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Abstract

Rationale—There is a current need for development of new therapies for patients with heart
failure.

Objective—To test the effects of members of the Corticotropin-Releasing Factor (CRF) family
of peptides on myocyte contractility to validate them as potential heart failure therapeutics.

Methods and Results—Adult feline left ventricular myocytes (AFMs) were isolated and
contractility was assessed in the presence and absence of CRF peptides Urocortin 2 (UCN2),
Urocortin 3 (UCN3), Stresscopin (SCP), and the -adrenergic agonist isoproterenol (1so). An
increase in fractional shortening and peak Ca2* transient amplitude was seen in the presence of all
CRF peptides. A decrease in Ca* decay rate (Tau) was also observed at all concentrations tested.
CAMP generation was measured by ELISA in isolated AFMs in response to the CRF peptides and
Iso and significant production was seen at all concentrations and time points tested.

Conclusions—The CRF family of peptides effectively increases cardiac contractility and should

be evaluated as potential novel therapeutics for heart failure patients.
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1. INTRODUCTION

The Corticotropin-Releasing Factor (CRF) family of peptides is widely expressed
throughout the central nervous system and a variety of peripheral tissues in all vertebrate
species and consists of the structurally related peptides CRF, Urocortin (UCN)1, UCN2,
UCNS3, and stresscopin (SCP) [1-5]. These peptides have been implicated in the control of
stress responses by mediating the release of adrenocorticotropin (ACTH) from the anterior
pituitary[1, 5] and have been linked to the regulation of the cardiovascular[6, 7] and
gastrointestinal systems[8, 9] and inflammatory processes[10].

The biological actions of CRF and related peptides are mediated via binding to two G-
protein coupled receptors (GPCRs), CRF receptors type 1 and 2 (CRFR1 and CRFR2),
found throughout the central nervous system and periphery [11-13]. CRFR2 is further
classified by its three known splice variants: CRFR2a, CRFR2f, and CRFR2y[14]. The
receptors have different tissue distribution, pharmacology, and affinities for the various CRF
peptides. Ligand binding to the CRFRs leads to the activation of adenylyl cyclase and 3’, 5’-
cyclic adenosine monophosphate (CAMP) production in target cells[15]. Comparisons of the
binding affinities and efficacies of the known UCN peptides to the CRFRs show that UCN2,
UCNS3, and SCP exclusively bind to type 2 receptors whereas UCN1 appears to bind to both
types[2, 3, 16]. The UCNs, SCP, and CRFR2 are expressed throughout the cardiovascular
system [16-18]. Interestingly, activation of CRFR2 can also stimulate the inositol phosphate
pathway through Gq, leading to beneficial cardiac remodeling[19]. Mechanistically, in
failing hearts UCNZ2 facilitates nuclear export of NFATcl and NFATc3, potentially
preventing maladaptive hypertrophy[20]. Therefore, CRFR2 signaling represents an
opportunity to impact multiple beneficial signaling processes in heart failure, with a
diversity of cardiovascular effects including protection from cell death after exposure to
hypoxia/reoxygenation injury[21, 22] and acute vasodilation[18].

UCN has also been reported to have positive inotropic and lusitropic effects via CRFR2-
mediated stimulation of PKA, resulting in increased L-type Ca%* current (Ic,), sarcoplasmic
reticulum (SR) Ca2* load, SR Ca2" release, and cytosolic Ca2* transients[23]. Intravenous
infusion of UCNZ2 induced beneficial hemodynamic, neurohormonal, and renal effects in
experimental models of severe heart failure[24, 25]. In a small clinical study of eight human
patients with stable HF, UCN2 treatment improved cardiac output (CO) and left ventricular
ejection fraction (LVEF) while increasing heart rate (HR) and decreasing systemic vascular
resistance (SVR) and systolic and diastolic blood pressure (SBP, DBP)[26]. The UNICORN
(Urocortin2 in the treatment of acute heart failure as an adjunct over conventional therapy)
clinical trial performed in patients with acute decompensated heart failure (ADHF) showed
that UCN2 administration resulted in increased CO without significant reflex tachycardia
and vasodilation as measured by renal indices[27]. A clinical trial examining the therapeutic
efficacy of SCP (JNJ-39588146) on patients with HF and reduced LVEF demonstrated that
SCP increased cardiac index (CI) and decreased SVR without significantly affecting HR or
SBP, which highlights its potential advantage over standard inotropic agents[28]. However,
the direct effects of CRF family members on cardiac myocyte contraction and Ca2*
transients have not been clearly defined.
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In the current study, we set out to analyze the effects of UCN2, UCN3, and SCP on myocyte
contractions, Ca2* transients and CAMP generation in an in vitro system of isolated adult
feline left ventricular myocytes (AFMs). AFMs were chosen as a model system for this
study because their fundamental electrophysiological and contractile properties more closely
mimic those of human myocytes than rodent myocytes, making them an ideal for in vitro
studies of electrical and mechanical properties [29-31]. Experiments were performed to test
the effects of UCN2, UCN3, and SCP on Ca2* transients, contractions, and CAMP
production in comparison to the well-described -adrenergic agonist isoproterenol (1so).

2. MATERIALS AND METHODS

The Temple University School of Medicine Institutional Animal Care and Use Committee
approved all animal procedures.

2.1. Isolation of Adult Feline Left Ventricular Myocytes

Adult feline left ventricular myocytes (AFMs) were isolated as extensively described [29-
32]. Adult felines (2—-3 kg) were anesthetized with an intraperitoneal injection of sodium
pentobarbital (30 mg/kg). The heart was rapidly excised and placed in a beaker of ice cold
Krebs-Henseleit buffer (KHB) containing, in mmol/L: glucose 12.5, KCI 5.4, lactic acid 1,
MgS0O, 1.2, NaCl 130, NaH,PO4 1.2, NaHCO3 25, and Na-pyruvate 2, and rinsed to remove
blood from the chambers. A cannula was placed in the aorta and the heart was mounted on a
constant-flow Langendorff apparatus where the coronaries were perfused antegradely with
KHB supplemented with 10 mmol/L Taurine and warmed to 37°C. Hearts were perfused
with KHB until the initial perfusate was clear of blood (approximately 100 mL) and then
switched to a recirculating KHB-based, collagenase-containing digestion solution (type Il
Collagenase, 180 U/mL, Worthington Biochemical) supplemented with 50 pmol/L CaCl,.
The pH of all buffers was maintained at 7.4 by aeration with 95% O, and 5% CO, and
temperature were held stable at 37°C by incubation in a water bath. Perfusion was
terminated when the heart became flaccid (20-35 minutes), at which time the atria were
trimmed off and the left ventricle was isolated from the right ventricular free wall and
septum and gently minced with scissors, filtered through 210 pm nylon mesh, and
equilibrated in KHB with 200 umol/L CaCl, and 1% bovine serum albumin (BSA) at room
temperature. Routinely, our initial yield is > 80% rod-shaped myocytes, and > 70% calcium-
tolerant, rod-shaped myocytes survive by the end of the isolation.

2.2. Fluo-4 AM Loading of Myocytes

Myocytes were loaded with 1 umol/L Fluo-4 by incubation with the acetoxymethy! ester
form of the dye (Fluo-4 AM, Molecular Probes) for 15 minutes at room temperature. After
loading, the cells were switched to normal Tyrode’s solution containing (in mmol/L): CaCl,
1, glucose 10, HEPES 5, KCI 5.4, MgCl, 1.2, NaCl 150, sodium pyruvate 2, pH 7.4, for 30
minutes to allow for the washout of extracellular dye and de-esterification of the
intracellular Fluo-4.
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2.3. Ca?* Transients and Fractional Shortening

Myocytes were placed in a heated chamber (37°C) on the stage of an inverted Nikon
microscope adapted for epifluorescence measurements and perfused with a normal
physiological Tyrode’s solution with 1 mmol/L CaCl, and paced by field-stimulation at 0.5
Hz (100 ms pulse duration) through a pair of platinum electrodes embedded at the bottom of
the chamber. Fluo-4 was excited by the 488 nm line of an argon-ion laser and emitted
fluorescence collected at > 505 nm. Changes in [Ca2*]; are expressed as changes of
normalized fluorescence, F/Fq, where F denotes the maximal fluorescence (peak) and Fq (or
F unstimulated), is the resting fluorescence at the beginning of each recording (average
fluorescence of the cell 50 msec prior to stimulation). Background fluorescence was
subtracted from each parameter before calculating the peak Ca?* transient[33, 34]. Tau was
measured as the decay rate of the average Ca2* transient trace. Simultaneous fractional
shortening measurements were taken from both ends of each cell using a video edge
detection system (Crescent Electronics).

Each data point represents a single cell measured at baseline and with the addition of drug/
peptide at a single concentration. AFMs were paced for 1-2 minutes to establish stable
baseline recordings. Once steady-state baseline conditions were reached, myocytes were
superfused with a drug-containing solution and recordings were maintained for a period of
1-15 minutes until maximal drug effects were observed and a new steady state was reached.
All data were analyzed using pClamp software. To account for variation in baseline
fractional shortening and Ca2* transient recordings, baseline values were set at 1 and the
changes seen after the addition of drug/compound were expressed relative to their
corresponding baseline value.

2.4. In vitro cAMP Assay

AFMs were buffer-exchanged to normal Tyrode’s solution supplemented with 1 mmol/L
CaCl, and 1 mmol/L ATP (SIGMA). 5x10* myocytes were incubated with the appropriate
concentration of drug/peptide for the indicated period of time at 37°C and the reactions were
terminated by immediate transfer of the samples to ice. Reactions were centrifuged for 10
minutes at 600xg at 4°C to pellet myocytes and cells were lysed in 400 pl of 0.1 M HCI
solution containing 0.5% Triton X-100. Samples were centrifuged again at 600xg for 10
minutes at room temperature and the cleared cAMP containing lysates were transferred to
fresh tubes for subsequent immediate analysis by cAMP ELISA. Where indicated, myocytes
were pre-treated for 10 minutes with the $1-adrenergic receptor (AR) antagonist CGP
20712A (1 pmol/L CGP) for assay validation.

2.5. CAMP ELISA

cAMP ELISAs were performed using the Monoclonal Anti-cAMP Antibody Based Direct
cAMP ELISA Kit (non-acetylated version) from NewEast Biosciences (#80204) as per the
manufacturer’s protocol. The ELISA Kit is a competitive immunoassay used to measure
cAMP levels from cell extracts. Multi-well plates are provided in the kit and are pre-coated
in goat-anti-mouse serum. cCAMP in the samples competitively binds to a monoclonal anti-
cAMP antibody in the presence of fixed amounts of cAMP-conjugated horseradish
peroxidase. Known amounts of cAMP were diluted in 0.1 M HCI solution containing 0.5%
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Triton-X100 and used as standards to generate the calculation curve. After a short
incubation, the excess reagents are washed away and substrate is added. The multiwell
plates are then read on a microplate reader at 450 nm. The intensity of the yellow color
developed is inversely proportional to the concentration of CAMP in the samples. The
measured optical density (OD) is used to calculate the concentration of CAMP in samples
based on the curve from the cAMP standards as plotted as the percent bound. Percent Bound
was calculated as the Net OD of each pair of standards as a percentage of the maximum
binding wells.

2.6. Pharmacology

All drugs and peptides were used at 1 umol/L, 100 nmol/L, and 10 nmol/L concentrations.
Isoproterenol and the ;-adrenergic receptor (AR) antagonist, CGP 20712A (CGP, 1
umol/L), were purchased from SIGMA. Urocortin 2, Urocortin 3, and Stresscopin peptides
were provided by Johnson & Johnson.

2.7. Mouse Myocardial Infarction (MI) and Trans-aortic Constriction (TAC)

All mice were C57BL/6 background. For our myocardial infarction (MI) model, mice were
subjected to permanent ligation of the left main descending coronary artery (LCA) or a sham
surgery as we have described [35]. For our trans-aortic constriction (TAC) model, aortic
constriction was performed by tying a 7.0 nylon suture ligature against a blunted 27-gauge
needle that was promptly removed to yield a 0.4mm constriction as previously
described[36]. Pressure gradients were determined by in vivo echocardiography of the
transverse aorta and mice with gradients greater than 45 mmHg were used.

2.8. Human Tissue

Samples were acquired from the Temple University human heart tissue bank (IRB #21319).
All samples were core biopsies of post-MI heart failure patients at the time of transplant.

2.9. RNA Isolation and Semi-quantitative PCR

RNA isolation and analysis was performed as previously described[37]. Semi-quantitative
PCR was carried out on cDNA using SYBR Green (Bio-Rad) and 100nM of gene-specific
oligonucleotides for18S and ANF on a CFX96 Real Time System with BioRad CFX
Manager 2.1 software. (Bio-Rad). Quantitation was established by comparing 18s rRNA,
which was similar between groups, for normalization and compared using the AACt method.

2.10. Statistics

Data are reported as mean + SEM. Unpaired t-tests, paired t-tests, and one-way ANOVAS
were performed to detect significance using GraphPad Prism6 software. P<0.05 was
considered significant (ns p > 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001).

3. RESULTS

To analyze the effects of the CRF family of peptides on cardiomyocyte contractility to
validate them as potential heart failure therapeutics, we used a system of isolated adult feline
left ventricular myocytes (AFMSs). Freshly isolated AFMs were paced by field stimulation to
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establish stable baseline contractile function. The bath was rapidly switched to drug
containing solutions (10 nmol/L, 100 nmol/L or 1 pmol/L) for a period of 5-15 minutes until
stable inotropic effects were observed and a new steady state was reached. Maximal
inotropic effects were observed at the lowest concentration of 1so (10 nmol/L) while UCN2,
UCNS3, and SCP all showed incremental changes in contractility relative to baseline (Figure
1). All concentrations tested resulted in statistically significant increases in fractional
shortening relative to baseline. However, even at the highest concentration tested (1
umol/L), all of the CRF peptides had significantly smaller increases in contraction compared
to Iso. Given the extremely high efficacy of catecholamines (Iso), this result was not entirely
unexpected. Representative fractional shortening traces illustrate the increased magnitude of
contraction and faster relaxation rate seen in drug-treated cells (Figure 1B). No treatments
caused significant changes in resting cell length.

Maximal effects on Ca2* transient amplitude were reached at the lowest concentration of Iso
(10 nmol/L) tested. Similar to the effects on contraction, UCN2, UCN3, and SCP all had
smaller effects on peak Ca2* transient amplitude relative to baseline at the lowest
concentrations tested (Figure 2A, 10nmol/L), but the effects of UCN2, UCN3, and SCP on
peak Ca?* transients were not significantly less than those produced by Iso at either
100nmol/L or 1 ymol/L.

Analysis of individual Ca2* transients (Figure 2B,C) showed that Iso and CRF peptides
reduced cardiomyocyte relaxation time, indicative of increased SR Ca?*-ATPase
(SERCAZ2a) reuptake of Ca2*. The time constant of cytosolic Ca?* decline (Tau) was
determined from the Ca2* transient by fitting an exponential decay curve to the downward
slope of the transient. The Tau value reflects SERCA2a-mediated Ca2* reuptake. A lower
Tau value reflects a faster uptake of cytosolic Ca?* into the SR (and a more active
SERCAZ2a) and can be visualized by a steeper slope in the decay of the Ca2* transient which
is evident in myocytes treated with Iso or any of the CRF peptides (Figure 2C). Each
concentration tested resulted in statistically significant reductions in Tau relative to baseline
(Figure 2B). None of the CRF peptides had as strong of an effect on Tau as Iso, although at
the highest concentration examined, 1 pmol/L, the effects of UCN2, UCN3, and SCP on Tau
values were not significantly different from that seen with Iso.

CRFR2 couples to Gg-cAMP-PKA signaling[6]. We next determined if increased
contractility seen in AFMs treated with UCN2, UCN3, SCP, and Iso was related to increased
CAMP levels. We performed a standard assay to quantify cAMP generation (Figure 3). In
accordance with our contractility studies, we found maximal CAMP generation in Iso-treated
cells at the lowest concentration tested (10 nmol/L) (Figure 3). To validate our assay, we
pretreated cells with the f1-adrenergic receptor (AR) antagonist CGP 20712A (1 umol/L
CGP) before the addition of Iso. In these samples, we saw significant inhibition of cCAMP
production at all concentrations and time points assayed. The three CRF-related peptides
elicited a concentration-dependent, statistically significant increase in cAMP production
relative to baseline. All compounds showed a slight trend towards higher CAMP generation
at the five-minute versus one-minute time points, but this was not shown to be significant.
UCNZ2 was slightly more effective than UCN3 or SCP at any given concentration tested,;
however, the cAMP generation in UCN3 and SCP was significantly greater than baseline at
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each concentration and time point tested. At the highest concentration tested, 1 pmol/L,
cAMP generated by UCN2, UCN3, and SCP at the five-minute time point did not
significantly differ from that of Iso. At the lower concentrations assayed, 10 nmol/L and 100
nmol/L, the CRF peptides all produced significantly less cAMP than Iso. More detailed
mechanistic studies will need to be performed to tease out the differences in signaling that
lead to the pronounced cAMP effect seen in UCN2-treated cells versus UCN3- or SCP-
treated cells. These studies show that UCNs and SCP are less effective activators of CAMP
signaling than Iso at lower concentrations but are comparable at the highest concentrations
examined.

Interestingly, the inotropic efficacy of CRF peptides was less than that of Iso, even after
accounting for cAMP-generating capacity. When myocyte contraction was plotted as a
function of cAMP generation, the CRF peptides all had significantly smaller effects than Iso
(Figure 3C). Therefore, Iso and CRF peptides elicited different contractile responses at
comparable cAMP levels, indicating potential divergent inotropic mechanisms. These
differences appear to be independent of intracellular Ca?* levels as seen when maximal peak
Ca?* transients (Figure 3D) or intracellular Ca2* decay rates (Figure 3E) were examined as a
function of cCAMP generation. These results suggest that the contractile differences seen
between Iso and the CRF peptides are likely at the level of the myofilaments and point
toward different signaling than produced by Iso.

We next determined if the CRF family member receptors were altered in disease, since this
could influence the responses to their agonists. To address this issue, we first used semi-
quantitative PCR on heart tissue from mice 14-weeks after trans-aortic constriction (TAC).
These experiments revealed no significant changes in the levels of UCN or CRFR2 in TAC
animals as compared to control (sham) animals. We validated our TAC model by examining
classical markers of the cardiac stress response and saw significant upregulation of ANF,
BNP, and B-MHC (Figure 4A) as expected. UCN and CRFR2 levels were further assessed in
a mouse model of heart failure where animals underwent myocardial infarction (MI) or
sham procedures. Heart tissue was collected 6-weeks post-MI and again analyzed by qPCR.
Similar to our TAC studies, mice that underwent M1 had significantly elevated levels of
ANF, BNP and -MHC as compared to sham animals but showed no changes in UCN or
CRFR2 levels (Figure 4B). We extended our findings to human heart failure patients by
performing the same qPCR analysis on tissues from heart biopsies from ischemic and non-
ischemic HF patients and again saw no significant alterations in UCN or CRFR2 levels
(Figure 4C). Taken together, these data indicate that CRFR2 expression levels are not
altered in human or mouse models of heart failure and therefore serve as attractive targets
for novel heart failure therapeutics. These results help explain why HF patients showed
favorable cardiovascular responses to UCN2[26, 27] and SCP[28] in early phase clinical
trials.

4. DISCUSSION AND CONCLUSIONS

Heart failure is a complex syndrome that is a significant cause of premature morbidity and
mortality in the United States and a huge financial burden on our healthcare system[38, 39].
Heart failure patients have poor cardiac function with chronic, excessive activation of
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adrenergic and renin-angiotensin signaling cascades, increased systemic vascular resistance,
and fluid accumulation[40]. Current treatments for heart failure include B-adrenergic
antagonists, angiotensin signaling inhibitors, diuretics, vasodilators, and inotropic
agents[40], but the need for new therapies is well documented. CRF peptides have biological
actions in the cardiovascular system that makes them appealing as heart failure therapeutics.
Attractive features include vasodilation[18], positive inotropy[23], cardioprotection against
ischemia/reperfusion injury[21, 22], and suppressive actions against the renin-angiotensin
and sympathetic nervous systems[24, 41, 42]. In the present study, we show that CRFR2
expression levels are not altered in human or mouse models of heart failure, hence they
serve as attractive targets for novel heart failure therapeutics.

The present study explored the direct effects of CRF peptides on myocyte contractility and
Ca?* dynamics. It is now well established that abnormalities of intracellular Ca2* handling
play a crucial role in the pathogenesis of heart failure[43]. Studies of Ca?* handling in
isolated cardiac myocytes have established the involvement of SR calcium ATPase
(SERCAZ2a) in alterations of cardiac signaling and excitation-contraction coupling[44] in
heart failure. Decreased peak systolic Ca* with prolonged Ca?* transient duration produces
reduced force-generating capacity and slower rates of force decay that characterize the
failing heart[43, 45, 46]. Slower rates of SR Ca2* uptake and changes in Ca?* efflux (via the
Na*-Ca?* exchanger, NCX) produce rate-dependent elevations in diastolic Ca2* and thus
explain certain diastolic defects in the failing heart[43]. A prominent feature of the failing
myocyte is reduced contractile effects of 3-adrenergic agonists due to disruption of signaling
cascades. In the present study, we sought to validate UCN2, UCN3, and SCP as regulators
of myocyte contractility and to determine if these peptides modulate contractility via cAMP
production. Adult feline ventricular myocytes were used because they have similar Ca2*
handling properties to those of humans [29, 47].

CRFR2 agonist-induced signaling has been shown to exert positive inotropic and lusitropic
effects in isolated cardiac myocytes via stimulation of PKA, which augments Ic; and SR
Ca?* load to increase SR Ca2* release and intracellular Ca%* transients[23]. In our
experiments, UCN2, UCN3, and SCP significantly increased myocyte contractility in a
concentration-dependent manner as characterized by increased fractional shortening and
peak systolic Ca2* transients and reduced Ca2* transient decay rates relative to baseline. At
the highest concentrations tested, the CRF peptides produced increases in peak Ca2*
transients and increased rates of Ca?* reuptake that were statistically similar to those of Iso.
UCNSs or SCP also increased myocyte fractional shortening, but these effects were not as
great as those produced by Iso. Concentration dependent increases in contractility correlated
with increased cAMP generation in cells treated with UCN2, UCN3, and SCP, with UCN2
having a slightly greater effect. More detailed mechanistic studies are required to define the
differences in signaling that lead to the pronounced cAMP effect seen in UCN2- versus
UCNS3- or SCP-treated cells. Also of interest is the observation that, at the highest
concentration tested (1 pM), the CRF peptides produce similar levels of cAMP and Ca2*
signaling as isoproterenol, yet their effect on contraction was significantly less robust
(Figure 3). The simplest explanation is that UCNs and SCP reduce myofilament Ca2*
binding affinity more so than Iso to produce a more modest inotropic effect.
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Results in isolated cardiomyocytes indicate that CRF-peptides increase contractility, which
could make this class of peptides potentially useful therapeutic agents for the treatment of
heart failure. Clinical studies examining the safety, pharmacokinetics, and hemodynamic
effects of SCP in HF patients with reduced LVEF (<35%) and CI indicated that SCP
infusion increased CI and reduced SVR without significant effects on PCWP (pulmonary
capillary wedge pressure), HR, or SBP[28]. These observations are further supported by a
study in which urocortin-2 infusion in ADHF patients markedly augmented cardiac output
without significant reflex tachycardia[27]. An intriguing finding of our study is the disparity
of the effect of cCAMP on contraction. While this finding is not well understood, one
hypothesis for mechanistic differentiation from classic inotropes could include post-receptor
signaling through microdomains that house distinct pools of CAMP[48]. In addition, the
effects could potentially be at the level of the myofilaments and signaling downstream of
cAMP could be different for CRP-peptides versus p1-agonists.

In conclusion, the CRF family of peptides, particularly SCP, has positive inotropic effects
on adult ventricular myocytes. In addition to the inotropic effect, activation of the CRFR2
pathway has potential additional benefit to the failing cardiomyocyte, including the
prevention of mPTP opening during ischemia reperfusion[49] and impact on myocardial
metabolism through AMPK[50]. These peptides should continue to be investigated as a safe
and effective therapy to increase cardiac performance, which may prove to be superior to the
currently available inotropes and therapeutic options. In this regard, a recent study has
shown that intravenous injection of AAV UCN2 resulted in increased heart function, which
correlated with increased plasma UCN2 levels[51]. This study not only demonstrates the
feasibility and effectiveness of paracrine-based gene transfer via intravenous delivery, but
also highlights the therapeutic potential for the CRF family of peptides.
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Figure 1. Fractional Shortening
A. Peak fractional shortening values expressed as maximal drug treated response relative to

baseline shortening. B. Sample representative fractional shortening traces at 100nM. ns p >
0.05; * or # p<0.05; ** or ## p<0.01; *** p<0.001; **** p<0.0001

J Mol Cell Cardiol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Makarewich et al.

A
2.0
@
= 1.5+
— .
T8
[=]
=m
Co 1.0
F
& .
-g 0.5
©
0,0

Tau(ms)
Relative to Baseline

1s

Page 15

Peak Calcium Transients
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Figure 2. Ca2* Transients
A. Peak Ca?* transient values expressed as maximal drug treated response relative to

baseline. B. Exponential decay curves were fitted to the downward slope of Ca2* transients
and average values expressed as maximal drug treated response relative to baseline. C.
Sample representative Ca2* transient traces at 100nM. ns p > 0.05; * or # p<0.05; ** p<0.01;

*** p<0.001; **** p<0.0001
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Figure 3. cCAMP ELISA
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CcAMP production was measured in isolated myocytes after drug treatment for 1 minute (A)
or 5 minutes (B) and plotted as a function of drug concentration. C-E. Fractional shortening
(FS, C) of isolated myocytes, peak Ca2* transients (F/F0, D) or Ca?* decay rates (Tau, E)
expressed as a function of cAMP production. ns p > 0.05; * or # p<0.05; ** or ## p<0.01;
**% or ### p<0.001; **** p<0.0001
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Figure 4. RT-PCR Analysis
Transcript levels for ANF, BNP, B-MHC, UCN and CRFR2 were quantified by real-time

RT-PCR in heart tissue. Fold change in abundance is presented after standardization to 18S.
ANF, BNP, and B-MHC mRNA transcript levels are significantly increased in mouse
models of TAC (A) and M1 (B), but no changes in UCN or CRFR2 levels were detected in
either of these mouse models or in ischemic heart tissue from humans (C). ns p > 0.05; ***
p<0.001; **** p<0.0001
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