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309 unique structures
Replicates for QC
8 metabolites

291 total pesticide actives

273 registered pesticide actives

22 pesticide inerts
33 antimicrobials

56 Tier 1 EDSP

23 IUR
13 HPV

73 OW PCCL
11 CCL1

10 CCL2
25 CCL3
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MOA Classes with
> 3 chemicals

ToxCast 320 Phase | Chemicals

[ Acetylcholine esterase inhibitors
B conazole fungicides

[] Sodium channel modulators

] pyrethroid ester insecticides

Il organothiophosphate acaricides
[ dinitroaniline herbicides

[l pyridine herbicides

[] thiocarbamate herbicides

Il imidazolinone herbicides

I organophosphate insecticides
[] phenyl organothiophosphate insecticides
[ aliphatic organothiophosphate insecticides
Il amide herbicides

B aromatic fungicides

Il chloroacetanilide herbicides

Il chlorotriazine herbicides

@ growth inhibitors

[] organophosphate acaricides

[] oxime carbamate insecticides

[] phenylurea herbicides

[] pyrethroid ester acaricides

[] strobilurin fungicides

[] unclassified acaricides

[1 unclassified herbicides
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Characterizing Effects of Environmental
Chemicals on Molecular Targets and
Biological Pathways: HT Toxicology

_ Obtain or Identi
Computational HTS tests create tg?(i Ctilg
analysis and chemicals -
. - - testin -
synthesis of HTS for effect systerr?s pig}mas’
results on assays (assays) phenotypes
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e | QX Cast Data Sources

Compound Focus, Inc.
a subsidiary of BioFocusDPI

attagene

_ The Home of TFomics ™
A Galapagos Company

CellzDirect”

- - e — N
- BIDSBEk Ko z{=F\MseLIDUS

S\ ICEA ‘zfs:ﬁgﬁm;

6 contracts, 4 collaborations Tox Z] é\g i ool CTRERY
467 assays, 534 endpoints
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SEPA ToxCast Assays

Environmental Protection

Agency
Biochemical Assays Cellular Assays
- Protein families « Cell lines
— GPCR — HepG2 human hepatoblastoma
_ NR — A549 human lung carcinoma
: — HEK 293 human embryonic kidney

— Kinase
— Phosphatase - Primary cells
— Protease — Human endothelial cells
— Other enzyme — Human monocytes
— lon channel — Human keratinocytes
_ Transporter — Human fibroblasts

— Human proximal tubule kidney cells
— Human small airway epithelial cells
- Assay formats

— Radioligand binding Biotransformation competent cells

— Enzyme activity — Primary rat hepatocytes
— Primary human hepatocytes

— Co-activator recruitment

Assay formats

6 contracts, 4 collaborations — Cytotoxicity
. — Reporter gene
467 assays, 534 endpoints _ Gene expression
_ — Biomarker production
- National Genter ;grhcinrgpztea\ﬁgglnjrgzitcology — High-content imaging for cellular >

phenotype
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sy Some Expected Results...

 Estrogen receptor (ER)

—Bisphenol A, Methoxychlor, HPTE
« Androgen Receptor (AR)

—Vinclozolin, Linuron, Prochloraz
 PPAR

—PFOA, PFOS, Diethylhexyl Phthalate, Lactofen
« Mitochondrial Poisons

—Azoxystrobin, Fluoxastrobin, Pyraclostrobin
 Acetylcholinesterase Inhibition

—Multiple organophosphorus pesticides
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Multiple Assays per Endpoint

Agency
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Biologically Multiplexed
Activity Profiling (BioMAP)

© Multiplex Transcription
Reporter Assay

Cell-based HTS Assays

@ Cell-free HTS Assays

O High Content Cell Imaging
Assays

®

Pathway Based Analysis —

33 PPAR Assays in Toxc?)ast

RDGH
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o

PPARS Ligand
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EL._

2000-2009 Ingenuity Systemns, Inc. All rights reserved.
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2 Fatty acid oxidation and degradation
3 Lipid homeostatis

Fatty acid synthesis .
4 Hepatocarcinogenesis

PPRE

1 .Adipocyte?fferenti ation
2.Glucose and Insulin Homeostatis

3 Macrophage function

Extracellular PDGER IL-1m TNFR
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3 Skin proliferation

4 Colon carinogenesis



SEPA ToxRefDB: Identifying Chronic, Reproductive
Crronmenta rtaction and Developmental Endpoints

Agency
ToxRefDB

v

CHRONIC/CANCER (CHR) = Other
Martin et al. (2008) = B ToxCast™
Environ Health Persp 2 z:
MULTIGENERATION REPRODUCTIVE Em_ D
(MGR) 3 0
Martin et al. (2009) *
Toxicol Sci N
PRENATAL DEVELOPMENTAL (DEV) .
Knudsen et al. (2009) CHR_A CHR_B MGR_A DEV_A DEV_C SUB_A
Reprod Toxicol sy Coverage by Sy o)~

A = Rat B = Mouse C = Rabbit

- Office of Research and Development 10
National Center for Computational Toxicology



wEPA

United States

Environmental Protection

Agency

Reproductive Toxicity

Profilin

Chemicals

L= &

Effects

== |Systemic Toxicity| .

=] | |mis] |

Chemical Clusters

- 1: No Observed Toxicities

- 2: General Systemic Toxicity & Delayed Sexual Maturation
- 3: Limited Toxicity - Primarily Body Weight Changes

- 4: Cholinesterase Inhibition

- 5: Male Reproductive Toxicity & Decrease Reproductive Performance
- 6: Offspring Viability & Decreased Reproductive Performance

E Delayed Sexual | ' |
Maturation . | | '

SRR SRR T Performance

. \! ' ki,
dln ] :
1 F I ;
i ol F
—
I L]
L= "+ .| Decreased

, # Reproductive

| 'l | l :i ?
¥ 1
1 in
ni t
| ||
No Effect 2048 0.015625
mg/kg/day mg/kg/day 11

Lowest Effect Level (LEL): -Log,(LEL)

http://toxsci.oxfordjournals.org/cgi/reprint/kfp080
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gy with ToxRefDB MGR Endpoints

ToxRefDB Endpoints # Assays
MGR_Rat_Adrenal 7
MGR_Rat_Epididymis 10
MGR_Rat_Fertility 25
MGR_Rat_Gestationallnterval 29
MGR_Rat_Implantations 32
MGR_Rat_Kidney 17
MGR_Rat_LactationPND21 10
MGR_Rat_LitterSize 29
MGR_Rat_LiveBirthPND1 35
MGR_Rat_Liver 25
MGR_Rat_Mating 3
MGR_Rat_Ovary 15
MGR_Rat Prostate 7
MGR_Rat_Spleen 9
MGR_Rat_Testis 6
MGR_Rat_Thyroid 57
MGR_Rat_Uterus 7
MGR_Rat_ViabilityPND4 45
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SEPA Profiling
Developmental Toxicity

283 chemicals

target: kidney _Qxﬁ.@, TN N =

Environmental Protection
Agency

description: absent renal papilla —=J]
code: UG_REN_3.1060.5013 = =
g target: sternebra 1 TS
S A — description: incomplete ossification /| = " ' " L1 L IPRRE vy
E \ / code: SK_AXL_2.1099.5130 — 4 = ¢ | ' & =
[T ——| T
g target. hindpaw —:H PR LA et TR
description: polydactyly (digit |) Tl R O TARTRCR N, AR EIRRARRLER RN T
§ code: SK_APP_2.1051.5234 I ' ool ! el g
& = | igh o, AL e
ToxRefDB 387 chemicals, 751 prenatal studies, 283 chemicals x 293 effects > 19 target
088 total effects annotated (enhanced DevTox.org) systems from rat (m) and rabbit (@) studies

_ Knudsen et al. (2009) Reproductive Toxicology (in press)
- Office of Research and Development 13
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Abstract #16 at Teratology Society 2009

Endpoint



2 EPA Associations of Individual ToxCast
o Assays with ToxRefDB DEV Endpoints

Agency

ToxRefDB Endpoints # Assays
DEV_Rabbit_Cardiovascular_Heart 1
DEV_Rabbit_General_FetalWeightReduction 15
DEV_Rabbit_General _GeneralFetalPathology 13
DEV_Rabbit_Neurosensory Brain 10
DEV_Rabbit_Neurosensory Eye 4
DEV_Rabbit_PregnancyRelated EmbryoFetalLoss 11
DEV_Rabbit_PregnancyRelated MaternalPreglLos

S )
DEV_Rabbit_Skeletal Appendicular 11
DEV_Rabbit_Skeletal Axial 22
DEV_Rabbit_Skeletal Cranial 6
DEV_Rabbit_Trunk_BodyWall 16
DEV_Rabbit_Trunk SplanchnicViscera 2
DEV_Rat_Urogenital Genital 55
DEV_Rat_Urogenital Renal 55
DEV_Rat_Urogenital _Ureteric 28

- Office of Research and Development 14
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Examples of Some of the Strongest

ereareesion - Aggoclations- Multiple Sources,
Targets, Pathways, Possible MOA

Assay
BSK 3C_MIG_down
NCGC_AR_Agonist

BSK_hDFCGF _MMP1 do
BSK 3C_Thrombomodulin

_down

BSK_BE3C IL1a down
ATG _NRF1_CIS

NVS ADME_rCYP2C12

Office of Research and Development
National Center for Computational Toxicology

Relative RR.Per
Endpoint Risk centile Fisher.Test.
MGR_Rat_Prostate 41.67 0.0288 @ 0.0278884
MGR_Rat_Prostate 41.67 0.0293 @ 0.0278884
MGR_Rat_Prostate 12.70 0.0045 0.0042722

MGR_Rat_Prostate 11.80 0.0033 0.005274
MGR_Rat_Prostate 9.71 0.0103 @ 0.0091086
MGR_Rat_Prostate 9.64 0.0279 @« 0.0270278
MGR_Rat_Prostate 7.32 0.0444 0.044971
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EPA Toxicity is Multi-Factorial; Toxicity

United States

maany " et Pradictions Need to be Multi-Factorial

» XME

AR
»MOoA 2

Poor
Bioavailability
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MoA 3

Enhancer

» Suppressor

\

Downstream

/

Direct Chemical

Targets

Indirect effects

Rat
Prostate
Lesions
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EPA Pathways and Processes Identified by

United States

Er;\;ir:gcmental Protection TOX Ca.St Data
1000 -
800 -
600 -
B Human
400 - I O Rat
200 -
: .
O & oy )
€ O W ©)
o \0‘?’?’(\ ®
Human Rat
GO 1104 336
KEGG 166 9
Ingenuity 180 39
GeneGO 385 -
Total Unique Entrez GenelD 236 51
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(DEV)

Assay 1
PATH_Ingenuity_Aryl Hydrocarbon_ Receptor_Signaling
PATH Ingenuity Glucocorticoid Receptor Signaling
PATH KEGG hsa04080 Neuroactive ligand receptor_interaction
PATH_Ingenuity PI3K_AKT Signaling

PATH_Ingenuity_Tight Junction_Signaling

PATH KEGG hsa04540 Gap junction

PATH Ingenuity G _Protein_Coupled Receptor_Signaling
PATH_KEGG_ hsa04080_ Neuroactive ligand receptor_interaction
PATH KEGG hsa04080 Neuroactive ligand receptor_interaction
PATH Ingenuity FXR_RXR_Activation

PATH Ingenuity PPARa_RXRa_Activation

PATH KEGG hsa00591 Linoleic_acid _metabolism

- Office of Research and Development
National Center for Computational Toxicology

B Assay 2

ldentifying Pathways Associated with
Reproductive and Developmental Toxicity

DEV_Rat_Orofacial CleftLipPalate

DEV_Rat Orofacial CleftLipPalate

DEV_Rat Orofacial_CleftLipPalate

DEV_Rat PregnancyRelated EmbryoFetalLoss
DEV_Rat_PregnancyRelated EmbryoFetalLoss
DEV_Rat PregnancyRelated EmbryoFetalLoss
DEV_Rat_Skeletal Appendicular
DEV_Rat_Skeletal Appendicular
DEV_Rat_Skeletal Axial

DEV_Rat Urogenital Ureteric
DEV_Rat_Urogenital Ureteric

DEV_Rat Urogenital Ureteric

18



<EPA ldentifying Pathways Associated with
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s Reproductive and Developmental Toxicity
(MGR)

Assay 1 B Assay 2 B
PATH KEGG hsa03320 PPAR signaling_pathway MGR_Rat_Epididymis
PATH KEGG hsa00590 Arachidonic_acid metabolism MGR_Rat_Gestationallnterval
PATH KEGG hsa00591 Linoleic_acid _metabolism MGR_Rat_Implantations
PATH KEGG hsa00590 Arachidonic_acid metabolism MGR_Rat_LiveBirthPND1
PATH KEGG hsa03320 PPAR signaling_pathway MGR_Rat Testis
PATH Ingenuity RAR_Activation MGR_Rat Thyroid
PATH KEGG hsa00590 Arachidonic_acid metabolism MGR_Rat ViabilityPND4
PATH KEGG hsa00591 Linoleic_acid metabolism MGR_Rat ViabilityPND4

- Office of Research and Development 19
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ToxMiner Pathway Database

chemicals

1 ToxCast

Assays EntrezGenelD

Explore Network Space models
Identify motifs
Distance/Function

Max.Density clusters

[/

Network
Visualization

Total Human
Entrez

diseases assays

ToxCast

Human
Entrez

® : genes

(" Kegg ) toxicity
GO

Ensembl pathways
Reactome

sqL Swiss-Prot
Output OMIM
P | Homologene
_ Upload \__CTD_J
T
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N ToxMiner Includes Mapping of ToxCast
<EPA Assays to Human Diseases

United States
Environmental Protection
Agency

Node Size

51-100

31-50 ‘
®
®
®

21-30

11-20

4-10

1
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wEPA Predicting Human Toxicity and Disease:
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The Grand Challenge in Toxicology
Complex
Cellular and
HCS HTS
. : N ToxRefDB
Biochemical Tissues N\
HTS w
Tissue Xicity
Dose

Molecular

Pathways
- -~
Cell-Based Model
HTS Organism
MTS

I I
I . . |
Virtual Tissues
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\9,EPA An Example Predictive Model for a

Developmental Toxicity

Agency

Cleft Palate
chemicals =12 *
assays = 37
relative risk (avg) = 6.24
pathways (=5 hits) = 13

PubMed co-occurrences (April 14, 2009)

PATHWAY SIGNAL cleft palate palatal development
AhR hypoxia? 23 16
GPCR cAMP 25 32
GR glucocorticoids 187 61
RAR/RXR retinoids 189 83
Wt wnt 18 22

* Cymoxanil, Cyproconazole, Dichlobenil, Tri-allate, Propiconazole, Spiroxamine,
Triadimefon, Triclopyr, Fluazinam, Flusilazole, Mancozeb, Dibutyl phthalate

- Office of Research and Development 23
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Moving Beyond Empirical Models-
Multi-Scale Models of Developing Systems

[ )
..

Motivation: computational models to navigate complex relationships
in the embryo and predict key in vivo events from in vitro data

&
0

Research goal: simulate embryonic tissues reacting to perturbation
across chemical class, system, stage, genetic makeup, dose and time

“ Inputs: detailed knowledge of biochemical targets, molecular
pathways, cellular networks, and emergent phenotypes

< Outputs: modular reconstruction of specific systems (short-term) and
the human embryo (long-term)

- Office of Research and Development o4
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Development of an In Vitro Technique to Use Mouse
Embryonic Stem Cells (mESC) in Evaluating Effects
of Xenobiotics

Barrier M, Jeffay S, Nichols HP, Slentz-Kesler K, Hunter ES
US Environmental Protection Agency,
Research Triangle Park, NC, United States
Almac Diagnostics, Durham, NC, United States

Abstract #32, Teratology 2009
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Developmental Effects of
ToxCast 320 in Zebrafish

80 uM screening results-

28.5% Normal

27.8% Malformed

EPA/ORD/NHEERL:
Stephanie Padilla
Beth Padnos
Deborah Hunter

- Office of Research and Development 26
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S EPA The Future State: Using Hazard and
Vg;gsg;g;g:;,pmﬁon Exposure Information for Prioritizing
Testing and Monitoring

Agency

FE g
HE

HE Wexposure potential
H

HE ToxCast targets H

H=
H
He
ToxCast Low / \

HE
High exposure potential

Hazard

Prediction ToxCast Hazard Prediction Low Priority for

Bioactivity Profiling
g HE

/ :
Lower Priority for
Testing and Monitoring

Intelligent, Targeted Testing
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Conceptual Model for Incorporating
Biotransformation in Predictive Modeling

N TN
LNRRF ANERN
. V)

& AN -

[\

N TH,

Parent
Chemical

QSAR Approaches

/\

Generate ]

\ 4

Co-Culture System
Metabolite Extraction

—

Predict

Metabolites
In Vitro J
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| . (Tej
Metabolite ID/Procurement
In Vit

n Vitro
Activity I

v

Biotransformation
Potential

Low
Biotransformation High
Capacity Biotransformation

Capacity

Predict Generate

Predict

In Vivo
Toxicities

Metabolites
In Silico

In Vitro
Activity
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