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Background and aim : Specific tissue lineage differentiation of embryonic stem (ES) cells
as well as induced pluripotent stem (iPS) cells can serve as an in vitro organ toxicity
testing tool other than application in cell transplantation and disease modelling outcomes. 
Besides giving options for effectively checking large amounts of toxicants and chemicals, 
in vitro toxicity using pluripotent stem cells gives an added advantage for refinement, 
reduction and replacement of use of animals. Our efforts, in EU project- DETECTIVE 
(Detection of endpoints and biomarkers for repeated dose Toxicity using in vitro systems) 
aims to respond to the urgent need for development of repeated dose in vitro toxicity test 
methods to ultimately investigate and validate human biomarkers. 
Demand : The general long term use of cosmetics and chronic disease treatments, from
past experience, have led to drop out several commonly used chemicals after human
usage, in this context, in vitro models for assessment of long-term effects (Repated-dose) 
can be helpful by prevalidation procedures. 

Methods : To access the repeat dose toxicity of doxorubicin using pluripotent stem cells, 
we use (>98%) pure population of hiPS derived cardiomyocytes and subject them to 1) 
functional readout using xCELLigence impedance scoring, to achieve the action potential
and inturn characterize chemical by variation caused in amplitude and beating
frequencies. 2) by generating a toxicogenomic signatures and look for effective marker 
genes that can optimally act as predictive biomarker. 
Results and conclusion : In our report, we studied the effect sub lethal repeat doses of 
doxorubicin. We observed that the repeated dose of doxorubicin resulted in a long term
arhythmicity within the beat rate and/or the amplitude of the impendence measurement. 
Notably,  Several genes from cardiac specific ion channels were found to be disregulated
at significant levels. This approach of in vitro repeat dose toxicity offers high predictability
and accuracy with reduced duration of testing and can provide an alternative to the 
classical animal testing schemes.
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setting up the RTCA Cardio instrument.

Figure1: Estimation of repeated dose toxicity.  A time dependant dose exposure of cardio toxic drug (Doxorubicin) and a negative control (Mannitol) was analyzed for 
period of 14days on iPSCs derived cardiomyocytes. The compounds were exposed for 3h, 2d, 4d, 6d, 8d, 10d, 12d and 14d (8doses), and each exposure was also 
studied for a washout (of drug) for a maximum time of 14days. The control is solvent treated (water). A) Representation of dynamic monitoring of Cell Index for all 
treatments performed for a period of 14days. Note that the mannitol and doxorubicin (150nM) treated wells show no significant cell detachment shown in Cell index 
scale, While doxo (300nM) showed cell toxicity except the early treatments.  Error bars are removed for clarity. B) Raw data depicting beating pattern of 
cardiomyocytes due to the effect of various treatment schedules. The doxo treatment showed significant increase in beating frequency than the control and mannitol
treated wells, additionally the rescue due to washout does not improve the beating physiology of doxo treated well. 

Figure2: Comparison of beating frequency measured using xCELLigence instrument. Note the doxo treatment leads to arrythmic behavior of cardiomyocytes. The doxo
300nM is toxic for middle to late treatment schedules. The numerical data presented are mean+-standard deviation. *denotes significant different from controls. 

Figure3: Global transcriptase analysis of cardiomyocytes treated with doxorubicin for a period of 6day. A comparison is done with washout of drug. A) Principal component 
analysis of genome wide expression in doxo treated cell. B) Heat map of Hierarchical clustering of top 1867 differentially expressed genes with highest variance of the signal 
intensities across HuamanU133_plus2.0GeneChip arrays. Replicate are displayed as average intensities as color code. C) Dendogram of gene expression profile constructed 
using differentially expressed genes across all samples.  Relationship is represented by tree lines in the dendogram. D) Enriched Gene Ontology (GO) for 3h, 2d, 4d and 6d 
doxo treated cells and the washouts. The major down regulated genes are related to heart contraction and cell division. 


