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MIXED-EFFECTS MODELING FOR CONCENTRATION EFFECT PROFILING IN CARDIOMYOCYTE CONTRACTILITY ASSAYS

L. BATISTA 1 , L. DOERR 2 , K. JUHASZ 2 , S. STOELZLE-FEIX 2 , M. BECKLER 2 , T. BASTOGNE 1,3,4 1 CYBERnano, 2 NANION, 3 CRAN UL-CNRS 7039, 4 INRIA BIGS Background. With the advent of new realtime technologies such as impedance assays, extracellular field potential measurement and optical sensing for in vitro cardiac safety screening studies, researchers have now to frequently deal with analyzing voluminous amounts of complex time responses. In this context, main issues are to speed up the data analysis process and to extract accurate information for cardiotoxicity profiling.

The proposed estimation method relies on the combination of a dynamic system identification method and a mixed-effect modeling technique. An output-error polynomial model structure is used for the system identification step and a stochastic approximation expectation maximization is implemented for the estimation of the hyperparameters. Input signals to be analyzed are the contractility amplitudes of cardiomyocytes submitted to compounds to be tested. Impedance signals and contractility amplitude were provided by a CardioExcyte96 system (Nanion Technologies). human iPSC-derived cardiomyocytes were provided by Cellartis Takara with 30,000 cells per well.

Results

Our data-driven profiling method extracted four parameters that completely fit the contractility time variations and fully characterize the effect of compound concentration on the contractility amplitude. The proposed method not only estimates the values of the model parameters but also their uncertainty distribution. The latter allows to compute p-values associated with each effect.

Conclusion

We show that the population-based estimation method developed in this study is suited to the fully characterize dynamic effects in cardiomyocyte contractility assays. Each parameter becomes a profiling characteristics of the concentration effect.

It can be applied to estimate concentration and compounds effects with an optimal accuracy and could be extended directly to multielectrode array and optical sensing responses 
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 2 Fig.2 In bold lines: average responses of the analysis model for the two tested concentrations. We clearly observe a dynamic effect of the compound concentration on the contractility amplitude.