Abstract #1728 In ViTrRO AND IN Vivo EFFICACY OF THE CARDIAC MYOSIN AcCTIVATOR CK-1827452
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INTRODUCTION ResuLTs (CONTINUED)

@ ® CK-1827452 increases myocyte contractility
'~ "T'"""i“".".;" i without increasing the calcium transient

PDE inhibitor
i.e.; Milrinone)

CK-1827452 increases fractional shortening in vivo...
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Contraction of the cardiac muscle is controlled by cycles of calcium release and uptake which in turn activate
and deactivate access of cardiac myosin motor proteins to calcium-regulated actin-tropomyosin-troponin
filaments. Traditional inotropic agents used in treating acute decompensated heart failure increase cellular
contractility by increasing the calcium transient. B-adrenergic agonists activate f-adrenergic receptors
resulting in an increase in cAMP and activation of the PKA signaling cascade. Numerous proteins are
phosphorylated including phospholamban that results in an increase of the calcium transient and thus
contractility. Phosphodiesterase (PDE) inhibitors increase the cAMP concentrations by slowing cAMP
degradation also resulting in a calcium transient increase. PDE inhibiting compounds result in increased
mortality in clinical trials likely due to altering the calcium transient (Packer et al., 1991; Cohn et al., 1998). Echocardiography parameters after 30 min infusion of 0.25 — 1.2 mg/kg/hr CK-1827452. A dose
response increase in fractional shortening (FS) is observed.

Individual isolated adult rat cardiac myocyte tracings (above) and group data (below) showing
contractility and calcium transients after CK-1827452 treatment. CK-1827452 treatment elicits a [ IO TATNIAC MVOSI ATTIVATOr

significant increase in contractility with no significant change in the fura-2 calcium ratio. ———— -
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A novel approach to improving cardiac contractility is to directly activate the force-generating enzyme cardiac *p =<0.05 [EdSES TON

myosin without altering the calcium transient. We have previously reported on a class of small molecule

| (dIUIgl TNIVOILVIEDS VVILITOUL

agents, directly stimulating activity of the myosin ATPase in the cardiac sarcomere (Rodriguez et al., 2004). In . . . . v -
vitro enzymatic assays demonstrate that myosin activators accelerate the rate limiting step of the myosin CK_1 827452 overcomes BDM inhibition aan and Iin anlma|S Wlth heart fallure e
enzymatic cycle (green circle, right figure above), reported by phosphate release, almost 2-fold. This portion . . R . . ——————————————————
of the cycle constitutes transition from the weakly to the strongly filament-bound state of myosin. Thus, by Wlthout IncreaSIng Ca|C|um transient pa rameters L e A —

reducing the time spent in the weakly bound state, myosin activators shift the myosin enzymatic cycle in favor
of the strongly bound, force producing state.
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REsuLTs

Rats with myocardial infarction (MI) had similar body weights to sham controls but had increased
heart wts, HW/BW ratios and decreased FS consistent with heart failure.

CK'1827452 iS a SeIeCtive Cardiac myOSin aCtivator To determine possible effects on the calcium transient at high concentrations of CK-1827452

experiments were conducted in the presence of the myosin inhibitor BDM. BDM inhibits the myosin
cross-bridges but doesn’t alter the calcium cycling. A large concentration of CK-1827452 (10 uM)
overcomes BDM inhibition but does not alter the calcium transient (panel above). In contrast, the
B-adrenergic agonist Isoproterenol (ISO) alters the calcium transient parameters (below).

In biochemical mix and match preparations, *p=<0.05
the myosin ATPase rate is increased only in the
presence of cardiac myosin demonstrating that
the activity of CK-1827452 is 1) cardiac myosin
specific and 2) not acting via the regulatory
apparatus. Experiments shown performed at
pCa* = 6.75.

CK-1827452 lacks PDE activity

Additive Additive
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Biochemical assays: Cardiac S1 myosin and thin filament proteins (actin, troponin complex, and tropomyosin) were prepared from bovine heart or rabbit apecifically Targets Cardiac Nvosin, American Societv of

skeletal muscle. ~ Smooth muscle myosin was prepared from chicken gizzard. ATPase assays were performed in a kinetic fashion using NADH coupled e e

enzyme system at pCa® = 6.75. Rates were normalized to a DMSO control. No Additional Additional

Myocyte contractility experiments: Ventricular myocytes were isolated from adult male SD rats (275- 325g) using a collagenase digestion procedure and . increase —_

used within 5 hrs of isolation. Myocytes were warmed in perfusion chambers, perfused with Tyrode buffer and field stimulated at 1 Hz. To determine Increase in calcium —

contractility, myocytes were imaged through a 40x objective and the images were digitized at a sampling speed of 240 Hz. in calcium transient —

Frame grabber, myopacer, acqulswtl.on, and analysis software were ob}alned from lonOptix (Milton, MA). After an initial 1 min basal contractility period, transient Echocardlography parameters after 30 min InfUSIOn Of 0.25-1.2 mg/kg/hr CK-1827452. A dose -

compounds were perfused for 5 minutes before a 2 min washout period. X | X R " > o MER S

Calcium transient analysis: Myocytes were loaded with 2 uM fura-2 AM and simultaneous contractility and fura-2 ratios determined using an lonOptix response increase in fractional shortening (FS) is observed in both groups demonstrating in vivo —

system modified for fluorescence analysis. Individual myocyte tracings showing contractility and calcium transient changes after treatment efficacy of CK-1827452 in sham as well as heart failure animals. b

Cell Ana!¥sis: For each cel\., ten or more contracti.ﬁty and cal('\.um ratio tra.nsients at basal and .after (ompoL.lnd .addit.icn, were averaged. and (ompar.ed. alone or in combination with CK'1827452, 1SO or the PDE inhibitor milrinone. Combination *b=<0.05

Contractility average transients were analyzed using the lonWizard analysis program to determine changes in diastolic length, and fractional shortening . . . . . . . p = 8 —

(% decrease in the diastolic length; FS). For s, data are normalized to basal values (basal equals 100%) and expressed as FS (% of basal). The averaged treatment with CK-1827452 and ISO results in additive contractility but no additional increase in —

calcium ratio transients were analyzed to determine changes in fura-2 diastolic and systolic ratios and the 75% time to baseline (T7s). the calcium transient (no PDE inhibitory activity). In contrast, the PDE inhibitor milrinone in ; N . - X . - —

In vivo experiments: Adult male SD rats were anesthetized with isoflurane and infused with 0.25 - 1.2 mg/kg/hr (1.5 ml/kg/hr) CK-1827452. Terminal combination with ISO iE1creases contractil%t and {r)"e calcium trarllsient In vivo summary: Infusion of the myosin activator CK-1827452 results in increased fractional —

plr:lsmasdwere rahken- o . (Toshibay, 2 10 X aced at the lovel of the panil e and 2 . , Yy : shortening in SD rats, sham animals and in rats with heart failure. In SD rats, infusion with —

Echocardiography: Using an Aplio ultrasound system (Toshiba), a 10 Hz probe was placed at the level of the papillary muscles and 2-D M-mode images o ~ P . . . . . -

the left ventricle were taken. Diastolic and systolic wall thickness and dimensions, and fractional shortening (FS) were determined before and after infusion. CK-1827452 significantly increases fractional shortening starting at 0.4 uM plasma concentrations. —_—

Heart failure: Myocardial infarctions (MI) were induced by ligation of the left coronary artery (LCA). Only animals with fractional shortening 3 SD lower In vitro summary: In biochemical studies, CK-1827452 selectively activates cardiac myosin. In In sham and heart failure rats, infusion of CK-1827452 results in similar and significant increases in — " - G ~—

than the average from the Sham animals (surgery without tying off LCA) were utilized in experiments. Experiments were performed 12 weeks post-surgery. . . . A R . fractional shortening fraction starting at plasma concentrations of 0.4-0.6 uM. T oI TN E T e D——

Reagents: CK-1827452 a diarylurea, provided by the Cytokinetics Chemistry department. Fura-2 from Molecular Probes and all other reagents from Sigma. isolated cardiac myocytes, treatment with CK-1827452 results in increased fractional shortenlng 9 9 P ) ou I ——

Statistics: Data are mean +/- SEM. Statistics were performed using the Students ¢ —test or ANOVA and post-hoc Newman-Keuls as appropriate. P< 0.05 was without increasing the calcium transient or inhibiting the PDE pathway. -_

considered significant. |
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