
Introduction
According to Laverty and co-workers (2011)1, 27% of drugs fail to reach phase I due 

to cardiovascular (CV) liability and up to 45% of drug withdrawals post approval are 

due to cardiovascular toxicity. Off-target cardiac effects are commonly assessed in 

early safety profiling using a panel of target specific assays for human cardiac ion 

channels (e.g. hERG, NaV1.5, CaV1.2). However, these assays are focussed on 

acute arrhythmia-inducing compounds (i.e. only a small proportion of 

cardiotoxicants1) and do not identify other mechanisms of cardiotoxicity. As most 

safety failures are due to preclinical toxicities, early safety screening against the most 

appropriate cell types is also desirable2. Assays using human induced pluripotent 

stem cell-derived cardiomyocytes (hiPSc-CM) on a variety of platforms (multi 

electrode array (MEA), manual patch clamp) can be used to address these gaps.

As well as screening a panel of human cardiac ion channels on the Qube, we have 

deployed a high throughput Cardio-Motion Assay- a phenotypic screen utilizing 

imaging of (hiPSc-CM)- to measure changes in beating characteristics which may be 

due to compound-induced structural and functional effects3.

Here we describe both target based and phenotypic assays and compare their 

outputs to demonstrate an enhanced ability to identify potential cardiotoxicity
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Fig.1 Sweep plots and derived I-T plot for Verapamil, obtained from CHO-hERG expressing 
cells on the Qube 384 platform  

• A CHO cell line stably expressing the human ether-a-go-go related gene 

potassium channel (hERG, KV11.1) was cultured in DMEM F12 HAM medium 

with 10% FBS and harvested using optimised protocols

• Experiments were performed using the Qube 384 platform (Sophion, Denmark) 

in whole-cell configuration using Multi- Hole chips

• Double additions of test compounds were added to the chip with five 

increasing concentrations added sequentially.

• Following compound addition, hERG currents were elicited from a holding 

potential of −80 mV by a voltage step to +40 mV for 2s, followed by a step to 

−50 mV for 1.5s during which peak tail current was recorded. All studies were 

conducted at 22°C.

• Normalised currents were exported and DRCs fitted using Signals VitroVivo

Cardio motion Phenotypic Assay

Fig.3 Cardio-motion derived curve fits for Crizotinib

▪ lnducible pluripotent stem cell derived cardiomyocytes (hiPSc-CMs; iCell2; 
Fuji/CDI) were cultured in 384 well plates, over 7 days forming a spontaneously 
beating confluent monolayer 

▪ Test compounds were then added over a range of concentrations of 0.02µM to 
50µM

▪ After 72hrs, plates imaged on Yokogawa CV8000 label-free at a high frame-rate 
to generate a “video” of cells beating 

▪ The derived cardio-motion waveform signal yielded four functional endpoints: 
(Peak Amplitude, Frequency, Width and Spacing) from which DRCs were fitted

▪ Activity in the assay was determined by the maximum pIC50 achieved for any of 
the 4 parameters; this value was then categorized based on thresholds for low, 
medium and high activity defined during validation.

Fig.2 Cardio-motion waveforms for Crizotinib, (known to cause Q-T prolongation and bradycardia) 

Results

• In a set of 625 compounds, 47% were flagged in one or both assays

• 36% of compounds were active in the hERG assay but not in the phenotypic 

assay (all of these blocked both inward and outward currents (data not shown))

• 7% of compounds were flagged in the phenotypic assay but not against hERG 

(e.g. Nifedipine, a calcium channel blocker, and Idarubicin, an anthracycline 

that causes oxidative stress in cardiomyocytes). A further 22% were only active 

in the phenotypic assay but were not flagged (e.g. the beta blocker 

Isoprenaline)

• Approximately 10% of compounds correlated directly between assays (e.g. 

Verapamil, a Ca and K channel blocker)

Summary
Target based and phenotypic outputs provide complimentary information, 

increasing understanding of multiple small molecule interactions and improving 

prediction of later cardiotoxicity challenges. Combining these approaches also 

provides a richer data set for in silico profiling.
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Fig.4 Correlation of hERG pIC50 (Qube) with maximum pIC50 obtained from cardio motion (solid 
line is line of equivalence)  

Cardiomotion flag (max pIC50 obtained from all parameters)
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