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Human induced pluripotent stem cells (hiPSCs) are becoming increasingly important for
cardiac safety testing due to their recapitulation of native behaviour, relative abundance
and ease-of-use. We combine automated patch clamp (APC), microelectrode array (MEA)
and impedance technologies to study hiPSC-derived cardiomyocytes (hiPSC-CMs) from
different sources. Voltage-gated Na+ (NaV), Ca2+ (CaV) and K+ (KV) currents were recorded
on the APC platforms Port-a-Patch, Patchliner and SyncroPatch 384PE (Nanion
Technologies). The NaV channel was blocked by tetracaine and TTX with IC 50 values
consistent with the cardiac NaV channel, NaV1.5. Nifedipine blocked the CaV currents
recorded from hiPSC-CMs on the SyncroPatch 384PE with an IC50 consistent with the cardiac
CaV1.2 channel. In addition to voltage clamp measurements, action potentials from hiPSCCMs were also recorded in the current clamp mode and the effect of nifedipine on action
potential amplitude and duration will be shown. In addition, extracellular field potential (EFP)
recordings detected from hiPSC-CMs using the fully automated MEA system, Maestro APEX
(Axion BioSystems) and the concentration-dependent effects on field potential duration
(FPD) and amplitude of the EFP signal by E4031, dofetilide and nifedipine will be presented.
Furthermore, we demonstrate novel solutions for specific cell stimulation (pacing) or silencing
using multiwell light delivery add-ons for optogenetics. Multiwell optogenetic stimulation
further excels impedance and MEA-based disease modeling and drug discovery. Through
even illumination of the wells and lack of induced artifacts, optogenetic stimulation exhibits
improved reliability across wells, as compared to electrical stimulation. Finally, the relatively
novel technique of impedance combined with MEA-like EFP recordings using the
CardioExcyte 96 (Nanion Technologies) was used to detect changes in contractility
(impedance) and electrophysiology (EFP) of hiPSC-CMs in a beating monolayer by
compounds such as E4031, dofetilide and nifedipine. In addition, cells can be optically
stimulated and impedance and EFP signals simultaneously recorded from the same cellular
monoloayer. In this way, impedance and EFP signals can be exactly overlaid giving in-depth
mechanistic information about contractility and electrophysiology of iPSC-CMs.
In conclusion, combining techniques of APC, MEA and impedance can lead to a more
complete characterization of hiPSC-CMs and safety profile of compounds. This is because
compound effects are observed on 3 levels: a purely biophysical level investigating ion
channel currents of individual cells; a more holistic electrophysiological level looking at EFP of
a consortium of cells in a beating network and; last but not least, a mechanistic level
investigating the contractility.

