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May 5, 2022, the disclosure of which is herein incorporated by reference i tis entirety for all

PUIPoOses.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

[0002] This invention was madc with Government support under grant numbers RO
HL 150414 and RO1 HL 139679 awarded by the National Institutes of Health. The Govermment

has certamn rights 1 the invention.
BACKGROUND

[6063] Dilated cardiomyopathy is a form of heart discase where the heart is unable to pump
blood as efficiently due to thinning (dilation) of the veninicles. Patients exhibit numerous
symptoms of progrossive heart fabure, including ventricular arthythmias, swelling of logs and
feet, breathlessness, coughing while laying down, and fatigue. There is presently no cure for
this disease, and the median survival time of a person diagnosed with diated cardiomvopathy

15 roughly five vears.

100041 Scveral genetic mutations are associated with the development of dilated
cardiomyopathy. One of'these is the R 14del mutation 1n the phospholamban gene, an allele that
has been found 1n patients throughout the world, including the USA | Canada, Chuna, Germany,
Spain, and the Netherlands. In the Netherlands, this mutation appears to be particularly
prevalent due to founder effects, and it 15 estimated that the Dutch population has thousands of
R14del allele carriers. Among patients diagnosed with cardiomyopathy, carriers of the Riddel
alicle suffer a particularly high 1ncidence of malignant achythmias, sudden cardiac death, and

cardiac transplantation. No homozygous carriers of the Riddel allele have been identificd.



[8885] Mouse models of R14del-mediated cardiomyopathy displayed similar phenotypes to
human Riddel cardiomyopathy, vet the cstablished heart fatdure medications eplerenone and
metoprolol were unable to improve cardiac function or survival in these models (Eijenraam er
al. ) Scientific Reporis, HRO819 (2020)). Therefore, there is a need for therapies for patients
diagnosed with dilated cardiomyopathy, particularly within the population of Rlddel allele

carriers.

[3606] Phospholamban s a pentamernc integral membrane proicin encoded by the PLN gene
that regulates Ca’* cycling in cardiac muscle cells, an activity important for cardiac relaxation
and contraction. It docs so by regulating the activity of the cardiac 1soform of the sarcoplasmic
reticulum Ca®” ATPase (SERCA2a). Ca*t cycling is mmportant for contractility (the strength
and vigor of heart muscle contraction, often measured by the volume of biquud moved 1n a

single heart contraction}. Superninhibition of SERCA2a reduces contractility.

(0007 Studics i mice have suggested that Rlddel varants of phospholamban act
synergistically with normal phospholamban to superinhibit SER{TCAZa, potentialiy by altering
the structure of protein complex (Haghight ef af, PNAS, 103:1388-93 (2006} Excessive
phospholamban  activity is comelated with heart failure. Furthermore, ablation of
phospholamban was mutially reported to have few negative consequences (Luo ef al,
Circulation Research, 75401-9 (1994)). Hence, some recent studics have focused on
tmproving cardiac function by mhibiting wild-tyvpe phospholamban using antisense
oligonucleotides (ASOs) or RNAL {see, e.g., Beverborg ef o, Nature Communications,

125180 (202 0y and Sackan er ol | Crrcudorion, 11O 1241-32 (2009)).

[0008]  Genetic evidence suggests that reducing PLN expression by 50% 1s {olerated m
humans. A onstation that converts the codon for Leu3? 1o the stop codon TGA has no effect in

heterozygous carners but results in ddated cardiomyopathy and premature death in the

homozygous state. See Ha shi ef af, F Clin Hivese L1HRGU-T6 (G003}, Somilarly, a nonsense
RiFa) > K .
variant i PLN (p Gla2 Ter, ¢ 40277} that s tolerated in heterozygous individuals 1s detrimental

o

1 howmazygous patieots. See Li e o, D J Cardiod 279 122-25 (2019).

[6009]  Other recent studies suggest that cardiac function in R14del carners can be improved
by permanently altering the Riddel aliele using transceription activator-like effector nucleases
{(TALENSs) (see, e.g., Karalukes ef al., Noture Communicaiions, 6:6955 (2014)). However,

there are drawbacks to permanently altering a genome, particularly in light of the potential for

off-target mutations. os generation of double strand breaks (B5Bg).
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DSB-mediated repair mechanisms, non-homologous end joining (NHEI), and homology-
directed repair {(HDR)} mecharnsms often reselt in permanent undesired outcomes, mcluding
deletions, inscrtions, and translocations on- and off-target. These undesired outcomes have
been a significant concern for translating therapeutic gene editing to the clinic. Farthermore,
although DSB-mediated HDR allows the incorporation of exogenous donor templates for
precise genome cditing, HDR is highly inefficient in terminally differentiated, post-mitotic
cells, such as cardiomvocyvtes. These are major roadblocks in therapeutic applications of
therapeutic genome editing, especially for the many cardiovascular discases, such as genetic
cardiomyopathies, diseases involving mutations that afifect post-mitotic cardiomyocytes.
Therefore, there s 3 need for new therapics that cfficiently target the R14del allele in carriers
and restore normal cardiac activity without the drawbacks of gene therapy. The present

disclosure satisfics this need, and provides related advantages as well,
BRIEY SUMMARY

[6016]  In some aspects, the present disclosure provides an interfering RNA molecule
comprsing a double-stranded region of about 15 to about 60 nucleotides in length, wherein the
double-stranded region comprises a first nucleic acid strand and a second nucleic acid strand,
wherein the interfering RNA molecule is capable of inhibiting expression of the R14del allele

but not the wild-tvpe allele of the phospholaraban (PLN) gene.

(6031} In cortamm cmbodimoents, the nterforing RNA molecule compriscs an siRNA

molecule, an miRNA molecule, or a combination thereof.

[#612] In some embodiments, the second nuclete acid strand 1s substantially complementary
to the first nucleic acid strand. Io other embodunenis, the second nucleic acid strand is fully
complementary to the frst nucleic acid strand. In some embodiments, the double-stranded

region contains mismatches that promote duplex unwinding.

[8013] In some embodiments, the double-stranded region i1s 18 to 24 nucleotides i length.
In some embodiments, the double-stranded region 1s about 20 to about 30 nucleotides in length.

In somge embodiments, the double-stranded region 1s about 25 nucleotides 1 length.

[6014] Tn some embodiments, the first nucleic acid strand has at feast 0% identity to SEQ
ID NO: 3. In some embodiments, the first nucleic acid strand comprises SEQ ID NG 3. In
some embodiments, the second nuclewe acid strand has at least 90% wdentity to SEQ ID NO: 4.

In some cmbodiments, the sccond nucleic acid strand comprises SEQ ID NO: 4. In some
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embodiments, the double-stranded region of the interfering RNA molecule comprises a first
nucleie acid strand compnising at least 90% identity to SEQ 1D NG: 3 and/or a sceond nucleic
acid strand comprising at least 90% identity to SEQ ID NO: 4. 1o a particular embodunent, the
double-stranded region of the interfering RNA molecule comprises a first nucleic acid strand

comprising SEQ ID NO: 3 and a second nuclere acid strand comprising SEQ ID NG 4.

[B815]  In some embodiments, wherein the first nucleic acid strand has at least 90% identity
to SEQ ID NG 5. In some embodiments, the first nucleic aad strand comprises SEQ ID NO:
5. In some embodiments, wherein the first nucleic acid strand has at least 90% identity to SEQ
ID NO: 6. In somce cmbodiments, the first nucleic acid strand comprises SEQ ID NG 6. In
some embodiments, the double-stranded region of the mterfering RNA molecule comprises a
first nucleic acid strand comprising at least 90% identity to SEQ 1D NQG: 5 and/or a second
nucleic acid strand comprising at least 90% wdentity to SEQ ID NO: 6. In a particular
embodiment, the double-stranded region of the interfering RNA molecule comprises a first
nucleic acid strand comprismg SEQ 1D NO: 3 and a second nucleic acid strand comprising

SEQ 1D NO: 6.

[6016] TIn some embodiments, wherein the first nucleic acid strand has at least 90% wdentity
to SEQ ID NO: 7. In some embodiments, the first nucleic acid strand comprises SEQ 1D NO:
7. In some cmbodiments, whercin the first nucleic acid strand has at least 90% identity to SEQ
D NG 8. In some embodiments, the first nucleic acid strand comprises SEQ ID NG 8. In
some embodiments, the double-stranded region of the mterfering RNA molecule comprises a
first nucleie acid strand comprising at least 90% idontity to SEG ID NO: 7 and/or a sccond
nucleic acid strand comprising at least 90% identity to SEQ ID NO: 8. Tn a particular
embodunent, the double-stranded region of the interforing RWNA molecule compnises a first
nucleic acid strand comprising SEQ ID NO: 7 and a second nucleie acid strand comprising

SEQ 1D NO: 8.

[3617] In some embodiments, wherein the first nucleic acid strand has at least 90% wdentity
1o SEQ 1D NO: 9. In some embodiments, the first nucleic acid strand comprises SEQ ID NO:
9. To sorne embodiments, wherein the first nucleic acid strand bas at least 90% weotity to SEQ
I3 NG: 10. In some embodiments, the first nucleic acid strand comprises SEQ D NO: 10, In
some embodiments, the double-stranded region of the nterfering RNA molecale comprises a
first nucleic acid strand comprising at least 90% identity to SEQ 1D NO: 9 and/or a second

gucleic acid strand comprising at least 90% identity to SEQ D NO: 106, In a particular



embodiment, the double-stranded region of the nterfering RNA molecule comprises a first
nucieie acid strand comprising SEQ 1D NGO 9 and a second nuckic aad strand compnsing

SEQ ID NG: 10,

[0018] In some aspects, the mterfering RNA molecule comprises a 37 overhang in the first
nucleic actd strand and/or the second nucleic acid strand. In some embodiments, one or more

of the nucleotides in the double-stranded region comprise modified nucleotides.

3019}  Io some embodiments, the interfering BNA molecule further comprises a camier

systemi.

{0026} The present disclosure also provides a phamaccutical composition comprising an

nterfering RNA molecule described herein and a pharmaceutically acceptable carrier.

[6621] The present disclosure further provides the disclosed herein interforing RNA
molecule according to any one of the described herein embodiments, and/or the disclosed
herem pharmaceutical composition comprising said mterfering RNA molecule, foruse as a

medicament.

[86822] In advantageous embodiments, the disclosure provides the disclosed herein

wterfering RNA molecule according to any one of the described herein embodiments, and/or
the disclosed herein pharmaceutical composition comprising said mterfering RNA molecule,
for use in the treatment of cardiomyopathy, preferably in a subject carrying the Riddel allele

of the £LN gene.

[0023] In further embodiments, the disclosure provides the disclosed herein interfering
RNA molecule according to any one ot the descnibed herein embodiments, and/or the
disclosed herein pharmacestical composition comprising said intorforing RNA molcaide, for
use in lowering the likehhood of at least one of malignant arrhythmias, sudden cardiac death,
and/or a heart transplant 1 a subject suffening from cardiomyopathy, preferably m a subject

carrying the Rlddel allele of the PLN gene.

{00241 In some cmbodunents, the disclosed heremn mterforing RNA molecule according to
any one of the described herein embodiments, and/or the disclosed herein pharmaceutical
composition comprising said interfering RNA molecnle 1s provided for the uses as described
herein, wherein preforably the treatment comprises administering to the subject a
therapeutically effective amouut of an interfening RNA molecule described herein ora

pharmaccutical composition deseribed herein and/or wherein the mode of administration is
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selected trom the group consisting of oral, intranasal, intravenous, intraperitoneal,
mtramuscular, infragrticular, intralesional, subcutancous, and mitradermal. In some
embodiments, the subjoct has been diagnosed with cardiomyopathy. In some embodiments,

the subject iz a human,

[0025]  In some cmbodiments, disclosed herein is a use of the disclosed herein interfering
RNA molecule according to any one of the described herein embodiments, for the
manufacture of a medicament, 1n particular for the treatment of cardiomyopathy, preferably

11 a subject carrying the Riddel allele of the PLA gene.

[6026] The present disclosure also provides a method for introducing an mterfering RNA
molecule that is capable of inhibsting expression of the Rl4del allele of the LN gene 1n a cell,
the method comprising contacting the cell with an interfermg RNA molccule desceribed hercin
or a pharmaceutical composition described herein. In some embodiments, the cell 1s a cardiac
muscle cell. In some instances, the cell 1s a cardiomyocyte. In some embodiments, the cell s
in a subject. In some embodiments, the subject is a carricr of the Riddel alleke of the LN gene.
In some embodiments, the subject has bheen diagnosed with cardiomvopathy. In some
embodiments, the subject ts g human. In some instances, the interfering RNA molecule does
not affect the contractility and/or the action potential of the cardiac muscle cell. In some
instances, the siRNA molecule has a positive effect on the contractifity and/or the action

potential of the cardiac muscle cell.

18627} The prosent disclosure also provides a moethod for in vive delivery of an interforing
RNA molecule that silences the expression of the R14del allele of the PLN gene mna cell of a
subject, the method comprising adnunistening to the subject an mterfening RNA molecule
described herein, or a pharmaceutical compaosition described herein. In some embadiments, the
cell 18 a cardiac muscle cell. In some embodiments, the subjoct is a carner of the Rl4del allele
of the PLN gene. In some embodiments, the subject has been diagnosed with cardiomyopathy.

In some embodiments, the subject is a human,

106281  The present disclosure alse provides a method for treating cardiomvopathy in a
subject carrying the Riddel allele of the PLN gene, the method comprising administering to
the subject a therapeutically effective amount of an interfering RNA molecule described herein

or a pharmaceutical composition described herein.

[3629] The present disciosure alse provides a method for lowermg the likelihood of at least
one of malignant arrhythmias, sudden cardiac death, and/or a heart transplant in 2 subject
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carrying the Riddel aliele of the 7.V gene, the method comprising administering to the subject
a therapeutically effective amount of an interfonng RNA molecule described herein, or a

pharmaccutical composition described hercin,

[0038] In some embodiuments, the mode of admimistration is selected from the group
consisting of oral, intranasal, inravenous, intrapertonecal, intramuscular, intraarticular,
mtralesional, subcutaneous, and intradermal. Tn some embodiments, the subject has been

diagnosed with cardiomyvopathy. In some embodiments, the subject s a human,
BRIEF DESCRIPTION OF THE DRAWINGS
13031]  FiG 1 itlosteates the overall allele-specific siRNA -based approach.

[860832] FIG. 2 dlustrates siRNA-mediated koockdown of the Rlddel allele m iPSC
cardiomyocytes GPSC-CMs) measured by real time quantitative PCR using siRNAs designed
to target Ri4del allele transenipts. Shown are PLN transcript levels in 1BPSC-CMs derived from

Riddel carners (top panels) and wild-type (WT) PLN carriers (bottom panels).

1006331  FIG. 3 dlustrates the ratios of WT and R 1 4del allele transeripts following knockdown
with siRNA 1, 2, or 3 or non-targeting control siRNA (siRNA neg) mn two different R1ddel

carrier-derived iPSC-CM cell lines.

[0034] FIG. 4A illustrates the difference in nommalized counts {counts per mithion reads
mapped) bascd on RNAseq analyses of Riddel boetween iPSC-CMas treated with siRNA 3
(siR14 3} compared to a non-targeting control siRNA (siCwl). FIG. 4B ilustrates the
reproducibility of the difference 1 alielic ratio of wild~type PLN to Rlddel PLN between (PSC-

CMs treated with siRNA 3 (s114.3) compared to a non-targeting control siRNA (s1Cirl).
(00351 FIG. 5 illustrates that there 15 no adverse offect of siRNAs on contractility when iPSC-
{Ms are treated with either iRNA 1T, aRNA 2 or siRNA 3.

16636] FiG. 6 dlustrates that there are no adverse effccts on action potential when 1PSC-CMs
arc treated with cither siRNA 1, sitRNA 2, or siRNA 3.

(60377 FIG. 7 illusteates that treatment with :iRNA 3 restores contractidity in engmeered

heart tissucs (EFHTs) gencrated from 1PSC-derived cardiomyocytes ((PSC-CMs) with Rlddcl
PLN.



DETATLED DESCRIPTION

i INTRODUCTION

(0038 {(Cardiac muscle forms the walls of the heart and enables the heart to pump blood o
the circulatory svstem. Within cardiac muscles, bundles of cardiomyocytes shorten and
lengthen their myofibers, creating the pumping force in the heart. Modified cardiomyocyies
called cardiac pacemaker cells create thythmic impulses controlling the heart rate. Cardiac
muscle contraction s nitiated by an action potential {electrical impulse} propagated from
paccinaker cells and lcads o depolarization of the muscle coll plasma mombranc, causing
opening of calcium channels and entry of Ca® into the cells as welf as the release of Ca™ from
the internal stores of the sarcoplasmic reticulum organelle. The resulting free Ca® causes
regulfatory proteins to be released from muscle motor proteins, and movement of the freed

muscle mator proteins leads to musele contraction.

[6039] Before the hearl can contract again, free Ca’" must be transported back to the
sarcoplasmic reticulum for storage via SERCAZa (sarcoplasmic/endoplasmic reticalum Ca’™-
ATPase), a purop in the sarcoplasmic reticuhin membrane. SERCA2a activity is regulated by
phospholamoban, an integral membrane protein encoded by 24N, Inhubition of SERCAZa by
phospholamban ultimately prevents contraction. Studies in mice have suggested that the
Rlddel alicle of PLN (encoding a mutant phospholamban protemm where the fouricenth anuno
acid, arginine, 1s deleted} causes supennhbition of SERCAZa. This may explain why carners
of this allele are at high risk of developing dilated cardiomyopathy or arrhvthmogenic right

ventricular cardiormayopathy.

[0040] Commonly used heart failure drugs have been shown to be meffoctive 1n mousc
models of Rl4del-associated cardiomyopathy, and recent therapeutic approaches that have
focused on abolishing the wild-type PLN gene or correcting the R l4del mutation are met with
significant drawbacks. The present disclosure descnibes a novel method of treating R 4del
carriers, using specific interfering RNA (e.g., siRNA) molecules that can target Ri4del allele
transcripts. and sigaificantly nercase the ratio of wild-type to Rlddel PLN transcripts.
Furthetmore, these interfering RNAs {e.g., siRNAs) are affective at increasing the ratio of wild-
type PLN in iPSC-CMas cells without negatively affecting either contractility or action potential

gengeration.



¥i. DEFINITIONS
[3843] As used hercin, the following terms have the meanings ascribed to them unless

specified otherwise.

[0042] The term “nucleic acid” as used herein refers o a polymer containing at least two
deoxyribonucientides or nbonucleotides in either single-~ or double-stranded form and includes
DNA and RNA. Nucleie acids include nucleic acids contaming known nucleotide analogs or
modified backbone residues or hokages, which are synthetic, naturally occurring, and non-
naturally occurring, and which have sinular binding propertics as the reference nucleic acid.
Examples of such analogs include, without limitation, phosphorothicates, phosphoramidates,
methyl phosphonates, chiral-methyl phosphonates, 27-G-methyl ribonucleotides, and peptide-
nucleic acids (PNAs). Unless specifically himited, the torm encompasses nucleic acids
containing known analogues of natural nucleotides that have simidar binding propertics as the

reference nucleie acid.

16643]  “Nucleotides™ contain a sugar deoxyribose (DNA) or ribose (RNA), a base, and a

phosphate group. Nucleotides are linked together through the phosphaie groups. “Bases”
mclude purines and pynimidines, which further include natural compounds adenine, thymune,
guanine, cvtosine, uracil, mosine, and natural analogs, and synthetic denvatives of purines and
pyrimidines, which include, but arc not limited to, modifications which place now reactive
groups such as, but not hmued io, amines, alcohols, thiols, carboxylates, and alkyl halides

(haloalkanes).

[0044]  “Iuterfering RNA,” “RNAC or “interfering RNA sequence” as used herein refers to
an RNA molecule capable of reducing or imbubiting the expression of a target gene or seqguence
{e.g., by mediating the degradation or inhibiting the translation of mRNAs which are
complementary to the interfering RNA sequence) when the mterfenng RNA 18 o the same cell

as the target gene or seguence.

[3045]  Interfering RNA can be about 15-60, 15-30, or 15-40 (duplex) nucleotides in length,
roore tvpically about 15-30, 15-25, or 19-25 {duplex} nuclcotides mn length, and is preferably
about 20-24, 21-22 or 21-23 {(duplex) nucleotides in length {(e.g. cach complementary
sequence of the double-stranded siRNA is 13-60, 15-30, 15-40, 15-30, 15-25. or 19-25
aucleotides in length, preferably about 20-24, 21-22, or 21-23 nucleondes 1 length, and the
double-stranded siRNA is about 15-60, 15-50, 15-40, 15-30, 15-25, or 19-25 base pairs in

length, preferably abouot 18-22, 19-20, or 19-21 base pairs in length). Interfening RNA doplexes
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may comprise 37 overhangs of about 1 to about 4 nucleotides or about 2 to about 3 nucleotides
and 37 phosphate termint. Examples of interfering RNA include, without mitation, a double-
stranded polynucleotide molecule assembled from two separate stranded molecules, wheremn
one strand 1s the sense strand and the other 18 the complementary antisense strand; a double-
stranded polynuclootide molecule assembled from a single stranded moleculs, where the sense
and antisense regions are linked by a nucleic acid-based or non-nucleic acid-based linker; a
doublc-strandcd polvnucicotide molccule with a haurpin sccondary structurc having sclf-
complementary sense and antisense regions: and a circular single-stranded polynucleotide
molecule with two or more loop structures and a stem having self-complementary sense and
antisense regions, where the circular polynucleotide can be processed in vive or in vitre to

generate an active double-stranded interfermg RNA molecule.

[0046]  Interfering RNA can be chemically synthesized or generated by cleavage of longer
dsRNA {e. g, dsRNA greater than about 25 nucleotides in length) with the £ cafi RNase 1T or
Dicer. These enzymes process the dsRNA into biologically active interfering RNA (see, e g,
Yang ef i, Froc. Nail Acad. Sci. US4, 99:9942-9947 (2002}, Calegan er ol | Proc. Natl Acad.
Sei. USA, 99:14236 (2002); Byrom er al., Ambion TechNores, 10{1):4-6 (2003}, Kawasak: er
al., Nucleic Acids Res., 31:981-987 (2003); Knight ef al., Science, 293:2269-2271 (2001}; and
Robertson et af., J. Biol Chem., 243:82 (1968}). Preferably, dsRNA are at least 50 nucleotides
to about 100, 200, 300, 400, or 500 nucleotides in length. A dsRNA may be as long as 1000,
1500, 2600, 53000 nucleotides 1n length, or longer. The dsRNA can encode for an entire gene
transcript or a partial gene transcript. In certamn instances, interfering RNA may be encode

by a plasmid {e. g, transcribed as sequences that automatically fold into duplexes with hairpin

foops).

[6047] Each of the interfering RMNA sequences present in the compositions of the invention
may independently comprise at feast one. two, three, four, five, six, seven, eight, ning, ten, or
more “modified sucleotides” such as 27-O-methyl obooucleotides, ¢.2., 10 the sense and/or
antisense strand of the double-stranded region. Such modifications can render the
polynucleotide resistant to nucleases, improve delivery of the polynucleotide to target cells or
tissues, improve stability, reduce degradation, improve tissue distnbution or to unpart other
advantageous propertics. For example, the DNA or RNA polvnucleotide may nclude one or
more modifications on the oligonucicotide backbone (¢.g., a phosphorothioate modification),
the sugar {¢.g., a locked sugar). or the nucloobase. I present, modifications to the nucleotide

structure can be waparted before or after asseoibly of the oligonucleotide. Furtherowre, in order
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to improve the oligonucleotide delivery, the DNA or RNA ohigonucleotide may be packaged

mito a carmer systom {(elaborated below) or be conjugated o a cell-penetrating peptide.

[6048] In some embodiments, each of the interfering RNA sequences described herein may
independently comprise a 37 overhang of 1, 2, 3, or 4 nuclestides in one or both strands of the
mderfering RNA or may comoprise at least one blunt end. In certain jnstances, the 37 overhangs
n one or both strands of the interfering RNA each independently compnse |, 2, 3, or 4 of any
combination of modified and wwnodified deoxythymidine {(dT) nucleotides, 1, 2, 3, or 4 of any
combination of modified and unmodified uridine {U) rbonuclestides, or 1, 2, 3, or 4 of any
combination of modificd and unmodificd ribonuclcotides having complemoentarity to the target
sequence (37 overhang in the antisense strand) or the complementary strand thereof (37

overbang i the sense strand).

[884%] A “antisense strand” refers to the strand of an interfering RNA {e.g.. siRNA} which
mcludes a region that is complementary or substantially complementary {0 a target sequence
{e.g., 2 human phospholamban mRNA}. The region that is “complementary” or “substantially
complementary” need not be fully complementary to the target sequence and may have percent
sequence 1dentity to the target sequence of least 70%, 75%, 80%, 85%, 90%, 93%, or 100%

due to, ¢.g., the presence of a mismatch region.

[B85G] A “sense strand,” as used herein, refers to the strand of an interfering RNA {(e.g.,
siRNA) that mwcludes a region that 1s complementary or substantially complementasy o a

region of the antiscnse strand.

[0S} As used herein, the term “mismatch region” refers to a portion of an interfering RNA
{e.g., siRNA) sequence that does not have 100% complementarity to its target sequence. An
mderfonng RMA may have at least one, two, three, four, five, six, or more gusmatch regions,
The mismatch regions mav be contiguous or may be separated by 1, 2,3, 4,5,6, 7, 8,9, 10,
11, 12, or more nuclectides. The miamatch region may comprise a single nucleotide or may

comprise two, three, four, five, or more nucieotides.

[6052] “Pereent sequence identity” or “porcent idontity” 1s determined by comparing two
optimally aligned sequences over a comparison window, whergin the portion of the sequence
{e.g., a polyoucieatide of the nvention) ut the comparison window may comprise additions or
deletions {(i.e., gaps) as compared to the reference sequence that does not comprise additions
or deletions, for optimal alignment of the two sequences. The percentage is calculated by
determining the number of positions at which the tdentical nucleotide ocours 1 both sequences
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to vield the number of matched positions, dividing the number of matched positions by the total
number of positions in the window of comparison and multiplying the resudt by 100 1o yield

the percentage of sequence dentity.

[0053] The phrase “inhibiting expression of a target gene” refers to the ability of an
mderfering RNA (e g, sikNA) described herein to silence, reduce, or inhibit the expression of
a target gene {e.g., PLN). To examine the extent of gene silencing, a test sample (g, a
biclogical sample from an organism of interest exprossing the target gene or a sample of celis
1 culture expressing the target gene} is contacted with an interfering RNA {e.g.. siRNA) that
silences, reduces, or inhibits expression of the target gene. Expression of the target gone inthe
test sample is compared o expression of the target gene in a control sample (e.2., a biological
sample from an organism of mterest expressing the target gene or a sample of cells in culture
expressing the target genc) that is not contacted with the interfering RNA (e.g., siRNA}
Control samples {e. g, samples expressing the target gene) may be assigned a value of 1009
In particular embodiments, silencing, whibition, or reduction of expression of a target gene 1s
achioved when the value of the tost sample relative to the control sample is about 95%. 0%,
R8%, 8094, T5%, T0%, 65%, 60%, 53%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 10%, 3%, or
0%. Suitable assays include, without hmttation, examination of protein or mRBRNA levels using
techniques konown to those of skill m the art, such as, . g, dot blots, Northem blots, /o sifu
hybridization, ELISA, immuncoprecipitation, cnzvme function, as well as phenotypic assays

known 1o those of skill in the art.

[3054]  As uscd herein, the tommn “kaockdown™ refers to a reduction 1o the oxpression lovel of
the PLN gene. Kuocking down PLY gene expression level may be achieved by reducing the
amount of mRNA transcrnipt corresponding to the gene, leading to a reduction o the expression

level of PLN protein. A knockdown agent is an example of an inhibitor.

[B05S] By “pharmaceutically acceptable,” it 1s meant that the excipient is compatible with

the other ingredients of the formulation and is not deleterious to the recipient thercof.

106561 A “patient” or “subjeoct.” as used herein, 1s mitended to include either a human or non-
human animal, preferably a mammal, e g ) non-human primate. Most preferably | the subject or

=l

patient is a human.

(00577 When a subject is a “carrier of an allele”™ or an “allele carner”, the subject has one or
two genomic copies of the allele. For example, a carrier of the Riddel allele (or R14del allele
carrier, or Rlddel carner)y has one Ridde] muutant allele and one wild-type allele of PLN,
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EX IS

[B058] As used herein, the terms “treatment,” “treating,” and the like, refer to obtaining a
desired pharmacologic and/or physiologic effect. The effect may be prophylactic i erms of
completelyv or partially preventing a discase or symptont thereof and/or may be therapeutic
terms of a partial or complete cure for a disease and/or adverse effect attributable to the disease.
“Treatment,” as used herein, can include treatment resulting in inhibiting the discase, /e,
arresting its development: and relieving the discase, 7 e, causing regression of the disease. For
cxample, in the casc of dilated cardiomyopathy, a response to treatment can include complete
response, partial response, stable disease, progressive disease, progression free survival, or

overall survival.

[608%9] An “effoctive amount” or “therapeutically effective amount” of an interfering RNA
{e.g., siRNA} is an amount sufficient o produce the desired effect, e.g.. an inhibition of
expression of a target sequence in comparison to the nommal expression level detected in the
absence of an miertering RNA . In pasticular embodiments, inhibition of expression of a target
gene or target sequence is achieved when the value obtained with an interﬁ:ring RNA relative
to the control is about 95%, 90% o, B0, 75%, TU%, 65%, 60%, 55%, 50%. 45%, 40%

35%, 30%, 25%, 209, 15%, 10%, 3%, or 0%. Suitablc assays for measuring the oxpression of
atarget gene ortarget sequence include, but are not limited to, examination of protein or mRNA
levels using techniques known o those of skill m the art, such as, e.g., dot blots, Northern blots,
iz ity hybndization, ELISA, immuncprecipitation, enzyme function, as well as phenctypic

assavs known to those of skill i the art.

[3068] The twrm “pharmaccutically acceptable carrics” rofers to a substance that aids the
adnunistration of an active agent {e. g.. an imterfering RNA molecule) to a cell, an organism, or
a subject. “Phammaceutically acceptable carmer” refers to a carmier or excipient that can be
mncluded in the compositions of the disclosure and that causses no significant adverse
toxicological effect on the subject. Non-limiting examples of pharmaceutically acceptable
carriers 1oclude water, sodwm chlonide, normal saline sohrtions, lactated Rumnger’s, normal
sucrose, normal glucose, binders, fillers, disintegrants, lubricants, coatings, sweeteners, flavors
and colors, Hiposomes, dispersion media, microcapsules, cationic lipid carrers, isotonic and
absorption delaving agents. and the ke, The carner may also be substances for providing the
formulatton with  stability, stenlity and isotonicity {e.g, antimncrobial prescrvatives,
antioxidants, chelating agonts and baffers), for proventing the action of sucroorganisms {e.g.,

antimicrobial and antifungal agents, such as parabens, chiorobutanc, sorbic acid and the like)



or for providing the formulation with an edible flavor ere. One of skill in the art will recognize

that other phamaceutical carrters are useful in the present disclosure.

[6061] As used herein, the term “admimstering” or “admimstration” includes any route of
introducing or delivering an agent that inhibits the expression or activity of PLN fo a subject
that 1s a carrier of the Riddel allele. Adununistration can be carried out by any route suitable
for the delivery of the agent. Thus, delivery routes can include, e.g, oral, intranasal,

mtravenous, mtramuscular, intraperitoneal, intraarticular, intradermal, or subcutancous.

[6062] As used herein, the terms “about” and “around” indicate a close range around a
numernical value when used to modify that specific value. If “X” were the value, for example,
“about X7 or “around X7 would indicate a value from 0.9X to 11X e.g., a value from 0.95X
to 105X, or a valuc from 098X to 1 02X, or a valuc from 0.99X to 1 01X Any rcforence to
“about X7 or “around X7 specifically indicates at least the values X, 09X, 091X, 092X,
0.93X, 0.94X, 0.95X, 0.96X, 0.97X, 0.98X%, 0.99%, 1.01X, 1.02X, 1.03X, 1.04X, 1.05X,
1.06X, 107X, 1.08X 1.09X, and 1.1X, and valucs within this range.

HI. DESCRIPTION OF THE EMBODIMINTS

{00631 The presont disclosure provides an mnterforing RNA molecule comprising a double-
stranded region of about 15 to about 60 nucleotides in length, wherein the double-stranded
region comprises a first nucleic acid strand and a second nucleie acid strand, wherein the
mterfering RNA molecule 1s capable of inhibiting expression of the R14del allele but not the

wild-type allele of the phospholamban (PLN) genc.

[8064] Omne tvpe of interfering RNA molecule is siRNA| also known as “small interfering
RMNA™ or “short interfering RNA,” which comprises a double-stranded RNA where one strand
s complementary or substantially complementary o the other strand. One strand s also
complementary or substantially complementary to an mRNA sequence of interest that is a

target for suppression.

[8065]  An artificial nuRNA, also known as an artificial microRNA or a syathetic muRNA,
is another type of interforing RNA molocuole that can be mtroduced into cclls. An artificial
miRNA can be a hairpin pre-miRNA precursor molecule that has been modified to replace the
scguence encoding a mature miRNA with a sequence that encodes a different miRNA that can
target an mRNA of mterest and suppress its expression. See, e.g, Callom and Bonatto,

Scaffolds for Artificial miRNA Expression in Animal Cells, Hum Gene Ther Methods 26: 162+

14



74 {20153 The hairpin pre-miRNA precursor molecule can be >1000 nucleotides long. A

mature miRNA 18 typically around 18 to 24 nucleotides long.

[6066] An amificial miRNA can be designed based on a fully complementary siRNA
sequence, as described, for example, in Betancur et al. miRNA-like duplexes as RNA: triggers
with improved specificity, Front Gener 3:127 (2012}, For some artificial miRNA a 57 6-8
nucleotide long seed sequence in the mature miRNA 1s fully complementary to a sequence in
the target mRNA sequence {e.g., a sequence in the PLAV R14del allele mRNA but not PINWT
alicle mRNA). For some artificial ouRNA, a 57 6-8 nucleotide long seed scquence i the
mature miRNA s substantiallv complementary to a scquence in the target mRNA scqucenee
{e.g., a sequence in the PLN Rlddel allele mRNA but not PINV WT allele mRNA), and may
contain mismatches that enhance unwinding of the duplex and interaction between the mature

miRNA and the RNA-induced silencing complex (RISC). /d

[8867] In certain embodiments, the interfering RNA molecule comprises an siRNA

molecule, an miRNA molecule, or a combination thereof.

[0068] In some embodiments, the second nucleic acid strand is substantially complementary
to the first nucleic acid strand. In other embodiments, the second pucleic acid strand 1s fully
complementary to the first nucleic acid strand. In some embodiments, mismatches within the

double-stranded region promote duplex unwinding,.

[3469] o some embodimenis, the douhle-stranded region is 18 to 24 nucleotides in length.
In some embodiments, the double-stranded region is about 20 to about 30 nucleotides m lengih

In some embodiments, the double-stranded region is about 23 nuclectides in length.

[B6076] Exarople 2 iHusteates a strategy that cao be used to design and select nterforiog RNA
molecules that selectively inhibit expression of Rlddel These mchide siRNA 1) siRNA 2 and
siRNA 3 used i the present disclosure. SEQ ID NO: 3 and SEQ ID NO: 4 are polynucleotide
sequences found in the antisense and sense strand scquences, respectively, that are conunon to

these three siRNAs.

00711 In some emboduments, the fust nuclec acud strand has at least 90% identity ez, at
least 909, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity) to SEQ ID
N 3 In some embodimoents, the first nucleie acid strand compriscs SEQ 1D NG: 3. In some

embodiments, the second nucleis acid strand has at least 909 identity {¢.g., at least 96%, 91%,

[
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92%, 93%, 949%, 93%, 96%, 97%, 98%, 99%, or 100% identity) to SEQ 1D NO: 4. In some

embeodiments, the second mucleic acid strand comprises SEQ [D NGO 4.

[6072] SEQIDNG: 5 and SEQ D NG: 6 are polynucleotide sequences found in the antisense
and sense strand sequences, respectively, of siRNA 1. In some embodiments, the first nucleic
acid strand has at least 90% identity {e.g., at loast 90%, 9194, 92%, 93%, 94%, 959, 9656, 97%,
98%, 99%, or 100% identity) to SEQ 1D NG: 5. In some embodiments, the first nucleic acid
strand comprises SEQ ID NG 3. In some embodiments, the first nuclerc actd strand has at east
90% identity {e.g.. at loast 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%. 99%, or 100%
identity) to SEQ D NO: 6.

[06073] SEQID NG 7and SEQ 1D NQO: 8 are polynucleotide sequences found 1o the antisense
and scnsc strand scquences, respectively, of siRNA 2. In some cmbodimoents, the first nucleic
acid strand has at least 90% 1dentity {e.g., at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%

98%, 99%, or 100% identity) to SEQ 1D NQG: 7. In some embodiments, the first nucleic acid
strand comprises SEQ ID NO: 7. In some embodiments, the first nucleic acid strand has at keast
0% identity {e.g., at least 0%, 1%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100%

identity) to SEQ D NGO 8.

[8874] SEQ ID NO: 9 and SEQ 1D NO: 10 are polbynucleotide sequences found n the
anfisense and sense strand sequences, respectively, of siRNA 3. In some embodiments, the first
nucleic acid strand has at feast 90% wdentity .2, at Ieast B0%, 91%., 929, 93%, 94%, 859,
96%, 97%. 98%, 99%, or 100% identity) to SEQ iD NGO 9. In somc cmbodiments, the first
rucleie acid strand comprises SEQ 1D NQO: 9. In some embodiments, the fust nucleie acid
strand has at least 90% identity {e.2., at least 90%, 91%, 92%, 93%, 4%, 95%, 6%, 97%
98%, 99%. or 100% identity} to SEQ 1D NG 10 In some embodiments, the first nucleic acid
strand comprises SEQ 1D NG: 10

{80731  As shown in Examples 3. 4, and 3, RNA interfering molecule-mediated knockdown
of phospholamban in cardiac muscle cells derived from heterozygous patient carriers can be

hughly allele~specific, resulting 1 a sigruficant increase 10 the WE/R 14del allele ratio.

[6076] In some embodiments, the interfering RNA molecule described herein includes
optional 3 overhangs i a nucleic acid strand and/or wmeorporation of modified nucleotides
{see, ez, Selvam ef of., Recent Trevds Chem. Biol. Drug Des., 90: 665-78 {2017)). In particular

embodiments, the interfering RNA molecuale comprises a 37 overhang in the fivst nucleic acid
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strand and/or the second nucleie acid strand. In particular embodiments, one or more of the

nucleotides in the double-stranded region comprise modified nucleotides.

(68771 In some embodiments, the first nucleic acid strand or the second nucleic acid strand
comprises a 57 6 to 8 nucleotide long sequence fully complementary to a sequence mn the Rlddel
allcle mRNA but not WT allele mRNA of LN, In some embodiments, the first mucleic acid
strand or the second nucleic acid strand comprises a 57 6 to 8 nucleotide long sequence
substantially complementary 10 a sequence in the Riddel allcic mRNA but not WT allele

mRNA of PLN.

[6078] Interfering BNA molecules are activated o suppress gene expression in the
cvioplasm. In order to reach these arcas or target cells, interfering RNA molecules must face
scveral challenges, including stability against scrum nucleascs, avouding imymunc rocognition,
reaching the target cells without being cleared, and entering target cells while effectively
escaping endosomes and lyvsosomes. In some embodiments, an mierfering RNA molecule
without a carrier system may be used, and in vive delivery relies upon modifications to enable
the interfering RNA molecule to be resistant to enzyme degradation and/or targeted local

mjection.

[80797  In some embodiments, the miertering RNA molecule further comprises a carrier
gvstemn. Also provided is a pharmaceutical composition comprising a carrier system to deliver
the mierfering RNA molecale to a target cell where it can inhubit gene expression. The carrier
systcm may comprisc lipid or hpidoid nanoparticles that protect the nucleic acid payload {e.g.,
siRNA) trom, for example, nuclease attack and renal clearance. Systemic delivery for in vive

therapy, e.g., delivery of a nucleic acid to a distal target cell via body systems such as the

D

circulation, has been achieved using nucleic acid-lipid particles such as those described in PCT
Publication Nos. WO 03/007196, WO 05/121348, WO 05/120152, and WO 04/002453, the
disclosures of which are herein incorporated by reference in their entirety for all purposes. In
some embodiments, the interfering RNA molecule is delivered using fully encapsulated hpid
particles that protect the nucleic acid {e. g, siRNA) from nuclease degradation in serum, are

non-tonmunogenic, are small 1o size, and are suitable for repeat dosing.

[B080]  Insome embodiments, the carrier svstem may comprise DPC ™ and TRIM ™ delivery
platforms that vse a polvimer backbone attached to the interfenug RNA, a shuelding agent, and
targeting ligand, and/or a cholesterol modification on the interfering RNA. The carmrier system

may comprise Local Drug Fluter (LODERTM ™) and/or siGI12D-LODERTM ™ gvstems that

[y
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use a biodegradable polymer matrix. The carrier system may comprise other systems as
described in Hu er ol Signal Transducion and Targeted Therapy, 5. 101 (2020), such as the

polymers PEL PTMs, GDDC4, and PAsp (DET).

In vivo administration

[6081] Forim vive administration, adoinistration can be in any manner known inthe art, e g
by injection, oral administration, inhalation {e.g, intransal or mtratracheal), transdermal
application, or rectal admuustration. Admmistration can be accomplished via single or divided
doses. The pharmaceutical compositions can be adminisiered parenterally, i e | mtraarticulardy,
intravenously, intraperitoneally. subcutanecusly, or intramuscularly. In some embodiments,
the pharmmaceutical compositions are adouunistercd mtravenously or rotraperitoneally by a bolus
mjection {see, e g, U5, Patent No. 5,286,634}, Intracellular nucleic acid delivery has also
boen discussed in Straubringer ef ol Methods Fnzymol ) 101512 (1983}, Mannino ef af
Biotechniques, 6682 (1988}, Nicolau er al., Crir. Rev. Ther. Drug Carrier Syst., 6:239 (1989);
and Behr, Ao Chem. Hes,, 26:274 {1993},

16082} The pharmaceutical compositions descnbed herein, either alone or in combination
with other suitable compovnents, can be ruade joto acrosol formulations {fe., they can be
“nebulized™) to be admimstered via whalation {(e.g., mmtranasally or intratracheally} {see,
Brigham ef af ) Am. J Sci 298278 (19891 Acrosol formudations can be placed into
pressurized acceptable propeliants, such as dichlorodifiuoromethane, propane, nitrogen, and

the like.

160831 In ccertain emboduncents, the pharmacoutical compositions may be debivered by
intranasal sprays, inhalation, and/or other acrosol delivery vehicles. Methods for delivering
micleic acid compositions directly to the Tungs via nasal aerosol sprays have been described,
e.g., i U.S. Patent Nos. 5756353 and 5,804,212, Likewise, the delivery of drugs using
miranasal microparticle resing and  lyvsophosphatidvi-giyecrol compounds (U S, Patont
5,725 871) are also well-known i the pharmaceutical arta.  Similarly, transmucosal drug
delivery in the form of a polytetrafluoroctheylene support matrix 1s described in U5, Patent
No. 5,780,045, The disclosures of the above~-described patonts are herein incorporated by

reference in thewr entirety for all purposcs.

(60841 Formulations swtable for parenteral admimstration, such as, for example, by
intraarticular (in thce joints), intravenous, mtramuscular, intradermal, intraperitoncal, and

subcutancous routes, include agueous and non-agueocus, isotonmic sterile mjection solutions,
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which can contain antioxidants, buffers, bacteriostats, and solutes that render the formulation
wisotonic with the blood of the mtended recipient, and agueous and non-aquecus sterile
suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers, and
preservatives. In the practice of this invention, compositions are preferably admmistered, for
example, by intravenous infusion, orally, topically, istraperitoneally, intravesically, or

intrathecally.

[3085] Generally, when administered intravenously, the pharmaceutical composiions are
formudated with a phamaceutically  acceptable carrter {or camier gystem}  Many
phammaccutically acceptable carricrs may be cmploved in the compositions and mcthods of the
present invention. A pharmaceutically acceptable carrier may contain one or more excipients.
An excipient is a substance that awds the adminmistration of an active agent to a subject.
Pharmaceutical excipients useful in the compositions include, but arc not limited to. binders,
fillers, disintegrants, lubnicants, glidants, coatings, sweeteners, flavors and colors. Suitable
formulations are found, for example, m REMINGTON'S PHARMACEUTICAL SCIENCES,
Mack Publishing Company, Philadelphia, PA, 17th ed. (1985}, A varicty of agucous carriers
may be used, for cxample, water, buftfercd watcr, 0.4% saline, 0.3% glycine, and the like, and
may include glycoproteins for enhanced stability, such as albumun, lpoprotein, globulin, ere.
Generally, normal buffered saline (135-150 mM NaCly will be employed as the
pharmaceutically acceptable carrier, but other suitable carmers will suffice.  These
compositions can be sterilized by conventional liposomal sterilization techniques, such as
filtration. The compositions may contain pharmaceutically acceptable anahary substances as
requured to approximate physiological conditions, such as pH adjusting and buffering agents,
fonicity adjusting agents, wetting agents and the like, for example. sodium acetate, sodium
factate, sodium chlonde, potassium chlonde, calcnnm chlonde, sorbuan monolaurate,
tricthanolamine oleate, efc. These compositions can be sterilized using the techmiques referred
to above or, alternatively, they can be produced under sterile conditions. The resufting agueous
solutions may be packaged for use or filtered under aseptic conditions and lvophilized, the

tyvophilized preparation being combined with a stenile agueous solution prior to adnunistration.

[6086] Tn certamn applications, the phamaceutical compositions disclosed herein may be
delivered via oral adnunistration to the individual, The pharmaceutical compositions may be
incorperated with oxeipionts and used in the form of ingostible tablots, buccal tablets, troches,
capsules, pills, lozenges, elixirs, mouthwash, suspensions, oral spravs, syrups, wafers, and the

bike {see, e.g, U.S. Patent Nos. 5,641,515, 5,580,379, and 5,792,451, the disclosures of which
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are herein incorporated by reference in their entirety for all purposes). These oral dosage forms
may also contaim the following: binders, gelaiing excpients, lubricants, and/or flavoring
agents. When the unit dosage form is a capsule, it mav contain, in addition to the matenals
described above, a liquud carrer. Various other materials may be present as coatings or to
otherwise modify the physical form of the dosage unit. Of course, any material used
preparing any unit dosage form should be phammaceutically pure and substantially noon-toxic

the amounts cmploved.

168871  Naturally, the amount of pharmaceutical compogition in ¢ach therapoutically useful
composition may be prepared is such a way that a suitable dosage will be obtained in any given
unit dose of the compound. Factors such as solubility, bicavailability, biclogical half-hife, route
of admimstration, product shelf hife, as well as other pharmacological considerations will be
contemplated by one skilled in the art of preparing such phammaceutical formulations, and as

such, a variety of dosages and treatment regimens may be desirable.

16088]  Formulations suitable for oral administration can consist of: {a) iquid solutions, such
as an effective amount of a packaged therapeutic nucleic acid (e g, interfering RNA) suspended
in diluents such as water, saling, or PEG 400; (b} capsules, sachets, or tablets, cach containing
a predetermined amount of a therapeutic nucleic acid {e.g., mterfering RNA), as hguids, solids,
granules, or gelating {¢) suspensions in an appropriate ligmd; and (d) suitable cmulsions. Tablet
formas can inchide one or more of lactose, sucrose, mannitol, sorbitol, calcium phosphates, com
starch, potato starch, microcrystalline cellulose, gelatin, collowdal silicon dioxide, tale,
magnesiium stearate, stearic ackd, and other oxeipiconts, colorants, fiflers, binders, dilucnts,
buffering agents, noistening agents, preservatives, flavoring agents, dves, disintegrating
agents, and phamaceutically compatible carriers. Lozenge forms can comprise a therapoutic
nucleic acid {e. g, interfering RNA} in a flavor, e g, sucrose, as well as pastilies comprising
the therapeutic nucleic acid i an inert base, such as gelatin and glycerin or sucrose and acacia
croulsions, gels, and the like contaiming, 1o addition to the therapeutic nuclewc acid, carners

known m the art.

160891 The avwunt of phamaceutical corpposition admimstered will depend upou the ratio
of therapeutic nucleic acid {e. g, interfering RNA) to carrier, the particular therapeutic nucleic

acid ased, the disease or disorder being treated, the age

[=hab]

weight, and condition of the patient,

and the judgment of the chinician.
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in vitroe Administration

[0020] For im virro applications, the delivery of therapeutic nucleic acids {e.g.. interfering
RNA} can be to any cell grown in culture, whether of plant or amumal ongin, vertebrate or
mvertcbrate, and of any tissuc or type. In particular cmbodiments, the colls arc animal ccils,

¢.g.. mammalian celis such as human cells.

(80911 Contact botween the colls and the therapoutic nucleie acids (e g, interforing RINA)Y,
when carnied out i vitro, takes place 1 a biologically compatible medium. To the oxtent that
tissue culture of cells may be requared, it 1s well-known 1o the art. For example, Freshney,
Culture of Amimal Cells, a Manual of Basic Technigue, 3rd Ed., Wiley-Liss, New York (1994},
Kuchler et ol | Biochemical Meihods in Cell Culture and Viralogy, Dowden, Hutchinson and
Ross, Inc. (1977), and the references cited therein provide a general guide to the culture of
cells. Cultured cell systems often will be in the form of monolavers of cells, although cell

suspensions arc also uscd.

[88922] The present disclosure also provides a pharmacestical composition comprising any

siRNA molocule deseribed herein and a pharmaccutically acceptable carricr,

(00931 The present cdisclosure also provides a method for mtroducing an mterfening RNA
molecule that is capable of inhibiting the expression of the Riddel allele of the PIN gene in a
cell, wherein the method comprises contacting the cell with any interfering RNA molecule
described herein or any pharmaceutical coraposition described herein. in some emnbodiments,
the cell is a cardiac muscle cell. In some embodiments, the cell s in a subject. In some
embodimenis, the subject is a carner of the Rlddel allele of the FPILN gene. In some
emboduncnts, the subject has been diagnosed with cardiomyopathy. In sonme emboduncents, the

subject is a human.

(00941 In some cmbodiments, the mterfering RNA molecule does not affect the contractdty
and/or action potential of a cardiac muscle cell. As shown in Example 6, the siRNAg tested had
no apparent negative effects on either the contractility or action potential of iIPSC-CMs. In
some embodiments, the interfering RNA molecule has a positive effect on the contractility
and/or action potontial of a cardiac muscle cell. Such a positive effect could include an
mprovement i the regularity of the wavetorm, the duration of the action potential, and/or the
amplitude of the action potential.

[0095]  The present disclosure also provides a method for i vive delivery of an mterfering
RNA molecule that is capable of inhibiting the expression of the Rl4ddel allele of the PLN gene
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m a cell of a subject, the method comprising administering to the subject any siRNA molecule
described herein or any pharmaceutical composition described herein. In some embodiments,
the cell is a cardiac muscle cell. In some embodiments, the subject is a carmier of the Riddel
allele of the PLN gene. Tn some embodiments, the subject has been diagnosed with

cardiomyopathy. In some embodiments, the subject is a human.

[8095] The present disclosure also provides a method for treating cardiomyopathy n a
subject carrying the Rlddel allele of the PLN gene, the method comprising admunistering o
the subject a therapeutically cffective amount of any interforing RNA molecule descabed

herein or any pharmaccutical composition described heremn.

(8097 The present disclosure also provides a method for lowenng the hikelihood of at least
onc of mahignant arrhyvthmias, sudden cardiac death, and/or a hcart transplant m a subjoct
carrving the Riddel aliele of the LNV gene, the method comprising admunistering to the subject
a therapeutically effective amount of any mterfering RNA molecule described herein or any

phammaceutical composttion described herein.

[00%8] In some embodiments, the administration is sclecied from the group consisting of
oral, intranasal, mtravenous, intraperitoncal, intramuscular, mtraarticular, intralesional,
subcutancous, and intradermal. In some embodiments, the subject bas been diagnosed with

cardiomyvopathy. In some embodiments, the subject 18 a human.

V. EXAMPLES
(60991 The subject matter of the present disclosure will be descnibed m greater detail by way
of specific examples. The following examples are provided to illustrate, but not to himit, the

claimed subject matier.

Example 1. Muaterials and Methods

[B100]  Specific oligonnciectide sequences used, SEQ 1D NG: 1 and SEQ ID NO: 2 show
refercnce sequences used to design small-interfering RNAs (siRNAs) that target the Riddel
mutant allcle but not the wild-type (W) allcle of PLN. siRNAs were designed as 27-mer
duplexes based on Kam, DH., er of. (Nat Biorechnol 2003, 23, 222-226). We used the PIN
mutant sequence as a reference that includes a 3 bp deletion in exon 2 of the LN gene

INM_002667 3(PLNY:c.40_42delAGA (p.R14del)].

18181} AMeasuring allele-specific mRNA knockdown, Patient-specific induced plunpotent

stemy cells (1PSCs) carrying a heterozygous PLAN ¢40 42delAGA  {(pRlddely were
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differentiated into cardiomyocytes. Thirty days post differentiation, iPSC-cardiomyoeytes (1.0
x 10%) were seeded in 6-well plates in antibiotic-free medium and transfected with 30 pmol of

SiRNA (siRNA 1, siRNA 2, siRNA 3 or sm

reagent (Thermofisher Scientific). In parallel, iPSC-cardiomyocytes derived from a healthy

donor (WT PLN} were transfected with siRNA as controls.

[8182] At 96 h after the transfections, cells were collected for RNA extraction. Total RNA
was extracied with the RNeasy kit {Quagen), and the ¢DBNA was synthesized with a random
primer with the MultiScribe reverse transcriptase kit {(ThermoFisher Scientific). Total PLN
cxpregsion was asscssed by real time guantitative PCR detoction using a PLN specific TagMan
probes. The reactions were run in 2 biological and 4 technical replicates per hine in an

QuantStudio 7 Flex system (Applied Biosystems).  The results were analvzed by the 2

AACT method normalized to 18s endogenous control.

18183} Contractility measurements. The 1PSC-UMs were seeded 1ina 384-well plate ata cell
density of 2x10 cells per well and transfected with siRNAs (10nM duplex concentration) using
Lipofectamine RNAimax reagent (Thermo Fisher Scientific). After 2 days the 1PSC-CMs were
stained with tetramethyirhodamine, methyl ester (TMRM) (Marker Gene Technologies)
diduted 0 RPMI 1640 medium supplemented with B27 at a final concentration of 400 oM to
stain the mitochondria. Fluorescent high-speed movies were recorded from ecach well using
the IC200 Kinetie Imaging Cyiometer {Vala Scionces) at an acquisition frequency of 100 Hz
at 20x magmitication for a duration of 10 seconds. Contractility was assessed by analvzing the

movics using a custom particle image velocity software.

[8164]  Action Potentivl measurements, The 1IPSTC-CWMs were sceded moa 384-well plate at a
cetl density of 2x10° cells per well and transfected with siRNAs (10nM duplex concentration)
using Lipofectanine RMNAumax wagent (Theomo Fisher Scientific). After four days the iPSC-
CMse were incubated with the VF2.1.Cl voltage-sensitive dve (Liafe Technologies) diluted
FluoroBrite DMEM media (Gibeo) for 30min at 37°C. After incubation, cells were washed
four times in FluoroBrite and time series images were acquired automatically using the 1C200
KIC ostrument (Vala Sciences) at ao acqusition frequency of 100 Hz for a duration of 10
seconds. The voltage image analvsis and phyvsiological parameter calculation were conducted

using commerciadly available Cyteaser software (Vala Sciences).

[8188] Transcription Profiling. Sequencing libraries were generated using the NEBNext

Ultra Directional RNA Library Prep Kit for Humina. Clustering of the mdex-coded samples
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was performed on a ¢Bot Cluster Generation System using TruSeq PE Cluster Kit v3-cBot-HS
(Hluming). Sequencing was carried out on an {umina HiSeq plaiform. For cach sample n the
whole trasscriptome sequencing library, 30 to 40 million 150-base pair paired-end reads were
acquired. Raw sequence data were checked for guality with FastQC (version 0.11.5), and
results were aggregated with MulaQC. Sequence data were aligned to the human genome
{hg38) using STAR {version 2.5 1b} with ENCODE options for long RMNA-seg pipeline.
Alignment results were asscssed using Samtools and aggregated with MultiQC (version 0.9).

Uniquely mapped reads were guantified using featureCounts {version 1.28.0}).

Exomnple 2. Allele-Specific SIRNA-based Approach

[8106] <iRNAs that target Riddel phospholamban  allele transcripts but not WT
phospholamban allele transeripts in Rl4ddel iPSC-CMs were designed as shown in FIG. 1.
PSC-CMs contatung only WT phospholamban were used in control expeniments. After
transfection, PLN mRNA expression was monitored, as well as the ratios of WT and Rliddel

alicles. Functional assays were then porformod o assess contractility and clectrophysiology.

Example 3. SIRNA-mediated knockdown of PLN Riddel mRNA in IPSC-derived
cardiomyocytes (IPSC-CMs}

18167} A significant decrease in the expression of PLN mRNA was observed in PLN Riddel
cardiomyvocytes treated with siRNAs 1, 2 and 3 compared to negative control siRNA -treated
cells (FIG. 2, top panels). In contrast, treatment with siRNAs 1, 2, and 3 had hittle effect onthe
PLN mRNA expression in WT control iPSC-derived cardiomyocytes (FIG. 2, bottom panels).
These data demonstrate that siRNAg 1, 2, and 3 that target the Rlddel allele inhibited the
exprossion of PLA mutant allcles without suppressing the expression of the corresponding WT

PLN allele.

Exagmple 4: siRNAs tergeting the R14del allele exhibil allele-specific silencing
properties in patient-specific iIPSC-CMs

[0108] The abundance of mutant and WT PLN alleles in Riddel 1PSC-CMs was measured
following treatment with siRNA 1, 2. 3 or ncgative control in PLN Rlddel iPSC
cardiomyocytes. The PLN region flanging the mutation was PCR amplified and the allele

abundance was assessed by next gencration amplicon sequencing. As

siRNAg 1, 2, and 3 that targeied the Riddel allele ox
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Examplie 5: RN4seq analysis of PLN Ri4del iPSC-CMs transfecied with siRNA 3 show
a significant decreuse in the expression of the mutant allele and o high WT/Ri4del
aflele ratio

[0109] Whole transcriptome RNAscq was used to validate the allcle-specific silencing
propertics of s1IRNA 3 and to assces the ratio of WT to mutant PLN. FIG. 4A shows that there
is an absolute difference 1n the counts per million reads (CPM) as measure of LN expression

when 1PSC-CMs are treated with siRNA 3 versus an siRNA control

(0118  As shown i FIG. 4B, the ratio of WT to mutant alleles in (PSC-CMg carrying a
heterczygous PLN (p. R14del} was arcund 60% when ceolls were transfected with a control
siRNA (right hand, columns 1-3}, whereas the ratio i cells transfected with siR14.3 was

around 80% {left hand, columnsg 4-8).

Example 6. No adverse functional effects of siRNAmediated Riddel silencing in vitro
(0111  High throughput optical contractility assay and high throughput optical voltage assay
were performed to mmvestigate 1 there are any adverse functional effects of siRNA-mediated

R14de] sifencing in iPSC-CMs.

[6112] Forthe high throughput optical contractility assay, both WT and PLN Riddel laPSC-
CMs were separately plated on Matrigel at 25,000 cells per well of a 384-well plate and
transfected with 50M of siRNAs 1, 2, 3, or non-targeting control siRNA {s1-Ctrl} or without a
siRMNA {mock) using Lipofectanine RNAwnax transfection reagent. After 48 or 96 hours, the
cells were washed with FluoroBrite DMEM and labelled with tetramethyirhodamine methyi
ester dve. Tume-series images were then awtomatically acquired using an ({2006 KiC
mstninment (Vala Scicnces) at an acquisition frequency of 33 Hz for a duration of 10 scconds.
The wnage analysis and contractility parameters were calculated using custom particle image
velocity software. As shown in FIG. 5, the force of contraction was comparable between neg
siRNA and siBRNA-treated WT 1PST-CMs, and between neg siRNA and siRNA-treated PLN
R14del 1PSC-CMs. These findings indicate that knockdown of the PLN R1

| mutant allele

does not have a detrimental effect on the phyvsiology of the cells.

[6113] For the high throughput optical voltage assay, both WT or PLN R14del hiPSC-CMs

were plated separately on Matrigel at 25,000 cells per well of a 384-well plate and transfocted

N
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with SnM of siRNAzs 1, 2, 3, or non-targeting control siRNA (Neg siRNA) using Lipofectamine
RNAimax transfoction reagent. After 96 hours, the cells were washed with FhuoroBrite BDMEM
and Joaded with the VF2. 1.Cl dye with Hoechst 33258 {Life Technologies) by incubation at
37°C for 50 manutes. After incubation, the cells were washed four times in FluoroBrite DMEM
media. Time serics images were then acquired automatically using the IC200 KIC instrument
{Vala Sciences} at an acquisition frequency of 33 Hz for a duration of 10 seconds. The voltage
tmage analysis and clectrophysiological paramcter calculation were conducted using the
Cytesecr software {Vala Sciences). As shown in FIG. 6, the action potential waveformas were
normal and comparable between the neg-siRNA and siRNAs-treated WT 1PSC-CMs, and
between the neg-siRNA and siRNA-treated PLN Rl4de] iPSC-CMs. These findings indicate
that the knockdown of the PLN Riddel mutant allele does not have a detrimental effect on the

clectrophysiclogical properties of the cells.

[8114] These findings demonstrate that there was no significant effoct of tRNA 1, 2, or 3

on contractility and action potential of the 1PSC-CMs.

Example 7. Treatiment with siRNA 3 restores condractility in Engineered Heart
Tissues {EHTs} generated from PLN RI4del iPSC-CMs,

61151 Skin fibroblasts from a patient carryving the PLN Riddel allele were reprogrammed
1o human iPSCs asing the CytoTune TM-iPS 2.0 Sendar Reprogramming Kit. The hiPSCs were

differentigted o cardiomyooyies using a small molecule Wat-activation/inhibition protocol.

[8116] Three-dimensional engineered heart tissues (3D-EHTs) were generated in agaross
casting molds using solid silicone racks (EHT Technologies). Briefly, about 1x10° iPSC-CMs
weore suspended in a fibrin hydrogel {100 ull total} composed of 10 pl Matrigel {Corming), 5
mg/ml. bovine fibrunogen supplemented with 0.1 mg/mL aprotinin (Sigma Aldrich) and 3
Us/mL thrombin {Sigma Aldrich). sitRNA 3 or an siRNA control {5 nM} was muxed with
Lipofectamine RNAimax transfection reagent and added in the hvdrogel. Once polvmerized,
the silicone racks with the nowly formced fibrin gels woere cultured for 4 weeks in culture
medium consisting of DMEMRPMI media (1:1) supplemented with 0.25% dialvzed fetal
bovine serumn (JR Scientific), 0.5x B27 supplement (Gibeo), 5% knock-out serum replacement

{Gibeo).

(61171 Contractility measurements were performed via video recording.,  Videos of the
deflecting posts were recorded at 75 frames/s at 4-weceks after the EHTs were made. The video

recordings were processed by a custorn Imaged too! and the absolute force values were dertved
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from cahibrated measurements of post displacement using a custom Python script by
constdering an ¢lastic modulus of 1.7 MPa, a post radius of 0.5 mm and a distance between

posts {length) of 10 mm.

[0118] A significant increase was observed in the contractile force of the EHTs treated with
siRMNA 3 compared to the siRNA control (FIG. 7). demonstrating that the allelic-specific
knockdown of the PLN Riddel mutant allele can restore the contractile deficit associated with

the Riddel-caused dilated cardiomyopathy (BCMj).

Y. EXEMPLARY EMBODIMENTS

(6118} Exemplary embodiments provided m accordance with the presently disclosed subject

matter mohude, but are not himited to, the claims and the following embodiments:

[8128] Embodiment |, An interfering RNA molgcule comprising a double-stranded region
of about 15 1o about 60 nuclestides mn length, wherein the double-stranded region comprises a
first nucleic acid strand and a second nucleic acid strand, wherein the imterforing RNA molecule
is capable of wshibiting expression of the Riddel allele but not the wild-type allele of the

phospholamban (PLN) gene.

[8121] Embodiment 2. The interfering RNA molecule of embodiment 1, wherein the
mterfering RNA molecule comprises an siRNA molecule, an artificial miRNA molecule, or a

combination thereof.

(6122} Embodiment 3. The mterfering RNA molecule of embodiment 1 or 2, wheremn the
second nucleic acid strand is substantially complementary to the first nucleic acid strand.
[8123] Embodiment 4. The mterfering RNA molecule of any one of embodiments | 1o 3,

whercin the sceond nucleic actd strand is fidly complomentary to the first nucleic acid strand.

[3124] Embodiment 5. The wterfering RNA molecule of any one of embodunents | to 3,

wherein mismatches in the double-stranded region promote duplex pnwinding.

[8125] Embodiment 6. The mterfering RNA molecule of any one of embodiments 1 1o 3,

wherein the double-stranded region is about 20 to about 30 nucleotides in length.

[3126] Embodiment 7. The wterfering RNA molecule of any one of embodunents | to 6,

wherein the double-stranded region 1s about 25 nucleotides n length.

[8127] Embodiment 8. The mterfering RNA molecule of any one of embodiments 1 1o 3,

wherein the first nucleic acid strand has at least 90% identity to SEQ ID NO: 3.
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[8128] Embodiment 2 The mnterfering RNA molecule of embodiment 8, wherein the first
nucleic acid strand comprises SEQ ID NO: 3.

[612%8] Embodiment 10 The mterfering RNA molecule of embodiment 8 or ¢, wherein the
second nucleic acid strand has at least 90% 1dentity to SEQ ID NO: 4.

[8136] Embodiment 11. The mterfering RNA molecule of embodiment 10, wheremn the
second nucleic acid strand comprses SEQ D NG 4.

[6131] Embodiment 12, The interfering RNA molecule of any one of embodiments 1 to 3,
wherein the first nucleic acid strand has at least 90% identity to SEQ ID NO: 5.

[8132] Embodiment 13. The interfering RNA molecule of embodiment 12, wherein the first
nucleic acid strand comprises SEQ ID NO: 5.

[6133] Embodiment 14 The interfering RNA molecule of embodiment 12 or 13, wherein the
second nucletc acid stvand has at least 90% identity to SEQ 1D NG: 6.

[8134] Embodiment 15. The interfering RNA molecule of embodiment 14, wherein the
second nucleic acid strand compnses SEQ 1D NG: 6.

[6138] Embodiment 16. The interfering RNA molecule of any one of embodiments 1 to 3,

wherein the first nucleic acid strand has at Teast 909 wdentity to SEQ ID NO: 7.

[8136] Embodiment 17. The interfering RNA molecule of embodiment 16, wherein the first

nucleic acid strand comprnses SEQ 1D NG: 7.

31371 Embodiment 18 The interfering RNA molecule of embodiment 16 or 17, wherein the

second nucleie acid strand bas at least 90% identdy to SEQ 1D NO: 8.

[6138] Embodiment 19. The interfering RNA molecule of embodiment 18, wherein the

sccond nucleic acid strand comprises SEQ 13 NO: 8.

[313%] Embodiment 20. The interfering RNA molecule of any one of embodiments 1 to 3,

wherein the first nucleie acid strand has at feast Y0% wentity to SEQ D NO: 9.

(6148} Embodiment 21. The interfering RNA molecule of embodiment 20, wherein the first

nucleic acid strand comprises SEQ D NO: 6.

(#1431} Embodiment 22, The interfering RNA molgcule of embodiment 20 or 21, wherein the

second nucleic acid strand has at least 90% identity to SEQ 1D NO: 10
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[8142] Embodiment 23. The mterfering RNA molecule of embodiment 22, wherein the

>

second mucleic acid strand compnses SEQ 1D NO: 10

[6143] Embodiment 24 The interfering RNA molecule of any one of embodiments 1 1o 23,
wherein the mterfering RNA molecule comprises a 37 overhang in the first nucleic acid strand

and/or the sccond nucleie acid strand.

[6144] Embodiment 25. The mterfering RNA molecule of any one of embodiments 1 to 24,
wherein one or more of the pucleotides in the double-stranded region comprise modified

nucleotides.

(86145 Embodiment 26. The interfering RNA molecule of any one of embodiments 1 to 25,

further comprising a carrier systent.

[#146] Embodiment 27. A pharmacecutical composition comprising an ioterfering RNA

molecule of any one of embodiments | to 26 and a pharmaceutically acceptable carmier.

[8147] Embodonent 28, A method for intreducing an interfering RNA molecule that is
capable of mhibiting expression of the Ri4del allele of the PLIN genc in a cell, the method
comprising:

contacting the cell with the nterfering RNA molecule of any one of

embodiments 1 to 26 or with the pharmaceutical composition of embodiment 27.

[0148] Embodonent 29. The method of embodiment 23, wherein the cell s a cardiac muscle
ceth.

(8149} Embodiment 30, The method of embodiment 29, wherein the cell 1s a cardiomyocyte.

(0138 Embodiment 31, The method of any one of embodiments 28 to 30, wherein the cell

is in a subject.

(01511 Embodunent 32, The method of embodiment 31, wheremn the subject 15 a camier of

the Riddel allele of the PLN gene.

161521 Embodiment 33, The method of embodiment 31 or 32, wherein the subject has been

diagnosed with cardiomyopathy.

(01531 Ewmbodunent 34, The method of any one of embodiments 31 to 33, wherein the subject

1s a human.
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[8154] Embodiment 35. The method of any one of embodiments 28 to 34, wherein the
mterfering RNA molecule does not affect the contractibity and/or the action potential of the

cardiac muscle cell.

[01585] Embodoment 36. The method of any one of embodiments 28 to 34, whersin the
mderfering RNA molecule bas a positive effect on the contractility and/or the action potential

of the cardiac muscle cell.

i3156] Embodiment 37, A method for 7 vive delivery of an imterfering RNA molecule that
is capable of inhibiting expression of the R14del allele of the PLN gene in a cell of a subject,
the method comprising:

admimstering to the subject the interfering RNA molecule of any one of

cbodiments 1 to 26 or the pharmaccutical composition of combodunent 27.

131577  Embodiment 38, The mothod of embodiment 37, wherein the cell 1s a cardiac muscle

coll

[8158] Embodmment 39. The method of embodiment 37 or 38, wherem the subject is a carrier

of the Ri4del allcle of the PLIN gene.

13159 Embodiment 40, The method of any one of embodiments 37 to 39, whercin the subject

has been diagnosed with cardiomyopathy.

(8168 Embodonent41. The method of any one of ecmbodiments 37 to 40, wherem the subject

1s a human.

j8161] Embodunent 42, A method for treating cardiomyopathy in a sabject carrving the
R14del alliele of the PLN gene. the mathod comprising:

admimstering to the subject a therapeutically effective amount of the interfenng
RNA molecule of any one of embodiments 1 to 26 or the phammaceutical composition of

embodiment 27

i3162] Embodiment 43, A method for lowering the likelihood of at least one of malignant
arthvthnuas, sudden cardiac death, and/or a heart transplant in a subject carrving the Riddel
allele of the PLN gene, the method comprising:

admumstering to the sabject a therapeutically effective amount of the interfening
ENA molecule of any one of embodiments 1 to 26 or the pharmaceutical composition of

P,
i
i
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[8163] Embodiment 44. The method of embodiment 42 or 43, wherein the subject has been

diagnosed with cardiomyopathy.

[6164] Embodiment45. The method of any one of embodiments 42 to 44, wherein the subject

is a human.

[8165] Embodiment 46. The method of any one of embodiments 37 to 45, wherem the mode
of admimstration is selected from the group consisting of oral, intranasal, intravenous,
mtraperitoncal, intramuscular, idraarticular, mtralesional, subcutancous, and wtradermal.

[0166] Although the foregoing disclosure has been described in some detail by way of
ilustration and example for purposes of clarity of understanding, onc of skill in the art will
appreciate that certain changes and modifications may be practiced within the scope of the
appended claims. In addition, gach reference provided herein is incorporated by reference in

s entirety to the same extent as if cach reference was mdividually mcorporated by reference.

INFORMAL SEQUENCE LISTIRG

SEGQ. TD NO: | (wild-type)
STACUCGCUCAGCUAUAAGAAGAGCCUCAACCAUUGAAAUGUCUCAACAAY

SEQ. ID NO: 2 (R14dch
5 -ACUCGCUCAGCUAUAAGAGCCUCAACCAUUGAAAUGCCUCAACAA-3

SEQ. ID NG 3 {region conunon o all three stRNA antisense seguences)
5- UUCAAUGGUUGAGGCUCHUAUAG-3

SEQ. 1D NO: 4 (region common to all three siRNA sense sequences)
57 CUAUAAGAGCCUCAACCAUUGAA-Y

SEQ 1D NG 3 (siRNA 1 antiscnse strand scquencc}
5 AUUUCAAUGGUUGAGGCUCUUVAUAGCU -3

SEQ. 1D NG 6 (siRNA 1 sense seguence)
5 -CUAUAAGAGCCUCAACCAUUGAAAT-R

SEGQ. 1D NO: 7 (siRNA 2 antisense strand sequence)
S IRIUCAAUGQUUGAGGCUCUUAUAGOUG -3

SEQ. ID NO: 8 {(siRNA 2 sense sequence)
S-GCUAUAAGAGCCUCAACCAUUGAAA-Y

SEQ. 1D NG: 9 (siRNA 3 antisense strand sequence)
5= UUCAAUGGUUGAGGCUCUUAUAGCUGA -3
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SEQ. 1D NG: 10 (siRNA 3 sense sequence)
5-AGCUAUAAGAGCCUCAACCAUUGAA-S
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WHATIS CEAIMED IS

1. An mterforing RNA molecule comprising a double-stranded region of about 15
to about 60 nucleotides in length, wherein the double-stranded region comprises a first nucleic
actd strand and a second nucleic acid strand, wherein the interfering RNA molecule is capable
of inhibiting expression of the R14del allele but not the wild-type allele of the phospholamban

{PLIN) gence.

2. The interfening RMNA molecule of claun 1, whercin the imterfermg RNA
molecule comprises an siEMA molecule, an artificial miRNA molecule, or a combination

thercof

B

3. The interfering RNA molecule of clamm 1 or 2, wherein the second nucleic acid

strand 13 substantially complementary to the first nocleic acid strand.

4. The interfering RNA molecule of any one of claims 1 to 3, wherein the second

nucleic acid strand s fully complementary to the first nucleic acid strand.

5. The interfening RNA molecule of any one of claims | to 3, wherein mismatches

in the double-stranded region promote duplex unwinding.

5. The interfering RNA molecule of any one of claims 1 to 5, wherein the double-

stranded region is about 20 to about 30 nucleotides in length.

7. The mterfering RNA molecule of any one of claims 1 to 6, wherein the double-

stranded region 1s about 25 nucleotides n length,

8. The mterfering RNA molecule of any one of claims | to 3, wherein the first

nucleic acid strand has at least 20% identity to SEQ ID NO: 3.

9. The mterfering RNA molecule of claim 8, wherein the first mucleic acid strand

comprises SEQ 1D NG 3.

10, The interfering RNA moelecule of claimm B or 9, wherein the second nucleic acid

strand has at feast 90% dentity to SEQ 1D NGO 4.

i The interfering KNA molecule claum 10, wherein the second nucleic acid strand

comprises SEQ 1D NQG: 4.

3
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12. The mierfering RNA molecule of any one of claims 1 o 3, wherein the first

nucleic acid strand has at least 90% dentity to SEQ ID NO: S

13. The interfering RNA molecule of claim 12, wherein the first nucleic acid strand
comprises SEQ 1D NG: 5.

14, The interfering RNA moelecule claim 12 or 13, wherein the second nucleic acid

strand has at feast 90% dentity to SEQ 1D NO: 6.

15 The mierfering RNA molecule of clam 14, wherein the second nucleic acid

strand comprises SEQ 1D NO: 6.

16. The mierfering RNA molecule of any one of clams 1 10 3, wherein the first

nucleic acid strand has at feast 909 wdontity to SEQ 1D NG: 7.

17 The mterfering RNA molecule of claim 16, wherein the first nucleic acid strand

comprises SEQ 1D NO: 7.

18. The wderfering RNA molecude of clatm 16 or 17, wherein the second nucleio

acid strand has at least 90% wdentity to SEQ 1D NO: 8,

19. The interfering RNA molecule of claim 18, wherein the second nucleic acid

strand comprises SEQ ID NG: 8.

24, The mterfering RNA molecule of any oue of claims | to 3, wherein the first

nucleic acid strand bas at Icast 90% idontity to SEQ ID NG: 9.

21. The interfering RNA molecule of claim 20, wherein the first nucleie acid strand

comprises SEQ DN 9.

22. The interfering RNA molecule of ¢laim 20 or 21, wherein the second nucleic

acid strand has at least 90% identity to SEQ 1D NG 16,

23 The mterfering RNA molecule of clamm 22, wherein the second nucleic acid

strand comprises SEQ 1D NG: 10
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24, The interfering RNA molecule of any one of claims 1 to 23, wherein the

N

mterfering RNA molecnle comprises a 37 overhang in the first nucleic acid strand and/or the

second nucleic acid strand.

25, The interfering RNA molecule of any onc of claims 1 to 24, wheremn one or

more of the nuclootides i the double-stranded region comprise modificd nucleotides.

26. The utterfering RNA owlecule of any one of claims 1 to 23, further comprising

a carrier system.

27. A phammaceutical composition comprising an interfering RNA molecule of any

one of claims 1 t¢ 26 and a phamaceutically acceptable carrier.

28. A method for mtroducing an interfering RNA molecule that is capable of
inhibiting expression of the Riddel allele of the PLN gene in a cell, the method compriging:
contacting the cell with the interfering RINA molecule of any one of claims 1 1o

26 or with the pharmaceutical composition of claim 27,

28 The method of claim 28, wherein the cell is a cardiac muscle cell.

30 The method of claim 29, wheremn the cell 1s a cardiomyocyte.

31. The method of any ong of claims 28 (o 30, wherein the coll 1¢ in a subject,

32, The method of claun 31, wherein the subject is a carrier of the Rlddel alicle of

the PLN gene.

33. The method of claim 31 or 32, wherein the subject has been diagnosed with

cardiomyopathy.

34. The method of any one of claims 31 to 33, wherein the subject is a3 human.
35. The method of any one of clams 28 to 34, wheremn the mterfering RNA

molecule does not affect the contractility and/or the action potential of the cardiac muscle cell.

(%)
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36. The method of any one of claims 28 to 34, wherein the nterfering RNA
molecule has a positive effect on the contractility and/or the action potential of the cardiac

mouscle cell.

37. A method for in vivo delivery of an nterfering RNA molecule that is capable of
inhibiting oxprossion of the Riddel allcle of the PLN gene in a ecll of a subject, the method

comprising:

admimstering to the subject the interfering RNA molecule of any ope of claims

1 to 26 or the pharmaceutical composition of claim 27.

38, The method of claim 37, wherein the cell is a cardiac mascle cell

39, The method of claim 37 or 38, wherein the subject 15 a carrter of the Rlddel

allele of the PLN gene.

44}, The method of any one of claims 37 to 39, wherem the subject has been

diagnoscd with cardioniyopathy.

41 The method of any one of claims 37 1o 40, wherewn the subject 1s a hwwan.

42, A method for treating cardiomyopathy 1nn a subject carrying the Riddel allele of
the PLN gene, the method comprising:
admimstering to the subject a therapeutically effective amount of the interfering

RNA molecule of any one of ¢laims ! to 26 or the pharmaceutical composition of claim 27,

43, A method for lowernng the ikelthood of at least one of malignant arthythmias,
sudden cardiac death, and/or a heart transplant i a subject carrving the Riddel allele of the
PLN gene, the method comprising:

admimstering to the subject a therapeutically effective amount of the interfering

RNA molecule of any one of ¢laims | to 26 or the pharmaceutical composition of claum 27.

44, The method of ¢laim 42 or 43, wherein the subject has been diagnosed with
cardiomyopathy,
45, The method of any one of claims 42 to 44, wherein the subject is a hwan,



]

46. The method of any one of claims 37 to 45, wherein the mode of administration
1s selected from the group consisting of oral, mfranasal, intravenous, iniraperiioneal,

intramuscular, intraarticular, intralesional, subcutaneous, and intradermal.

[99]
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ABSTRACT OF THE DISCLOSURE
Phospholamban (PLN} s a critical regulator of calenmm cyclin and contractility 1 the
heart. The deletion of Arginine 14 of the phospholamaban gene (R14del) is associated with the
pathogenesis of an inherited form of cardiomvyopathy with promment arthythmias. Although
the genetic etiology 1s well defined, there are currently no therapies for this rare discase. This
disclosure provides an allele-specific stlencing approach by nterfering RNA (RNA1} to reduce

the cxpression levels of the Riddel alicle of the PN genc.

TOWNEEND 77325828 1
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