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impedance and EFP signals. In addition to the pharmacological effects, dy-
namics of the cell growth and development in culture were monitored to derive
an analytical expression for the system. Detailed investigation of the cellular
beat signal facilitated multi-parameter evaluation allowing integrative assess-
ment of cardiomyocyte behavior. The resulting multiplex signatures can be
used as a fingerprint tool to highlight changes in cardiac function and poten-
tially to categorize drugs based on their mechanisms of action.

The hybrid impedance-EFP measurements in human SC-CMs exemplify a
novel screening method for early and sensitive multi-parameter profiling in vi-
tro. This integrative approach meliorates the screening pipeline by bridging sin-
gle cell-based assays and ECG measurements for translational assessment.
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The effects of temperature on cardiac cells have been previously explored. It is
well characterised that on single cell level the action potential measured at
room temperature has longer duration compared with that obtained at body tem-
perature. The duration of the AP (APD) is a parameter which is related to the abil-
ity of cells to cope with faster pacing rates. APD prolongation by drug or disease
condition may lead to arrhythmia. However so far, the comparison has been done
mostly on data obtained at body and room temperature. One common explanation
for the prolongation of the APD at room temperature is the slower kinetics of un-
derlying ion channels, exchangers and pumps (please check for pump).

We measured AP from live cardiac ventricular slices after incubating in ice
cold solution for over 60min. The AP from rabbit cardiac tissue slices, were
measured shortly after transfer into body temperature solution. These AP
exhibit a very short APD (e.g. 89.6ms APD, 6min after warming up). Only after
incubation in body temperature of about 1h or more, the AP shape and duration
are back to the values under control conditions (205+/-21ms, at 2Hz pacing).
The mechanisms for the changes in AP are still not clear however an impaired
ion gradient control and subsequently increased intracellular sodium concentra-
tion could be responsible for these changes.

The temperature effects of ice cold solution are of different origin compared to
the reduction to room temperature settings. This could be one of the main rea-
sons why implanted hearts can adapt to the new environment without exhibiting
prolonged AP, once coming from cold incubation. However, further investiga-
tions are needed to explain the effects in total.
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During development, cardiac myocytes undergo rapid growth and structural re-
modeling. With increased cell size and increased requirements for calcium for
contraction, excitation-contraction coupling becomes increasingly dependent
on calcium-induced calcium release (CICR). Extending into the interior of
the cell, t-tubules form a network securing signal transduction into the whole
volume of the cell.

We studied the development of L-type calcium currents and of t-tubules in ven-
tricular myocytes of neonatal and young rats (ages 2-18 and 28 days). Calcium
currents were recorded in isolated ventricular myocytes (80 ms depolarization
from —50 to 0 mV) using patch-clamp. Plasma membrane-specific fluorescent
probe FM 4-64 was used to observe formation of t-tubules in myocytes using iso-
lated cells and intact myocardial tissue by laser-scanning confocal microscopy.
Formation of t-tubules started around day 9 (D9) as small membrane invagina-
tions. Invaginations formed a loose network with predominating longitudinal
elements around D14, and after D17 developed into a semi-regular tubular
network. Cell size, area and membrane capacitance was increasing throughout
the observed age interval and around D28 reached values typical for cells from
adult rat hearts. During early development, calcium current density increased,
saturating around D11. The rate of Ca-current decay increased with age, reach-
ing values typical for adult myocytes after D10.

These data suggest that functional local calcium signaling is present already at
D11, when the t-tubules only start to form. This is supported especially by the

dynamics of calcium current decay, which at D11 becomes as fast as in adult
cardiac myocytes.
Support: VEGA 2/0095/15 and VEGA 2/0147/14.
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Rationale:

Intracellular Na™ concentration [Na*Jiplays an important role in cardiac Ca*"
cycling, contractility, and metabolism. Previous measurements of [Na*]i used
methods ranging from sodium selective electrodes to fluorescent sodium indi-
cators. These techniques have significant limitations during physiological con-
ditions and none of them are able to measure the subsarcolemmal Na*t
concentration ([Na*]s). The goal of this study was to estimate [Na™]sfrom
the magnitude of the peak of the action potentials (APs) in isolated ventricular
myocytes.

Method:

Rabbit ventricular APs were recorded in current-clamp mode of whole-cell
patch-clamp technique.To maximize physiological relevance, measurements
were performed at body temperature, while the ionic compositions in the inter-
nal and external solutions were kept to be physiological and intracellular Ca®"
cycling was also preserved.

Results:

(1)Most accurate estimate of [Na]s occurred under conditions that maximize
peak voltage of AP, namely increasing the external [Na*].

(2)Under these approximately ideal conditions the peak voltage of the AP was
only about 4 mV less than the Nernst potential for Na*, assuming that [Na*]s is
about 11mM.

(3)[Na*]s remained fixed at about 11 mM over the range of pipette [Na*] of 5
to 15 mM, which indicates a range of autoregulation of [Na*]s.

(4)Elevated [Na]s was found at increased pacing frequency and in heart failure.
Conclusion:

We applied a method for estimating the [Na*]sduring the rising phase of the
AP. [Na]s was found to be about twice as high than what had been measured
in the bulk cytoplasm. Importantly, our data suggest the existence of a Na* au-
toregulatory mechanism that can maintain an almost constant [Na*] despite
wide perturbations introduced by the pipette.
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Hearts from subjects with different ages have different Ca®* signalling and car-
diac function. Although earlier studies have reported significant changes in
contractile performance of the heart during aging, some studies provide evi-
dences that aging process is associated with altered cardiovascular resgonsive-
ness to different stimuli. It is well accepted that release of Ca*' from
intracellular stores in response to an action potential initiates cardiac contrac-
tion while global increase in free Ca>" concentration ([Ca® i) consists of sum-
mation of Ca>" release. Additionally, it is known that mutations or aberrant
expression of various transcriptional and posttranscriptional regulators are
correlated with cardiac diseases and microRNAs (miRNAs) are implicated in
the pathogenesis of cardiac dysfunction. Therefore, in the present study, we
hypothesized that there should be some important age-related differences in
cardiac electrical activity including action potential and voltage-dependent
K*-channel currents (such as Ito and IK1) besides changes in intracellular
Ca*" handling of cardiomyocytes. Action potential duration was found to be
significantly prolonged with significant existence of afterdepolarizations while
the K*-channel currents were depressed in 12-month-old rats compared to
3-month-old rats. Basal [Ca®t]i was significantly higher and Ca*"-transient
amplitudes were significantly smaller in 12-month-old rats. Using microarray
analysis, we were able to identify changes in expression in several miRNAs
out of total examined 351 miRNAs. Among them, 3 miRNAs were further vali-
dated by real-time PCR. The expression levels of miR-1, miR-133a, and
miR-133b are found to be markedly depressed in the 12-month-old rats cardi-
omyocytes compared to the youngs. As summary, the present data suggest a
possible association between altered heart function and some target miRNAs
during aging in mammalians, having become an intriguing target for therapeu-
tic intervention. (Supported by grants from Tiibitak SBAG-21245254).
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