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CompTox and Chemical Safety for Sustainability:
 
Supporting High Throughput Risk Assessments
 

• Understand chemical toxicity at a molecular level 

• Understand using as few animal as possible 

• Build predictive models 
• Initially screen and prioritization, eventually provide quantitative 

points-of-departure 

• Assess many chemicals - deal with the data gaps 
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High-Throughput Screening Assays 
batch testing of chemicals for pharmacologicalltoxicological endpoints 
using automated liquid handling, detectors, and data acquisition 
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High Throughput Screening 101

Chemical Exposure 

Assay Target Biology 
(e.g., Estrogen Receptor) 

96-,384-, 1536 Well Plates 
HTS Robotic Platfonn 
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Sample Output From Signaling 
Hyperlinks to ToxCastDB 
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309 Chemicals in ToxCast Phase I 
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ToxCast and Tox21 Assays and Chemicals 
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What is
High-Throughput Risk Assessment? 

• Where does risk assessment come in? 

- Estimate upper dose that is still protective 

-RfD, BMD, POD 

• Where does high-throughput come in? 
- Focus on molecular patnways and targets whose perturbation 

can lead to adversity 

-Screen hundreds to thousands of chemicals in in vitro assays for 
those targets
 

-Get oral dose using H-T pharmacokinetic modeling
 

• Incorporate population variability and uncertainty 

_ Office of Research and Development 13 
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Why do we need High Throughput Risk
 
Assessment (HTRA)?
 

• Thousands of chemicals with no or little animal data 

• Need starting points for setting health-protective exposure levels 

• These starting points can be used to prioritize and target further 
testing 

_ Office of Research and Development 14 
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1. Define molecular pathways linked to adverse outcomes 

2. Measure activity in vitro in concentration-response (PO) 

3. Estimate external dose to internal concentration scaling (PK)
 

4. Estimate dose at which pathway is perturbed in vivo 

5. Estimate population variability and uncertainty in PK and PO
 

6. Estimate lower end of dose range for perturbation of pathway
 

_ Office of Research and Development 15 
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HTRA Publication

Chemical Research in Toxicology, in press, 2011 

Estimating Toxicity-Related Biological Pathway Altering
 
Doses for High-Throughput Chemical Risk Assessment
 

Richard S. Judson, Robert J. Kavlock, R. Woodrow Setzer, Elaine A. Cohen Hubal, Matthew T. 
Martin, Thomas B. Knudsen, Keith A. Houck, Russell S. Thomas, Barbara A. Wetmore, 
David J. Dix 

National Center for Computational Toxicology, Office of Research and Development, U.S. 
Environmental Protection Agency 

The Hamner Institutes for Health Sciences, Research Triangle Park, North Carolina 
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What Pathways to Use? 

• Start with known targets (genes, proteins) and pathways 

• Define levels of evidence and prioritize for analysis 
- Class 1 - the link between in vitro activity and adversity is clear 

(e.g. cholinesterase activity). There is asingle target which, if 
significantly perturbed, can lead directly to undesirable 
phenotypic change. 

- Class 2 - here is an association between perturbations of a 
pathway and some disease outcome, but the details and causal 
linkage is not clear (e.g. PPAR pathway perturbations and 
potential linkage with human disease). 

-Class 3 - no clear linkage between in vitro activity and adverse 
in vivo outcomes is currently known. 

_ Office of Research and Development 17 
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Measuring the Pathways n 

• ToxCast and Tox21 are using hundreds of assays on thousands of 
chemicals 

• Need to determine concentration at which pathway is "altered" 

• Many ways to do this 
-Simple - take minimum AC50 (AC20, etc.) of any assay mapping 

to the pathway 

- Harder - develop a systems-level model of the pathway and build 
a probabilistic concentration-response profile 

• Add in estimates of population variability and uncertainty 

_ Office of Research and Development 18 
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&EPA Example: Concentration-Response
 
United States 
Environmental Protection 
Agency Curves for Bisphenol A
 

Sample curves for SPA in two of six ToxCast ER assays 

Note that full concentration-response profiles can be 
measured, at arbitrary spacing and to arbitrarily low 
concentrations (at moderate cost for a given chemical) 
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Uncertainty and Variability 

• RTK modeling explicitly incorporates human population variability in 
PK (SimCyp) 

• Other uncertainty and variability ... 

- PK uncertainty due to model and data uncertainty 
- PO variability due to intrinsic variability in enzymes, receptors, 

pathways 

- PO uncertainty due to details of assay performance, etc. 

• Need to develop approach to move away from using defaults for
 
HTRA 

- Follow similar path to what is being developed for standard RA 
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Example: Bisphenol A Estrogenicity In
 
Vitro vs. In Vivo Reproductive Toxicity
 

• Rat reproduction tests resulted in a No Effect Level of 
50 mg/kg/day 

• Adjusted for uncertainty and variability, the no effect dose is 
0.5 mg/kg/day 

• HTRA lower limit BPADL99 is 0.16 mg/kg/day, derived from 
six ToxCast estrogen receptor assays 

_ Office of Research and Development 23 
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HTRA Summary 

1, Select Toxicity-related pathways 
2. Develop assays to probe them 
3. Estimate concentration at which pathway is "altered" (PO) 
4. Estimate concentration-to-dose scaling (PK) 

5. Estimate PK and PO uncertainty and variability 
6. Combine to get BPAD distribution and safe tail 

• Many (better) variants can be developed for each step (1-6)
 

• Use for analysis and prioritization of data poor chemicals 
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HTRA SUmmary (2)

• Pathway perturbation = MOA Key Event evidence 

Necessary for MOA 

- Sets lowest dose at which chemical acts through MOA 

- Do not need to do low-dose extrapolation - just measure it 
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I 

Bioactivity Profiling- I 

Tox21
 

• In vitro assays (dozens) 
• In silico assays 

./QSAR 

./Molecular Docking 
• ToxPi (Toxicological 

Prioritization index) data 
integration 

./Pathway, toxicity or 
disease associations 

Increasing Weight of Evidence
 
Screening/Ranking 
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Tier II 
1000s of chemicals 

HTS, Metabolism, 
Dosimetry, Exposure, 
Modes ofAction and 
Systems Integration-

ToxCast and ExpoCast 

• In vitro & in silico assays 
(hundreds) 

• Metabolism and dosimetry 
• Exposure estimates 
• Alternative species, systems 

modeling, virtual tissue 
simulations 

• High Throughput Risk 
Assessments (HTRA) based 
on modes of action 

I 
I 
I 
I 
I 
I 
I 

Tier III 
100s of chemicals 

High Content, Lower 
Throughput, Animal or 

Human Studies-
Chemical Safety for 

Sustainabilitv 

• Molecular epidemiology & 
clinical studies 

• Exposure modeling and 
biomarkers of exposure 

• Molecular biology & targeted 
animal testing 

• Pathway and disease 
outcomes 

• Knowledge-Base integration 
and visualization 

Adversity 
I I 

Limited decision-making I 

I Regulatory decision-making -
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