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Goal: Demonstrate the potential of organotypic culture systems to fill crucial needs in 
chemical risk assessment using a population-based in vitro cardiotoxicity model 

Introduction: Bridging Emerging Technologies And Chemical Safety Assessments 

Advances in stem cell technologies and organotypic culture methods have the potential 
to overcome major limitaitons in contemporary risk assessment: 

 Limited interpretability of animal model-derived data 
 Low-throughput asssociated with in vivo testing (“Chemical Data Gap”) 
 Standardized, rather than chemical-specific population-level adjustment factors 

The implementation of organotypic culture models in human health safety assessments is 
impeded by the lack of multidimensional high-throughput testing strategies that are: 

 Functionally and physiologically-relevant1,2 

 Medium- to high-throughput applicable format1,2 

 Amenable for in vitro-to-in vivo extrapolation (physiologically-relevant exposure levels)2 

 Capable of estimating inter-individual susceptibilities to adverse chemical effects ? 

1. Grimm FA, Iwata Y, Sirenko O, Bittner M, Rusyn I. High-content assay multiplexing for toxicity screening in induced pluripotent stem cell-derived 
cardiomyocytes and hepatocytes. Assay Drug Dev Technol. (2015) 13: 529-46 

32 .Sirenko O, Grimm FA, Ryan KR, Iwata Y, Behl M, Wignall JA, Parham F, Anson B, Cromwell EF, Rusyn I, Tice RR. In vitro cardiotoxicity assessment of 
environmental chemicals using an organotypic human induced pluripotent stem cell-derived model. Toxicol Appl Pharm. (2017) In Press. 



  
    

  

   
 

iPSC cardiomyocytes: 
A human organotypic in vitro model for cardiotoxicity testing 

Phenotypic Resemblance of In Vivo Drug Effects Reproducibility of Baseline Cardiophysiology
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Reproducibility of Chemical Effects in iCell Cardiomyocytes 
Positive Inotrope Negative Inotrope K+ channel antagonist 

r2=0.97 



     
  

   

Population Variability Assessment in iPSC Cardiomyocytes: 
Study Design and Data Integration 

Diversity in a Dish Concept for Cardiotoxicity Testing Experimental Design 
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Presenter
Presentation Notes
HPV = High Production Volume (> 1 million lbs/year)
MPV = Medium Production Volume (>25000, but less than 1 million lbs/year)
IRIS = Integrated Risk Information System
TRI = Toxic Release Inventory
CCL 1&2 = 

ACToR = Aggregated Computational Toxicology Resource



      
 

    
 

   

 

Ca2+ Flux is a Cardiophysiology Indicator with Individual Specificity 
in Untreated Cardiomyocytes 

Estimated biological vs total observable variation 

BPM Decay/RiseTime 

Relative contribution to observable variation 

BPM Decay/RiseTime 

Cardiophysiologic Paramters Beat Frequency and Decay/Rise Time 
show ranges of inter-individual variation 6 



    
  

    
   

Donor ID 
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(0.1 µM cisapride) 
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Inter-Individual Differences in Baseline Cardiophysiology are Reflected in 
Phenotypic Responses to Chemical Treatments 

Anticipated phenotypic responses are observable upon chemical treatment. Qualitative
 
and quantitative variation among different cardiomyocyte donors IDs is observable
 



     
   

  
  

  

Inter-Individual Differences in Baseline Cardiophysiology are reflected in 
concentration-responses to chemical treatments 

Concentration-Response at 90 min Time-course at 0.1 µM
 

Normalized concentation-responses for phenotypic reference chemicals 
8
show a range of inter-individual variability 



  
 

     
 

Population-Level Concentraiton-Response Assessment & 
In Vitro-to-In Vivo Extrapolation 
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Cmax: 22-956 nM Cmax: 0-929 nM 

Population-level concentration-response data are amenable for IVIVE and 9 
derivation of chemical specific adjustment factors. 



     
   

      
        

  

  

   
    

   

     

    

    

  Summary & Outlook
 

1. Collected Ca2+ flux and HC-Imaging data plus cell lysates for HT-transcriptomics in 
concentration-response for ~140 chemicals in iPSC-derived cardiomyocytes 

 Data acquisition is complete for first batch of cells from 27 donors 
 Identical data sets will be generated for cells from an additional 70 donors 
 HT-transcriptomics currently underway 

2. Observable variability in baseline cardiophysiological parameters 

 not attributable to technical variation in plating efficiencies 
 is an important factor to be considered for evaluation of chemical effects 

3. Chemical treatments qualitatively reflect the anticipated phenotypic responses 

 Qualitative characteristics remain consistent for the vast majority of chemicals 

4. Quantitative variation in responses to chemical treatments is observable 

 Differences in chemical-associated potencies are an indicator of biol. variability 
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