc
gggcttatat

gcagccaaca

tgcagatgtc
taggagccag
ataactcttg
gttgccttct
tctgctttat
atatctgctc
ggcgtggggt

ccccccaccc

715

Ser Gly Leu

730

Val
745

Lys Lys

Ser Leu Gln

Ile Ile Pro

Ala Ala

795

Ser

Ala
810

Asn Arg

Ile
825

Ser Ala

Ser Val Leu

Tyr Lys Lys

Ala Ala

875

Lys

ctcactgggg
tagcctggaa
ccctectgect
gccccccaac
caggattctc
tggttttaaa
acatgttcct

ccaccgccat

Gln His Thr

Thr Ala Ile

750

Glu
765

Asn Ile

Asp Thr Val

780

Cys Tyr Thr

Asp Leu Leu

Ala
830

Gly Asp

Leu Tyr Ser

845

Ala
860

Gln Phe

Tyr His Ser

ctggcagagc
gatgtcttta
tccaagattc
cctgctccca
aagagggaca
tagcttatct
gtagccttgt

cccectgecce

720

Arg
735

Lys
Ser Leu
Ala Lys
Ser

Pro

Asn
800

Leu

Asn Thr

815

Tyr Ala

Leu Trp

Lys Lys

Leu Lys

880

cggcaacctg
cccccagcat
tggtgctgag
gctggcecctc
gctggtttat
gagcagctgg
ccctggcacc

cacccgtccc

60

120

180

240

300

360

420

480



ctgtcgcaca ttcctccctc cgecagggcectg gctcaccagg ccccageccca catgectget

taaagccctc tccatcctct gcctcaccca gtccccgetg agactgagca gacgcctcca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

8383

DNA
artificial

Exemplary vector expressing PKP2b

6

ggcactgggc aggtaagtat caaggttaca agacaggttt

ggcttgtcga
atccactttg
tagagtactt
agaccatgac
tggtaccgag
caccgtcctg
tgaggccaag
gagaatccag
cggcaatctg
gaatgacttc
caccacagca
gtctgtggag
tagccctgag
aggacacaca
cgcccgctcet
cgacacctac
ccctgecaac
cctgectggag
ggtgcctctg
cttccactct
ccggagagcc
agagaggtcc
gagggccgtg
cacattcatc
gaggggcatc
cgtgtgcggc

agagctgaac

gacagagaag
cctttctctc
aatacgactc
ggtgattata
ctcggatcca
ggacagcaga
ctgaagctgg
gagcaggtgc
cacaggacct
gtgggaggcc
acctatgagg
gagcggagcec
agggcacact
ctgcaccacc
gagatcgtgg
cacagacagt
ccagccctgce
aaggagaatt
cagccagtga
accaggacac
cacctgaccg
acctttacag
agcatgctgg
cagcacgagt
ctgaagctgc
gccctgagga

ggagtgccaa

actcttgegt
cacaggtgtc
actataggct
aagatcatga
tggccgeccc
ttctgggaca
caggaagctc
agcagacact
cctctgtgcec
gcagcccagt
gcaggtgges
tgagacaccc
atacccactc
aggagagcag
gcgtgagceag
atcagcacgg
tgacctatcc
acctgaccgc
cccagaatcg
tgagggaggc
tgggacaggc
actctcagct
aggcagacca
gctttcagaa
tgcagctgct
atctggtgtt

ggctgctgcea

ttctgatagg
cactcccagt
agcggtaccg
catcgattac
cggagcacct

gctggattca

cggaagggga
ggcccggaag
agagtacgtg
gccaaagaca
aagaggaaca
tctgcggaga
cgattaccag
gagggecegec
ggcaggaacc
ctctgtgagc
tcggccaggc
aggcctgaca
ggccagcaga
aggaccaagc
agcagcagga
gggcaatgcc
catgctgcca
gtccgaggca
gaaggtgcag
cgaggacaac

ggtgctgaag

aaggagacca
cacctattgg
tcaattacag
gtcgccacca
aaggatgacg
gccgagtatg
tcaagcctgg
ggacagaccg
ggcagatcta
tataacctgc
tacgatatgc
gcacagtaca
ctggagatca
tattctcaga
ctgectggtgc
acatcccggc
gacacagtgt
acatccagat
gtgggacagg
tcctcttggce
gtggcagtgg
ggatccggca
gatatggaga
tccaggatct
aggaagaggg
aacgaggatg
gataataagc

cagacccgcg

atagaaactg
tcttactgac
ctcttaaggc
tggactacaa
atgacaagct
gctacattcg
ccctgecttc
tgaagagcct
gcgtgggcaa
acctggtgga
tgaaggccgg
gctcccagaa
gcccagactc
gaagccaggc
cacctagata
agagacactt
ttgattccat
ctatgggcaa
tgaggcccct
accagagctc
actctagcgg
acctgctgac
tgaccctgga
ctgccgcagc
tgaaccagct
tgcagagggc
tggaggtggc

acctggagac

540

600

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680



aaagaagcag
agtggcacac
cggegtgegg
gctgaagaac
ttttagcggc
cttttacaac
ggccatgagg
cgccgattat
gtcttatcag
cagaaatatc
ggtgaaggag
ggagtggctg
gcgcaactac
accaatgccc
ccggaagatg
gaacctgagc
ggtgagcatc
cgcctgttac
gaacacaggc
taaggccagc
ccacgcatac
agcctaccac
acaagcaggt
tcagcaggat
caacaagcac
ccacattgaa
tgctgtgagc
tgatgaggtsg
ctctgactat
caccattgag
ttagtgaggg
cacaactaga
atttgtaacc

gtttcaggtt

atcaccgatc
gcatgcaatc
gaccagcctg
ctgatgatca
tggccagagg
gtgaccggct
cgctgtgacg
cagcccgacg
ctggaggeceg
cagaccgaca
cagtaccagg

tggcactcta

acccaggagg
accagcgtgg
ctgcacgtgg
cgcaatctgt
atcccagaca
accctgaaca
ggcatccaga
aaggccgcct
aagaaggccc
agcctgaagg
gacgtggagg
ctggagctgg
catgtcgggg
gcctacattg
aacgggcaga
gacagatcca
gctcctgact
gaactcatcc
ttaatgcttc
atgcagtgaa
attataagct

cagggggaga

acacagtgaa
caagcaccct
atcagcacgg
ccgaggccct
gcgattatcc
gcctgaggaa
gcctgatcga
ataaggccac
agctgcctga
acaataagag
atgtgcccat
tcgtgatcag
catctctggg
cccagacagt
gcgacccatc
ccctgcagaa
ccgtgceccctc
atatcatcca
agatcatggc
ccgtgetgcet
agtttaagaa
acctcgaggg
agaatcccgg
tggaggtcgc
cggccatcag

gcagggtcac

aggactttga
tcagggtggt
getttgtget
ccctcaagta
gagcagacat
aaaaatgctt

gcaataaaca

tgtgggagst

cctgecggagc
gggaggacag
cctgetgtgg
gctgaccctg
caaggccaac
tatgagctcc
ttccctggtg
agagaactgc
gaagtacagc
catcggctgc
gcctgaggag
gatgtatctg
cgccctgcag
ggtgcagaag
cgtgaagaag
cgagatcgcc
cacagatctg
gaactcttat
aatctccgcc
gtattctctg
gactgatttc
atctggagca
gcctaagcett
cactgagaag
gaccaagact
tgtctgtgcet
caccattgtg
cagcccctgt
cattgagatg
caccaggaac
gataagatac
tatttgtgaa
agttaacaac

tttttaaagc

agaaatggat
ggaggaagga
aacctgtcct

acagagaata

ggcctgcetgg
gccggagceag
cactacgtgc
gtgtgcatcc
cagaacatct
ttcggcagca
aagtccaatc
agcctgatcg
aatctgacag
gagtccggcc
acagccatct
aaggagacac
ctgatcgaga
cagaatgccc
ggcgatgcat
tgggcacaca
gtgaatagca
acaaacttct
atgaaaacct
atcaccatgc
ggggagatca
gaagccattg
gctgtcaggc
ggcatgtgta
aatggcaagc
taataagcgg
attgatgagt
atttgtgatg
aacaattgca

aagtaaaacc

ggcctggagc
tcacaagatc
ctaatgacaa
tcatcatccc
acttcgatat
acggaagaaa
ggggcaccat
tgcacaatct
atatccagaa
ggtcccgcaa
ccaagggcgt
ccaagtccgt
caggatctgg
tgcagcacac
ctctgctgag
tgcccgatct
caacagcctc
gggacctgct
acgcatctaa
ccgagctgca
gaacagccaa
cactactcaa
tcaacatctc
tctatgagga
tctctgetgt
ccattgggtc
acccctactc
gagagctgat
tggtcaaaac
ccgcttccect
ttggacaaac
ctattgcttt
ttcattttat

tctacaaatg

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720



tggtaaaatc
tcattaacta
cgctcactga
cagtgagcga
tcccaacagt
taggtatttc
taccagcaag
aagaagtatt
cactgattat
aatcggcctc
cgtcaaagca
ttacgcgcag
tcccttectt
ctttagggtt
atggttcacg
ccacgttctt
tctattcttt
tgatttaaca
ttgcttatac
ttgacatgct
gcaatgacct
tttatcagct
tcacccgttt
ttctaaaaat
tcataatgtt
tgctaattct
tttctcctta
tgctctgatg
tgacgggctt
tgcatgtgtc
atacgcctat
acttttcggg
atgtatccgc
agtatgagta

cctgtttttg

cgataaggga
caaggaaccc
ggeeggsgega
gcgagegegce
tgcgcagcect
catgagcgtt
gccgatagtt
gcgacaacgg
aaaaacactt
ctgtttagct
accatagtac
cgtgaccgct
tctcgccacg
ccgatttagt
tagtgggcca
taatagtgga
tgatttataa
aaaatttaac
aatcttcctg
agttttacga
gatagccttt
agaacggttg
gaatctttac
ttttatcctt
tttggtacaa
ttgccttgec
cgcatctgtg
ccgcatagtt
gtctgctccc
agaggttttc
ttttataggt
gaaatgtgcg
tcatgagaca
ttcaacattt

ctcacccaga

ctagagcatg
ctagtgatgg
ccaaaggtcg
cagctggcgt
gaatggcgaa
tttccgttgc
tgagttcttc
ttaatttgcg
ctcaggattc
cccgctctga
gcgccctgta
acacttgcca
ttcgececggcet
gctttacggc
tcgccctgat
ctcttgttcc
gggattttgc
gcgaatttta
tttttggggc
ttaccgttca
gtagagacct
aatatcatat
ctacacatta
gcgttgaaat
ccgatttagc
tgtatgattt
cggtatttca
aagccagccc
ggcatccgct
accgtcatca
taatgtcatg
cggaacccct
ataaccctga
ccgtgtcgcec

aacgctggtg

gctacgtaga
agttggccac
cccgacgecc
aatagcgaag
tggaattcca
aatggctggc
tactcaggca
tgatggacag
tggcgtaccg
ttctaacgag
gcggegcatt
gcgccctagc
ttccccgtca
acctcgaccc
agacggtttt
aaactggaac
cgatttcggc
acaaaatatt
ttttctgatt
tcgattctct
ctcaaaaata
tgatggtgat
ctcaggcatt
aaaggcttct
tttatgctct
attggatgtt
caccgcatat
cgacacccgc
tacagacaag
ccgaaacgceg
ataataatgg
atttgtttat
taaatgcttc
cttattccct

aaagtaaaag

taagtagcat
tccctctcetg
gggctttgcc
aggcccgcac
gacgattgag
ggtaatattg
agtgatgtta
actcttttac
ttcctgtcta
gaaagcacgt
aagcgeggceg
gcccgctcect
agctctaaat
caaaaaactt
tcgecectttg
aacactcaac
ctattggtta
aacgtctaca
atcaaccggg
tgtttgctcc
gctaccctct
ttgactgtct
gcatttaaaa
cccgcaaaag
gaggctttat
ggaatcgcct
ggtgcactct
caacacccgc
ctgtgaccgt
cgagacgaaa
tttcttagac
ttttctaaat
aataatattg
tttttgeggce

atgctgaaga

ggcgggttaa
cgecgctcgcet
cgggeggect
cgatcgccct
cgtcaaaatg
ttctggatat
ttactaatca
tcggtggect
aaatcccttt
tatacgtgct
ggtgtggtag
ttcgetttct
cgggggctcc
gattagggtg
acgttggagt
cctatctcgg
aaaaatgagc
atttaaatat
gtacatatga
agactctcag
ccggcatgaa
ccggectttce
tatatgaggg
tattacaggg
tgcttaattt
gatgcggtat
cagtacaatc
tgacgcgccc
ctccgggagc
gggcctcgtg
gtcaggtggc
acattcaaat
aaaaaggaag
attttgcctt

tcagttgggt

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820



gcacgagtgg
cccgaagaac
tcccgtattg
ttggttgagt
ttatgcagtg
atcggaggac
cttgatcgtt
atgcctgtag
gcttcccggce
cgctcggcecc
tctcgecggta
tacacgacgg
gcctcactga
gatttaaaac
atgaccaaaa
atcaaaggat
aaaccaccgc
aaggtaactg
ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttcccg
gagcgcacga
cgccacctct
aaaaacgcca
atgttctttc
gctgataccg
gaagagcgcc
tgcgecgctceg
gtcgcccggce
ggggttcctt
gatgtcatgg

ctgcctaagg

gttacatcga
gttttccaat
acgccgggea
actcaccagt
ctgccataac
cgaaggagct
gggaaccgga
caatggcaac
aacaattaat
ttccggetgg
tcattgcagc
ggagtcaggc
ttaagcattg
ttcattttta
tcccttaacg
cttcttgaga
taccagcggt
gcttcagcag
acttcaagaa
ctgctgccag
ataaggcgca
cgacctacac
aagggagaaa
gggagcttcc
gacttgagcg
gcaacgcggc
ctgcgttatc
ctcgeccgcag
caatacgcaa
ctcgctcact
ctcagtgagc
gtagttaatg
agaagaccca

ctgctcagtc

actggatctc
gatgagcact
agagcaactc
cacagaaaag
catgagtgat
aaccgctttt
gctgaatgaa
aacgttgcgc
agactggatg
ctggtttatt
actggggcca
aactatggat
gtaactgtca
atttaaaagg
tgagttttcg
tecttttttt
ggtttgtttg
agcgcagata
ctctgtagca
tggcgataag
gcggtegggc
cgaactgaga
ggcggacagg

agggggaaac

tcgatttttg
ctttttacgg
ccctgattct
ccgaacgacc
accgcctctc
gaggccgcecc
gagcgagcgc
attaacccgc
ccttgcagat

cattaggagc

aacagcggta
tttaaagttc
ggtcgccgcea
catcttacgg
aacactgcgg
ttgcacaaca
gccataccaa
aaactattaa
gaggcggata
gctgataaat
gatggtaagc
gaacgaaata
gaccaagttt
atctaggtga
ttccactgag
ctgcgcgtaa
ccggatcaag
ccaaatactg
ccgcctacat
tcgtgtctta
tgaacggggsg
tacctacagc
tatccggtaa
gcctggtatc
tgatgctcgt
ttcctggect
gtggataacc
gagcgeageg
cccgegegtt
gggcaaagcc
gcagagagsgg
catgctactt
gtcctcactg

cagtagcctg

agatccttga
tgctatgtgg
tacactattc
atggcatgac

ccaacttact

tgggggatca
acgacgagcg
ctggcgaact
aagttgcagg
ctggagccgg
cctcccgtat
gacagatcgc
actcatatat
agatcctttt
cgtcagaccc
tctgectgett
agctaccaac
tccttctagt
acctcgctct
ccgggttgga
gttcgtgcac
gtgagctatg
gcggcagggt
tttatagtcc
caggeesesce
tttgctggcc
gtattaccgc
agtcagtgag
ggccgattca
cgggegtegg
agtggccaac
atctacgtag

gggctggceag

gaagatgtct

gagttttcgc
cgcggtatta
tcagaatgac
agtaagagaa
tctgacaacg
tgtaactcgc
tgacaccacg
acttactcta
accacttctg
tgagcgtggsg
cgtagttatc
tgagataggt
actttagatt
tgataatctc
cgtagaaaag
gcaaacaaaa
tcttttteccg
gtagccgtag
gctaatcctg
ctcaagacga
acagcccagc
agaaagcgcc
cggaacagga
tgtcgggttt
gagcctatgg
ttttgctcac
ctttgagtga
cgaggaagcg
ttaatgcagc
gcgacctttg
tccatcacta
ccatgctcta
agccggcaac

ttacccccag

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860



catcagttca
gagacttatg
ctcccaggcc
tatgttgcat
tggaggacca
acctgccaaa
cccctgtcegce
gcttaaagcc

ccagagctcg

agtggagcag
gagtgtcttg
tgggttgctg
gactgttccc
catgggctta
atagcagcca
acattcctcc
ctctccatcc

gatcctgaga

cacataactc
gaggttgcct
gcctetgett
tgcatatctg
tatggcgtgg
acacccccca
ctccgcaggg
tctgcctcac

acttcagggt

ttgccctctg
tctgcccccc
tatcaggatt
ctctggtttt
ggtacatgtt
cccccaccgce
ctggctcacc
ccagtccccg

gagtctatgg

ccttccaaga
aaccctgctc
ctcaagaggg
aaatagctta
cctgtagcect
catccccctg
aggccccagc
ctgagactga

gac

ttctggtgct
ccagctggcc
acagctggtt
tctgagcagc
tgtccctggc
ccccacccgt
ccacatgcct

gcagacgcct

7920

7980

8040

8100

8160

8220

8280

8340

8383
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