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disorganized T-tubular structure in failing myocytes, which is also known to
promote Ca2þ release dyssynchrony. Specifically, we observed irregular gaps
between adjacent tubules where Ca2þ release was markedly delayed, occur-
ring only after Ca2þ diffusion from regions where tubules were present.
Thus, slowed and dyssynchronous Ca2þ release in failing myocytes results
from a combination of altered ryanodine receptor function and T-tubule dis-
organization. We suggest that the sub-population of slow, small amplitude
Ca2þ sparks in CHF may represent ryanodine receptors which are functionally
uncoupled from their neighbours.
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Cardiotrophin-1 (CT-1) is a cytokine member of the interleukin-6 superfamily
produced by cardiomyocytes and fibroblasts in the heart, in situations of haemo-
dynamic overload, or in the presence of humoral factors as aldosterone. CT-1 is
able to induce hypertrophic growth and dysfunction of cardiomyocytes in vitro.
Moreover, plasma levels of CT-1 are elevated in patients with cardiac hypertro-
phy and heart failure (HF) and correlated with the severity of the disease. On the
other hand, it is well established that alterations in calcium handling are involved
in cardiac dysfunction during HF. However, it is yet unknown whether CT-1
modulates Ca2þhandling in cardiomyocytes. Here we analyzed CT-1 effects
on [Ca2þ]i handling in rat single cardiomyocytes. The L-type calcium current
(ICaL) was registered using whole-cell patch-clamp technique. Intracellular cal-
cium [Ca2þ]i transients and Ca2þ sparks were viewed by confocal miscroscopy
in cardiomyocytes loaded with the fluorescence Ca2þ indicator Fluo-3 AM.
Treatment of cardiomyocytes with 1 nM CT-1 for 30 min induced a significant
increase in ICaL density compared to control cells (at�10 mV:�16.0 5 0.9 vs.
11.95 0.7 pA/pF; P< 0.01). The activity of ryanodine receptors (RyRs), esti-
mated by Ca2þ spark frequency, was significantly increased in cardiomyocytes
treated with CT-1 (Ca2þ sparks$s�1$100 mm�1: 2.3 5 0.3 vs. 4.3 5 0.5; P<
0.01). Moreover, we observed that the increase in the total Ca2þ spark frequency
produced by CT-1 could be attributable to the increased propensity of some clus-
ters of RyR to release Ca2þrepetitively. Thus, we conclude that CT-1 is able to
alter Ca2þ handling in isolated cardiomyocytes, enhancing the Ca2þ influx
through L-type Ca2þ channel and the Ca2þrelease from sarcoplasmic reticulum
through RyRs.
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In isolated rabbit ventricular myocytes, we found a significant number of ryano-
dine receptor (RyR) clusters that are not associated with the sarcolemma (non-
junctional RyRs). The contribution of non-junctional RyR clusters to calcium
transients is unclear. Here, we investigated if these non-junctional RyRs are
able to produce spontaneous local calcium release events (sparks), and compared
the probability of non-junctional versus junctional sparks. We imaged spontane-
ous sparks in cells loaded with fluo-4 and bathed in Tyrode solution with dextran
(Molecular Weight: 10 kDa) linked to Texas Red dye. We evoked spontaneous
sparks using field stimulation in the presence of 1 mM isoproterenol and 4 mM
calcium. After 5 stimuli applied with a frequency of 0.5 Hz, we simultaneously
imaged the sarcolemma and spontaneous sparks using a line scan confocal mi-
croscope (Biorad MRC-1024). Furthermore, a 3D image stack of the Texas
Red associated signal was acquired to identify the sarcolemma including the
transverse tubular system. We classified sparks as non-junctional if their distance
to the sarcolemma is larger than 1 mm. All other sparks were assumed to be junc-
tional. In measurements on 12 isolated cells, 38 sparks (51%) were identified as
non-junctional, 36 (49%) as junctional. Our measurements clearly demon-
strate that non-junctional RyR clusters are able to release calcium and produce
spontaneous sparks. We expect that our approach for distinguishing between
non-junctional and junctional sparks underestimates the number of non-junc-
tional sparks. If this is true, the probabilities of the types of sparks are similar
to probabilities of the two types of RyR clusters identified in related immuno-
labeling and microscopic studies. This would suggests that spark generation
probability of RyR clusters does not depend on their type.
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The decrease in contractility in heart failure associates with impaired cellular
Ca2þ homeostasis that is in part due to altered ryanodine receptor (RyR) func-
tion. We studied properties of sarcoplasmic reticulum (SR) Ca2þ release in nor-
mal and failing rabbit ventricular myocytes using simultaneous measurements of
cytosolic ([Ca2þ]i) and intra-SR free Ca2þ ([Ca2þ]SR). At a given SR Ca2þ con-
tent, fractional SR Ca2þ release during action potential stimulation was higher in
failing than nonfailing myocytes, suggesting increased sensitivity of RyRs in
heart failure. In permeabilized myocytes, SR Ca2þ content and Ca2þ spark fre-
quency were decreased in heart failure, while Ca2þ spark amplitude was similar
between failing and nonfailing myocytes. To compare these two groups further,
SR Ca2þ content was experimentally decreased in nonfailing myocytes to the
level observed in failing myocytes using SERCA inhibition. When SR Ca2þ con-
tent was matched, both Ca2þ spark frequency and amplitude were markedly in-
creased in failing myocytes, showing that RyRs are more sensitive to release ac-
tivation. By monitoring [Ca2þ]SR during Ca2þ sparks, we also observed that the
[Ca2þ]SR level for spark termination was significantly lower in myocytes from
failing hearts. Because Ca2þ sparks are a major contributing factor to diastolic
SR Ca2þ leak, we compared the properties of SR Ca2þ leak in normal and failing
myocytes. In failing myocytes SR Ca2þ leak was significantly faster, particularly
at high [Ca2þ]SR where Ca2þ sparks are the predominant pathway for SR Ca2þ

leak. These data show that during the progression of heart failure, modifications
to RyRs alter both activation and termination of local SR Ca2þ release events. At
a given SR Ca2þ content these effects may increase fractional SR Ca2þ release
and preserve contractility during systole, however at the cost of increased dia-
stolic SR Ca2þ leak and SR depletion.
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Heart failure (HF) patients are known to have increased susceptibility to ventric-
ular arrhythmias. Although abnormal intracellular calcium (Ca) cycling is recog-
nized as an important contributor to the pathogenesis of ventricular arrhythmias,
the specific cellular and molecular mechanisms of these arrhythmias remain to
be defined. The objective of present study was to investigate the sub-cellular
mechanisms of Ca-dependent arrhythmia using time-resolved Ca imaging in
the cytosolic and sarcoplasmic reticulum (SR) luminal compartments and the
patch-clamp technique in a canine model of tachypacing-induced HF. When
rhythmically paced in the presence of the b-adrenergic agonist, isoproterenol,
HF myocytes displayed a higher frequency of diastolic Ca waves than control
myocytes. In both HF and control myocytes, diastolic Ca waves occurred
when [Ca]SR rose above a certain threshold level, which was significantly lower
in HF than in control myocytes. Ca signaling refractoriness determined as the
time delay between systolic SR Ca depletion and Ca wave initiation was signif-
icantly reduced in HF myocytes. Electrical and Ca signaling activities exhibited
several distinct potentially arrhythmogenic patterns, including: 1) delayed after-
depolarizations and extrasystolic action potentials (APs) linked to diastolic
spontaneous Ca waves; 2) intermittent prolongations of AP duration associated
with pre-systolic spontaneous Ca waves and post-systolic triggered Ca waves;
and 3) disorganized release uncoupled from myocyte electrical activity. The
level of [Ca]SR threshold for spontaneous Ca waves and the time to attain the
threshold during the pacing cycle were critical in determining the type of arrhyth-
mogenic abnormality. These experiments suggest a common mechanistic frame-
work for apparently different arrhythmic phenotypes and provide new insights
into the relationship between abnormal Ca release and arrhythmogenesis in HF.
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Metabolic syndrome (MS) has become a global epidemic. In Mexico, the prev-
alence of MS has increased in the last 10 years together with obesity and type-2
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