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Introduction
The removal of approved drugs from the market, 

as well as late-stage failures in clinical trials, is often 

linked to unforeseen cardiac toxicity. To address this 

problem, independent organizations, including the 

Food and Drug Administration (FDA), pharmaceutical 

companies, contract research organizations, and academic 

institutions, are evaluating human induced pluripotent 

stem cell-derived cardiomyocytes (hiPSC-CMs) as a 

complementary tool for the toxicity and safety assessment 

of therapeutic compounds. hiPSC-CMs are also an integral 

component of a new paradigm, the Comprehensive 

in vitro Proarrhythmia Assay (CiPA) initiative, through 

which panels of compounds with known mechanism 

of cardiotoxicity are being evaluated in hiPSC-CM 

platforms across independent test sites using a number 

of novel cutting-edge technologies. Three key challenges 

under consideration for the hiPSC-CM system are sub-

ideal cardiomyocyte geometry, sub-cellular structural 

organization, and overall electrophysiological maturity. 

Alternative bioengineering and electrical stimulation 

approaches developed to enhance hiPSC-CM maturity 

have improved aspects of hiPSC-CM physiology; however, 

those approaches have limited scalability and thus are not 

amenable to high throughput screening.

The StemoniX microHeart® technology is a physiologically-

relevant high throughput screening (HTS) platform that 

passively promotes cardiomyocyte alignment. Compared 

with the flat surface of conventional screening plates, in 

microHeart the plate surface at the bottom of each well 

is microstructured to promote cell alignment. hiPSC-CMs 

cultured in microHeart display more physiological cellular 

geometry, coherent unidirectional contraction, cardiac cell 

junction and nuclear remodeling, enhanced expression 

of key cardiac physiology genes, and improved calcium 

 

Summary:
• Cardiotoxicity studies of hiPSC-derived 

cardiomyocytes in anisotropic cultures 
enabled by microHeart exposed a 
progression of the severity of in vivo-like 
proarrhythmic phenotypes with increasing 
drug concentrations as well as earlier 
detection of these phenotypes compared 
with standard cultureware plates.

• Alignment in microHeart increased 
cardiomyocyte susceptibility to compounds 
resulting in longer Peak Decay Time (a 
surrogate for prolonged QT) compared with 

cells in standard cultureware.

• microHeart plates provide a physiologically 
relevant, consistent, and reproducible 
platform for cardiac toxicity studies and high 
throughput drug screening.
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handling (Figures 1 and 2). Thus, the microHeart platform 

enables HTS of drugs on hiPSC-CMs that display features 

of enhanced physiologically-relevant characteristics that 

more closely mimic the human heart.

To evaluate whether the changes induced by microHeart 

translate into differential responses to cardioactive 

compounds, high throughput calcium flux assays were 

performed on hiPSC-CMs cultured in microHeart 384-

Well Plates or standard high throughput screening 

plates and subsequently interrogated with the 28 CiPA 

initiative compounds. These compounds are classified 

by their proarrhythmia risk – high, intermediate, or low 

risk. In this microApplication note, the results of this 

study are introduced.

Methods
iCell® Cardiomyocytes2 (Cellular Dynamics International, 

Inc.) hiPSC-CMs were cultured on standard 384-well 

plates with a flat surface (control) or microHeart® 384-

Well Plates for 7 days according to the manufacturer’s 

growth recommendations prior to compound treatment 

and imaging. Following loading with the EarlyTox 

Cardiotoxicity Kit (Molecular Devices), dynamic changes 

in intracellular calcium flux were acquired at baseline 

and 30 min after compound treatment using a High-

Throughput Fluorometric Imaging Plate Reader (FLIPR 

Tetra®, Molecular Devices). Initial results were analyzed 

in the PeakPro module of the ScreenWorks software 

(Molecular Devices), and statistical analysis was performed 

in the Prism software (GraphPad). Immunofluorescence 

analysis was performed in the ImageXpress® Micro High 

Content Confocal (Molecular Devices). Recordings of 

hiPSC-CM spontaneous beating for motion tracking 

studies were performed by optical flow analysis in the 

SI8000 system (Sony Biotechnology) prior to compound 

treatment and after calcium flux recordings.

Figure 1. (A) Representative immunofluorescence analysis of hiPSC-CMs plated on control plates or microHeart. After 
7 days of culture on microHeart®, hiPSC-CM alignment led to readily identifiable, aligned sarcomeres. (B) Optical flow 
analysis of contractile behavior of hiPSC-CMs (C) Contraction vector maps highlight the unidirectionality of contraction.
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Figure 2. Representative immunostaining highlighting the cardiac intercalated disc marker plakoglobin in hiPSC-
CMs plated on control or microHeart® plates. Plakoglobin is more frequently restricted to distal intercalated discs in 
microHeart, as opposed to being distributed throughout the cell perimeter in standard cell cultureware (arrows).
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Standard Cultureware microHeart® Platform

Results
microHeart consistently displayed low variability 

within acceptable ranges for cell-based assays (<20%), 

which were lower than the control plate, with typical 

coefficients of variation less than 10% in intra-plate 

and inter-plate analyses, based on 3452 analyzed wells. 

Baseline analysis of calcium flux across four independent 

pairs of plates indicated that microHeart consistently 

induced increases in beat rate as well as decreases in 

peak amplitude and peak decay time. Following dosing 

with the cardiotoxic CiPA compounds, over 60% (12 of 

19) of the compounds identified as high and intermediate 

risk for cardiotoxicity showed increased susceptibility of 

prolonged QT, manifested as a prolonged Peak Decay 

Time, in cardiomyocytes aligned in microHeart compared 

with standard cultureware plates.

microHeart also enabled greater resolution of 

proarrhythmic phenotypes compared with the control. 

Differential responses were observed with microHeart 

in over 50% of the CiPA compounds tested, indicating 

that anisotropic culture of hiPSC-CMs in microHeart 

plates substantially impacted their response to 

compounds with known cardiotoxicity, specifically in 

the high and intermediate CiPA risk categories. Low 

risk compounds showed comparable effects in both 

control and microHeart formats, with no observable Early 

Afterdepolarizations (EADs). Among the 11 intermediate 

risk drugs, six compounds - pimozide, droperidol, 

cisapride, astemizole, domperidone, and terfenadine 

- showed more sensitive responses in microHeart 

compared with the control plate. This was associated 

with a higher severity of arrhythmic events (EADs). 

Consistently, compounds in the high-risk category 

showed dose-dependent progression in the severity of 

the proarrhythmia phenotype in microHeart, as illustrated 

by dofetilide in Figure 3. 

Conclusion
This study validates StemoniX microHeart as a consistent 

and reproducible platform for high throughput drug 

screening that enables greater resolution of proarrhythmic 

phenotypes compared with conventional screening plates. 
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Figure 3. Phenotypes induced by dofetilide, a compound designated as a positive control in the CiPA initiative. 
Dofetilide, a selective hERG blocker and antiarrhythmic agent, also carries risk of Torsades de Pointes at high 
concentrations. (A) Representative traces of calcium flux recordings performed after hiPSC-CM treatment with 
dofetilide at the indicated concentrations. Blue rectangles highlight CiPA concentration ranges. hiPSC-CMs 
cultured in microHeart showed initial electrophysiological abnormalities at lower concentrations, while at the same 
concentration, the phenotypes were more overt in microHeart. At the highest tested concentration, clear arrhythmic 
events were observed in microHeart, while in control plates hiPSC-CMs remained in the Early Afterdepolarization 
phase. (B) Representative dose-response analysis of dofetilide by independent parameters.
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