
iCell™ Cardiomyocytes:  

Assaying Caspase Activity & Apoptosis
iCellTM Cardiomyocytes, derived from human induced 
pluripotent stem cells (iPSCs), are suitable for in vitro tox-
icity screening and drug development.  Functionality and 
relevant responses in pharmacological applications have 
been recently demonstrated for human iPSC-derived car-
diomyocytes (1, 2, 3).  Currently used preclinical cardio-
myocyte models, such as in vivo animal testing, explanted 
hearts, cardiac tissue preparations, cardiomyocyte-like 
cell lines, or primary cardiomyocytes, are plagued by 
supply limitations, questionable relevance, stability is-
sues, and inconsistency with respect to disease state and 
genetic background (4, 5).  

Cellular Dynamics’ iCell Cardiomyocytes overcome the 
limitations of current models. They are manufactured with 
high purity in industrial quantities, exhibit properties of 
native cardiomyocytes, are of human origin, and are ame-
nable to long-term culture.  These human iPSC-derived 
cells are manufactured through reproducible differentia-
tion protocols and have a uniform genetic background 
to improve consistency across experiments.  In addition, 
iPSC technology holds signifi cant promise for creating 
cardiomyocyte panels from ethnically diverse populations 
or simulating cardiac diseases in vitro.  

In addition to displaying typical cardiac phenotypes, iCell 
Cardiomyocytes express cardiac specifi c transcription fac-
tors and structural genes. In addition, functional analysis 
has shown that iCell Cardiomyocytes have the ionic 
currents present in adult cardiomyocytes. Together, these 
fi ndings demonstrate that iCell Cardiomyocytes are more 
physiologically relevant than in vitro models currently 
used for non-clinical cardiac safety studies.   

Cysteine aspartic acid-specifi c proteases (caspases) 
are critical effector molecules of programmed cell death 
and are one of the most commonly used markers in the 
fi eld of mammalian apoptosis (6).  Both intrinsic and 
extrinsic pathways of apoptosis can activate the caspase 
signaling cascade.  The intrinsic pathway of apoptosis 
is initiated through the release of cytochrome c from the 

mitochondria and its subsequent association with Apaf-1, 
dATP, and caspase 9 to form the complex known as the 
apoptosome (7).   Formation of the apoptosome initi-
ates caspase 9 to cleave and activate effector caspases 
3 and 7.   Extrinsic apoptosis signaling, mediated by 
cell surface receptors, can directly activate caspases 3 
and 7 via caspases 8 and 10 without involvement of the 
mitochondria (8).  Caspases 3 and 7 are cellular execu-
tioners that cause the destruction of the cell.  Cleavage 
of their substrates lead to the morphological changes 
associated with apoptosis, including DNA fragmentation, 
cell shrinkage, chromatin condensation, and membrane 
blebbing (9).

The Caspase-Glo® 3/7 Assay (Promega) is used to 
detect effector caspase activity in apoptotic cells (10).  
Active caspase 3 and 7 cleave a protease-specifi c DEVD 
tetrapeptide substrate to release aminoluciferin.  Lucif-
erase cleavage of aminoluciferin produces a lumines-
cent signal that is directly proportional to the amount 
of caspase 3 and 7 activity present.  Staurosporine, 
amoxapine, emetine, and imatinib mesylate (Gleevec) 
were selected to investigate caspase activation in iCell 
Cardiomyocytes.

Methods

96-well plates (Corning  #3603) were precoated with 
gelatin (0.1% solution, Sigma #G1890).  iCell Cardiomyo-
cytes (99% purity) were seeded in iCell Cardiomyocytes 
Plating Medium to provide 15,000 plated cells/well in a 
fi nal volume of 100 μL.  48 hours after plating, wells were 
washed and cells were fed with 90 μL iCell Cardiomyo-
cytes Maintenance Medium.    The following compounds 
were administered:

10 μL of a three-fold dilution series of staurosporine 
(AG Scientifi c #S-1016, fi nal concentration from 15 nM 
to 100 μM) was added to triplicate wells.  

10 μL of a two-fold dilution series of amoxapine (Sigma 
#A129, fi nal concentration from 6.3 μM to 200 μM) was 
added to triplicate wells.  
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10 μL of a two-fold dilution series of emetine dihydro-
chloride hydrate (Sigma #E2375, fi nal concentration 
from 391 nM to 50 μM) was added to triplicate wells.  

10 μL of a two-fold dilution series of imatinib mesylate 
(gift from Roche Pharmaceuticals, fi nal concentration 
from 27 nM to 59 μM) was added to triplicate wells.  

Compound dilutions were performed in iCell Cardiomyo-
cytes Maintenance Medium with 10% DMSO for a fi nal 
concentration of 1% DMSO during treatment.  Apoptosis 
was measured using the Caspase-Glo® 3/7 Assay (Pro-
mega #G8091) after 6 hours (staurosporine) or 24 hours 
(amoxapine, emetine, imatinib mesylate) of compound 
treatment with a Tecan GENios Pro microplate reader (1 
second integration time).  Relative luminescence units 
(RFU) were background-corrected to control wells with 
cells and vehicle only. 

Results & Discussion

Caspase activity can be detected in iCell Cardiomyo-
cytes in response to staurosporine, amoxapine, and 
emetine using the Caspase-Glo® 3/7 Assay (Figure 1).  
The EC50 value for 6 hour treatment with staurosporine 
was 1.5 μM.  The EC50 values for 24 hour treatment 
with amoxapine and emetine were 67 μM and 6.5 μM, 
respectively.  No caspase 3 or 7 activity was detected at 
24 hours in the range of imatinib mesylate tested despite 
widespread cell death at the highest concentrations.

Conclusion

Monitoring caspase activity is critical to detecting and 
understanding drug toxicity.  The use of iCell Cardiomyo-
cytes in preclinical safety testing could accelerate the 
detection of toxic compounds and provide a mechanism 
of action for cardiac toxicity.  iCell Cardiomyocytes are 
an amenable cellular tool for in vitro apoptosis assays 
investigating the activation of caspase pathways.
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▲Figure 1. Caspase Activity in iCell Cardiomyocytes


