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Complex Pathways to Toxicity
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• There are ~ 80,000 chemicals in 
commerce

• Chemicals are evaluated based on 
adverse outcomes (derived from 
animal testing)

• Only ~1000 chemicals have been 
evaluated systematically via animal 
testing

• How do we effectively determine 
the health risks of the remaining 
thousands of chemicals?
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Multiple –omic technologies

Varying
• levels of maturity/acceptance
• biological coverage
• mechanistic value
• translational utility
• cost $$$
High-throughput transcriptomics

DOI: 10.1109/JBHI.2015.2450362



Data-Driven Toxicity Prediction

Organ
Effects

Cellular
Pathways

Molecular
Changes

Internal
DoseExposureChemical Uses Toxicity

Chemical Structure Descriptors Toxicities

Ch
em

ic
al

s

To
xi

ci
tie

s

Models Accuracy

Liu et al. 2017



Data-Driven Toxicity Prediction
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CAUTION: Large-Scale Data are Complex!

• HTT assays provide a snapshot of 
system state

• System state (trajectory) can 
adapt over time and recover or 
undergo injury

• Analyzing system trajectories 
reveals “tipping points” 

• Tipping points: critical dose-
dependent thresholds between 
adaptation and injury
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System Trajectories & Tipping Points
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Summary

Hi gh- throughput  data -dr i ven  approaches  prov i de  
a l ternat i ve  tox i c i ty  test i ng  st rategy
A broad  array  o f  computat i ona l  pred i c t i ve  approaches  

can  be  used  to  pred i c t  chemi ca l - i nduced  ef fects
L i nk i ng  compl ex  d i sparate  data -st reams i s  cha l l eng i ng
Key  i s sue:  How do  we d i f ferent i ate  adaptat i on  f rom 

advers i ty  i n  v i t ro?  
T ipp ing  po int  ana lys i s  r i gorous ly  ident i f ies  c r i t i ca l  dose -

dependent  thresho l ds  i n  system recover y
Further  exper i ments  under way  to  eva l uate  ut i l i ty
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