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As the number of new chemicals increases, traditional animal testing has limitations in evaluating the tox-
icity of chemicals. In Europe and the United States, the use of non-animal alternative toxicity test methods for
chemical regulation is encouraged and related research is actively carried out. In the United States, the ToxCast
program is in progress using high-throughput screening (HTS) techniques. The program produced HTS in vitro
test results for 1200 assays and 9000 chemicals to develop chemical toxicity prediction models and set the pri-
orities for toxicity assessment. In this review, we explored the outline of ToxCast, the types of assays used, and
the progress of each phase. We also explored how to analyze the numerous toxicity data generated through the
ToxCast program, including pre-processing, dose-response model fit, conclusion and categorization. Finally,
implications for domestic utilization of the ToxCast database are derived.
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Table 1. Category of ToxCast assays (data from INVITRODB_ V2)

Type

Category(number of representative assays)

Assay function Cell-based(767), Biochemical (424)

Organism cell type
Assay design reporter(58)
Biological activity

Cell line

Human(992), Rat (141), Zebrafish (20), Bovine(10), Guinea pig(10), Sheep(4), Pig(4)
Inducible reporter(348), Enzyme reporter(300), Binding reporter(290), Viability reporter (78), Background

Reporter gene(319), Enzymatic activity(310), Signaling(255), Binding(148), Background control(88)
HepG2 (339), hepatocyte (96), HEK293T (63), umbilical vein endothelium and peripheral blood

mononuclear cells (42), umbilical vein endothelium (40)
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Table 2. Intended target of ToxCast assays (data from INVITRODB V2)

Intended target family
(Number of assays)

Representative sub-family

Description

(Number of assays)

Background measurement(97) The baseline noise.

Cell adhesion molecules(32)

Cell cycle(81)
Cell morphology (74)
CYP (81)
Cytokine (82)

DNA binding (84)
Nuclear receptor (172)
GPCR(82)
Growth factor (6)
Hydrolase (11)

Esterase (12)

Phosphatase (38)
Protease (42)

Kinase (122)

Lyase(6)

Methyltransferase(2)
Oxidoreductase(22)

Protease inhibitor (4)

Transporter (23)

Ion channel (20)
Misc protein(4)

The proteins located on the cell surface which are involved
with the binding with other cells or the extracellular matrix.

Cellular functions, mechanisms, and activities.

Cellular appearance of unicellular and multicellular organisms.
P-450 enzymes.

Non-antibody proteins, that act as intercellular mediators.
Endogenous substances, which are effective in the genetic
transcription process.

Nuclear receptors are localized in the cytosol and mediate the
activity of hormones and certain vitamins.

The largest integral membrane protein family, which integrate
extracellular signals.

Proteins have a role in initiating cell division via cell signaling.

A class of enzymes that catalyze the cleavage of the substrate
and the addition of water to the resulting molecules.

A class of enzymes that catalyze the formation of carbon-
oxygen-carbon moieties on the substrate.

A group of hydrolases which catalyze the hydrolysis of
monophosphoric esters with the production of one mole of
orthophosphate.

Hydrolases that specifically cleave the peptide bonds.

A group of enzymes comprising not only those transferring
phosphate but also diphosphate, nucleotidyl residues, and
others.

A class of enzymes that catalyze the cleavage of C-C, C-O,
and C-N, and other bonds by other means than by hydrolysis
or oxidation.

A subclass of enzymes that catalyze the transfer of a methyl
group from one compound to another.

The class of all enzymes catalyzing oxidoreduction reactions.
Compounds which inhibit or antagonize biosynthesis or
actions of proteases.

Membrane proteins whose primary function is to facilitate the
transport of molecules across a biological membrane.

baseline control (54)
immunoglobulin (14)

cytotoxicity (42)

organelle conformation (38)
xenobiotic metabolism (78)

chemotactic factor (30)

tumor suppressor (13)

non-steroidal (72)

rhodopsin-like receptor (76)

transforming growth factor

beta (6)

protein deacetylase (6)
phosphodiesterase (6)

non-receptor tyrosine
phosphatase (18)

matrix metalloproteinase (18)

serine/threonine kinase (60)

HMG-CoA synthase (3)

o-methyltransferase (2)

monoamine oxidase (8)

metalloproteinase inhibitor (4)

ABC transporter (9)

Gated, ion-selective glycoproteins that traverse membranes. ligand-gated ion channel (13)

Proteins that do not have a clear gene grouping.

chaperone (2)
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Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | ] 310 ~600 ~700 2011 01/2010
ToxCast Phase Il ||| 768 ~600 ~700 03/2013 12/2013
ToxCastPhase lll [ | 2678 ~300 ~300 Ongoing 2014
E1K (endocrine) . 799 ~50 ~120 03/2013 12/2013
Tox21 I:' 8,947 ~25 ~50 Ongoing Ongoing
~600

»
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< ]

0 Chemicals _ ~8,200

Fig. 1. Chemicals and assay endpoints for Tox21/ToxCast(modified from Houck’s work.)
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Table 3. Summary of ToxCast data analysis pipeline (tcpl)!
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Pre-processing: Vendor/dataset-specific pre-processing to organize heterogeneous raw data to the uniform format

Transform: Apply assay component-specific transformations listed in the “mc2_acid” table to the raw data to
Normalize: Apply assay endpoint-specific normalization listed in the “mc3_aeid” table to the corrected data to

Fit: Model the concentration-response data utilizing three objective functions: (1) constant, (2) hill, and (3) gain-loss.
Model selection/Activity Call: Select the winning model, define the response cutoff based on methods in the

Description

Lvl 0 .

v for processing by the tcpl package.
Lvl 1  Index: Define the replicate and concentration indices to facilitate all subsequent processing.
vl 2 define the corrected data.
vl3 define response.
Lvl 4
Lvl's "mc5_aeid" table, and determine activity.
Lvl 6

Flag: Flag potential false positive and false negative findings based on methods in the “mc6_aeid” table.
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