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Abstract

A high content imaging strategy was implemented to compare the
toxicological properties of a set of compounds across two distinct cell
systems, the rat HIC2 cell line and human induced pluripotent stem (hiPS)
cell-derived cardiomyocytes. The use of a multiplexed approach includes
parameters suitable for detecting DNA damage, nuclear morphology,
mitochondrial membrane potential, oxidative stress, effects on lysosomal
integrity, glutathione redox status, and apoptotic events. A test panel of
compounds with known in vivo cardiotoxicological attributes including
doxorubicin and many well characterized kinase inhibitors were used as
reference set to assist in interpretation of the high content imaging assay
results. The toxicity profile investigations revealed that cardiotoxicants are
more readily identified using hiPS cell-derived cardiomyocytes compared to
H9C2 cells. In particular doxirubicin and other overt cardiotoxicants induced
a dose responsive change in cellular ATP, caspase 3/7 activity, and
mitochondrial membrane potential in hiPS derived cardiomyocytes. This
study supports the continued use of high content imaging and stem-cell
derived models as a part of a safety evaluation strategy implemented during
the early phase of drug discovery. As the availability of additional
differentiated hIPs cell types are developed, high content imaging
techniques can then be rapidly deployed to provide more complete insight
into the early safety profile of a molecule

Protocols, Probes and Methods for HCS Assays

Human | Rat Transformed |Fluorescent Probes
1PS cells HIC2 [Hoechst 33258 for Nucleus
Mitotic Aest___|Ab to PhosphoHistone H3
DNA Damage DNA Dar |Ab to H2AX protein
Dihydroethidium
Carboxyfluorescein
Lysosomal Lysosomal L Green or Red
| mitochonarial | |Mitotracker Deep Red |
72 hour | | Witochonarial | Mitotracker Green/Lysotracker Red |

1. Plate HOC2 at 7000 cellsfwell, iCell Cardiomyocytes cells at 20,000 attached cells/well
2. Incubate HIC2 cells at 37C/5% CO2 OIN proceed to #3,
For iCell Cardiomyocytes cells wash after 48 hours, then incubate another 72 hours at 37C/7% CO2.
3. Remove conditioned media replacing with 50 ul diluted compound in HIC2 growth media or iCell
Maintenance medium.
4. Compounds are tested in duplicate starting at 100 uM final concentration.
5. After incubation, add an equal volume (50ul) of staining cocktail. (DO NOT REMOVE MEDIA)
1) Lysosomal Physiology CT1M — 30 minutes prefix at 37C
2) Live/Dead CT3M — 60 minutes prefix at 37C
3) Mitochondrial Physiology CTSM — 30 minutes prefix at 37C
4) Lysosomal and Mitochondrial Physiology CT6 - 30 minutes prefix at 37C
6. Aspirate and add 100 ul fixative to each well, incubate 10 minutes RT.
Fixative is prepared by adding 2.2mls formaldehyde + 19.8 Hanks/HEPES
7. Remove fixative; wash 1x with 100uls PBS
8. Add 200uls PBS and seal plate, read on Cellomics VTI/ArrayScans
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One HCS Assay One File
Multiple feature parameters collected

1 Unique Plate Descriptor
2 MEAN_GireRingAglntenDiffCh2
3 MEAN_NucAreaChi

4 SelectedCellCount

5 MEAN_NucAvgintenCht

6 MEAN_NucShapel WRCh1

7 MEAN_NucShapeP2ACh1

8 MEAN_} o

9 ValidFieldCount [VALID_FIELDS

10 ValidCellCount [ValidCellCount

11 MEAN_Ci MEAN_CircTotintench:
12 MEAN_CircAvgintenCh2 MEAN_CircAvgintenCh2

13 MEAN_RingAvglntenCh2 MEAN_RngAvgintenCh2
14 MEAN_RingTotalintenCh2 MEAN_RingTotintenCh2
15 MEAN_CircRingAvglntenRatioCh2 |MeanCirRingAvgintRatioCh2

MEAN_NucAvgintenCh 1
MEAN_NucShapel WRCh1
[MEAN_NucShapeP2ACh1
MEAN_NucTotalinieCh1

Rat H9C2 Characteristics

+ To conserve myoblastic properties these cells should be maintained at < 70%
confluency. Near confluency, the cells become striated.

HIC2 cells show a lower proliferation rate such that a single plating density can be
utilized over multiple analysis times

Cell plating density is 7k/well for compound exposures of 24-72 hours

Data exhibits great consistency between analysis time points and replicates
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Representative Composite Images for rat HIC2 cells
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Characteristics: Cryopreserved human
iCell Cardiomyocytes
Cells are maintained for up to 7 days to acquire HCS data

iCell cardiomyocytes are allowed to equilibrate over 3 days to achieve be:
monolayers

Cell plating density is 20k/well for compound exposures of 24-48 hours

Careful and gentle technical handling of the cryopreserved iCell cardiomyocytes are
Key to maximi
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Assay Development Results for H2AX

Etoposide 30uM
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Plate cells Wash 1x and add compound Fix and run assay

The iCell cardi are ive to used reference

Results are similar both visually and quantitatively

Representative Composite Images for iCell Cardiomyocytes
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Representative Composite Images for iCell Cardiomyocytes
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HCS Assay Feature Results of iCell Cardiomyocytes: Cardiotoxicants & Non-Cardiotoxicants
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Compound Analysis of ATP in
iCell Cardiomyocytes

In Vivo
Cardiotox?

Name/Project
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Daunorubicin
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Gleevec
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Norepinephrine in vivo
Isoprenaline in vivo
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Summary

Human iCell cardiomyocytes have been successfully applied to multiple
High Content Imaging assays as well as biochemical assays. The
responses to standard reference compounds: valinomycin, etoposide, and
rotenone, show data that is similar to data acquired using the
“cardiomyocyte-like” cell line, rat HOC2.

Results of the HCS data suggest that feature measurements quantifying
mitochondrial and lysosomal physiology, DNA damage and oxidative stress
are key elements affected by many of these known in vivo cardiotoxicants.

The data from the biochemical ATP assay appears to correctly classify the
limited set of compounds as it relates to cardiotoxicity in vivo data.

Further effort will be required to determine correlations between the HCS
multi-feature data and the in vivo cardiotoxicity classifications of these
compounds. Other known cardiotoxicants and non-cardiotoxicants will need
to be evaluated in these and additional HCS and biochemical assays.

The resultant data supports the potential that human iCell cardiomyocytes
maybe a useful screening strategy in detecting early safety liabilities of
preclinical candidates.




