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or activity of one or both of those molecules. This composition is preferably in the form of an siRNA construct, more preferably an
shRNA construct, which inhibits the expression of mAKAPf.
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TREATMENT OF HEART DISEASE BY INHIBITION

OF THE ACTION OF MUSCLE A-KINASE ANCHORING PROTEIN (mAKAP)

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 62/529,224, filed
July 6, 2017, which is hereby incorporated by reference in its entirety into the present application.
STATEMENT OF GOVERNMENTAL SUPPORT

[0002] This invention was made with Government support under contract RO1 HL 075398
awarded by the National Institutes of Health. The Government has certain rights in this invention.
BACKGROUND OF THE INVENTION

[0003] The heart is capable of undergoing hypertrophic growth in response to a variety of
stimuli. Hypertrophic growth may occur as the result of physical training such as running or swimming.
However, it also occurs as the result of injury or in many forms of heart disease. Hypertrophy is the
primary mechanism by which the heart reduces stress on the ventricular wall. When the growth is not
accompanied by a concomitant increase in chamber size, this is called concentric hypertrophy.
Hypertrophy occurs as the result of an increase in protein synthesis and in the size and organization of
sarcomeres within individual myocytes. For a more thorough review of cardiac remodeling and
hypertrophy, see Kehat (2010) and Hill (2008), each herein incorporated by reference in their entirety.
The prevailing view is that cardiac hypertrophy plays a major role in heart failure. Traditional routes of
treating heart failure include afterload reduction, blockage of beta-adrenergic receptors (B-ARs) and
use of mechanical support devices in afflicted patients. However, the art is in need of additional
mechanisms of preventing or treating cardiac hypertrophy.

[0004] AKAPs and Cardiac Remodeling



WO 2019/010301 PCT/US2018/040913

[0005] Ventricular myocyte hypertrophy is the primary compensatory mechanism whereby the
myocardium reduces ventricular wall tension when submitted to stress because of myocardial
infarction, hypertension, and congenital heart disease or neurohumoral activation. It is associated with a
nonmitotic growth of cardiomyocytes, increased myofibrillar organization, and upregulation of specific
subsets of “fetal” genes that are normally expressed during embryonic life (Frey 2004, Hill 2008). The
concomitant aberrant cardiac contractility, Ca*" handling, and myocardial energetics are associated
with maladaptive changes that include interstitial fibrosis and cardiomyocyte death and increase the
risk of developing heart failure and malignant arrhythmia (Cappola 2008, Hill 2008). Increased in
prevalence by risk factors such as smoking and obesity, heart failure is a syndrome that affects about
six million Americans and has an annual incidence of 1% of senior citizens (Roger 2011). Since the
five-year survival rate after diagnosis is still very poor (lower than 50%), many efforts have been made
during the last years to define the molecular mechanisms involved in this pathological process.

[0006] Cardiac hypertrophy can be induced by a variety of neuro-humoral, paracrine, and
autocrine stimuli, which activate several receptor families including G protein-coupled receptors,
cytokine receptors, and growth factor tyrosine kinase receptors (Brown 2006, Frey 2004). In this
context, it is becoming increasingly clear that A-kinase anchoring proteins (AKAPs) can assemble
multiprotein complexes that integrate hypertrophic pathways emanating from these receptors. In
particular, recent studies have now identified anchoring proteins including mAKAP and AKAP-Lbc
and D-AKAP1 that serve as scaffold proteins and play a central role in organizing and modulating
hypertrophic pathways activated by stress signals.

[0007] As the organizers of “nodes” in the intracellular signaling network, scaffold proteins are
of interest as potential therapeutic targets (Negro 2008). In cells, scaffold proteins can organize

multimolecular complexes called “signalosomes,” constituting an important mechanism responsible for
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specificity and efficacy in intracellular signal transduction (Scott and Pawson 2009). Firstly, many
signaling enzymes have broad substrate specificity. Scaffold proteins can co-localize these pleiotropic
enzymes with individual substrates, selectively enhancing the catalysis of substrates and providing a
degree of specificity not intrinsic to the enzyme’s active site (Scott and Pawson 2009). Secondly, some
signaling enzymes are low in abundance. Scaffold proteins can co-localize a rare enzyme with its
substrate, making signaling kinetically favorable. Thirdly, since many scaffolds are multivalent,
scaffold binding can orchestrate the co-regulation by multiple enzymes of individual substrate effectors.
Muscle A-kinase anchoring protein (mAKAP, a.k.a. AKAP6) is a large scaffold expressed in cardiac
and skeletal myocytes and neurons that binds both signaling enzymes such as protein kinase A (PKA)
and the Ca*"/calmodulin-dependent phosphatase Calcineurin (CaN) that have broad substrate
specificity and signaling enzymes such as p90 ribosomal S6 kinase 3 (RSK3) that is remarkably low in
abundance (Figs. 1 and 7) (Kapiloff 1999, Michel 2005, Pare 2005, Wang 2015). mAKAP is the
alternatively-spliced isoform expressed in myocytes, in which cells it is localized to the outer nuclear
membrane by binding the integral membrane protein nesprin-1o (Pare 2005).

[0008] mAKAPP “signalosomes” regulate cardiac remodeling by multiple mechanisms (Figs. 1
and 7) (Passariello 2015). By binding a diverse set of signaling molecules, some constitutively and
some in response to stress-related stimuli, mAKAPP dynamically organizes multiple signaling modules
that transduce cAMP, mitogen-activated protein kinase (MAPK), calcium, phosphoinositide, and
hypoxic stress signals (Marx 2000, Kapiloff 2001, Dodge-Katka 2005, Wong 2008, Kapiloff 2009, Li
2010, Vargas 2012, Kritzer 2014). mAKAP was originally identified by its binding to PKA, and
mAKAPP signalosomes contain all of the required machinery for cAMP synthesis, degradation and
function, including adenylyl cyclase 5, type 4D3 phosphodiesterase (PDE4D3), and the cAMP targets

type llo. PKA and exchange protein activated by cAMP-1 (Epacl) (Kapiloff 1999, Dodge 2001,
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Dodge-Kafka 2005, Kapiloff 2009). Notably, all of these signaling enzymes have been implicated in
myocyte remodeling, and binding of PKA to mAKAPp has been shown to be important for myocyte
hypertrophy (Okumura 2003, Dodge-Katka 2005, Lehnart 2005, Pare 2005). In addition, mAKAPJ
binds a wide variety of other proteins important for myocyte stress responses: MEKS and ERKS5 MAP-
kinases, 3-phosphoinositide-dependent protein kinase-1 (PDK 1), RSK3, phospholipase Ce (PLCg),
protein kinase Ce (PKCg), protein kinase D (PKD, PKCy), the protein phosphatases CaN (Af3 isoform)
and PP2A, the type 2 ryanodine receptor (RyR2), the sodium/calcium exchanger NCX1, ubiquitin E3-
ligases involved in HIF 1a regulation, and myopodin (Marx 2000, Kapiloff 2001, Schulze 2003,
Dodge-Kafka 2005, Michel 2005, Pare 2005, Pare 2005, Dodge-Kafka and Kapiloft 2006, Faul
2007, Wong 2008, Kapiloff 2009, Zhang 2011, Vargas 2012, Li , Zhang 2013). Bound to mAKAPp,
these signaling molecules co-regulate the transcription factors hypoxia-inducible factor 1o (HIF 1a),
myocyte enhancer factor-2 (MEF2), and nuclear factor of activated T-cell (NFATc), as well as type Ila
histone deacetylases (HDAC4/5) (Wong 2008, Li 2010, L1 2013, Kritzer 2014).

[0009] Consistent with its role as a scaffold protein for stress-related signaling molecules in the
cardiac myocyte, depletion of mAKAP in rat neonatal ventricular myocytes in vitro inhibited
hypertrophy induced by a-adrenergic, B-adrenergic, endothelin-1, angiotensin II, and leucine inhibitor
factor/gp130 receptor signaling (Dodge-Kafka 2005, Pare 2005, Zhang 2011, Guo 2015). In vivo,
along with attenuating hypertrophy induced by short-term pressure overload and chronic -adrenergic
stimulation, mAKAP gene targeting in the mouse inhibited the development of heart failure following
long-term pressure overload, conferring a survival benefit (Kritzer 2014). Specifically, mnAKAP gene
deletion in the mAK AP, Tg(Myh6-cre/Esr1*), tamoxifen-inducible, conditional knock-out mouse
reduced left ventricular hypertrophy, while greatly inhibiting myocyte apoptosis, and interstitial

fibrosis, left atrial hypertrophy, and pulmonary edema (wet lung weight) due to transverse aortic
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constriction for 16 weeks (Kritzer 2014).

[0010] mAKARP gene targeting is also beneficial following myocardial infarction. Permanent
ligation of the left anterior descending coronary artery (LAD) in the mouse results in myocardial
infarction, including extensive myocyte death, scar formation, and subsequent left ventricular (LV)
remodeling. Four weeks following LAD ligation, nAKAP conditional knock-out mouse had preserved
LV dimensions and function when to compared to infarcted control cohorts. mAKAP conditional
knock-out mice had preserved LV ejection fraction and indexed atrial weight compared to controls,
while displaying a remarkable decrease in infarct size.

[0011] In cardiomyocytes, mAK AP is localized to the nuclear envelope through an interaction
with nesprin-1a (Pare 2007). mAKAPp assembles a large signaling complex that integrates
hypertrophic signals initiated by a1-adrenergic receptors (a1- ARs) and B-ARs, endothelin-1 receptors,
and gp130/leukemia inhibitor factor receptors (Figure 46A of of U.S. Patent No. 9,132,174) (Dodge-
Kafka 2005, Pare 2005). Over the last few years, the molecular mechanisms as well as the signaling
pathways whereby mAKAPP mediates cardiomyocyte hypertrophy have been extensively investigated.
It is now demonstrated that mAKAPP can recruit the phosphatase calcineurin A (CaNAP) as well as
the hypertrophic transcription factor nuclear factor of activated T cells ¢3 (NFATc3) (Li 2010). In
response to adrenergic receptor activation, anchored CaNAP dephosphorylates and activates NFATc3,
which promotes the transcription of hypertrophic genes (Figure 46A of U.S. Patent No. 9,132,174) (L1
2010). The molecular mechanisms controlling the activation of the pool of CaNAP bound to the
mAKAPP complex are currently not completely understood but seem to require mobilization of local
Ca’" stores. In this context, it has been shown that mAKAP favors PKA-induced phosphorylation of
RyR2 (Kapiloff 2001), which, through the modulation of perinuclear Ca®" release, could activate

CaNAQp (Figure 46A of U.S. Patent No. 9,132,174). In line with this hypothesis, the deletion of the
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PKA anchoring domain from mAKAP has been shown to suppress the mAKAP-mediated
hypertrophic response (Pare 2005). On the other hand, recent findings indicate that mAKAP also
binds phospholipase Ce(PLCe) and that disruption of endogenous mAKAPB-PLCecomplexes in rat
neonatal ventricular myocytes inhibits endothelin 1-induced hypertrophy (Zhang 2011). This suggests
that the anchoring of PLCe to the nuclear envelope by mAKAPP controls hypertrophic remodeling.
Therefore, it is also plausible that at the nuclear envelope, PLCe might promote the generation of
inositol 1,4,5-trisphosphate, which through the mobilization of local Ca®" stores, might promote the
activation of CaNAP and NFATc3 bound to mAKAPP (Figure 46 of U.S. Patent No. 9,132,174).
[0012] In cardiomyocytes, the dynamics of PKA activation within the mAKAP complex are
tightly regulated by AC5 (Kapiloff 2009) and the PDE4D3 (Dodge-Katka 2005, Dodge 2001) that are
directly bound to the anchoring protein. The mAKAP-bound ACS5 and upstream B-AR may be localized
within transverse tubules adjacent to the nuclear envelope (Escobar 2011). In response to elevated
cAMP levels, mAKAP-bound PKA phosphorylates both AC5 and PDE4D3 (Dodge-Katka 2005,
Dodge 2001, Kapiloff 2009). This induces ACS deactivation and PDE4D3 activation, which locally
decreases cAMP concentration and induces deactivation of anchored PKA (Figure 46A of U.S. Patent
No. 9,132,174). Dephosphorylation of PDE4D3 is mediated by the phosphatase PP2A that is also
associated with mAKAPP (Figure 46A of U.S. Patent No. 9,132,174) (Dodge-Katka 2010).
Collectively, these findings suggest that the mAKAP complex generates cyclic pulses of PKA activity,
a hypothesis that was supported experimentally by live cell imaging studies (Dodge-Kafka 2005).
[0013] AKAPs and Hypoxia

[0014] Myocardial oxygen levels need to be maintained within narrow levels to sustain cardiac
function. During ischemic insult, in response to conditions of reduced oxygen supply (termed hypoxia),

cardiomyocytes mobilize hypoxia-inducible factor 1o (HIF-1a), a transcription factor that promotes a
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wide range of cellular responses necessary to adapt to reduced oxygen (Semenza 2007). Transcriptional
responses activated by HIF-1a control cell survival, oxygen transport, energy metabolism, and
angiogenesis (Semenza 2007). Under normoxic conditions, HIF-1a is hydroxylated on two specific
proline residues by the prolyl hydroxylase domain proteins (PHDs) and subsequently recognized and
ubiquitinated by the von Hippel-Lindau protein (Jaakkola 2001, Maxwell 1999). Ubiquitinated HIF-1qa.
is targeted to the proteasome for degradation. On the other hand, when oxygen concentration falls, the
enzymatic activity of PHD proteins is inhibited. Moreover, PHD proteins are ubiquitinated by an E3
ligase named “seven in absentia homolog 2 (Siah2)” and targeted for proteasomal degradation
(Nakayama 2004). This inhibits HIF-10 degradation and allows the protein to accumulate in the
nucleus where it promotes gene transcription required for the adaptive re- sponse to hypoxia. In line
with this finding, the delivery of exogenous HIF-1a improves heart function after myocardial infarction
(Shyu 2002), whereas cardiac overexpression of HIF-1a reduces infarct size and favors the formation
of capillaries (Kido 2005).

[0015] Recent findings indicate that mAKAP assembles a signaling complex containing HIF-
la, PHD, von Hippel-Lindau protein, and Siah2 (Wong 2008). This positions HIF-1o in proximity of
its upstream regulators as well as to its site of action inside the nucleus. In this configuration, under
normoxic conditions, negative regulators associated with the mAKAP complex favor HIF-1a
degradation (Wong 2008). On the other hand, during hypoxia, the activation of Siah2 within the
mAKAP complex promotes HIF-1a stabilization, allowing the transcription factor to induce
transcription (Wong 2008). Therefore, mAKAP assembles a macromolecular complex that can favor
degradation or stabilization of HIF-1a in cardiomyocytes in response to variations of oxygen
concentrations. In this context, nAKAP could play an important role in cardiomyocyte protection

during cardiac ischemia, when coronary blood flow is reduced or interrupted. By coordinating the
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molecular pathways that control HIF-1a stabilization in cardiomyocytes, mAKAP might favor HIF-1a-
mediated transcriptional responses, controlling the induction of glycolysis (which maximizes ATP
production under hypoxic conditions), the efficiency of mitochondrial respiration, and cell survival
during ischemia (Semenza 2009).

[0016] RSKs and Cardiac Remodeling

[0017] Myofibrillar assembly driving nonmitotic growth of the cardiac myocyte is the major
response of the heart to increased workload (Kehay 2010). Although myocyte hypertrophy per se may
be compensatory, in diseases such as hypertension and myocardial infarction, activation of the
hypertrophic signaling network also results in altered gene expression (“fetal”) and increased cellular
apoptosis and interstitial fibrosis, such that left ventricular hypertrophy is a major risk factor for heart
failure. Current therapy for pathologic hypertrophy is generally limited to the broad downregulation of
signaling pathways through the inhibition of upstream cell membrane receptors and ion channels
(McKinsey 2007). Novel drug targets may be revealed through the identification of signaling enzymes
that regulate distinct pathways within the hypertrophic signaling network because of isoform specificity
or association with unique multimolecular signaling complexes.

[0018] p90 ribosomal S6 kinases (RSK) are pleiotropic extracellular signal-regulated kinase
(ERK) effectors with activity that is increased in myocytes by most hypertrophic stimuli (Anjum 2008,
Sadoshima 2005, Kodama 2000). In addition, increased RSK activity has been detected in explanted
hearts from patients with end-stage dilated cardiomyopathy (Takeishi 2002). There are 4 mammalian
RSK family members that are ubiquitously expressed and that overlap in substrate specificity (Anjum
2008). RSKs are unusual in that they contain 2 catalytic domains, N-terminal kinase domain and C-
terminal kinase domain (Figure 4A of U.S. Patent No. 9,132,174, Anjum 2008). The N-terminal kinase

domain phosphorylates RSK substrates and is activated by sequential phosphorylation of the C-
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terminal kinase domain and N-terminal kinase domain by ERK (ERK1, ERK2, or ERKS) and 3'-
phosphoinositide- dependent kinase 1 (PDK1), respectively (Anjum 2008).

[0019] By binding scaffold proteins, RSKs may be differentially localized within subcellular
compartments, conferring isoform-specific signaling like when bound to the scaffold protein muscle A-
kinase anchoring protein (mAKAP) (Michael 2005). PDK1 activation of RSK was enhanced by co-
expression with the mAKAP scaffold in a recombinant system. In cardiac myocytes, mAKAPJ (the

alternatively spliced form expressed in muscle cells) organizes signalosomes that transduce cAMP,

mitogen- activated protein kinase, Ca2+, and hypoxic signaling by binding a diverse set of enzymes,
ion channels, and transcription factors (Kritzer 2012).

[0020] In the United States, heart failure affects 5.7 million people, and each year 915,000 new
cases are diagnosed (Writing Group 2016). The prevalence and incidence of heart failure are
increasing, mainly because of increasing life span, but also because of the increased prevalence of risk
factors (hypertension, diabetes, dyslipidemia, and obesity) and improved survival rates from other
types of cardiovascular disease (myocardial infarction [MI] and arrhythmias) (Heidenreich 2013).
First-line therapy for patients with heart failure includes angiotensin-converting enzyme (ACE)
inhibitors and B-adrenergic receptor blockers (B-blockers) that can improve the survival and quality of
life of such patients, as well as reduce mortality for those with left ventricular dysfunction (Consensus
1987). Subsequent or alternative therapies include aldosterone and angiotensin II receptor blockers,
neprilysin inhibitors, loop and thiazide diuretics, vasodilators, and Iy current blockers, as well as device-
based therapies (Ponikowski 2016). Nevertheless, the S-year mortality for symptomatic heart failure
remains 50%, including >40% mortality for those post-MI (Heidenreich 2013, Gerber 2016). There is
a clear need to develop new effective therapies to treat patients with heart failure, as well as to prevent

its development in the context of other cardiovascular diseases such coronary artery disease,
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hypertension, and valvular disease.

[0021]

SUMMARY OF THE INVENTION

[0022] The following brief summary is not intended to include all features and aspects of the
present invention, nor does it imply that the invention must include all features and aspects discussed in
this summary.

[0023] The present inventors have discovered methods of treating cardiac pathological
processes by inhibiting the signaling properties of individual mAKAP signaling complexes using drugs
that target unique protein-protein interactions. Such a therapeutic strategy offers an advantage over
classical therapeutic approaches because it allows the selective inhibition of defined cellular responses.
[0024] In particular, the present inventors have found that disrupting mAKAP-mediated
protein-protein interactions can be used to inhibit the ability of mAKAP to coordinate the activation of
enzymes that play a central role in activating key transcription factors that initiate the remodeling
process leading to cardiac hypertrophy.

[0025] Specifically, the inventors have discovered that inhibiting the binding interaction
between type 3 ribosomal S6 kinase (RSK3) and mAKAP can protect the heart from damage caused
by various physical stresses, for example pressure overload and prolonged exposure to high levels of
catecholamines.

[0026] Thus, the present invention comprises, in certain aspects a method for protecting the
heart from damage, by administering to a patient at risk of such damage, a pharmaceutically effective
amount of a composition which inhibits the interaction of RSK3 and mAKAPp.

[0027] The invention also relates to a method of treating heart disease, by administering to a

patient a pharmaceutically effective amount of a composition which inhibits the interaction of RSK3

-10-
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and mAKAPp.

[0028] The invention also relates to compositions which inhibit the interaction of RSK3 and
mAKAPS.

[0029] In still other embodiments, the inhibitors include any molecule that inhibits the

expression or activity of of RSK3 and mAKAPp.

[0030] The foregoing and other objects, features and advantages of the invention will be
apparent from the following more particular description of preferred embodiments of the invention, as
illustrated in the accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing(s) will be provided by the Office upon
request and payment of the necessary fee.

[0032] Fig. 1. Model for RSK3 signaling. MAP-Kinase signaling induced by a1-adrenergic

receptor (a.1-AR) stimulation and potentially other upstream signals activates anchored RSK3 in

conjunction with PDK1 at anchored sites, including at perinuclear mAKAPP signalosomes. Targets for
RSK3 may include cytosolic and nuclear proteins, especially those involved in the regulation of
hypertrophic gene expression.

[0033] Fig. 2. Shows the amino acid sequence of human RSK3 (SEQ ID NO: 1).

[0034] Fig. 3. Shows the amino acid sequence of rat mAKAP (SEQ ID NO: 2). — Note that
within this document, references to mAKAP sequences, whether labelled “mAKAPB” or “mAKAP”

are according to the numbering for the mAKAPa alternatively-spliced form which contains within the

-11-
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entirety of mAKAPP and is identical to the originally published mAKAP sequence as shown in this
figure (Kapiloff 1999, Michel 2005). “mAKAP” is also referred to as “AKAP6” in reference databases
and the literature.

[0035] Fig. 4 shows cDNA cloning, ir vitro translation, and detection of endogenous RSK3 by
immunoblotting. Fig. 4(a) shows the complete nucleotide (SEQ ID NO:3) and deduced amino acid
(SEQ ID NO:4) sequence of human RSK3. (Zhao (1995) The sequence was derived from a full-length
c¢cDNA clone. The deduced RSK3 protein sequence is indicated in the one-letter amino acid code
beginning at the first methionine residue preceding the 733-codon open reading frame and terminating
at the asterisk. Highly conserved amino acid residues among the known protein kinases are shown in
boldface type. The unique N-terminal region of RSK3 (which bears no homology to RSK1 or RSK2) is
underlined, the putative bipartite nuclear targeting motif is indicated by parentheses. An in-frame stop
codon upstream of the first methionine is indicated (***). This nucleotide sequence was submitted to
the EMBL-GenBank data library and assigned accession number X85106. Fig. 4(b) shows in vitro
translation of RSK3. In vitro transcripts were generated with T7 polymerase from the vector alone (lane
1) or from the vector with an RSK3 insert by using T7 polymerase (lane 2, sense oriented) or Sp6
polymerase (lane 3, antisense oriented). Subsequent in vitro translation was performed with rabbit
reticulocyte lysate in the presence of [>>S]methionine. Proteins were then resolved by SDSPAGE (10%
polyacrylamide) followed by autoradiography. Fig. 4(c) shows immunoblotting with RSK3-specific
antiserum. Antiserum N-67 was raised against a peptide (KFA VRRFFSVYLRR) derived.from t_he
unique N-terminal region of RSK3 (residues 7 to 20 of SEQ ID NO: 1). In this example, proteins
derived from human skin fibroblasts were separated by SDS-PAGE followed by Western
immunoblotting. Blots were probed with preimmune serum or N-67. A band of 83 kDa was detected

when N-67 was used.(Zhao (1995)

-12-
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[0036] Fig. S. Shows the nucleotide sequence of human RSK3 (SEQ ID NO: 5).
[0037] Fig. 6. Shows the nucleotide sequence of rat mAKAP (SEQ ID NO: 6).
[0038] Fig. 7. mAKAPp Signalosomes Drive Pathological Remodeling, ERK pathways are

activated by stress signaling. Anchored RSK3 is activated by ERK and 3’-phosphoinositide-dependent
protein kinase 1 (PDK1)-catalyzed phosphorylation (Martinez 2015). Calcineurin (CaN) bound to
mAKAPf is important for the activation of MEF2D and NFATCc transcription factors (.1 2010, Li
2013). mAKAP-anchored protein kinase D (PKD) dephosphorylates type IIa histone deacetylases, de-
repressing gene expression (Zhang 2‘013, Kritzer 2014). Together these pathways promote
pathological gene expression.
‘[0039] Fig. 8. Sequence of human mAKAP (AKAP6) mRNA (SEQ ID NQO:11) - ref seq
XM 017021808.1 with shRNA sequences (#1-3) marked. Numbering is for nucleotide sequence.
Encoded animo acids are indicated above.

[0040] Fig 9. Map of pscA-TnT-mAKAP shrna (#3) plasmid.

[0041] Fig. 10. Nucleotide sequence of pscA-TnT-mAKAP shrna (#3) plasmid (SEQ ID
NO:12) with key features and some restriction enzymes sites indicated.

[0042] Fig. 11. Design of a scAAV-mAKAP shRNA biologic drug. A. mAKAP mRNA
sequences form human (SEQ ID NO:13), swine (SEQ ID NO:14), mouse (SEQ ID NO:15) and rat
(SEQ ID NO:16). The boxed sequence is shRNA target #3. B. AAV Design. A truncated right ITR
confers self-complementarity. ¢TnT is the cardiac myocyte-specific promoter. C. Western blot of total
heart extracts for mAKAPP 3 weeks after injection into adult mice with 5x10'" vg IV scAAV-mAKAP
shRNA #3 or scAAV-control shRNA (containing a random sequence). NI — non-injected control.
[0043] Fig. 12. Inhibition of mAKAPp post-MI Ameliorates Left Ventricular (LV) Systolic

Dysfunction in C57BL/6 mice. A. Experimental design. Myocardial infarction (MI) was induced by
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permanent ligation of the left anterior coronary artery survival surgery. Sham-operated mice underwent
all but coronary artery ligation. AAV IV refers to tail vein injection of AAYV biologic. B.
Administration of a single intravenous injection of SCAAV-mAKAP-shRNA #3 (shR-mAKAP-MI) 3
days post-MI resulted in amelioration of systolic dysfunction as evidenced by normalization of ejection
fraction (EF) from day 2 to weeks 2, 4 and 8 post-MI. In contrast, mice treated with scAAV-control-
shRNA (shRNA-Ctrl-MI ) displayed a progressive deterioration of EF after ischemic injury. At 8
weeks post ML, EF in shRNA-mAKAP-MI was not significantly different than either mAKAP- and
control-shRNA- injected Sham-operated animals (44.3+3.3 vs. 54.6+1.7 & 54.5+2.0%), while
significantly greater than that for control-shRNA-MI animals (18.0+4.3%, P<0.0001).

[0044] Fig. 13. Post-mortem gravimetrics for mice studied in Figure 12. scAAV-mAKAP-
shRNA #3 treatment improved overall heart weight, biventricular weight, atrial weight, and wet lung
weight.

DETAILED DESCRIPTION OF THE INVENTION

[0045] As discussed above, AKAP-based signaling complexes play a central role in
regulating physiological and pathological cardiac events. As such, the present inventors have examined
inhibiting the signaling properties of individual AKAP signaling complexes using drugs that target
unique protein-protein interactions as an approach for limiting cardiac pathological processes. Such a
therapeutic strategy offers an advantage over classical therapeutic approaches since it allows the
selective inhibition of defined cellular responses.

[0046] Anchoring proteins including mAKAP are therapeutic targets for the treatment of
cardiac hypertrophy and heart failure. In particular, the present inventors have found that disrupting
AKAP-mediated protein-protein interactions can be used to inhibit the ability of mAKAP to coordinate

the activation of enzymes that play a central role in activating key transcription factors that initiate the
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remodeling process leading to cardiac hypertrophy.

[0047] In particular, the inventors have found that type 3 ribosomal S6 kinase (RSK3) binds
mAKAPp directly via the unique N-terminal domain of RSK3, defining a novel enzyme-scaffold
interaction. The inventors have found that anchored RSK3 regulates concentric cardiac myocyte
growth, revealing an isoform-specific target for therapeutic intervention in pathologic cardiac
hypertrophy. Delivery of such peptides that might inhibit RSK3-mAKAP interaction can be enhanced
by the use of cell-penetrating sequences such as the transactivator of transcription peptide and
polyarginine tails, or conjugation with lipid-derived groups such as stearate. Stability may also be
enhanced by the use of peptidomimetics [i.e., peptides with structural modifications in the original
sequence giving protection against exo- and endoproteases without affecting the structural and
functional properties of the peptide. Alternatively, as shown in Figure 41 of U.S. Patent No. 9,132,174,
peptides can be delivered by intracellular expression via viral-based gene therapy vectors.

[0048] The inventors have also found that small molecule disruptors can be used to target
specific interaction within AKAP-based complexes. Small molecule disruptors can be identified by
combining rational design and screening approaches. Such compounds can be designed to target-
specific binding surfaces on AKAPs, to disrupt the interaction between AKAPs and PKA in
cardiomyocytes and to enhance the contractility of intact hearts for the treatment of chronic heart
failure.

[0049] The present invention relates to methods of treating any cardiac condition, which is
initiated through the interaction of RSK3 and mAKAPf. Such cardiac dysfunction can result in signs
and symptoms such as shortness of breath and fatigue, and can have various causes, including, but not
limited to hypertension, coronary artery disease, myocardial infarction, valvular disease, primary

cardiomyopathy, congenital heart disease, arrhythmia, pulmonary disease, diabetes, anemia,
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hyperthyroidism and other systemic diseases.

[0050] In accordance with the present invention there may be employed conventional molecular
biology, microbiology, and recombinant DNA techniques within the skill of the art. Such techniques
are explained fully in the literature. See, e.g., Sambrook et al, "Molecular Cloning: A Laboratory
Manual" (4th Ed., 2012); "Current Protocols in Molecular Biology" Volumes I-III [Ausubel, R. M., ed.
(1994)]; "Cell Biology: A Laboratory Handbook" Volumes I-III [J. E. Celis, 3rd ed. (2005))]; "Current
Protocols in Immunology" Volumes I-III [Coligan, J. E., ed. (2005)]; "Oligonucleotide Synthesis" (M.J.
Gait ed. 1984); "Nucleic Acid Hybridization" [B.D. Hames & S.J. Higgins eds. (1985)]; "Transcription
And Translation" [B.D. Hames & S.J. Higgins, eds. (1984)]; "Animal Cell Culture" [R.I. Freshney, ed.
(1986)]; "Immobilized Cells And Enzymes" [IRL Press, (1986)]; B. Perbal, "A Practical Guide To
Molecular Cloning" (1984); C. Machida, “Viral Vectors for Gene Therapy: Methods and Protocols”
(2010); J. Reidhaar-Olson and C. Rondinone, “Therapeutic Applications of RNAi: Methods and

Protocols” (2009).

[0051] The following definitions and acronyms are used herein:
[0052] ANTF atrial natriuretic factor

[0053] CTKD C-terminal kinase domain

[0054] ERK extracellular signal-regulated kinase

[0055] FBS fetal bovine serum

[0056] GFP green fluorescent protein

[0057] Iso isoproterenol

[0058] LIF leukemia inhibitory factor

[0059] mAKAP muscle A-kinase anchoring protein

[0060] MI myocardial infarction
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[0061] NTKD N-terminal kinase domain

[0062] PDK1 3'phosphoinositide-dependent kinase 1

[0063] PE phenylephrine

[0064] RBD RSK binding domain

[0065] RSK p90 ribosomal S6 kinase

[0066] siRNA small interfering RNA oligonucleotide

[0067] shRNA short hairpin RNA

[0068] TAC transverse aortic constriction

[0069] Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by those of ordinary skill in the art to which this invention belongs.
Although any methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, the preferred methods and materials are described.
Generally, nomenclatures utilized in connection with, and techniques of, cell and molecular biology
and chemistry are those well known and commonly used in the art. Certain experimental techniques,
not specifically defined, are generally performed according to conventional methods well known in the
art and as described in various general and more specific references that are cited and discussed
throughout the present specification. For purposes of the clarity, following terms are defined below.
[0070] The present invention recognizes that the interaction of RSK3 and mAKAPp mediates
various intracellular signals and pathways which lead to cardiac myocyte hypertrophy and/or
dysfunction. As such, the present inventors have discovered various methods of inhibiting that
interaction in order to prevent and/or treat cardiac myocyte hypertrophy and/or dysfunction.

[0071] Thus, the present invention includes a method for protecting the heart from damage, by

administering to a patient at risk of such damage, a pharmaceutically effective amount of a composition,
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which inhibits the interaction of RSK3 and mAKAP. It should be appreciated that “a pharmaceutically
effective amount” can be empirically determined based upon the method of delivery, and will vary
according to the method of delivery.

[0072] The invention also relates to a method of treating heart disease, by administering to a
patient a pharmaceutically effective amount of a composition, which inhibits the interaction of RSK3
and mAKAPp.

[0073] The invention also relates to compositions which inhibit the interaction of RSK3 and
mAKAPp. In particular embodiments, these inhibiting compositions or “inhibitors” include peptide
inhibitors, which can be administered by any known method, including by gene therapy delivery. In
other embodiments, the inhibitors can be small molecule inhibitors. -

[0074] Specifically, the present invention is directed to methods and compositions for treating
or protecting the heart from damage, by administering to a patient at risk of such damage, a
pharmaceutically effective amount of a composition which (1) inhibits the interaction of RSK3 and
mAKAP; (2) inhibits the activity of RSK3 and mAKAP; or (3) inhibits the expression of RSK3 and
mAKAPS.

[0075] The invention also relates to methods of treating or protecting the heart from damage, by
administering to a patient at risk of such damage, a pharmaceutically effective amount of a composition
which inhibits a cellular process mediated by the anchoring of RSK3 through its N-terminal domain.
[0076] In one embodiment, the composition includes an RSK3 peptide. In a preferred
embodiment, the RSK3 peptide is obtained from the amino terminus of the RSK3 amino acid sequence.
In a particularly preferred embodiment, the RSK3 peptide is amino acids 1-42 of the RSK3 amino acid

sequence.
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[0077] In another embodiment, the composition includes a small interfering RNA siRNA that
inhibits the expression of either or both of RSK3 and mAKAPp. In a preferred embodiment, the siRNA
that inhibits the expression of mAKAP is generated in vivo following administration of a short hairpin
RNA expression vector or biologic agent (ShRNA).

[0078] The composition of the invention can be administered directly or can be administered
using a viral vector. In a preferred embodiment, the vector is adeno-associated virus (AAV).

[0079] In another embodiment, the composition includes a small molecule inhibitor. In
preferred embodiments, the small molecule is SL0O101 or BI-D1870.

[0080] In another embodiment, the composition includes a molecule that inhibits the binding,
expression or activity of mAKAP. In a preferred embodiment, the molecule is a mAKAPp peptide.
The molecule may be expressed using a viral vector, including adeno-associated virus (AAV).

[0081] In yet another embodiment, the composition includes a molecule that interferes with
RSK3-mediated cellular processes. In preferred embodiments, the molecule interferes with the
anchoring of RSK3 through its N-terminal domain.

[0082] The invention also relates to diagnostic assays for determining a propensity for heart
disease, wherein the binding interaction of RSK3 and mAKAPp is measured, either directly, or by
measuring a downstream effect of the binding of RSK3 and mAKAPp. The invention also provides a
test kit for such an assay.

[0083] In still other embodiments, the inhibitors include any molecule that inhibits the
expression of RSK3 and mAKAP, including antisense RNA, ribozymes and small interfering RNA
(siRNA), including shRNA.

[0084] The invention also includes an assay system for screening of potential drugs effective to

inhibit the expression and/or binding of RSK3 and mAKAP. In one instance, the test drug could be
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administered to a cellular sample with the RSK3 and mAKAPS, or an extract containing the RSK3 and
mAKAPR, to determine its effect upon the binding activity of the RSK3 and mAKAPp, by comparison
with a control. The invention also provides a test kit for such an assay.

[0085] In preparing the peptide compositions of the invention, all or part of the RSK3 (Figure 2)
or mAKAP (Figure 3) amino acid sequence may be used. In one embodiment, the amino-terminal
region of the RSK3 protein is used as an inhibitor. Preferably, at least 10 amino acids of the RSK3
amino terminus are used. More preferably, about 18 amino acids of the RSK3 amino terminus are used.
Most preferably, amino acids from about 1-42 of the RSK3 amino terminus are used.

[0086] In other embodiments, at least 10 amino acids of the mAKAP sequence are used. More
preferably, at least 25 amino acids of the mAKAP sequence are used. Most preferably, peptide
segments from amino acids 1694-1833 of mAKAP are used.

[0087] It should be appreciated that various amino acid substitutions, deletions or insertions
may also enhance the ability of the inhibiting peptide to inhibit the interaction of RSK3 and mAKAPp.
A substitution mutation of this sort can be made to change an amino acid in the resulting protein in a
non-conservative manner (i.e., by changing an amino acid belonging to a grouping of amino acids
having a particular size or characteristic to an amino acid belonging to another grouping) or in a
conservative manner (i.e., by changing an amino acid belonging to a grouping of amino acids having a
particular size or characteristic to an amino acid belonging to the same grouping). Such a conservative
change generally leads to less change in the structure and function of the resulting protein. A non-
conservative change is more likely to alter the structure, activity or function of the resulting protein.
The present invention should be considered to include sequences containing conservative changes,
which do not significantly alter the activity, or binding characteristics of the resulting protein.

[0088] The following is one example of various groupings of amino acids:
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[0089] Amino acids with nonpolar R groups: Alanine,Valine, Leucine, Isoleucine, Proline,

Phenylalanine, Tryptophan, Methionine.

[0090] Amino acids with uncharged polar R groups: Glycine, Serine, Threonine, Cysteine,

Tyrosine, Asparagine, Glutamine.

[0091] Amino acids with charged polar R groups (negatively charged at pH 6.0): Aspartic acid,

Glutamic acid.

[0092] Basic amino acids (positively charged at pH 6.0): Lysine, Arginine, Histidine (at pH
6.0).
[0093] Another grouping may be those amino acids with phenyl groups: Phenylalanine,

Tryptophan, Tyrosine.

[0094] Another grouping may be according to molecular weight (i.e., size of R groups):
Glycine (75), Alanine (89), Serine (105), Proline (115), Valine (117), Threonine (119), Cysteine (121),
Leucine (131), Isoleucine (131), Asparagine (132), Aspartic acid (133), Glutamine (146), Lysine (146),
Glutamic acid (147), Methionine (149), Histidine (at pH 6.0) (155), Phenylalanine (165), Arginine

(174), Tyrosine (181), Tryptophan (204).

[0095] Particularly preferred substitutions are:

[0096] - Lys for Arg and vice versa such that a positive charge may be maintained,;
[0097] - Glu for Asp and vice versa such that a negative charge may be maintained,;
[0098] - Ser for Thr such that a free -OH can be maintained; and

[0099] - Gln for Asn such that a free NH, can be maintained.

[00100] Amino acid substitutions may also be introduced to substitute an amino acid with a

particularly preferable property. For example, a Cys may be introduced a potential site for disulfide

bridges with another Cys. A His may be introduced as a particularly "catalytic" site (i.e., His can act as
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an acid or base and is the most common amino acid in biochemical catalysis). Pro may be introduced
because of its particularly planar structure, which induces B-turns in the protein's structure. Two amino
acid sequences are "substantially homologous" when at least about 70% of the amino acid residues
(preferably at least about 80%, and most preferably at least about 90 or 95%) are identical, or represent
conservative substitutions.

[00101] Likewise, nucleotide sequences utilized in accordance with the invention can also be
subjected to substitution, deletion or insertion. Where codons encoding a particular amino acid are
degenerate, any codon which codes for a particular amino acid may be used. In addition, where it is
desired to substitute one amino acid for another, one can modify the nucleotide sequence according to
the known genetic code.

[00102] Nucleotides and oligonucleotides may also be modified. U.S. Patent No. 7,807,816,
which is incorporated by reference in its entirety, and particularly for its description of modified
nucleotides and oligonucleotides, describes exemplary modifications.

[00103] Two nucleotide sequences are "substantially homologous" or “substantially identical”
when at least about 70% of the nucleotides (preferably at least about 80%, and most preferably at least
about 90 or 95%) are identical.

[00104] Two nucleotide sequences are "substantially complementary" when at least about 70%
of the nucleotides (preferably at least about 80%, and most preferably at least about 90 or 95%) are
able to hydrogen bond to a target sequence.

[00105] The term "standard hybridization conditions" refers to salt and temperature conditions
substantially equivalent to 5 x SSC and 65 C for both hybridization and wash. However, one skilled in
the art will appreciate that such "standard hybridization conditions" are dependent on particular

conditions including the concentration of sodium and magnesium in the buffer, nucleotide sequence
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length and concentration, percent mismatch, percent formamide, and the like. Also important in the
determination of "standard hybridization conditions" is whether the two sequences hybridizing are
RNA-RNA, DNA-DNA or RNA-DNA. Such standard hybridization conditions are easily determined
by one skilled in the art according to well known formulae, wherein hybridization is typically 10-20 C
below the predicted or determined Ty, with washes of higher stringency, if desired.

[00106] The phrase "pharmaceutically acceptable" refers to molecular entities and compositions
that are physiologically tolerable and do not typically produce an allergic or similar untoward reaction,
such as gastric upset, dizziness and the like, when administered to a human.

[00107] The phrase "therapeutically effective amount" is used herein to mean an amount
sufficient to prevent, and preferably reduce by at least about 30 percent, more preferably by at least 50
percent, most preferably by at least 90 percent, a clinically significant change in a cardiac myocyte
feature.

[00108] The preparation of therapeutic compositions which contain polypeptides, analogs or
active fragments as active ingredients is well understood in the art. Typically, such compositions are
prepared as injectables, either as liquid solutions or suspensions, however, solid forms suitable for
solution in, or suspension in, liquid prior to injection can also be prepared. The preparation can also be
emulsified. The active therapeutic ingredient is often mixed with excipients which are pharmaceutically
acceptable and compatible with the active ingredient. Suitable excipients are, for example, water, saline,
dextrose, glycerol, ethanol, or the like and combinations thereof. In addition, if desired, the
composition can contain minor amounts of auxiliary substances such as wetting or emulsifying agents,
pH buffering agents which enhance the effectiveness of the active ingredient.

[00109] A polypeptide, analog or active fragment, as well as a small molecule inhibitor, can be

formulated into the therapeutic composition as neutralized pharmaceutically acceptable salt forms.
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Pharmaceutically acceptable salts include the acid addition salts (formed with the free amino groups of
the polypeptide or antibody molecule) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and the like.
Salts formed from the free carboxyl groups can also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as
isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, and the like.

[00110] The therapeutic compositions of the invention are conventionally administered
intravenously, as by injection of a unit dose, for example. The term "unit dose" when used in reference
to a therapeutic composition of the present invention refers to physically discrete units suitable as
unitary dosage for humans, each unit containing a predetermined quantity of active material calculated
to produce the desired therapeutic effect in association with the required diluent; i.e., carrier, or vehicle.
[00111] The compositions are administered in a manner compatible with the dosage formulation,
and in a therapeutically effective amount. The quantity to be administered depends on the subject to be
treated, capacity of the subject's immune system to utilize the active ingredient, and degree of
inhibition of RSK3-mAKAP binding desired. Precise amounts of active ingredient required to be
administered depend on the judgment of the practitioner and are peculiar to each individual. However,
suitable dosages may range from about 0.1 to 20, preferably about 0.5 to about 10, and more preferably
one to several, milligrams of active ingredient per kilogram body weight of individual per day and
depend on the route of administration. Suitable regimes for initial administration and booster shots are
also variable, but are typified by an initial administration followed by repeated doses at one or more
hour intervals by a subsequent injection or other administration. Alternatively, continuous intravenous
infusion sufficient to maintain concentrations of ten nanomolar to ten micromolar in the blood are

contemplated.

-24-



WO 2019/010301 PCT/US2018/040913

[00112] Because of the necessity for the inhibitor to reach the cytosol, a peptide in accordance
with the invention may need to be modified in order to allow its transfer across cell membranes, or may
need to be expressed by a vector which encodes the peptide inhibitor. Likewise, a nucleic acid inhibitor
(including siRNAs, shRNAs and antisense RNAs) can be expressed by a vector. Any vector capable of
entering the cells to be targeted may be used in accordance with the invention. In particular, viral
vectors are able to “infect” the cell and express the desired RNA or peptide. Any viral vector capable of
“infecting” the cell may be used. A particularly preferred viral vector is adeno-associated virus (AAV).
[00113] siRNAs inhibit translation of target mRNAs via a process called RNA interference.
When the siRNA is perfectly complementary to the target mRNA, siRNA act by promoting mRNA
degradation. shRNAs, as a specialized type of siRNA, have certain advantages over siRNAs that are
produced as oligonucleotides. siRNA oligonucleotides are typically synthesized in the laboratory and
are delivered to the cell using delivery systems that deliver the siRNA to the cytoplasm. In contrast,
shRNAs are expressed as minigenes delivered via vectors to the cell nucleus, where following
transcription, the sShRNA are processed by cellular enzymes such as Drosha and Dicer into mature
siRNA species. siRNAs are usually 99% degraded after 48 hours, while shRNAs can be expressed up
to 3 years. Morover, shRNAs can be delivered in much lower copy number than siRNA (5 copies vs.
low nM), and are much less likely to produce off-target effects, immune activation, inflammation and
toxicity. While siRNAs are suitable for acute disease conditions where high doses are tolerable,
shRNAs are suitable for chronic, life threatening diseases or disorders where low doses are desired.

(hitp:/www benttec com/lechnoloay/sirna~vs-shima)

[00114] Guidelines for the design of siRNAs and shRNAs can be found in Elbashir (2001) and

at various websites including htips.//www thermofisher com/us/en/home/references/anbion-tech-

support/roai-sirna/general-articles/-sima-design-guidelines btmd and
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hitp./fwww invivogen conyreview-sirna~-shrna-desien, all of which are hereby incorporated by

reference in their entireties. Preferably, the first nucleotide is an A or a G. siRNAs of 25-29 nucleotides
may be more effective than shorter ones, but sShRNAs with duplex length 19-21 seem to be as effective
as longer ones. siRNAs and shRNAs are preferably 19-29 nucleotides. Loop sequences in shRNAs may
be 3-9 nucleotides in length, with 5, 7 or 9 nucleotides preferred.

[00115] With respect to small molecule inhibitors, any small molecule that inhibits the
interaction of RSK3 and mAKAPf may be used. In addition, any small molecules that inhibit the
activity of RSK3 and/or mAK AP may be used. Particularly preferred small molecules include BI-

D1870, available from Enzo Life Sciences
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[00116] Small molecules with similar structures and functionalities can likewise be determined

by rational and screening approaches.
[00117] Likewise, any small molecules that inhibit the expression of RSK3 and/or mAKAPJ
may be used.

[00118] In yet more detail, the present invention is described by the following items which
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represent preferred embodiments thereof:

1.

10.

A composition comprising a vector encoding a small hairpin ribonucleic acid (“shRNA”)
against human mAKAP.

The composition of item 1, wherein the shRNA inhibits the interaction between human
RSK3 and human mAKAP.

The composition of item 1, wherein a therapeutically effective amount of said
composition administered to a patient in need thereof protects the patient from heart
damage.

The composition of item 1, wherein the vector is a viral vector.

The composition of item 4, wherein the viral vector is an adeno-associated virus vector
(AAV).

The composition of item 1, wherein the sShRNA comprises a sense copy of a human
mAKAP mRNA sequence and an antisense copy of a human mAKAP mRNA sequence.
The composition of item 6, wherein the sense and antisense copies of the human
mAKAP mRNA sequence are separated by a loop sequence.

The composition of item S, wherein the sense and antisense copies of the human
mAKAP mRNA sequence are 19 nucleotides in length,

The composition of item 1, wherein the vector comprises a sequence substantially
complementary to one of the following nucleotide sequences:
GGTTGAAGCTTTGAAGAAA (SEQ ID NO:7), GCTAAGAGATACAGAGCTT
(SEQ ID NO:8) or GGAGGAAATAGCAAGGTTA (SEQ ID NO:9).

The composition of item 9, wherein the vector comprises one of the following

nucleotide sequences: GGTTGAAGCTTTGAAGAAA (SEQID NO.7),

-27-

AMENDED SHEET - IPEA/US



PCT/US2018/040913 15.11.2019

PCT/US18/40913 18-08-2018

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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GCTAAGAGATACAGAGCTT (SEQ ID NO:8) or GGAGGAAATAGCAAGGTTA
(SEQ ID NO:9).

The composition of item 10, wherein the vector comprises the following nucleotide
sequence: GGAGGAAATAGCAAGGTTA (SEQ ID NO:9).

The composition of item 4, wherein the viral vector comprises human microRNA
(miR)-30a sequences.

The composition of item 4, wherein the viral vector comprises a shRNA minigene,
wherein the minigene is flanked by a complete AAV2 inverted terminal repeat (ITR) on
the 5° end and a deleted AAV2 ITR on the 3” end.

The composition of item 4, wherein the viral vector comprises a chicken cardiac
troponin T promoter.

The composition of item 4, wherein the viral vector comprises a SV40 polyadenylation
site.

The composition of item 5, wherein the AAV is an AAYV serotype .9.

A method of inhibiting the expression of human mAKAPB, comprising contacting
mRNA encoding mAKAPSB with the composition of item 1.

A method of protecting the heart from damage, comprising administering to a patient at
risk of such damage, a pharmaceutically effective amount of the composition of item 1.
A method of treating or preventing heart disease, comprising administering to a patient
in need thereof, a pharmaceutically effective amount of the composition of item 1.

A method of treating or preventing myocardial infarction, comprising administering to a
patient at risk of such damage, a pharmaceutically effective amount of the composition

of item 1.
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[00119] The following examples are provided to aid the understanding of the present invention,
the true scope of which is set forth in the appended claims. It is understood that modifications can be
made in the procedures set forth without departing from the spirit of the invention.

[00120] EXAMPLES:

[00121] The compositions and processes of the present invention will be better understood in
connection with the following examples, which are intended as an illustration only and not limiting of
the scope of the invention. Various changes and modifications to the disclosed embodiments will be
apparent to those skilled in the art and such changes and modifications including, without limitation,
those relating to the processes, formulations and/or methods of the invention may be made without
departing from the spirit of the invention and the scope of the appended claims.

[00122] Example 1

[00123] Methods

[00124] Reagents

[00125] Commercial antibodies and oligonucleotides are listed in Figure 19 and Figure 20 of
U.S. Patent No. 9,132,174. The commercially available RSK3 antibodies were of varying specificity

(Figure 21 of U.S. Patent No. 9,132,174). Additional reagents and detailed methods are provided.

[00126] RSK3~~ Mouse

[00127] All experiments involving animals were approved by the Institutional Animal Care and
Use Committee at the University of Miami. Constitutive RSK3 knockout mice were backcrossed to
C57BL/6 mice over 10 generations. All experiments were performed with littermate controls and mice
that were 8 to 10 weeks of age at the beginning of the study. Transverse aortic constriction was
performed as previously described (Rockman 1991), and isoproterenol infusion was via Alzet 2002

osmotic pumps (Durect). Echocardiography was performed under isoflurane anesthesia on a Vevo 770
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High-Resolution Imaging System (VisualSonics).

[00128] RNA Assays

[00129] mRNA species were assayed using NanoString technology, a direct and multiplexed
measurement of gene expression without amplification, using fluorescent molecular bar codes and
single-molecule imaging to identify and count multiple transcripts in a single reaction; 100ng of RNA
was hybridized in solution to a target-specific code set overnight at 65°C, and individual mRNAs were
counted using a NanoString Digital Analyzer.

[00130] Statistics

[00131] For all experiments, n refers to the number of individual mice or individual myocyte
preparations. All data are expressed as mean + SEM. P values were calculated using Student 7 tests and
are not corrected for multiple comparisons. Repeated symbols represent P values of different orders of
magnitude (i.e., P<0.05, P<0.005, and others). All datasets involving multiple comparisons for which P
values are provided also were significant by ANOVA (0=0.05).

[00132] Results

[00133] mAKAPp: A Scaffold for RSK

[00134] The inventors have previously published that RSK proteins and activity are associated
with mAKAPa complexes in the brain (Michel 2005). The inventors now show that RSK also 1s
associated with mAKAP in cardiac myocytes (Figure 4B of U.S. Patent No. 9,132,174). To determine
whether mAK AP preferentially binds a specific RSK isoform, hemagglutinin (HA)- tagged RSK
family members were co-expressed with mAKAP in HEK293 cells. In contrast to RSK1 and RSK2,
RSK3 robustly mediated the coiommunoprecipitation of both mAKAPa and mAKAP (Figure 4C of
U.S. Patent No. 9,132,174). RSK family members are similar in primary sequence with the exception

of the extreme N-terminal and C-terminal domains and a small region after the hydrophobic motif
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(Figure 4A of U.S. Patent No. 9,132,174). Consistent with the selective binding of RSK3 to the
scaffold, the N-terminal domain of RSK3 bound mAKAPp (Figure 4D of U.S. Patent No. 9,132,174).
[00135] RSK3 Function in Neonatal Cardiac Myocytes

[00136] RSK family members can be activated in most cell types by ERK, but not c-Jun N-

terminal kinases or p38 (Anjum 2008). ERK phosphorylation is permissive for PDK1 phosphorylation

of the RSK N-terminal kinase domain, such that PDK1 phosphorylation of RSK $218 ig indicative of
full activation of the enzyme (Figure 4A of U.S. Patent No. 9,132,174). To show that ERK activates
RSK in cardiac myocytes, the inventors treated neonatal rat ventricular myocytes with different

hypertrophic agonists and mitogen-activated protein kinase pathway inhibitors and detected RSK

activation using a pan-RSK 218 phosphor-specific antibody (Figures 21 and 22 of U.S. Patent No.
9,132,174). The a-adrenergic stimulation with phenylephrine (PE) induced RSK phosphorylation 3-
fold by both MEK1/2- dependent (that activates ERK1/2) and MEKS5-dependent (that activates ERKS)
mechanisms (Figure 22 of U.S. Patent No. 9,132,174). Moreover, MEK 1/2 inhibition reduced RSK
baseline phosphorylation. ¢c-Jun N-terminal kinase and p38 inhibition did not affect PE activation and,
in fact, variably increased baseline RSK phosphorylation. Fetal bovine serum and leukemia inhibitory
factor also increased the level of activated RSK, but that occurred more so because of an increase in
total RSK protein expression than because of ERK phosphorylation.

[00137] Similar results were found for HA-tagged RSK3 (Figure SA of U.S. Patent No.
9,132,174). Acute PE treatment induced the phosphorylation of HA-RSK3 ERK (8360) and PDK1

(8218) sites through both MEK1/2-dependent and MEK5-dependent signaling. Together, these results
confirmed that in cardiac myocytes ERK is responsible for RSK activation.
[00138] The inventors have previously demonstrated that mAKAPP complexes are required for

the hypertrophy of cultured myocytes (Li 2010, Pare 2005, Dodge-Kafka 2005). Therefore, the
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inventors proposed the hypothesis that RSK3 signaling is a major determinant of cardiac myocyte
growth. Neonatal myocytes were transfected with small interfering RNA oligonucleotides (siRNA) that
diminished RSK3 mRNA and protein levels by >75% (Figure 5B of U.S. Patent No. 9,132,174). RSK3
siRNA did not induce the apoptosis of myocytes cultured either in the absence or in the presence of
serum (Figure SC of U.S. Patent No. 9,132,174). Importantly, in the presence of a-adrenergic
stimulation, RSK3 siRNA inhibited morphologic hypertrophy by 34% and atrial natriuretic factor
expression completely (Figure SD—SF and Figure 23 of U.S. Patent No. 9,132,174). In addition, RSK3
siRNA had smaller, but detectable, effects on leukemia inhibitory factor and fetal bovine serum—
stimulated hypertrophy. The results obtained by RSK3 RNA interference were confirmed with a second
distinct RSK3 siRNA.

[00139] Endogenous RSK3 proteins are expressed at a relatively low level in cardiac myocytes
compared with the other RSK family members and are induced in expression by long-term PE
treatment (Figure 24C of U.S. Patent No. 9,132,174). As a result, RSK3 RNA interference did not
affect the level of total RSK in the myocyte, only diminishing the RSK3 detected after
immunoprecipitation with a specific RSK3 antibody (Figure 5B and Figure 24C of U.S. Patent No.
9,132,174). In control experiments, the inhibition of PE-induced hypertrophy by the RSK3 siRNA was

rescued by the expression of recombinant HA-tagged human RSK3, but not by an inactive HA-RSK3

$218 A mutant (Figure 24A and 24B of U.S. Patent No. 9,132,174). Remarkably, in these experiments,
the cross-section area of unstimulated myocytes was increased by adenoviral-based expression of wild-
type HA-RSK3 enzyme at a level comparable with that of endogenous RSK3 in PE-treated cells
without affecting total RSK levels. Finally, to confirm that RSK activity was important for neonatal
myocyte hypertrophy, the inventors used the pan-RSK inhibitors BI-D1870 (Figure 6 and Figure 25 of

U.S. Patent No. 9,132,174) and SLO101 (Figure 26 of U.S. Patent No. 9,132,174) (Smith 2005, Sapkota
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2007, Malone 2005), finding that, like RSK3 siRNA, these compounds inhibited agonist-induced
myocyte hypertrophy.

[00140] High-Affinity RSK3 Binding Domain in mAKAP

[00141] The inventors considered that the requirement for RSK3 in myocyte hypertrophy was
attributable to the association of RSK3 with specific signaling complexes. To address this hypothesis,
the inventors defined the mAKAP domains responsible for RSK3 binding. HA-tagged RSK3 was co-
expressed in heterologous cells with myc-tagged mAKAPP fragments and coimmunoprecipitated using
a myc-tag antibody (Figure 7A and 7B of U.S. Patent No. 9,132,174). RSK3 preferentially associated
with mAKAP amino acid residues 1286 to 1833, although it also weakly associated with mAKAP 245
to 587 and 525 to 1286. Consistent with this result, RSK3 binding to a full-length mAKAPP protein
with an internal deletion of residues 1257 to 1886 was reduced by >85%. Further mapping showed that
the main RSK3 binding domain (RBD) of mAKAP mapped to a fragment encompassing residues1694
to 1833 (Figure 7C of U.S. Patent No. 9,132,174). Accordingly, RSK3 bound poorly to a full-length
mAKAPp protein with an internal deletion of residues 1701 to 1800 (Figure 7D of U.S. Patent No.
9,132,174). As shown, the unique N-terminal domain of RSK3 bound full-length mAKAPp (Figure 4D
of U.S. Patent No. 9,132,174). The mAKAP RBD also bound HA-RSK3 1 to 42 (Figure 7E of U.S.
Patent No. 9,132,174), but not to the N-terminally truncated RSK3 mutant (HA-RSK3 DN30) or the
HA-tagged full-length RSK2 (Figure 7F of U.S. Patent No. 9,132,174). These results imply that the
mAKAP RBD is responsible for the selective binding of RSK3 to mAKAP.

[00142] The inventors next tested whether mAKAP-RSK3 binding is direct (Figure 7G of U.S.
Patent No. 9,132,174). The binding of bacterially expressed His-tagged mAKAP 1286 to 1833 and full-
length RSK3 was analyzed by surface plasmon resonance. The binding was direct and of high affinity

(nanomolar Kpy). The inventors previously reported that once activated, RSK3 binds mAKAPa less
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well in cells (Michele 2005). Interestingly, previous RSK3 phosphorylation by either ERK or both
ERK and PDK1 decreased the RSK3 binding affinity for mAKAP 5-fold and 8-fold, respectively,
through a decrease in the association rate constant.

[00143] Disruption of RSK3 Anchoring Inhibits Neonatal Myocyte Hypertrophy The
identification of the high-affinity mAKAP RBD provided the opportunity to test whether anchoring of
RSK3 is important for its function. When expressed in neonatal myocytes, a green fluorescent protein—
mAKAP RBD fusion protein competed the association of endogenous RSK3 and mAKAPp (Figure 8A
of U.S. Patent No. 9,132,174). Expression of green fluorescent protein—-m AK AP RBD fusion protein
markedly inhibited PE-induced hypertrophy (Figure 8B—5D of U.S. Patent No. 9,132,174), similar to
RSK3 siRNA (Figure 5 of U.S. Patent No. 9,132,174). Together, these results imply that RSK3
anchored to scaffolds through its unique N-terminal domain is required for the hypertrophy of cultured
myocytes.

[00144] Role of RSK3 in Cardiac Hypertrophy In Vivo

[00145] The results obtained in vitro suggested that active RSK3 contributes to the development
of pathologic myocyte hypertrophy. Further evidence supporting this hypothesis was obtained using a
new RSK3 knockout mouse. By homologous recombination, stop codons were inserted into the second
exon of the RSK3 (Rps6ka?) gene encoding the ATP-binding motif of the N-terminal kinase domain

(Hanks 1988), resulting in the constitutive absence of RSK3 protein in homozygous null mice (Figure

27 of U.S. Patent No. 9,132,174). In general, RSK3~~ mice appeared normal in morphology, were bred

according to Mendelian genetics (Figure 12 of U.S. Patent No. 9,132,174), and exhibited no excess

mortality up to 6 months of age. Before any stress, the RSK3 "~ mice had generally normal cardiac
function, with the only measureable difference from wild-type littermates being a slight increase in left

ventricular internal dimensions detected by echocardiography (Figures 13 and 28 of U.S. Patent No.
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9,132,174).

[00146] The inventors tested whether RSK3 is required for compensated cardiac hypertrophy by

subjecting the RSK3 " mice to pressure overload for 2 weeks (Figure 9A of U.S. Patent No.

9,132,174). By echocardiography, transverse aortic constriction (TAC) induced a 36% increase in

posterior wall thickness in wild-type mice, but only a 16% increase in RSK3 " mice (Figures 10 and
28 of U.S. Patent No. 9,132,174). The decreased hypertrophy was not accompanied by a change in
contractility (fractional shortening). Postmortem gravimetric analysis showed that the corresponding

increase in biventricular weight after TAC was similarly diminished in the knockout mice (48% for

RSK3"/" vs. 26% for RSK3~~ mice; Figure 14 of U.S. Patent No. 9,132,174). TAC primarily induces
concentric growth of cardiac myocytes.

[00147] Inspection of wheat germ agglutinin—stained heart sections revealed that consistent with
these results, RSK3 knockout attenuated the TAC-induced increase in myocyte transverse cross-section
area by ~46% (Figure 9B and 9C of U.S. Patent No. 9,132,174). Proportional results were obtained by
morphometric analysis of adult cardiac myocytes isolated from the TAC mice (Figure 9D-9G of U.S.

Patent No. 9,132,174).

[00148] To characterize the RSK3 "~ cardiac phenotype at a molecular level, the inventors
surveyed for differences in the cardiac expression of 30 genes encoding proteins involved either in
cardiac remodeling or in hypertrophic signaling (Figure 11 of U.S. Patent No. 9,132,174).
Approximately two-thirds of the genes in our panel were significantly increased or decreased in

expression by TAC. In general, the changes in expression were attenuated by RSK3 knockout. For

example, TAC-induced atrial natriuretic factor expression was dramatically inhibited in RSK3 /"~ mice,

consistent with the results obtained for PE-treated neonatal myocytes. Although after 2 weeks of

pressure overload the small increases in cellular apoptosis and interstitial fibrosis detectable by
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histology for wild-type mice did not reach significance when compared with sham-operated controls,
these signs of remodeling tended to be less in the knockout mice (8.2+2.0 vs. 4.2+1.0% 10~4 TUNEL-

positive nuclei and 0.49%+0.18% vs. 0.29%+0.11% collagen staining for wild-type and RSK37~ TAC
hearts, respectively). Interestingly, 2 genetic markers of fibrosis that were significantly induced in TAC
wild-type mice, transforming growth factor B2 and collagen VI al (Yang 2012), were attenuated in
expression by RSK3 knockout (Figure 11 of U.S. Patent No. 9,132,174).

[00149] To further explore the role of RSK3 in cardiac hypertrophy, the inventors used a second
in vivo pathological stressor, chronic isoproterenol (Iso) infusion via subcutaneous osmotic pumps, and
a physiological stressor, chronic exercise via swimming. Although Iso infusion resulted in a minor
increase in ventricular wall thickness by echocardiography (Figure 15 of U.S. Patent No. 9,132,174), at
the cellular level Iso significantly induced myocyte growth in width in a RSK3- dependent manner as
measured by histology and after myocyte isolation (Figure 29 of U.S. Patent No. 9,132,174). Unlike
TAC, Iso infusion also induced eccentric growth, as evidenced by increased myocyte length and
ventricular dilation by echocardiography (Figures 15 and 16 of U.S. Patent No. 9,132,174). This
eccentric growth was not inhibited by RSK3 knockout. Together with the TAC data, these results
demonstrate that RSK3 contributes to the induction of concentric myocyte hypertrophy in pathologic

conditions.

[00150] Finally, RSK3~~ mice were exercised by swimming. As expected (Perrino 2006), after
swimming, wild-type mice exhibited a decreased resting heart rate (consistent with improved physical
conditioning) and increased left ventricular internal dimensions (Figures 17 and 28 of U.S. Patent No.
9,132,174). After exercise, there were no significant differences between RSK3 knockout and wild-
type mice detectable by echocardiography, and the cohorts exhibited a similar increase in biventricular

weight indexed by body weight (6% and 7%, respectively; Figure 18 of U.S. Patent No. 9,132,174).
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[00151] Detailed Methods

[00152] Reagents: Commercial antibodies are listed in Figure 19 of U.S. Patent No. 9,132,174.
Secondary antibodies included horseradish peroxidase (HRP)-conjugated donkey secondary antibodies
(Jackson ImmunoResearch) and Alexa dye-conjugated donkey secondary antibodies (Invitrogen).
Monoclonal 211, polyclonal VOS54, VO56 and OR010 mAKAP antibodies were as previously
described and are available through Covance Research Products (Kehat 2010). OR42 and OR43 rabbit
anti- RSK3 antisera were generated using bacterially-expressed His-tagged RSK3 (full-length) and
affinity purified using antigen-coupled Affigel resin (Biorad). FL099 and FL100 rabbit anti-mAKAP
antisera were generated using bacterially-expressed GST-tagged mAKAP 245-340. Oligonucleotides
are listed in Figure 20 of U.S. Patent No. 9,132,174. Other reagents included: BIX02189 - Boehringer
Ingelheim Pharmaceuticals; PD0325901, SB103580, SLO101, and SP600125 - EMD Chemicals Inc.
[00153] All adenovirus were constructed using the pTRE shuttle vector and the Adeno-X Tet-off
System (Clontech) and purified after amplification using Vivapure AdenoPACK kits (Sartorius
Stedim). These adenoviruses conditionally express recombinant protein when co-infected with
tetracycline transactivator-expressing virus (adeno-tTA for “tet-off” or reverse tTA for “tet-on”). HA-
tagged RSK and MSK2 expression plasmids acquired from Dario Alessi and John Blenis (McKinsey
2007, Anjum 2008, Sadoshima 1995) and myc-tagged mAKAP mammalian expression vectors
(pCDNA3.1 (-) myc-his) and adenovirus were as previously described (Kodama 2000, Takeishi 2002).
GFP-RBD was expressed using a pEGFP-based plasmid. Bacterial expression vectors for mAKAP and
RSK3 were constructed using pET30 and pGEX-4T parent vectors, and proteins were purified using
His-bind (Novagen) and Glutathione Uniflow Resins (Clontech).

[00154] Neonatal rat myocytes isolation and culture: 1-3 day old Sprague-Dawley rats were

decapitated and the excised hearts placed in 1x ADS Buffer (116 mmol/L NaCl, 20 mmol/L. HEPES, 1
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mmol/L. NaH2PO4, 5.5 mmol/L glucose, 5.4 mmol/L KCl, 0.8 mmol/L MgSQOg4, pH 7.35). The atria

were carefully removed and the blood washed away. The ventricles were minced and incubated with 15

mL I1x ADS Buffer containing 3.3 mg type II collagenase (Worthington, 230 U/mg) and 9 mg

Pancreatin (Sigma) at 37°C while shaking at 80 RPM. After 15 minutes, the dissociated cardiac

myocytes were separated by centrifugation at 50 x g for 1 minute, resuspended in 4 mL horse serum

and incubated 37°C with occasional agitation. The steps for enzymatic digestion and isolation of
myocytes were repeated 10-12 times to maximize yield. The myocytes were pooled and spun down
again at 50 x g for 2 minutes and resuspended in Maintenance Medium (DMEM:M199, 4:1)
supplemented with 10% horse serum and 5% fetal bovine serum. To remove any contaminating
fibroblasts, the cells were pre-plated for 1 hour before plating on gelatin-coated tissue culture
plasticware. This procedure yields >90% pure cardiac myocytes. After 1 day in culture, the media was
changed to maintenance medium containing 0.1 mmol/L bromodeoxyuridine to suppress fibroblast
growth.

[00155] Experiments were initiated 1 day after myocyte isolation. Adenoviral infection was
performed by addition of adenovirus (multiplicity of infection = 5-50) to the media. Plasmids and
siRNA oligonucleotides were transfected using Transfast (Promega) and Dharmafect (Thermofisher),
respectively, as recommended by the manufacturers using cells cultured in maintenance medium
supplemented with 4% horse serum. Starting the day after gene transduction, the cells were treated for
as long as 2 days, as indicated for each experiment.

[00156] Immunoprecipitations: HEK293 and COS-7 cells were transfected with Lipofectamine
2000 (Invitrogen) or Polyethylenimine “Max” (Polysciences). Cells (including myocytes) were lysed in
buffer (20 mmol/L. HEPES, pH 7.4, 150 mmol/L NaCl, 5 mmol/L EDTA, 0.5% Triton, 50 mmol/L

NaF, 1 mmol/L sodium orthovanadate, 1 mmol/L DTT, and protease inhibitors). After centrifugation at
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10,000 x g for 10 minutes at 4 OC, the clarified extracts were used for immunoprecipitation using
appropriate antibodies (10 pg purified antibody or 1-5 uL. whole serum) and 20 uL protein G sepharose
(Millipore, Fastflow) for 3 hours to overnight at 4°C. The beads were washed 3-5 times with lysis
buffer, and the immunoprecipitated proteins were eluted with 1x Laemmli buffer for western blotting.
Western blots were developed using horseradish peroxidase-conjugated donkey secondary antibodies,
Supersignal West Chemiluminescent Substrates (Thermo Scientific) and X-ray film or a Fyjifilm LAS-
3000 imaging system.

[00157] Immunocytochemistry. Cultured neonatal cardiomyocytes on plastic coverslips were
fixed in 3.7% formaldehyde in PBS, permeabilized with 0.3% Triton X-100 in PBS, and blocked with
PBS containing 0.2% BSA and 1% horse serum for 1 hour. The slides were then sequentially incubated
for 1 hour with primary and Alexa fluorescent dye-conjugated specific-secondary antibodies
(Invitrogen, 1:1000) diluted in blocking buffer. The slips were washed three times with blocking
buffer. 1 pg/mL Hoechst 33258 was included in the last wash stop to label nuclei. Slides were sealed in
SlowFade Gold antifade buffer (Invitrogen) for fluorescent microscopy. Wide-field images were
acquired using a Leica DMI 6000 Microscope.

[00158] Surface Plasmon Resonance: SPR analysis was performed using a BIAcore T100. 200
resonance units His-tagged mAKAP 1286-1833 were covalently immobilized using NHS (N-
hydroxysuccinamide) and EDC [1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide] (Biacore amine
coupling kit) to the surface of a sensor chip (BIAcore type CM5). His-RSK3 analytes (6.25 - 200
nmol/L) in HBS buffer (10 mmol/L Hepes, pH 7.4, 150 mmol/L NaCl, and 0.005% Surfactant P20)
were injected at a flow rate of 30 uL/min for 5 minutes, followed by buffer alone for another 5 minutes.
Sensorgrams were processed by BIAcore T100 evaluation software.

[00159] For phosphorylated His-RSK3, 20 ug His-RSK3 was phosphorylated with 2 pg ERK2
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(Millipore, 14-550) and/or PDK1 (Sigma, P7498) for 5 hours in kinase buffer (20 mmol/L MOPS, pH
7.2, 25 mmol/L B-glycerol phosphate, S mmol/L EGTA, 1 mmol/L sodium orthovanadate, 1 mmol/L
DTT) with 0.5 mmol/L MgATP. Phospho-His-RSK3 was purified using His-binding beads and

concentrated before use.

[00160] Generation of RSK3'/' mouse: All experiments involving animals were approved by the
Institutional Animal Care and Use Committee at the University of Miami. Constitutive knock-out mice
were generated using a targeting vector that inserted into Exon 2 a neomycin resistance gene (PGKneo)
flanked by loxp sites (Figure 27 of U.S. Patent No. 9,132,174). Targeted 129Sv]J ES cells were injected

into C57BL/6J blastocysts. PGKneo was removed by crossing mutant mice with B6.C- Tg(CMV-

cre)1Cgn/J (The Jackson Laboratory). RSKH' Mice were selected for loss of the cre transgene and
backcrossed to C57BL/6 mice over 10 generations. All experiments were performed with littermate
controls and mice that were 8-12 weeks of age. The numbers of mice in each cohort are listed in the
various tables and figures.

[00161] Isoproterenol infusion: Alzet 2002 osmotic pumps (Durect) were sterilely loaded with
200 uL saline or saline and isoproterenol to deliver 60 mg/kg/day for 14 days. 8 week old mice were
anaesthetized, and the pump was inserted sterilely subcutaneously into the shaved back through a
transverse incision made intra-scapulae. The wound was closed with surgical staples and covered with
betadine solution. Mice were housed separately after surgery.

[00162] Transverse Aortic Constriction: All tools were sterilized with a Germinator 500 Dry
Sterilizer and Betadine Solution (10% povidone-iodine topical solution). Anesthesia was induced with
5% isoflurane and maintained with 2% isoflurane and 100% oxygen at a flow rate of 1.5 L/min using a
SurgiVet flow regulator via nose cone. Loss of consciousness was verified by toe pinch. Mouse fur

over the left chest and sternum was removed with a calcium hydroxide lotion (e.g. Nair), and the
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surgical site was sterilized with betadine. The skin was incised exposing the pectoralis muscle and the
second left intercostal space. The pectoralis muscle and the second rib were blunt dissected and
retracted revealing the thymus within the mediastinum. The lobes of the thymus were retracted to
reveal the transverse aortic arch as well as the right innominate and left common carotid arteries. Blunt
dissection though the connective tissue between these two arteries and under the aorta allowed for the
passage of a 6-0 silk using a modified ligation aid (Fine Science Tools 18062-12). A 27 gauge needle
was placed on top of the aorta and the 6-0 silk was tied around the needle. The needle was removed,
leaving a constricted aorta. The chest was closed in two layers with 5-0 Polysorb Suture. Isoflurane
administration was terminated, and the mice were maintained on 100% oxygen by nose cone until
conscious. Immediately post-operatively, buprenorphrine (0.05-0.1 mg/kg s.c.) was administered and
then q12 h prn. The mice were allowed to recover under a heat lamp until alert and active. Sham-
operated mice that experience all but the placement of the aortic ligature served as controls.

[00163] Swimming: 8-10 week old mice were forced to swim in water tanks every day for 4

weeks. The swimming tank measured >225 cm2’ with a depth of 15 cm and a water temperature of 30-
32°C. Mice were continuously observed to avoid any drowning. The first day of training consisted of
two 10-min sessions separated by at least 4 h. Sessions were increased by 10 min each day until 90-min
sessions were reached. Additional cohorts were housed normally without exercise to serve as a “sham
swim” control group. Food and water were provided ad libitum throughout the month period for all
mice.

[00164] Echocardiography: Mice minimally anesthetized with 1-2% isoflurane were studied

using a Vevo 770®, High-Resolution Imaging System (VisualSonics). The pressure gradient following
TAC was calculated from the pulse wave Doppler velocity at the point of ligation as follows: P = 4v2;

P = the induced pressure gradient (in mmHg) and v = the velocity across the constriction (in m/ s).7
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[00165] Adult mouse myocytes isolation by Langendorff perfusion: Mice were anesthetized using
Ketamine (80-100 mg/kg) and Xylazine (5-10 mg/kg) IP followed by 200 U heparin IP and cardiac
excision. The heart was placed immediately in perfusion buffer (NaCl 120 mmol/L, KCI 5.4 mmol/L,

NapHPO4 -7H20 1.2 mmol/L, NaHCO3 20.0 mmol/L, MgCl2.6H20 1.6 mmol/L, Taurine 5 mmol/L,

Glucose 5.6 mmol/L) equilibrated with 95% O7 and 5% CO2. The heart was attached via the aorta to

the condenser outlet of a Harvard Langendorff apparatus. Ca2+-free perfusion lasted for 5 minutes with

a constant rate at 2.2 mL/min at 37°C. The heart was digested by continuous perfusion with 25 mL
buffer containing 25 mg type II collagenase (Worthington, 315 U/mg) and 1.3 mg protease (Sigma type
XIV). After removal of the atria, the ventricles were then immersed in 5 mL of the same enzyme
solution for dissociation by cutting into small pieces and by passing through a large bore pipette. The
cell slurry was filtered through a 150 - 200 um nylon mesh and the myocytes relaxed by incubation for
10 minutes in perfusion buffer containing 10 mmol/L. KCl. The cells were fixed in suspension in
perfusion buffer containing 3.7% formaldehyde, before morphometric analysis by light microscopy.
Histochemistry: Heart tissue was fixed in 3.7% formaldehyde. De-paraffinized 5 um tissue sections
were stained using the Picrosirius Red Stain Kit (Polysciences) and Alexa Fluor 555 Wheat Germ
Agglutinin conjugate (Invitrogen) as recommended by the manufacturers. The cross-section area of
>150 myocytes in >3 distinct regions of the left ventricle were measured per heart using the wheat
germ agglutinin sections. Collagen content was assayed using the Picrosirius Red stained sections and
polarized light microscopy for >3 5x objective fields per heart. TUNEL staining for both fixed cells
and tissue sections was performed using the /n Situ Cell Death Detection Kit, TMR red (Roche).
Morphometrics and collagen content were measured using IPLab microscope software (BD
Biosciences).

[00166] Morphometry: Morphometric data was acquired using IPLab Software. For neonatal
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myocytes, at least 6 separate images, each containing >100 cells, were assayed for cross-section area
and perinuclear prepro-ANF staining per condition for each repetition of the experiment. For adult
mouse cardiac myocytes, the maximum lengths perpendicular (width) or parallel (length) to the
myofibrils were measured for >100 freshly dissociated myocytes per heart.

[00167] RNA Assays: Total RNA was quantified with a Nanodrop 8000 Spectrophotometer
(Thermo Scientific) and quality controlled using with a Bioanalyzer 2100 and the RNA 6000 Nano kit
(Agilent). qRT-PCR was performed using SYBR green.

[00168] The NanoString assay is based on direct, multiplexed measurement of gene expression
without amplification, utilizing fluorescent molecular barcodes and single molecule imaging to identify
and count multiple transcripts in a single reaction. For Nanostring assay, 100 ng total RNA were
hybridized in solution to a target-specific codeset overnight at 65 C. The codeset contained dual,
adjacently placed 50 bp oligonucleotide probes against a panel of 30 genes, one set of probes
fluorescently bar-coded and the other biotinylated. The hybridization reactions were loaded onto the
NanoString Prep station which removes excess oligonucleotides and binds the hybridized mRNA to the
Streptavidin-coated cartridge surface. The cartridges were loaded onto the NanoString Digital
Analyzer, and 1155 fields of view were fluorescently scanned to count only those individual mRNAs
bound to both a biotinylated and fluorescently bar-coded probe. Datasets for each RNA sample were
background-subtracted and normalized using Gapdh. In validation assays, NanoString counts were
directly proportional over 3 orders of magnitude to the mRNA levels obtained by qRT-PCR and had a
similar minimum level of detection.

[00169] Statistics: For all experiments, » refers to the number of individual mice or individual
myocyte preparations. All data are expressed as mean + s.e.m. p-values were calculated using two-

tailed Student’s 7-tests, paired or un-paired as appropriate, and are not corrected for multiple
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*
comparisons. Repeated symbols represent p-values of different orders of magnitude, for example:

p<0.05, - p<0.005, *** p <0.0005, etc. All datasets involving multiple comparisons for which p-
values are provided were also significant by ANOVA, 0.05.

[00170] Discussion

[00171] RSK activity is associated with the function of the nervous system, immunity, muscle,
and cancer (Anjum 2008). Human RSK2 mutations cause X-linked Coffin- Lowry syndrome, which

includes mental and growth retardation and skeletal and facial anomalies, but rare cardiac abnormality.

In the heart, RSK1 and RSK2 can activate the Na/H' exchanger NHEI, and a-adrenergic-induced
NHE1 phosphorylation is blocked by fmk, which inhibits all RSKs except RSK3 (Cuello 2007). The
inventors now reveal a role for RSK3 in the cardiovascular system, regulation of pathological myocyte
hypertrophy.

[00172] Cardiac myocytes can grow in both width and length, termed concentric and eccentric
hypertrophy, respectively (Kehat 2010). Concentric myocyte hypertrophy involves the parallel
assembly of contractile units (sarcomeres), increasing potential myocyte tension and wall thickness. In
contrast, eccentric myocyte hypertrophy involves the serial assembly of sarcomeres along the axis of
contraction, mainly contributing to increased ventricular wall area. The inventors found that RSK3 was
required for TAC-induced concentric hypertrophy, as well as for Iso-induced myocyte growth in width
in vivo. These differences can be modeled in vitro. Interleukin-6 cytokines such as leukemia inhibitory
factor and cardiotrophin-1 induce an elongated and eccentric phenotype for cultured neonatal
myocytes, in contrast to the symmetric growth stimulated by PE (Wollert 1996). Interestingly, the
growth of the cultured myocytes tended to depend on RSK3 more when induced by a-adrenergic
stimulation than by leukemia inhibitory factor (Figures 5 and 6 of U.S. Patent No. 9,132,174). The

greater inhibition of PE-induced morphologic hypertrophy was consistent with the more robust
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activation of RSK by PE than leukemia inhibitory factor (Figure 22 of U.S. Patent No. 9,132,174), as
well as the results obtained in vivo.

[00173] RSK3 was activated in myocytes by ERK1, ERK2, and ERKS5 (Figure SA of U.S. Patent
No. 9,132,174). Whereas RSK3 has been absent from the cardiac literature, ERK signaling has been
well-studied both in human disease and in animal models. The autosomal-dominant human syndromes
Noonan, Costello, cardiofaciocutaneous, and LEOPARD result from mutations in PTPN11, HRAS,
RAFI, BRAF, MEK [, and MEK?2 that activate ERK1/2 signaling (Wu 2011). These Rasopathies feature
developmental delay, dysmorphic features, and defects in multiple organ systems, often including a
hypertrophic phenotype Gelb 2011). In mice, left ventricular hypertrophy has been induced by cardiac
myocyte—specific expression of constitutively active H-Ras and MEK 1, as well as cardiac-specific
deletion of the Ras GTPase-activating protein neurofibromin that inhibits Ras signaling (Rose 2010, Xu
2009). Conversely, transgenic expression of dominant-negative Rafl inhibited the hypertrophy due to
pressure overload.

[00174] Recently, investigators have shown that cardiac myocyte—specific knockout of all 4
ERK1/2 alleles resulted in a severe, fatal dilated cardiomyopathy without increased myocyte death
(Kehat 2011). ERK1/2-null myocytes were longer and narrower than those from control animals.
PTPNI11 (Shp2) knockout that decreased ERK 1/2 activation also resulted in an elongated myocyte
morphology and dilated cardiomyopathy (Kontaridis 2008).

[00175] Conversely, myocytes from constitutively active MEK1 transgenic mice were shorter
and wider (Kehat 2011). In contrast to the ERK1/2 and Shp2 knockout mice, the inventors found that
deletion of the down-stream effector RSK3 resulted in a milder phenotype, with the defect in
concentric growth significant only after TAC and Iso infusion. Together, these observations are

consistent with the hypothesis that ERK1/2 signaling through RSK3 promotes stress-induced
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concentric growth of cardiac myocytes independently of other signaling pathways that regulate
eccentric hypertrophy.

[00176] The inventors found that RSK3 was activated in myocytes by not only ERK1/2 but also
ERKS. There is evidence that MEKS- ERKS signaling primarily induces eccentric myocyte
hypertrophy (Nicol 2001), although ERKS also may contribute to concentric growth (Kimura 2010).
[00177] The data obtained using the RSK knockout mouse establish a function for RSK3 in

pathological remodeling. Without being bound by any particular theory, it is also possible that RSK3

has a role in physiologic hypertrophy. For example, the myocytes isolated from unstressed RSK3

mice tended to be smaller in both width and length (Figures 9 and 29 of U.S. Patent No. 9,132,174). In

addition, after swimming, RSK3~ biventricular weight was less than that of wild-type mice, albeit not
significantly after normalization by body weight (Figure 18 of U.S. Patent No. 9,132,174).

[00178] It is remarkable that even though RSK3 constitutes a minority of the total RSK in the
myocyte (Figures 24 and 30 of U.S. Patent No. 9,132,174), RSK3 activity is, nevertheless, required for
myocyte growth. The differential anchoring of RSK3 by scaffold proteins provides a mechanism by
which RSK3 may specifically function in vivo. Scaffolds are likely to be most important for enzymes
such as RSK3 that are low in abundance and that have broad intrinsic substrate specificity. RSK protein
kinases catalyze the phosphorylation of RxRxx(S/T) sites and overlap in specificity with other AGC
kinases (Anjum 2008). By co-localizing enzymes, their upstream activators, and substrate effectors,
scaffolds can accelerate the kinetics of signaling, amplify responses, increase specificity in enzyme
catalysis, and direct signaling to specific subcellular compartments (Good 2011). The prior art provides
limited guidance with respect to RSK compartmentation in cells or participation in multi-molecular
signaling complexes. On mitogen stimulation, cytosolic RSK1 (and potentially other RSK isoenzymes)

can transiently translocate to the plasma membrane, whereas activated RSK tends to be enriched in the
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nucleus (Anjum 2008). In neurons, RSKs bind PDZ domain—containing proteins via their conserved C-
terminal STXL peptides, directing the kinases to substrates involved in synaptic transmission (Thomas
2005). By another mechanism, RSK1 binds type 1 protein kinase A and D-AKAP-1, a mitochondrion-
localized scaffold (Chaturvedi 2006, Huang 1997). Consistent with the fact that the inventors can only
detect RSK3 in myocytes after immunoprecipitation, the inventors have not been able to detect
endogenous RSK3 protein by immunocytochemistry. When overexpressed at a low level, HA-RSK3
was enriched at the nuclear envelope, the predominant location for mAKAPP in the cardiac myocyte
(Pare 2005). By characterizing in detail the protein—protein interaction between the unique RSK3 N
terminus and mAKAP, the inventors have identified a new mechanism by which RSK3 can be

specifically anchored by =1 scaffolds that may be targeted to different signaling compartments.

[00179] The inventors demonstrated the functional significance of this RSK3 anchoring using a
competing binding peptide (nAKAP RBD) that inhibited myocyte hypertrophy.

[00180] The regulation of NHE1 by RSK1/2 has spurred recent interest in using RSK inhibitors
to treat heart disease (Avkiram 2008). The inventors show that RSK3 knockout reduced TAC-induced
hypertrophy without diminishing cardiac function and while inhibiting the expression of genetic
markers for pathological remodeling. RSK inhibition may have multiple applications, including its use

in acquired diseases such as hypertension (pressure overload) and for the treatment of the

aforementioned Rasopathies. Recently, a Noonan syndrome mouse model (Raf 1L613v knock-in)
mouse was treated with PD0325901, resulting in the attenuated progression of cardiac hypertrophy
cardiomyopathy and other Noonan characteristics (Wu 2011). Targeting of RSK3 offers an alternative
approach to avoid some of the harmful side effects of global ERK pathway inhibition. The use of RSK3
inhibitors that either competitively bind the active site or disrupt anchoring are offered as novel cardiac

therapies.
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[00181] Example 2

[00182] Remodeling of the extracellular matrix and the induction of myocardial interstitial
fibrosis is an important factor contributing to the development of heart failure in cardiac disease
(Spinale 2013, Edgley 2012). Increased deposition of fibrillar collagen and disruption of the normal
cellular architecture of the myocardium can result in decreased compliance and both diastolic and
systolic dysfunction, as well as arrhythmia due to interference with the electrical conduction system.
p90 ribosomal S6 kinases (RSK) are pleiotropic protein kinases that are activated in myocytes in
response to many stress-related stimuli (Anjum 2008, Sadoshima 2005, Kodama 2000). The inventors
have shown that type 3 RSK (RSK3) is required for the induction of concentric myocyte hypertrophy in
mice subjected to pressure overload (Li 2013). Activated by sequential phosphorylation by
extracellular signal-regulated kinases (ERKs) and 3’- phosphoinositide-dependent kinase 1, RSK3 is
one of four RSK family members expressed in the heart (Anjum 2008). Remarkably, even though
RSK3 comprises a minority of RSK enzyme in cardiac myocytes, RSK3 is required for hypertrophy (Li
2013). Due to its role in pathological hypertrophy, the inventors have suggested that RSK3 targeting
might be beneficial in the prevention of heart failure. To our knowledge, however, the prior art is
deficient in showing whether RSK family members also regulate cardiac fibrosis. In this study, the
inventors now show a role for RSK3 in interstitial fibrosis that is independent of its function in
hypertrophic signal transduction.

[00183] Hypertrophic cardiomyopathy (HCM) is the most commonly inherited heart defect (1 in
500 individuals) and the leading cause of sudden death in children, accounting for 36% of sudden
deaths in young athletes (Maron 2013). HCM is caused by dominant mutations in sarcomeric proteins
that typically induce myocyte hypertrophy and disarray and interstitial fibrosis. However, the

phenotype and clinical course resulting from HCM mutations can vary such that genotype-positive
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patients without left ventricular hypertrophy can display myocardial fibrosis, diastolic dysfunction, and
ECG abnormalities (Maron 2013). Studies using transgenic mice also indicate that the phenotype of
HCM mutations depends upon genetic background (Prabhakar 2001, Michele 2002). As described
below, expression of the HCM mutation Glu180Gly amino acid substitution of the thin filament protein
a-tropomyosin (TM180) in mice of a mixed C57BL/6;FVB/N background results in a small left
ventricle with interstitial fibrosis. The inventors show that RSK3 is required in this non-hypertrophic
HCM model for the development of interstitial fibrosis and the signs of left-sided heart failure.
[00184] Methods

[00185] SUPPLEMENTAL MATERIAL

[00186] Reagents: Primary antibodies included mouse 1F6 monoclonal anti-RSK3 (Abnova,
cat# HO0006196-MO1) that detects all RSK family members (Li 2013), OR43 rabbit anti RSK3, and N-
16 goat anti-RSK3 (Santa Cruz Biotechnology}. Secondary antibodies included horseradish peroxidase
(HRP)-conjugated donkey secondary antibodies (Jackson ImmunoResearch). RSK3
immunoprecipitation was performed as previously described (Li 2013).

[00187] Mice: All experiments involving animals were approved by the Institutional Animal

Care and Use Committee at the University of Miami. The RSK3”™ C57BL/6 mouse was mated to the

TM180 transgenic FVB/N mouse (Li 2013, Prahakar 2001). All mice studied were littermates from

RSK3” " X TM180; RSK3” " breedings, such that the background strain was 50:50 C57BL/6;FVB/N.
All four genotypes were present in typical Mendelian proportion. Unless otherwise specifies, all
experiments were performed with mice that were 16 weeks of age. Genotyping was performed at
weaning by PCR using tail biopsy samples as previously described (Li 2013, Prahakar 2001).
Echocardiography: A Vevo 770TM High-Resolution In Vivo Imaging System (VisualSonics) with a

RMVTM 707B “High Frame” Scan-head was used for imaging. Mice were anesthetized with 1.5%
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isoflurane for both B-mode and M-mode imaging.

[00188] Histochemistry: Heart tissue was fixed in 3.7% formaldehyde. De-paraffinized 5 um
tissue sections were stained using the Picrosirius Red Stain Kit (Polysciences) and Alexa Fluor 555
Wheat Germ Agglutinin conjugate (Invitrogen) as recommended by the manufacturers. The cross-
section area of >150 myocytes in >3 distinct regions of the left ventricle were measured per heart using
the wheat germ agglutinin sections. Collagen content was assayed using the Picrosirius Red stained
sections and linearly polarized light microscopy for >3 4x objective fields per heart. Note that while
linearly polarized light microscopy is a highly specific assay for fibrillar collagen, the values obtained
are an underestimate of total collagen content. TUNEL staining for both fixed cells and tissue sections
was performed using the In Situ Cell Death Detection Kit, TMR red (Roche). Morphometrics and
collagen content were measured using IPLab microscope software (BD Biosciences). All analyses were
performed by a blinded investigator.

[00189] RNA Assay: Total RNA was quantified with a Nanodrop 8000 Spectrophotometer
(ThermoScientific) and quality controlled using with a Bioanalyzer 2100 and the RNA 6000 Nano
kit(Agilent). The NanoString assay is based on direct, multiplexed measurement of gene expression
without amplification, utilizing fluorescent molecular barcodes and single molecule imaging to identify
and count multiple transcripts in a single reaction. Briefly, 100 ng total RNA were hybridized in
solution to a target-specific codeset overnight at 65°C. The codeset contained dual, adjacently placed
50 bp oligonucleotide probes against the entire panel of genes, one set of probes fluorescently bar-
coded and the other biotinylated. The hybridization reactions were loaded onto the NanoString Prep
station which removes excess oligonucleotides and binds the hybridized mRNA to the Streptavidin-
coated cartridge surface. The cartridges were loaded onto the NanoString Digital Analyzer, and 1150

fields of view were fluorescently scanned to count only those individual mRNAs bound to both a
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biotinylated and fluorescently bar-coded probe. Datasets for each RNA sample were normalized to
internal positive controls and background-subtracted. Probe sequences are available upon request.
[00190] Statistics: For all experiments, » refers to the number of individual mice. All data are
expressed as mean + s.e.m. p-values were calculated using two-tailed Student’s t-tests, paired or un-
paired as appropriate, and are not corrected for multiple comparisons. Repeated symbols represent p-
values of different orders of magnitude: * p<0.05, ** p<0.005, *** p <0.0005.

[00191] Results

[00192] FVB/N TM 180 transgenic mice were crossed with C57BL/6 RSK3 knock-out mice such

that all mice were of a mixed 50:50 background. RSK3 expression was slightly higher (~25%, p =

0.12) in the TM 180 mice, while absent in RS’KS'/_ mice, with no evidence of compensatory changes in
the expression of other RSK family members (Figure 32 of U.S. Patent No. 9,132,174). Expression of
the TM 180 transgene was evident by the expected change in a- tropomyosin bands detected by total
protein stain (Prabhakar 2001). In these mice of mixed lineage, the TM180 transgene induced a small
heart phenotype that included a reduced biventricular weight (21%) and left ventricular myocytes with
a proportionally smaller cross-section area (Figures 32 and 34 of U.S. Patent No. 9,132,174). By
echocardiography, the TM 180 mice had reduced left ventricular internal dimensions, but increased
contractility, i.e., both increased fractional shortening on M-mode and increased endocardial fractional
area shortening on B-mode (Figures 31 and 36 of U.S. Patent No. 9,132,174). That the changes in the
TM180 left ventricle were pathologically important were implied by both an increased atrial weight
and a significant, albeit small (12%) increase in wet lung weight, consistent with the presence of mild
pulmonary edema and left-sided heart failure (Figures 32D and 34 of U.S. Patent No. 9,132,174).
[00193] RSK 3 knock-out had little effect on the heart in the absence of the TM180 transgene.

While RSK3 knock-out did not reverse the small heart phenotype of the TM 180 mouse nor prevent the
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atrial enlargement (Figures 32B,C and Figure 34 of U.S. Patent No. 9,132,174), the cardiac function of

-/ . . . . . , . .
TM180; RSK3 ™ mice was more like wildtype mice, including a 29% lesser decrease in short axis
dimension by echocardiography (Figures 31 and 36 of U.S. Patent No. 9,132,174). Notably, the
increase in fractional shortening and endocardial fractional area shortening due to the TM180 transgene

7

were both attenuated by ~50% by RSK knock-out. That the more “normal” cardiac function of the

TM180; RSKS"/' mice was physiologically important was implied by the observation that wet lung
weight was no longer increased following RSK3 knock-out (Figure 32D and Figure 34 of U.S. Patent
No. 9,132,174).

[00194] There was no increase in cellular death associated with the TM 180 transgene at 16

weeks of age (~10 4 TUNEL-positive nuclei for all cohorts, data not shown). However, trichrome
staining of the TM180 hearts revealed a patchy interstitial fibrosis in the myocardium not present in
wildtype mice that was greatly reduced in the absence of RSK3 (Figure 33A,B of U.S. Patent No.
9,132,174). Likewise, picrosirius red staining showed that fibrillar collagen content was increased by
the TM 180 transgene only in the presence of RSK3 (Figure 33C of U.S. Patent No. 9,132,174). These
results were corroborated by assay of the expression of genes involved in cardiac function and
remodeling (Figure 35 of U.S. Patent No. 9,132,174). Notably, genes involved in cardiac fibrosis,
including Col8al and Postn, (Oka 2007) encoding collagen type al and periostin, respectively , were
induced by the TM 180 transgene in a RSK3-dependent manner (Figure 33D,E of U.S. Patent No.
9,132,174).

[00195] Discussion

[00196] When expressed in FVB/N mice, the HCM TM 180 mutation results in concentric left
ventricular hypertrophy, extensive fibrosis, atrial enlargement, and death within 5 months (Prabhakar

2001). In contrast, expression of the TM180 mutation in C57BL/6 mice resulted in no ventricular
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hypertrophy or fibrosis and a lower heart weight (Michele 2002). The inventors found that in a mixed
C57BL/6;FVB/N background, the TM180 transgene induced an intermediate phenotype, including
decreased ventricular and increased atrial weights, smaller ventricular myocytes, interstitial fibrosis,

and increased contractility by echocardiography. The TM180 mutation is thought to induce
cardiomyopathy as a result of the increased ca?* sensitivity and increased maximum tension
generation of TM 180 filaments (Prabhakar 2001). Hence, increasing ca?t reuptake through

manipulation of phospholamban and the sarco/endoplasmic reticulum Ca’"-ATPase 2A (SERCA2A)
can ameliorate the TM 180 FVB/N phenotype (Gaftfin 2011). The inventors have utilized the TM 180
transgenic mouse to investigate the role of RSK3 in cardiac fibrosis. While the inventors and others
have found that total heart ERK1/2 is activated in TM 180 FVB/N mice (Gaffin 2011), in the mixed
background mice, total ERK1/2 and RSK phosphorylation was not increased. Instead, the inventors
only noted a slight increase in RSK3 protein levels (Figure 32A of U.S. Patent No. 9,132,174).
Importantly, RSK3 knock-out blocked the TM 180 associated induction of fibrotic gene expression and
interstitial fibrosis, as well as improving cardiac function both in terms of echocardiographic findings
and wet lung weight. These findings complement our previous observation that RSK3 is specifically
required for pathological cardiac hypertrophy. Without being bound by a particular theory, the
inventors suggest that due to RSK3 anchoring through its unique N-terminal domain to scaffold
proteins such as mAKAP (muscle A- kinase anchoring protein), RSK3 serves a unique function in the
heart, despite the higher level of expression of other RSK isoenzymes (Li 2013). There are reports that
RSK phosphorylation of CEBP/B is involved in pathological fibrosis of the liver and lung, but there is
no published data relating to RSK family members in the heart. The inventors suggest that specific
RSK3 inhibition should now be considered more broadly as a therapeutic target both in hypertrophic

and fibrotic heart diseases.
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[00197] Example 3

[00198] mAKAP gene structure and the strategy for a conditional m4KAP allele. The
mAKAP gene contains 12 common (light blue) and 3 alternatively-spliced exons (beige and yellow). A
targeting vector containing negative (tk) and positive (neo) selectable markers was designed to
conditionally delete the common Exon 9. The inventors obtained 6 targeted ES cell clones as shown by
Southern blots. After breeding of targeted mice, the neo cassette was deleted by mating to a FLP
recombinase transgenic. Mating to a mouse expressing cre recombinase will result in the deletion of
Exon 9 (KO allele), producing a frame shift and introduction of a stop codon (red) in Exon 10. Mouse
genotyping is being performed by PCR of genomic DNA with primers 44 and 45. (Fig. 39 of U.S.
Patent No. 9,132,174). For the western blot: mAKAP Ex9"";Tg(Myh6-cre/Esr1) mice (lanes 2 and 3)
and mAKAP Ex9"" (lane 1) and Tg(Myho6-cre/Esr1) (lane 4) control mice were fed 500 mg
tamoxifen/kg dry food for one week before the hearts were collected to prepare total RNA and protein
extracts. RT-PCR was performed using primers located within mAKAP exons 4 and 11 which yield a
1022 bp for wildtype (and floxed) mRNA and a 901 bp product for a mAKAP mRNA species lacking
exon 9. While control B-actin mRNA was similarly detected for all samples (bottom panel), >90% less
PCR product was obtained for CKO mouse hearts (top panel, lanes 2 and 3) compared to that observed
with the control hearts (lanes 1 and 4). Western blots were performed using VO54 m AKAP-specific
antibody. No mAKAP protein was detectable for heart extracts prepared from CKO mice (lanes 2 and
3, top panel). Equal loading was determined by Ponceau total protein stain (bottom panel).

[00199] mAKAP Ex9"", Tg(Myh6-cre/Esr1) mice (fl/fl; MCMTg) and Tg(Myh6-cre/Esr1) (MCM
Tg) at 8 weeks of age were fed tamoxifen-containing chow for one week, rested for one week and then
subjected for to 2 weeks of Transverse Aortic Constriction before analysis (Fig. 40 of U.S. Patent No.

9,132,174). mAKAP gene deletion inhibited the development of concentric hypertrophy in response to
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pressure overload. Subsequent studies showed that mAKAP gene deletion prevented the development
of heart failure in response to chronic pressure overload, inhbiting cardiac remodeling and providing a
survival benefit (Kritzer 2014).

[00200] Transverse Aortic Constriction: All tools were sterilized with a Germinator 500 Dry
Sterilizer and Betadine Solution (10% povidone-iodine topical solution). Anesthesia was induced with
5% isoflurane and maintained with 2% isoflurane and 100% oxygen at a flow rate of 1.5 L/min using a
SurgiVet flow regulator via nose cone. Loss of consciousness was verified by toe pinch. Mouse fur
over the left chest and sternum was removed with a calcium hydroxide lotion (e.g. Nair), and the
surgical site was sterilized with betadine. The skin was incised exposing the pectoralis muscle and the
second left intercostal space. The pectoralis muscle and the second rib were blunt dissected and
retracted revealing the thymus within the mediastinum. The lobes of the thymus were retracted to
reveal the transverse aortic arch as well as the right innominate and left common carotid arteries. Blunt
dissection though the connective tissue between these two arteries and under the aorta allowed for the
passage of a 6-0 silk using a modified ligation aid (Fine Science Tools 18062-12). A 27 gauge needle
was placed on top of the aorta and the 6-0 silk was tied around the needle. The needle was removed,
leaving a constricted aorta. The chest was closed in two layers with 5-0 Polysorb Suture. Isoflurane
administration was terminated, and the mice were maintained on 100% oxygen by nose cone until
conscious. Immediately post-operatively, buprenorphrine (0.05-0.1 mg/kg s.c.) was administered and
then q12 h prn. The mice were allowed to recover under a heat lamp until alert and active. Sham-
operated mice that experience all but the placement of the aortic ligature served as controls.

[00201] Echocardiography: Mice minimally anesthetized with 1-2% isoflurane were studied
using a Vevo 770®, High-Resolution Imaging System (VisualSonics). The pressure gradient following

TAC was calculated from the pulse wave Doppler velocity at the point of ligation as follows: P = 4v*; P
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= the induced pressure gradient (in mmHg) and v = the velocity across the constriction (in m/s). (Fig.

40 of U.S. Patent No. 9,132,174).

[00202] Example 4
[00203] RSK3 anchoring is important for rat ventricular myocyte hypertrophy.
[00204] Fig. 8A of U.S. Patent No. 9,132,174 shows mAKAP complexes were

immunoprecipitated using FL.L100 mAKAP antiserum from PE-treated, adenovirus-infected neonatal rat
ventricular myocytes expressing myc-GFP or myc-GFP-RBD (mAKAP 1694-1833) and detected with
the pan-RSK 1F6 and mAKAP 211 antibodies. B. Transfected myocytes expressing GFP or GFP-RBD
(green) were stained with a-actinin (blue) and ANF (red) antibodies. Bar = 20 um. C. Cross-section
area of myocytes. n=5. D. Fraction of myocytes expressing ANF. n=3. * p-values comparing to GFP-
expressing samples.  p-values comparing to no agonist control.

[00205] Neonatal rat myocytes isolation and culture: 1-3 day old Sprague-Dawley rats were
decapitated and the excised hearts placed in 1x ADS Buffer (116 mmol/L NaCl, 20 mmol/L. HEPES, 1
mmol/L. NaH>POy4, 5.5 mmol/L glucose, 5.4 mmol/L KCl, 0.8 mmol/L MgSOa, pH 7.35). The atria
were carefully removed and the blood washed away. The ventricles were minced and incubated with 15
mL 1x ADS Buffer containing 3.3 mg type II collagenase (Worthington, 230 U/mg) and 9 mg
Pancreatin (Sigma) at 37°C while shaking at 80 RPM. After 15 minutes, the dissociated cardiac
myocytes were separated by centrifugation at 50 x g for 1 minute, resuspended in 4 mL horse serum
and incubated 37°C with occasional agitation. The steps for enzymatic digestion and isolation of
myocytes were repeated 10-12 times to maximize yield. The myocytes were pooled and spun down
again at 50 x g for 2 minutes and resuspended in Maintenance Medium (DMEM:M199, 4:1)

supplemented with 10% horse serum and 5% fetal bovine serum. To remove any contaminating
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fibroblasts, the cells were pre-plated for 1 hour before plating on gelatin-coated tissue culture
plasticware. This procedure yields >90% pure cardiac myocytes. After 1 day in culture, the media was
changed to maintenance medium containing 0.1 mmol/L bromodeoxyuridine to suppress fibroblast
growth.

[00206] Experiments were initiated 1 day after myocyte isolation. Adenoviral infection was
performed by addition of adenovirus (multiplicity of infection = 5-50) to the media. Plasmids and
siRNA oligonucleotides were transfected using Transfast (Promega) and Dharmafect (Thermofisher),
respectively, as recommended by the manufacturers using cells cultured in maintenance medium
supplemented with 4% horse serum. Starting the day after gene transduction, the cells were treated for
as long as 2 days, as indicated for each experiment.

[00207] Immunocytochemistry. Cultured neonatal cardiomyocytes on plastic coverslips were
fixed in 3.7% formaldehyde in PBS, permeabilized with 0.3% Triton X-100 in PBS, and blocked with
PBS containing 0.2% BSA and 1% horse serum for 1 hour. The slides were then sequentially incubated
for 1 hour with primary and Alexa fluorescent dye-conjugated specific-secondary antibodies
(Invitrogen, 1:1000) diluted in blocking buffer. The slips were washed three times with blocking
buffer. 1 ug/mL Hoechst 33258 was included in the last wash stop to label nuclei. Slides were sealed in
SlowFade Gold antifade buffer (Invitrogen) for fluorescent microscopy. Wide-field images were
acquired using a Leica DMI 6000 Microscope.

[00208] AAV9 containing the indicated CIS plasmid encoding myc-GFP-mAKAP 1694-1833
were injected into neonatal wildtype mice. 2 week TAC was performed and analyzed as above at 8
weeks of age. (Figs. 41-42 of U.S. Patent No. 9,132,174). Expression of myc-GFP-mAKAP 1694-1833

inhibited concentric hypertrophy in vivo in the adult heart.

[00209] Example 5
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[00210] The present invention provides a novel biologic agent for mAKAP RNAI in the cardiac
myocyte in vivo useful in human patients.

[00211] mAKAPf signalosomes have been studied using a variety of technologies, including (1)
the expression of anchoring disruptor pef)tides that inhibit signaling enzyme association with the
scaffold (Kapiloff 2009, Dodge-Kafka 2010, Vargas 2012, L1 2013, Li 2013), (2) by mAKAP
(AKAPO6) gene knock-out (Kritzer 2014), and (3) by RNA interference (RNA1) of mAKAP expression
using both small interfefing RNA oligonucleotides (siRNNA) or viral and plasmid vector-expressed
small hairpin RNA (shRNA) (Pare 2005, Wong 2008).

[00212] A sequence previously disclosed that was targeted by siRNA and shRNA for mAKAP is

rat specific and not present in the human gene:

Sequence NCBI gene Initial Publication
GACGAACCTTCCTTCCGAA NCBI Reference Sequence: (Pare 2005)
(SEQ ID NO:10) XM _017594342.1 rat AKAPS6 base pairs
7483-7501
[00213] In order to generate a biologic that would target mAKAP expression in humans, three 19

base pair sequences were chosen from NCBI reference sequence XIM_017021808.1 for human AKAP6

transcript variant X1 mRNA (Fig. 8):

Seq # Sequence Position in Reference
Sequence (base pairs)
1 GGTTGAAGCTTTGAAGAAA (SEQ ID NO:7) 3094-3112
2 GCTAAGAGATACAGAGCTT (SEQID NO:8) 3316-3334
3 GGAGGAAATAGCAAGGTTA (SEQ ID NO:9) 7807-7825
[00214] These sequences were incorporated into novel, custom-designed shuttle plasmids for

self-complementary adeno-associated virus (AAV) that would confer cardiac myocyte-specific shRNA
expression in vivo. The “pscA-TnT-mAKAP shRNA” plasmids were designed as follows (Figs. 9 and

10):
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1) A cDNA cassette was generated using human mir-30a sequences to confer efficient shRNA
expression. The construct was similar, but not identical to a previously published cassette (Silva
2005): 128 bp of human mir30a 5’ sequence with 2 mismatches — 2 bp (CG) - AKAP6 sequence
in sense orientation — 19 bp loop sequence - AKAP6 sequence in antisense orientation — 2 bp
(CT) - 130 bp of human mir30 sequence with 1 mismatch.

2) The cDNA cassette was located 3’ to a fragment of the chicken cardiac troponin T promoter
that confers cardiac myocyte specific expression (Prasad 2011) and 5’ to a SV40-derived
polyadenylation sequence (SV40 genome bp 2599-2769).

3) The entire shRNA minigene was flanked by AAV2 ITR sequence (NC_001401.2 bp 4489-4664
in antisense orientation on the 5’ end and bp 4559-4662 on the 3’ end) in order to direct

production of a self-complementary AAV (scAAV) biologic (Wang 2003).

[00215] Testing in cultured rat neonatal rat ventricular myocytes revealed that transfection with
these plasmids resulted in decreased expression of mAKAPP to varying degrees, with the plasmid for
target #3 being most effective at removing mAKAPp (data not shown). Therefore, pscA-TnT-mAKAP
shRNA #3 was used to generate scAAV particles with the cardiotropic serotype 9 capsid protein for in
vivo experimentation. The scAAV were generated by the University of Pennsylvania Vector Core with
support provided by the National Heart, Lung, and Blood Institute Gene Therapy Resource Program.
The scAAYV virus were tested by tail vein injection into adult mice. Three weeks after injection, hearts
were collected and analyzed by western blot. mAK AP expression was repressed >90% by a single
intravenous (IV) dose of 5x10"! viral genomes (vg) of scAAV-mAKAP shRNA #3 when compared to
mice injected with a sScAAV control shRNA virus or non-injected controls (Fig. 11).

[00216] Example 6

[00217] Coronary heart disease is a leading cause of heart failure (Writing Group 2016), and an
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ability to block heart failure in ischemic disease by single dose sScAAV-mAKAP shRNA is desirable. In
mice, left coronary artery ligation results in a large, scarred transmural infarct (sparing the ventricular
septum) accompanied by ventricular dilatation and remodeling of the remaining myocardium (Kumar
2005). 8 weeks post-MI, control mice are expected to be in heart failure with low ejection fraction and
cardiac output (systolic dysfunction), atrial hypertrophy, and pulmonary edema (increased wet lung
weight).

[00218] 8-week old C57BL/6 WT mice were subjected to permanent left coronary artery ligation
or sham thoracotomy and studied by serial echocardiography until euthanized 8 weeks post-survival
surgery (Figure 12A), using the following methods:

[00219] Method for Ligation of the Left Coronary Artery: Mice were anesthetized with 5%
isoflurane for induction and then 2.5-3% for maintenance. Orotracheal intubation was performed using
a 16G catheter, and the mouse was then ventilated mechanically using a minivent ventilator. The skin
over the site of left lateral thoracotomy was prepped and draped in sterile fashion using providone-
iodine 10% solution. A heating pad was used to keep mice warm during procedures to prevent heat
loss. Surgically sterile non-medicated ophthalmic ointment was applied to the eyes preoperatively to
prevent corneal drying. Survival surgery was performed under microscope view. Once adequate
sedation was achieved, the chest was opened via left lateral thoracotomy at the fourth intercostal space.
If muscle bleeding was present, hemostasis was achieved by the using a thermal cauterizer (e.g. fine tip
Bovie). A 3 mm retractor was used to separate the ribs. Following pericardiotomy, the left coronary
artery was ligated with a 8-0 prolene suture to produce an anterior MI. The chest was closed in 3 layers
with 5-0 absorbable suture (muscle), 7-0 (for 2 ligatures in the ribs) and 6-0 for the skin.
Buprenorphine slow release (Bup-SR-LAB) 0.5-1 mg/kg s.c. was administered in a single dose

immediately after surgery to control pain for 72 hr. Fluid replacement was also administered as needed
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immediately after surgery (e.g., sterile saline solution 0.9%, IP). The mice were allowed to recover
until alert and active. Sham-operated mice that experience all but the placement of the coronary artery
ligature serve as controls.

[00220] Echocardiography: Mice minimally anesthetized with 1-2% isoflurane were studied
using a Vevo 2100®, High-Resolution Imaging System (VisualSonics). B- and M-mode images were
obtained for mice under anesthesia at various time-points. Posterior wall and anterior wall diastolic and
systolic thicknesses and left ventricular cavity end-diastolic (LVEDD) and end-systolic diameters
(LVESD) were measured, permitting estimation of LV volumes, fractional shortening and ejection
fraction.

[00221] Upon confirmation of reduced ejection fraction (EF =40%) 2 days after Ligation of the

Left Coronary Artery survival surgery (MI cohorts), mice were randomized and injected the following
day with 5x10" vg LV. of either scAAV-mAKAP-shRNA #3 or scAAV-control-shRNA. The average
EF for the MI cohorts before treatment was 31.66% and 32.79% for mAKAP and control shRNA
cohorts, respectively. After scAAYV treatment, cohorts were as follows: mAKAP-shRNA-MI (n=10),
control-shRNA-MI (n=6), mAKAP-shRNA-Sham (n=4), control-shRNA-Sham (n=5). Administration
of mAKAP-shRNA post-MI resulted in amelioration of systolic dysfunction as evidenced by
normalization of EF from day 2 to weeks 2, 4 and 8 post-MI, while control-shRNA-MI animals
displayed a progressive deterioration of EF after ischemic injury (Figure 12B). At 8 weeks post M1, EF
in mAKAP-shRNA-MI was not significant different from the mAKAP- and control-shRNA-Sham
animals (44.3£3.3 % vs. 54.6+1.7 % & 54.5+£2.0 %), while it was higher than in control-shRNA-MI
animals (18.0+4.3%, P<0.0001). In addition, 8 weeks after coronary artery ligation, nAKAP-shRNA-
MI mice displayed thicker left ventricular (LV) anterior wall in systole (0.9+0.1 mm vs. 0.5+0.1 mm

for control-shRNA-MI, P<0.05) and smaller LV end-systolic-volumes, (72.1£8.6 pL vs. 137.3+26.3uL

-61-



2018297274 02 May 2023

for control-shRNA-MI; P<0.01) than control-shRNA-MI mice. Consequently, post-mortem analysis of
pulmonary edema showed that treatment with scAAV-mAKAP-shRNA #3 attenuated the development
of heart failure (Figure 13), such that wet lung weight for mAKAP-shRNA-MI mice was significantly
less than for the control-shRNA-MI cohort (7.7+0.2 vs. 10.6+1.2 mg/mm tibial length, P<0.01).
[00222] These results show that inhibition of mMAKAPP expression using the new scAAV-
mAKAP shRNA #3 biologic drug as a treatment after myocardial infarction ameliorates cardiac
dysfunction, preserving cardiac structure and preventing the development of heart failure in mice.
[00223] The patent and scientific literature referred to herein establishes the knowledge that is
available to those with skill in the art. All United States patents and published or unpublished United
States patent applications cited herein are incorporated by reference. All published foreign patents and
patent applications cited herein are hereby incorporated by reference. All other published references,
documents, manuscripts and scientific literature cited herein are hereby incorporated by reference and
full citations can be found in U.S. Patent No. 9,132,174. While this invention has been particularly
shown and described with references to preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made therein without departing from
the scope of the invention encompassed by the appended claims.

[00224] Throughout this specification and the claims that follow, unless the context requires
otherwise, the word "comprise"”, and variations such as "comprises" and "comprising", will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not the

exclusion of any other integer or step or group of integers or steps.
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[00225] The reference in this specification to any prior publication (or information derived from
it), or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived from it) or
known matter forms part of the common general knowledge in the field of endeavour to which this

specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1.

10.

A composition comprising a vector encoding a small hairpin ribonucleic acid (“shRNA”) against
human mAKAP, and wherein the small hairpin ribonucleic acid comprises the following
nucleotide sequence: GGAGGAAATAGCAAGGTTA (SEQ ID NO: 9).

A composition comprising a vector encoding a small hairpin ribonucleic acid (“shRNA”) against
human mAKAP, and wherein the small hairpin ribonucleic acid consists of the following
nucleotide sequence: GGAGGAAATAGCAAGGTTA (SEQ ID NO: 9).

The composition of claim 1 or claim 2, wherein the vector is a viral vector.

The composition of claim 3, wherein the viral vector is an adeno-associated virus vector (AAV).
The composition of claim 3, wherein the viral vector comprises human microRNA (miR)-30a
sequences.

The composition of claim 3, wherein the viral vector comprises a ShRNA minigene, wherein the
minigene is flanked by a complete AAV2 inverted terminal repeat (ITR) on the 5’ end and a
deleted AAV2 ITR on the 3’ end.

The composition of claim 3, wherein the viral vector comprises a chicken cardiac troponin T
promoter.

The composition of claim 3, wherein the viral vector comprises a SV40 polyadenylation site.

The composition of claim 4, wherein the AAV is an AAV serotype 9.

A pharmaceutical comprising an amount of the composition of any one of claims 1 to 9, which is
therapeutically effective when administered to a patient in need to protect the patient from heart

damage.
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11.

12.

13.

14.

15.

16.

17.

18.

A method of inhibiting the expression of human mAKAPP, comprising contacting mRNA
encoding mAKAPP with the composition of any one of claims 1 to 9, or the pharmaceutical
composition of claim 10.

A method of protecting the heart from damage, comprising administering to a patient at risk of
such damage, a pharmaceutically effective amount of the composition of any one of claims 1 to
9, or the pharmaceutical composition of claim 10.

A method of treating or preventing heart disease, comprising administering to a patient in need
thereof, a pharmaceutically effective amount of the composition of any one of claims 1 to 9, or
the pharmaceutical composition of claim 10.

A method of treating or preventing myocardial infarction, comprising administering to a patient
at risk of such damage, a pharmaceutically effective amount of the composition of any one of
claims 1 to 9, or the pharmaceutical composition of claim 10.

Use of the composition of any one of claims 1 to 9, or the pharmaceutical composition of claim
10, in the manufacture of a medicament for inhibiting the expression of human mAKAPp.

Use of the composition of any one of claims 1 to 9, or the pharmaceutical composition of claim
10, in the manufacture of a medicament for protecting the heart from damage.

Use of the composition of any one of claims 1 to 9, or the pharmaceutical composition of claim
10, in the manufacture of a medicament for treating or preventing heart disease.

Use of the composition of any one of claims 1 to 9, or the pharmaceutical composition of claim

10, in the manufacture of a medicament for treating or preventing myocardial infarction.
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FIGURE 5 (continued)
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caggttttcc ctaagaagat
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gctttccaga ctttctgaat
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FIGURE 7

Neurohumoral Stress
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FIGURE 8
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FIGURE 8 (continued)
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FIGURE 8 (continued)
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RKAPS

L P NS §$ 0¢85 &1 S5 FVGEC VNG KV G DLNS I TEK HTTUPE D2C 0L 6

4301 CTTCCRAATA GCTCTCAGTC GTCCATTTCA CCAGTGGGTT GTGTAARTGG ARAAGTTGGA GATTTAABCA GTATTACCAR ACATACCCCT GACTGTTTGG
EKAPG

B E L Q GK HDVF TFVY DY S Y L QG 8§ KTUIL K1 P K I ¥ K 05 9

4401 GAGARGRATT ACAAGGAARA CATGATGTGT TTACATTTTA TGATTACTCA TACCTCCAAG GCTCARARCT CARATTACCA ATGATAATGA AACAGTCACR
AKAPS

5 E K AHKVE PDPPL L RG FYFD KK S CKS KHOQT TETL QP D

4501 AAGCGAARAA GCGCATGTGG AGGATCCCCT GCTTCGTGGT TTTTATTTTG ATARARAATC ATGCRAATCT AAACATCAGA CTACAGAGTT ACARCCAGAT
AKAP6

v ¥ PH ERI L AS ASHE M DR I 5 Y KSGN I EK T FT 6 Mg N

4601 GTACCTCCCC ATGAAAGGAT TTTGGCARGT GCATCTCATG ARATGGATCG CATTTCATAT AAAAGTGGCA ATATAGRAAA GACATTCACT GGCATGCAGA
2KAPE

A K ¢ L s L L S HS $s$1I1I ES$SL $P GG DLF 6L 6 I F KN G 5 D

4701 ATGCCARACA GCTCTCCCTT TTATCTCATA GTTCATCTAT TGAGTCCCTT TCTCCAGGHG GTGATTTATT TGGATIGGGC ATCTTTAAAA ATGGCAGTGA

AKAPE

%8 L ¢ RS TS L ES ®W LT $§ Y KS NED L FS CHSS 6D I SV s

4801 CAGCCTCCAG CGAAGCACTT CTTTAGAAAG TTGGTTGACT TCCTATARAA GUAATGRAGA TCTCTTTAGC TGTCACAGCT CTGGGGATAT AAGCGTGAGC
KKAPG

$ 6s VvV 6GEL §KR TULDIL L NR L EN I Qs P 8EZQQ K I K RSV §

4901 AGTGGCTCAG TTGGTGAACT AAGTAARRGA RCATTAGATC TCCTGAATCG TTTGGAGBAT ATCCAGAGCC CCTCAGAGCA AAAGATAAAA CGAAGTGTTT
RKAPS

b1 T L ¢gs$ S S QK MSF TGO M S LD I 2SS S I X EDS A ASL

5001 CTGATATCAC TCTTCAAAGC AGTTCCCRAA AGATGTCCTT TACTGGUCAG ATGTCATTIGG ACATAGCATC TTCTATCAAT GAAGACTCAG CGGCATCTCT
AKARE

*T EL s S8 s Db EL S L C8&8 EDIV L HK NKTI P E SN R STF R KR

5101 AACAGAACTT AGCAGCAGTG ACGAGCTCIC TCTTTGCTCR GAGGATATTG TGTTACACAR GARCRAGATC CCGGARTCGA ATGCATCGTT CAGGAAGCGT
AKAPE

LTRSS ¥V AD ESD VNVS M IV KVS CTSA CTD DEUD DS DL

5201 CTGACTCGTT CAGTGGCTGA TGRRAGCGAT GTCAATGTCA GCATGATTGT TAATGTCICT TGCACCTCTG CTTGCACTGA TGRTGAAGAT GACAGCGACC
RKAPE

L §s s T05L TLTE EEL CI1 K DELIDP DS S I & T DDETI Y ED

5301 TGCTCTCCAG CTCTACCCTT ACCTTGACTG AAGARGAGCT GTGCATCARA GATGAGGATG ACGACTCCAG TATTGCAACA GATGATGAAE TTTATGRAGA
RKAPE

¢ T L M $ 6L DY I XKNE LQTW®W I RP KL S L TRUD KXZR CNV

5401 CTGCACCTTG ATGTCAGGGC TAGACTACAT AAAGAATGAR TTACAGACCT GGATTAGGCC AAAATTGTCT TTGACRAGAG ATAAGAABAG GTGCAATGTC
EKAPS

$ bDEM K6G¢S KDPI § s s E ¥ ¥ P S5D T LNTI ET L L NG sV KB

5501 AGTGATGRGR TGAAGGGCAG TAARGATATA AGTAGCAGTS AGATGACCAA TCCCTCTGAT ACTCTGAATA TTGAGACCCT TCTAAATGGC TCTGTARAAC
RKAPE

v S E NHKG B GKF § 8 H THE L 6T X REN XK KT I F KV N KD

5601 GTGTCTCIGA ARATARATGGA RATGGTALGA ATTCATCTCA TACCCATGAG TTAGGGACAA AGCGTGARLL TAAGAARACT ATTTTCAARG TTAATABRAGA
AKAPE

"B YV A DME N66NW I EG I PER QKOG KEPXN ¥ TS EK VS E N L G

5701 TCCATATGTG GCTGACATGG AARATGGCAR TATTGRAGGT ATTCCAGAAR GGCRARAGGG AARRCCGAAT GTGACTTCRA AGGTATCAGR AAATCTTGGT
AKAPE

§ H & K ¥ s ESE HCKC KAL MDS L DBDS ¥ TA ¢ KE F V3§ @

5801 TCACATGGGA AAGAGARITTC AGAGAGTGAG CATTGTAAGT GTAAAGCACT TATGGATAGT TTAGATGATT CRAATACTGC TGGCAAGGRR TTTGTTTCCC
AKAPE

VR HL P KKCP NHH HFE NOQST 28T P TZE K F § E L &
T

s g
AAGATGTTAG ACATCTTCCA RAGRARTGIC CAAATCACCA CCATTTTGAA RATCAARGCA CTGCCTCTAC TCCCACTGAG AAGTCTTTCT CAGAACTGGC

5801
AKAPE
L ET R F NN RQD» s DA LK S S D D& P S MM AGIEKS B GC CL &
6001 TTTAGARACC AGGTTTAACA ACAGACARGA CTCTGATGCR CTGARATCAT CTGATGATGC ACCGAGTATG GCTGGARAAT CTGCTGGTTG TTGCCTAGCE
AKRPG
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FIGURE 8 (continued)

L EQN GTE ENA § I S$HN I $C CHNC EP DV F HOQ KDA&Z E D C S

6101 CTTGARCAAR ACGGARCAGA GGAARATGCT TCTATCAGCA ACATTTCCTG TTGCAACTGT GAGCCAGATG TTTTCCATCA ARMAGATGCC GAAGATTGTT
AKAPE

v H#N F VK EI I D ¥AS TARL KSKS ¢gQPE NEYV 2 AaAPT § L T

6201 CAGTACACAR CTTTGTTARG GRAATCATTG ACATGGCTTC GACAGCCCTA AARRGTAAAT CTCRACCTGA AAACGAGGTG GUTGCTCCTA CTTICATTAAC

Pé

E KV L EH®HS HRP I QLR KGD FYS YL SL S$ S H © S b

QI K
6301 TCARATCARG GAGAAAGTGT TGGAGCATTC TCACCGGCCC ATCCAGCTGA GAARRGGGGA CTTTTATTCG TACTIATCTC TCTCATCTCA TGACAGTGAT
LKARFE

¢ 66 EV T NY I EE KSsS$T P L P L DT TD S G L DD KETD I ECF
Ci

6401 ATTA CATAGAAGAG RARAGCAGCA CTCCATTGCC ACTAGRCACC ACTSACTCGG GCTTAGATGA CAAGGAARGRAT ATTGRATGCT
AKAPE
- F Vv E G b S D G E E P C F $ 8§ B P B N E s AV 2§ E A A M P
6501 TTTTTGAGGC CTGTGTTGAG GGTGACTCTG ATGGAGAGGA GCCTTGTTTC TCTAGTGCTC CTCCARATGA ATCTGCAGTT CCCAGCGAAG CTGCAATGCC
AKAPE
L Q¢ & T A C S s E F § D § § L 5 & D b & DTV A L 5 8 P 5 s ¢ E R
6601 ACTACAAGCA ACAGCATGTT CTTCTGAGTT CAGTGATAGT TCTCTTTCAG CTGATGATGC AGATACAGTG GCTCTTTCAR GTCCTTCCTC TCAGGARAGE
AKAPE
A E V G K E V N G L P Q T s s ¢ C E E N L E F 7T P 5 K L b 8 E K E 38
6701 GCTCAGGTTG GAARGGAAGT GAATGGTTTG CCCCARACTT CCAGTGGCTG TGCAGARAAC TTAGAGTTTA CTCCTTCARA GCTTGACAGT GAARAGGAAA
AKAPE
S 6 K F G E S ¢ M P E E H N A A 5 A K 8 XK v ¢ D L 8 L K A N Qg P T
6801 GTTCCGGARA ACCAGGTGAR TCTGGAATGC CAGAAGAACA TAATGCTGCT TCAGCCARAT CTARAGTTCA AGACCTCTCC TTGAAGGCAR ATCAGCCRAC
AKAPE
D K A A L H P S P K T L T C E E N L L N L H E K R H R N HM H R 7
6901 AGACAAGGCC GCATTGCATC CCAGCCCCAA AACTTTAACC TGTGAAGARAA ATCTTCTAARA CCTTCATGAR AAACGACATA GARRTATGCA TAGGTAGEAT
7001 GTACCCCCTC CCCAAGCATG ARAATCATCT CACTGAARAGRE TACGCCTGGC TGCAACTCAG GGGTGGCCTC ATCCTCCCGE CCTGGGCTEE COTCTEETTC
7101 CATCACGTTT GTCACTGCCG TTTATTACAT TGACTTCTCC CAAGATGARAT CTTCCTTCCA AATGTCTITT CTCCACACAA GCCTTGTGAT CTGRATGTST
7201 GCGCTGETTC TCTTTAGGTG ATCGICTTTG AAGTTCAGCA ARAGCTGCTTG TTCTCCCATG GATTCCTGTC CCAAGCTACC TCTACCAACC CTCTCTCTCC
7301 AGCTAGACTT TTCTCTTTGC CTCCTCCCTT CCCTTCCACT CTTTARAGTT CTGCAGTTCA CCARCTGGTA GTCCATTAAR TICTCCTGTC TAGRATGACC
7401 CCCCCACCAG TACTTGACCA ATTTCATGTA TCAATCTGGA TTTTTTTITA ACGGTATAAT GACTGTGTTT ATTGRAAGAG TTTTACCTAR ARAGCCRACA
7501 TTTGARTTGG TTGCAGCATA GAGAAGARAAC ACTGGTCCTT CTTTCRABAT TAAGCAACTA TTARRAGCGC CATTTTATTT ATTTCATTTA AAAAATAATC
7601 TATGCAGCAT TTCAAGAAAC AACCATATGG TGTTGTATAT TATAAACTGG TGACATICTA CTATTGAATT ATGTACARACA TTTTCATTTT TTATGCTTCT
7701 TGAGGTGGTA ATGAGAAARA AGTTTTTTAL ARAMAGTGTGC CTTGCTGTAT TTCTTATACC ATTTATTAAA AAGCTGCTTT CACGGTAAAR TTATGITGGET
shRNR target #3
7801 TTGARAGGAG GAAATAGCAR GGTTRAGATG TGTGAATAAT TTCTGTATAT ATGTATAACC AAGTACABAC ATTGATGTAT AATGACAGTA TAAAATGCTT
7901 TCATGTTTGT GATGTCTAGT GATGTGGAARA ATATAAGCCT TARATCCATT AGATTGCATG GTAATTAAAR TTGGCATAAT ARACACAGAT TATTGGGGGA
£001 ARRGGAAAAT TAGTGATCIC TTCTACTATG TTCTTTACCA AATTGTTGCE TCTGGTTCTG BRARAGTATA GCATGTAGCA GCTTCCARARC ATATTCATAT
8101 TGCTTRAGAG GCTTAACATT ACCTAAACTA GAGACTAGAC GTAAAGCCTT CAGTTTTCAA BMATCTTICTG GTCACTATAA AGATCTTGGA ACAGCRAAATG
§201 ATTAARTGTC AGTTCCCCTA AACCAATRAR CATTTATACT AGATTTTITA TITCCACTTA TCATTAATGA TTTAATGTTG GATTTCAGET ACCTTETATG
8301 TCTTAATTTA TTTTAAATAT TTATTTTGAA TGAGTTTGRT AGAAAGCTAG TAGEARAGTA CAGAARATTT GACTATTATT TATASATTTC AGGTATATTT
8401 ATATGTGTAR ARGRAATTGA CARAGARATA TTTCATCTGG CCTTTACTGA CTCCTGTTAA ATGCAGTTIT ABRATTTATAT CGTAACACCT ACTTRRGTGC
8501 CTGACACAGT AGGTATTCAA TAARARATTTA CTGAATTAAR GGATTAAATT AGGTGACATC GTGACATCTA TCCCTTTATT TTGACACTAR AACATGGACA
8601 CAACTAGARA GAGGTACAAT GCAATATAARA GTCACAATAG ATAATATATA TCRAATTTCT AAAAGGTAAR GAATGTTGTG GGTTCATGCA GTCACAGGAZ
8701 TGACAATCAT TCAACAGATA GTTCAGAARAC ACTITTTATC TGCAAGGCAC TATTCTAGAT CCAGARGRTG CAATGTTGAA CRBACAGACA AAGCCCTGCC
8801 CTCAGRAGGC TGTCCTGCAT TAGGAACAAG TGARCACGCA AATGACATGA AGTATTTGTT GCAGAGCTGA GGARCAGAGC AAATGTAGTG ATAGRAGCGS
8801 AATGAGAGAA GCAGCAGTGG GTACARGGAG GAARGAABRAAG GGCTTGCAGA GAGTGGAAAG TTAGTGGAAT ATTCATGARA CTTCATTGCA GGGOTARTAG
9001 AAGRARBAGT AAATTGGGAG GACTTAATGG AAGGTCTTTT ARRARGTTAR CTTGGAGCTT CTGTATGTAR AMRTGCTAGGT AATARGGACA CTTTGTACAG
9101 GCTGTTTITGC ACCTGATTTT ATPTATCATT RGTGCCACGC CARGATCATT TAGACGATGC TTATCTGTAA TTCTACCACT TTAATAACTA TTTGTATTTT
9201 TATGCCCCTT CTGATCTTTT CCATATGTAT TTCTAAATGG ATAARATTATT CTAGGCTTCT TAATAGGTAG TAATTTGTTC ARRAGCGGTT TTAGCCAGAC
9301 ATCTAGTTGC AGTGTTCAAG AGGATTATGG GGGAARGAGR TTAGAGATAA TTGTCTAGTT AGGGGGCAGC TGGAGRRAAT AAGCTAAGTT TGCAATEACA
9401 GRGTACACARA GTATAGTGGC CCAGGATGTA GTGARAGARC ARATCCTAGA GTCTTTGAAA TTTCTAAGGG CATTCTAGAC CTCTGTIGGG ATATGGTATT
9501 ATTTTACATA CTGACACAAC CTARATTTTC TTTGGGTAGT AACTAATGTC AAGTCTACAT CGACTGGTRR RACATTCAAA GAACAARCTG ACBATGATGT
9601 TCTACCTACT TGTTACATGC TCATGGRAGA CCGTGCAGTA TTGARAGTAT TTGTTAATTA TUTGCTTAGT ATTAACACTA AATTTGTAGA ATGACTITCA
9701 GGTTIGTTGR ACAATGCCTT TTCAGGTTGC ARGAAGAAAR ATAGCCTCAA TCTCCCACCC CATGTAGGCA CTACCTCCCC ARTTACCCTT AGAAARTGAT
9801 CACACCRRCT CTGCCTACAC ACTTCCAGTG RTAGTGGCTC ATTGTCTGIT AAGGCARACT GTTCCACTGT TGGGCATATC TCTTTGITAG ARAGTTCTTT
8801 CTTAGGTTGC TARAATCTGC CTAGTACCCC GCTACCCTGT TCTGTCTTAT GGAGCAGUCC AGATTATCTT TACTCCCTCT TTCTCATGGC AACCCIGRAG
10001 ATAATCRAGG CCAGTTACTC ATCATCTCCC RACCACTGTT TCCTCARCTG CCCTTCATAT GTCRTGGETTIT TCAGATCCAT TCCAACCTGR CTGARTGTTA
10101 ACAGACRGARA TTCTTCACAT TAAGGAACTG TCTTCATCAT CATACATGTA GARAAGAATC TGARCATTTA AGTGCGAAGT TITCTCTAGA AATATATTCA
10201 AGATATGTTT ATTCTATTAT TGTAAATTTC AAACRATARR TAAATAAGAR TCCATGACTT CCTTCAGTGG CCCAGTCCAG TGCCTAAGTC ATCTGGEATC
10301 TTCTCCTTAC ATCGAATACA AACCTARCCT GTTTCCAAGT AGGGCACTCC CTCCGCTTAT TTATTCATTT ATTCAGCCAT TCAGCAAACA TTTATTAALT
%8%8% GGCTACCTAT GTGAGGCACT ATATTTGGCA TTAGGTATAT ARAGGCRACT AACACATGGT ATCTGTCTCC ARAGGTTTAC AGCTTTTICTT CTGARRGTGC
CTTTTGTGTC CTTGAATAGA GTGATTATGA CTTTTGTCTC AATTAARTGA TGACCTCATT TAGTTTCTGA TGAAGTTTCT CTACATTTAR GAARATCTAG
10601 TGAGCARABAC GGTATACEAR AARTCATCTG GATCTGACTA CCAGAAAAAG TARAGTGGTT TTAATTACAG AAAGRAARAT ATTTGTTAGR TITCTGCTCA
10701 CTGAATRAAT ATGCATCTTAR TACARCACAG RACRACCTAA ATTTAGGGCT TCTGGRAACC TGAGTTTGAT GACTTTGTTG TGTTTGGTTC ATCCGGACTA
10801 GGTTTCACCC ATTCTATAAT TCCTAGAAAC AAACTAGATG AAAATATCAA TGRAATGATC CAGGTCTGIC TTACAAGTCA ATTTGCTTTA GCTTCCAALL
10801 GRAGTTGAAA TTTTTTAGAA TTTTAAAGAA AARACTCACTT TTCAAGTGTC ATATAATTCT TATATTTTAR ATATAARTCG AACCAACTAA ATTTACIGCT
11001 ATATTTTITTT CTACATATTC TTTTTTCRAT TTTCATTTTG AAARMATTCA GACCTATGTA AAAGTTGAGA GTAGAACAAA GATACTTGGT ACTCATCCCT
11101 CAGGTTCATT TATTGITAAT ATTTCACCAT ATTTACTTCRE TCTCTGTATA CACACACACT TTTTITGTATG ATTARATCAT TTGAAATTAR &

SUBSTITUTE SHEET (RULE 26)



16/21
WO 2019/010301

PCT/US2018/040913
FIGURE 9
Aspro0 (120)
;/}{mnl (120)
Amp-R Sspl (325)
Fspl(3426) Aatll(443)
Avll(3426) : . /; Ndel{692)
Ao Ga20) / AAV-2 ITR 44894664 (antisense)
BpmlGzra)

/ / D+trs
/ / MINI897)

= ||/ Mst®q7)
\/i

4 Snabl{gs58)
pscA-TnT-mAKAP shrna (#3)

S Xbal(oho)
3683bp S
Chicken cardiac troponinT promoter
Sty{(e331)

7 NgaM1(1355)
Ay

Sapl(2195)

Bglii(2081) @
AAV TRdelD 45594662
/ t
SV40 Poly A “\
1

_ Dsdluz)

U\ i Gss2)
|\ Nhel(1388)
L-Scel (1409)

\ E‘Bsgl(1442)

~‘E\v5' flanking mir-30a
kli’PaeRyl (1514)

(“XhoI (1514)

‘:‘ loop

| mAKAP target (antisense)
\ ;:E(’(JRI (1622)

; k3' flanking mir-30a

| Bbg (1754)

:y BpuAl{1754)

"L‘agl (1764)
{

‘1:.' e8] (1764)
;\’oﬁ (1764)

;7 Xmalll{1764)
Aatl(1774)

Stul(1774)

SUBSTITUTE SHEET (RULE 26)



WO 2019/010301 1721 PCT/US2018/040913

FIGURE 10

i ACTCAACCAR GTCATTCTGA GRATAGTGTA TGCGGCGACC GAGTTGCTCT TGCCCGGCGT CRATACGGGA TBATACCGCG CCACATAGCR GARCTTTARA
~~~~~~~~~~~~~~~~~~~~~ R
Amnl
Caspmo0

AGTGCTCATC ATTGGAARAC GTTCTTCGGG GUGAARRCTC TCAAGGATCT TACCGCIGTT GAGATCCAGT TCGATGTAAC CCACTCGTGC ACCCAACTGA

Amp~R

TCTTCAGCAT CTTTTACTTT CACCAGCGTT TCTGGGTGAG CAMAAACAGG AAGGCAAAAT GCCGCAARAA AGGGAATAARG GGCGACACGG AAATGTTGAA

Amp-R

3spl

TACTCATACT CTTCCTTTIT CARTATTATT GAAGCATTTA TCAGGGTTAT TGTCTCATGA GCGGATACAT ATTTGAATGT ATTTAGARRA ATAAACARAT

Emp-R

AGGGGTTCCS CGCACATTTC CCCGRARAGT GCCACCTGAC GTCTAAGARAR CCATTATTAT CATGACATTA ACCTATAAAA ATAGGCGTAT CACGAGGCCC
TTTCETCTCG CGCGTTTCEG TGATGACGGT GAARACCTCT GACACATGCA GCTCCCGGAG ACGGTCACAG CTTGTCTGTA AGCGGATGCC GGGAGCAGAC
Ndel

ARGCCCGTCA GGGCGCGTCA GCGGGTGTTG GCGEETGTCG GGGCTGGCTT AACTATGCGG CRTCAGAGCA GATTGTACTG AGAGTGCACC ATATGGACAT

RAV-2 ITR 4489~
4664 (antisense)

Tt ATTGTCGTTA GRACGCGGCT ACAATTAATA CATAACCTTA TGTATCATAC ACATACGATT TAGGTGACAC TATAGAACTC GATCGAGCAG CTGCGCGCTC

D+ trs
ARV-2 ITR 4489-4664 {antisense) T
~~~~~~~~~~~~~~~ T ST o Mscl
mu
LI GCTCGCICAL TGAGGLCGLC CGGGCARAGT CCGGGCGTCG GGCGACCTTT GGTCGCCUGE CCTCAGTGAG CGAGCGAGCG CGCAGAGAGS GAG;E;;;;A
b+ trs
~~~~~~~~~~~~~~~~~ ;;;mz ITR 4489-4664 (antisense) Chicken
~~~~~~~~~~~~~~~~~~~~~~~~~~ T e e

40l CTCCATCACT AGGGGTTCCT TGTAGTTAAT GATTAACCCG CCATGCTACT TATCTACGTA GCCATGCTCT AGAGCAGTCT GGGCTTTCAC AAGACAGCAT

Chicken cardiac troponinT promoter

CTGGGGCTGC GGCAGAGGGT CGGGTCCGAA GCGCTGCCTT ATCAGCGTCC CCAGCCCTGG GAGGTGACRG CTGGCTGGCT TGTGTCAGCC CCTCGGGCAC

Chicken cardiac troponinT promoter

TCACGTATCT CCGTCCGACG GGTTTARAAT AGCARARACTC TGAGGCCACA CARTAGCTTG GGCTTATATG GGCTCCTGTG GGGGAAGGGG GAGCACGGAG

Chickern cardiac troponinT promoter

GGGGCCGEGE CCGCTGLTGE CARARTAGCA GCTCACAAGT GTTGCATTCC TCTCTGGGCG CCGGGCACAT TCCTGCTGEC TCTGCCCGCC CUGGGGTGEE

Chicken cardiac troponinT promoter

NgoMI Nhel

AGGGATAACA GGGTAATTET TTCAATGAGG CTTCAGTACT TTACRGARTC GTTGCCTGCA CATCTTGGAA ACACTIGCTG GGATTACTTC TTCAGGTTAR
mAKAP target {sense)
5' flanking mir-30a loogp

PaeR7I
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FIGURE 10 (continued)

sense)

CTCCCTTGCC TACTGCCTCG GAATTCAAGG GGCTACTTTA GGAGCAATTA TCTTGTTTAC TAAARACTGEA TACCTTGCTA TCTCTTTGAT ACATTTTTAC

3' flanking mir-30a SV40 Poly
A A P A A e e e e e _ -~
~~~~~~~ Notl Stul
ettt
st

RARGCTGART TARAATGGTA TARATTAAAT CACTTTTITC AATTGGAAGA CTRATGCGEC AGCGGCCGCT AGGCCTCACC TGCGATCTCG ATGCTTTATT

SV40 Poly A

TGTGAARTTT GTGATGCTAT TGCTTTATTT GTAACCATTA TAAGCTGCAA TARACAAGTT ARCAACAACA ATTGCATTCA TTTTATGTTT CAGGTTCAGS

ARV ITRdelD 455%-4662

SV40 Poly A

GGGAGGTGTG GGAGGTTTTT TAAAGCRAGT AAMACCTCTA CABATGTGGT ATGGCTGATT ACCACTCCCT CTCTGCGCGC TCGCTCGCTC ACTGAGGCCS

GGCGACCAAAR GGTCGCCCGR CGCCCGGGCT TTGCCCGGGC GGCCTCAGTG AGCGAGCGAG CGCGCCAGCT GARAGCTATCA GATCTGCCGG TCTCCCTATA

GTGAGTCGTA TTAATTT
TCGCTCACTG ACTCECT

A TAAGCCAGGT TARACCTGCAT TAATGRATCG GCCRACGCGC GGGGAGAGGC GGTTTGCGTA TTGGGIGCTC TTCCGCTTCC
G CTCGGTCGTT CGGCTGCRGC GAGCGGTATC AGCTCACTCA AAGGCGGTARA TACGGTTATC CACAGAATCR GGGGATAACG

CG
GC

Af11I11
CAGGAARGRA CATGTGAGCA ARRGGCCAGC AMARGGCCAG GAACCGTARL AAGGCCGCGT TGCTGGCGTT TTTCCATAGG CTCCGCCCCT CTGACGAGCA
TCACARRRAT CGACGCTCAR GTCAGAGGTG GCGRARCCCG ACAGGACTAT ARAGATACCA GGCGTTTCCC CCTGGARGCT CCCTCETGCE CTCTCCTGTT
CCGRCCCTGC CGCTTACCGG ATACCTGTCC GCCTTTCTCC CTTCGGGAAG CGTGGCGCTT TCTCATAGCT CACGCTGTAG GTATCTCAGT TCGGIGTAGS
TCGTTCGCTC CRAGCTGGGC TGTETGCACG AACCCCCCGT TCAGCCCGAC CGCTGCGCCT TATCCGGTAZ CTATCGTCTT GAGTCCAACC CGGTAAGACA
CGRCTTATCG CCACTGGCAG CAGCCACTGG TAACAGGATT AGCAGAGCGA GGTATGTAGG CGGTGCTACAE GAGTTCTTGA AGTEGTGGCC TAACTACGGS
TACACTAGRA GARCAGTATT TGGTATCTGC GCTCTGCTGA AGCCAGTTAC CTTCGGAAAR AGAGTTGGTA GCTCTTGATC CGGCARACAR ACCACCGCTG
GTAGCGGTGG TTTTTTTIGTT TGCAAGCAGC AGATTACGCG CAGAAAARAAR GGRTCTCRAG AAGATCCITT GATCTTTTCT ACGGGGTCTG ACGCTCAGTG
GRRCGARRAC TCACGTTAAG GGATTITGGT CATGAGATTA TCARAARGGA TCTTCACCTA GAPCCTTTTA AATTABARRT GARGTTTTAR ATCAATCTAA
AGTATATATG AGTARRCTTG GTCTGACAGT TACCRATGCT TAATCAGTGA GGCACCTATC TCAGCGATCT GTCTATITCG TTCATCCATA GTTGCCTGAC

BpmI

TCCCCGTCGT GTAGATAACT ACGATACGGE AGGGCTTACC ATCTGGCCCE AGTGCTGCAA TGATACCGCE AGACCCACGC TCACCGGUTC CAGATTTATC

Amp-R

GTTCGC CRGTTEATAG TTTGCGCARC GTTGTTGCCA TTGCTACAGE CATCGTGGTG TCACGCTCGT CGTTTGGTAT GGCTTCATTC AGOTCCGSTT

Amp-R

2Nl CCCAACGATC ARGGCGAGTT ACATGATCCC CCATGTTGTG CRAAMRAAGCG GTTAGCTCCT TCGGTCCTCC GATCGTTGTC AGRAGTAAGT TGGCCGCAGT

Amp-R

GTITATCACTC ATGGTTATGG CAGCACTGCA TAATTCTCTT ACTGTCATGC CATCCGTAAG ATGCTTTTCT GTGACTGGTS AGT

Amp-R
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FIGURE 11
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