UNITED STATES ENVIRONMENTAL PROTECTION AGENCY:

The ToxCast™ Pathway Database
Identifying Toxicity Signatures and Potential Modes of Action from Chemi
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Introduction

The US EPA ToxCast™ program is using in vitro HTS (High-
Throughput Screening) methods to profile and model bioactivity of
environmental chemicals. The main goals of the ToxCast program are
to generate predictive signatures of toxicity, and ultimately provide
rapid and cost-effective alternatives to animal testing. Application of
HTS to environmental toxicants is a novel approach to predictive
toxicology and health risk assessment, and differs in some important
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The ToxMiner database has been created and added to the EPA’s S
ACTOR database (Judson et al., 2008) (Figures 1 and 2). One purpose 4a. GO Process o J.apiers
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human disease associated with exposure to these chemicals. This is of Figure 1: Schematic of the components of the ToxMiner oo o gouts e T
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Figure 3 illustrates the number of distinct pathways or processes,
for both human and rat, identified from each publicly available
data source when queried against Entrez genelDs identified for
ToxCast Phase | assays.

Phase | of the EPA ToxCast program employs a chemical library containing 320
compounds %Tahle 1). The chemicals selected for Phase | are composed largely by a
diverse set of pesticide active ingredients (Table 2), which had sufficient supporting in
vivo data mz:luded as pan of their registration process with the EPA. Other

mical concern were also included. Chemical
samples lncluded were cblamed from BlcFocus DPI (South San Francisco, CA).

3 triplicates, 5 duplicates for QC
8 metabolites

291 pesticide actives

273 registered pesticide actives
22 pesticide inerts
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Pathway Network Construction and Analyses .

Pathway data was downloaded from ToxMiner and formatted for network analysis
using Cytoscape version 2.6.1. For the GO data specifically, inferred distances from root
nodes (e.g. “hierarchical” classifications), were obtained directly from the GO website.
Root node distances of less than four, where one is equivalent to all GO processes and
seventeen represented the most distant node, were omitted from further analysis.
Additionally, GO processes were limited for each ToxCast assay in terms of the number
of loci reported for each process, in that no GO process included less than two genes and
no more than 50 genes.

Figures 4 (a-d): Pathway/Process Networks generated using
Cytoscape 2.6.1 illustrating the overall structure and relationship
of ToxCast Phase | Assays (blue nodes) to GO (Genetic, Biological
and Cellular) processes (brown nodes) and KEGG Pathways
(yellow nodes)

@ ToxCast Assay-Phase | @ GO Process (O KEGG Pathway

Newoaciive Ligand-recepior
" Ineraction

constructed ToxMiner database focuses only on a subset of pathway sources, we have
confirmed the relevance of the HTS assays in testing the metabolic, biological and cellular
systems for which they were intended. The organization of this extensive dataset, and
visualization via network analyses, has highlighted several directions for future inquiry.
Through the use of the ToxMiner database and the analysis framework presented here, we
hope to address relationships between potential disease states in humans and

Assays, Amar Singh for his thoughtful assistance with the initial
data manipulation and thoughts on database design, and David Reif
for helpful discussion.
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chemicals, as well as contribute to the larger goals of toxicogenomics by clarifying the role
of gene-environment interactions in disease states.
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