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Development of imaging apparatus and experimental protocol for evaluating action
potential of human iPSC-derived cardiomyocytes

Yoshinori Ide*, Daiju Yamazaki, Yasunari Kanda, Yuko Sekino®

Human-iPS derived cardiomyocytes (hiPS-CMs) are widely expected to be used in nonclinical studies. We
have standardized a testing method using hiPS-CMs and field potential (FP) recording with a multi-electrode
array (MEA) system. We have successfully demonstrated its reproducibility and robustness by applying
a multi-site prevalidation study using E-4031 which specifically blocks the human ether-a-go-go-related
gene (hERG) channel. We organized a multi-disciplinary consortium, Japan iPS Cardiac Safety Assessment
(JiCSA), to evaluate the usage of hiPS-CMs for predicting the proarrhythmic risks using 60 compounds.
JiCSA has achieved significant scientific progress for using hiPS-CMs in safety pharmacology. In the US, a
Comprehensive in vitro Proarrhythmia Assay (CiPA) paradigm has been proposed to improve cardiac safety
for regulatory approval. It aims to replace the preclinical hERG assay and the clinical tQT study required
in the ICH S7B and E14 guidelines with more translationally relevant assessments of proarrhythmic risk.
JiICSA is now collaborating with the CiPA myocyte team for an international validation study, and collecting
MEA data using blinded compounds.

An additional approach using voltage sensitive dye (VSD)-imaging of membrane potential changes
has been chosen for the international validation. Hence, we have customized a VSD-imaging protocol for
the cumulative application of drugs in which stable responses over 90min should be observed. First, we
developed equipment for a simultaneously recording FP and VSD-imaging. We then selected a fluorescent
VSD, Di-8-ANEPPS, to stain hiPC-CMs sheets because it is the least toxic among the dyes that we tested.
When we started VSD-imaging experiments, we observed slight changes in FPD and the inter-spike
interval of the MEA recordings. We found that the changes came from an increase in the temperature of
the culture medium. To avoid the temperature increase, we determined the intensity and duration of the
illumination (530nm) needed to excite the VSD and inserted a copper plate with a 5-mm diameter hole
between a recording probe and a heating plate. In addition, we made a cap for the recording probe with
a ribbon heater to prevent evaporation of the culture medium in the MEA probe during the assay. Our
recording condition for the VSD-imaging and the improvement of the equipment itself would be very useful
in performing long-term VSD-imaging for cumulative applications of drugs. We will evaluate the drug effects
using the simultaneous recording system of VSD-imaging and FP recordings.

Keywords: voltage-sensitive dye imaging, human iPS cells, cardiac safety assessment, proarrhythmia, multi-
electrode array system
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