Use of the local extracellular action potential (LEAP) determined
with MEA to enhance prediction of cardiotoxicity
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Abstract

Microelectrode array (MEA) has been shown to be a key assay in
predicting toxicity issues at early stages and thus in reducing the cost
and time caused by candidate compound failure at a later stages of drug
development.

The regular and synchronous contraction of the heart requires periodic
activation and inactivation of various cardiac ion channels. Any

Drug-induced early afterdepolarizations (EADs)

After 2 hours, 300ul of maintenance medium was added to each well. in iPSCC-CMs. LEAP detection:

The plate was incubated for 2 days and then the medium was completely
changed to 500ul of maintenance medium. While iCell Cardiomyocytes?
begin spontaneous beating in culture by day 4. For our experiments we
used cells on day 7, when cells establish regular beating in all wells.

The medium was changed the day before dosing. The cells were treated

After the LEAP induction traces represent recordings from vehicle-
treated wells (black) and drug-treated wells (red). Quantified drug
response was compared to the vehicle treated wells.
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The local extracellular action potential (LEAP) technique enables non-
invasive, label-free monitoring of cardiac action potential in a high-
throughput real-time format.

Figure 7: Detection of ED in cells treated with ATX-II (A) and dofetilide (B).
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nifidepine, late sodium channel activator ATX-Il and beta-adrenergic
agonist isoproterenol.

The results demonstrated that that we can separate effects of drugs on
different ion channels in LEAP assay. Activation of the late sodium
current by ATX-Il prolonged LEAP duration by extension of the LEAP
plateau, whereas dofetilide did not change the plateau but slow down the
rate of repolarization. Modulation of calcium channels activity changed

in a larger assay signal (millivolts vs. microvolts) that is more robust
against pharmacological modulation. Spontaneous activity of cells in a
48-well microelectrode array was recorded prior to treatment (baseline)
and at 1 hour post-treatment using the Axion Biosystems Maestro Pro
MEA research platform. After the spontaneous basic activity recorded
LEAP function was initiated and LEAPs were recorded using the same
research platform. We analyzed the following LEAP endpoints: the beat

Figure 4: Effects of calcium channel blockers verapamil (A) and nifedipine (B)

Potassium Kr channel (hERG) blockers
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effects of studied articles. Because of the wide variety of molecular o ol —

targets and off-targets of reference drugs with cardiotoxic risk, LEAP A [ e B i ” ; -

FPD duration

assay has advantages compared to single cell electrophysiological ol | [ ;
assays. We were able to identify the possible cytotoxic mechanisms of

investigated drugs by analyzing the results of LEAP.
Overall, we have demonstrated that this in vitro approach represents a
promising translational value in identifying the cardiotoxicity of drug L
candidates at the early stages of development. LEAP MEA assay can T e T
serve as a useful link between in vitro, in vivo, and clinical studies.
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Figure 5: Effects of E-4031 (A) and dofetilide (B).
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Figure 2: Endpoint parameters for field potential (A) and LEAP (B) studies. A
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The recording conditions were at 37°C with 5% CQO2 using the standard
settings on the Axion Biosystems Maestro Axis software version 2.1.
Methods

J| - I
Cell culture: Results

FUJIFILM Cellular Dynamics, Inc. (FCDI) CDI iCell® cardiomyocytes?
(iPSC-CM) were thawed according to the manufacturer’s specifications.
Cells were plated onto a fibronectin coated BioCircute 48-well
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Below we compare the results recorded from field potential and LEAP - | | | O
experiments. The field potential traces shown as baseline (before drug S
application, black) and 1 hour after the drug application (red). Quantified
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Table 2: Effects of tested compounds on MEA LEAP assay.

Conclusions

LEAP method assay offers a reliable in vitro assay for cardiac

safety/toxicity electrophysiological studies. LEAP assay provides
additional information to the field potential assay through the analysis of
action potential morphology and detection of proarrhythmic action
potential irregularities such as early afterdepolarizations (EADs).

Implementation of the LEAP assay provides a robust alternative solution
for pharmacological modulation and could be beneficial for certain
studies in cardiac electrophysiology.
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Figure 6: Effect of isoproterenol (ISO) on electrical activity in iPSC-CM.
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