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Conclusions

• A holistic view of biology requires integrating 
multiple approaches and endpoints

• Such integration is a work in progress
– Data acquisition
– Technology integration
– Simultaneous analysis of multiple endpoints
– Incorporation of biological variation
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The Elephant
(as analyzed by blinded scientists)
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Genomics in the Paleozoic Era

DeJong, J. L., et al. (1988). J Biol Chem 263(17): 8430-8436.

FIG. 3. A, rat tissue RNA blot hybridization with the 3ZP-labeled 
XrMGSTl cDNA insert.

One gene at a time

- ask your grandfather about 
Southern Blots
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Evolution

Schena, M., et al. (1995). Science 270(5235): 467-470.

Fig. 1. Gene expression monitored with the use of 
cDNA microarrays.

A bigger 
picture ….

But what to 
with all that 
data?
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Toxicogenomic Signatures

Fielden, M. R., et al. (2011). Toxicol Sci 124(1): 54-74.

Model using expression 
of 22 transcripts 
(genes)

Training set: 
72 compounds

Test set: 
66 compounds

Developed and tested 
by a consortium of 12 
organizations
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Electrophysiological Models

Dutta S., et. al. (2017) 
Front Physiol. 8:616

Tixier E., et. al. (2018) 
Front Physiol. 8:1096
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Human Ventricular Myocyte Model

T.J. O’Hara, L. Virág, A. Varró, Y. Rudy, “Simulation of the undiseased human cardiac ventricular action potential: Model  
formulation and experimental validation” PLoS Computational Biology 2011; 7(5): e1002061.  
doi:10.1371/journal.pcbi.1002061
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Holistic?

• The models and signatures described present a 
global view..

– of one type of data
– of one aspect of cellular physiology
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Cardiotoxicity – Many Facets

Adverse Effects
• conduction impairment
• QT interval prolongation
• impaired cardiac 

contractility and dilatation
• multifocal cardiomyocyte 

necrosis or apoptosis
• myocardial fibrosis
• hypertrophy

Clinical Manifestations
• arrhythmia
• valvular heart disease
• cardiomyopathy
• heart failure and/or sudden 

death.

11

From Yang and Papoian (2012)
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The Model in Question

What can we 
measure?
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In Vitro Endpoints

• Electrophysiological 
parameters

• Mitochondrial 
parameters

• Cytotoxicity
• Apoptosis
• cTroponin
• Ca handling

• Signaling pathways
• mRNA - cell
• miRNA - cell
• miRNA - media
• proteomics - cells
• kinomics - cells
• metabolomics - cells
• metabolomics - media
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Studies to Date

• What has been measured?
• For which compounds?
• What endpoints have been integrated?
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Crizotinib, Sunitinib, Erlotinib, Nilotinib

Doherty, K. R., et al. (2013). Toxicol Appl
Pharmacol 272(1): 245-255.

• Crizotinib: increased ROS production, 
caspase activation, cholesterol accumulation, 
disruption in cardiac cell beat rate, and 
blockage of ion channels.

• Sunitinib: decreased cardiomyocyte viability, 
AMPK inhibition, increased lipid 
accumulation, disrupted beat pattern, and 
hERG block. 

• Nilotinib: increased ROS generation, caspase 
activation, hERG block, and an arrhythmic 
beat pattern
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21 TKIs

Sharma, A., et al. (2017). Sci Transl Med 9(377).

a “cardiac safety index” to reflect the cardiotoxicities of existing TKIs
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Anthracyclines

Zhao, L. and B. Zhang (2017). 
Sci Rep 7: 44735.

“Anthracycline agents upregulated 
the expression of death receptors
(DRs) (TNFR1, Fas, DR4 and DR5) in 
iPS-derived cardiomyocytes at both 
protein and mRNA levels”
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Multiple Agents

A metabolic signature of toxicity for predicting 
the cardiotoxic potential of pharmaceutical 
compounds
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Doxorubicin & Sunitinib

“Cardiac Associated” 
miRNA panel
Doxorubicin & 
Sunitinib induce very 
different changes in 
cellular miRNA

miR-1 and miR-208a 
appear to be Dox 
specific

Comparative cardiotoxic effects of 
doxorubicin and sunitinib 
in human iPSC-derived cardiomyocytes
Matthew C. White, Lijun Ren, Xi Yang

Gordon Research Conference 2016
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Doxorubicin

Extracellular miR-208a, 
miR-1 and Troponin I

miR-1 and miR-208a 
appear to be early 
response markers
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PSTC Studies

Dieterle, F., et al. (2010). Nat Biotechnol 28(5): 455-462.

• Multiple rodent studies
• Multiple compounds
• Multiple doses / time points
• Clinical Chemistry
• Histopathology
• Multiple blood and urinary biomarkers



27

Clustering of Data from One Study

• One compound 
⁻ Control (0)
⁻ 3 doses (0.5,3.5, 7)
⁻ 2 days (3, 8)

• Serum clinical chemistry 
endpoints
(A-P)

• Histopathology
(Q - Red column)

• Urinary biomarkers
(S,T, U, AA – LL)

• All endpoints and samples 
clustered
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Clustering of Data from One Study

Discoveries from this approach

• Not all animals 
responded the same 

• Classes of markers could 
generally distinguish time 
and dose groups

• Some markers clustered 
with histo, some did not

• Many classical clinical 
chemistry markers 
clustered with the new 
markers!
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Conclusions

• A holistic view of biology requires integrating 
multiple approaches and endpoints

• Such integration is a work in progress
– Data acquisition
– Technology integration
– Simultaneous analysis of multiple endpoints
– Incorporation of biological variation

• But it offers the potential of elucidating, 
mechanisms, biology, and predictive biomarkers
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Toxicity Assessment – 399 B.C.
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