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= EPA The Need For a New Approach

United States

Environmental Protection
Agenc
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z Ele Edt View Go Dockmarks ook Hep L5 46 M &6 &
@~ -i@ s €0 (55 heepiffwumn.epa.govfsdpolyfoscpendsindsx. him v Pe (B |
I I I | Best of the web | ] Channel Guide  |_) DSM Regional Affila... |_] Windows Media ] Windows
| Related Sites - Canadian ildife Service - E. ‘ 4% EPA,/DSCP: Endocrine Disruptor Scree... ‘ [x]
U.S. Environmental Protection Agency -
Endocrine Disruptor Screening Program
Recent Additions | Contact Us | Print Yersion ~ Search =
, EPA& Hoime = Office of Prevention, Pesticides, and Toxic Substances = Office of Stience Cogrdination and Policy = Endocting Distuptors
EDSP Overview . . .
This site provides you information about endocrine disruptors and EPA's approach and progress for screening and testing chemicals for
Assay Development potential endacrine disruption. You will also find infarmation about EDSP's program activities and upcoming meetings
and Validation
Priority Setting In recent years, some scientists have proposed that certain chemicals might be disrupting the endocrine system of humans and wildlife. A
Acti variety of chemicals have been found to disrupt the endocrine systems of animalg in laboratory studies, and compelling evidence shows
that endocrine systems of certain fish and wildlife have been affected by chemical contaminants, resulting in developmental and
HEg U APEEE reproductive problems. Based on this and other evidence, Congress passed the Food Quality Protection Act in 1995, requiring that EPA,
Program Documents initiate EDSP to screen pesticide chericals and environmental contaminants for their potential to affect the endocring systems of humans
Stakeholder Input and wildiife.
Related Links If you are new to the topic of endocring disruption you might want to read the EDSP Overview and EDSP Primer. These pravide more
detailed information on the endocrine system and EDSP. EDSP is currently proceeding on three fronts
EPA's Assay Development and Walidation team is leading the scientific and technical testing needed to validate the endoctine disruptar
m screens and tests
EPA's Priority Setting warkgroup is developing and refining the appraach EPA will use to select and priaritize chemicals for endacrine
distuptor screening and testing « ANNOUNCEMENT:
. aboratories Needed to Support
EPA's Requlatory Activities workgroup is developing the regulatary processes and procedures needed to implement the EDSP. PA< EDGP
& EDMVAC Information
H + EDMVAC Mestings
® Past EDMYS Meetings
"« Priority Setting Federal
Reuister Matice [PDF file,
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United Stat
Environmen tal Protection
Agency

Too Many Chemicals

Prioritization

90,000
A
-
' 11,000

PA  EPA's Need for Chemical

Too High a Cost

5,98,99,9,9,49,

® IRIS

ETRI

B Pesticide Actives
OCCL 1&2

@ Pesticide Inerts
O HPV

O MPV Current

M MPYV Historical

M TSCA Inventory

598,98 9.9 %
2., %,
2.9, % %,
9,999 %,
"9, 9% 8

Data Collection

Millions $

—@ Cancer

—@ DevTox
—@® NeuroTox
—@ ReproTox
—@® ImmunoTox

—@ PulmonaryTox

...and not enough data.
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<EPA

United States
Environmental Protection
Agency

Ways to Prioritize:

« Animal studies
— cost, time, ethical considerations

. QSAR

—domain of applicability, availability of models

» Bioactivity Profiling
— biologically relevant chemical characterization
—HTS methods
— ToxCast
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SEPA ToxCast™: a computational toxicology
maeeesn QP Proach based on high-throughput
bioactivity profiling

- Research program of EPA’s National Center for Computational Toxicology

- Addresses chemical screening and prioritization needs for pesticidal inerts,
anti-microbials, CCLs, HPVs and MPVs

« Comprehensive use of HTS technologies to generate
biological fingerprints and predictive signatures

« Coordinated with NIH: NTP and NHGRI/NCGC via Tox21

- Committed to stakeholder involvement and public release of data
e Communities of Practice- Chemical Prioritization; Exposure

« NCCT website- http://www.epa.gov/ncct/toxcast

 ACToR- Aggregated Computational Toxicology Resource

http://actor.epa.qov/actor/
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http://www.epa.gov/ncct/toxcast
http://actor.epa.gov/actor/

<EPA
e Frant Prrecton Phased Development of ToxCast

h Agency
Ll
E Number of Chemical Number of | Cost per Target
= Phase . o Purpose .
U Chemicals Criteria Assays Chemical Date
Data Rich i

@) | 320 ata mie Signature 552 $20k FY08
A (pesticides) Development

Ib 15 Nanomaterials Pilot 166 $10K FY09
Ll
> Data Rich N
b lla >300 Chemicals Validation >400 $20-25k FY09
$) llb >100 Known Human Extrapolation >400 ~$20-25k FY09
m Toxicants

Expanded

q lic >300 Structure and Use Extension >400 ~$20-25k FY10
¢ Diversity
(a8 Ild >12 Nanomaterials PMN >200 ~$15-20K FY09-10
L —

I Thousands Data poor Prediction and >300 ~$15-20K FY11-12
m Prioritization

January 23, 2009 5




SEPA ToxCast 320 Phase | Chemicals

United States
Environmental Protection
Agency

309 unique structures
3 triplicates, 5 duplicates for QC

. ] Acetylcholine esterase inhibitors
8 metabolites y

B conazole fungicides
[ ] Sodium channel modulators

291 total pesticide actives [1 pyrethroid ester insecticides
273 registered pesticide actives [l organothiophosphate acaricides
22 pesticide inerts _ [ dinitroaniline herbicides

33 antimicrobials MOA Classes with W pyridine herbicides

> 3 chemicals [] thiocarbamate herbicides
Il imidazolinone herbicides

[l organophosphate insecticides

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

Il aromatic fungicides

[l chloroacetanilide herbicides

Il chlorotriazine herbicides

56 of 73 proposed Tier 1 EDSP

23 IUR
13 HPV
11 HPV Challeng

73 OW PCCL [ growth inhibitors

11 CCL1 [] organophosphate acaricides
10 CCL2 [] oxime carbamate insecticides
25 CCL3 ] phenylurea herbicides

[] pyrethroid ester acaricides
[] strobilurin fungicides
[] unclassified acaricides
[J unclassified herbicides
Office of Research and Development
- National Center for Computational Toxicology Classification based on OPPIN January 23, 2009 6
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SEPA High-Throughput Screening Assays

10s-100s/day

Human Relevance/
Cost/Complexity

- Emies States o otection batch testing of chemicals for pharmacological/toxicological endpoints

z Agency using automated liquid handling, detectors, and data acquisition

B TS s A
-

O

O Gene-expression

g 1000s/day

=

T 10s-100s/yr

U 10,000s-

Y 100,000s/day
Q.

LLJ

2

-
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SEPA ToxCast Phase | Datasets

United States
Environmental Protection

Agency - ToxCast 1.0 (April, 2007)
— Enzyme inhibition/receptor binding HTS (Novascreen)
— NR/transcription factors (Attagene, NCGC)
— Cellular impedance (ACEA)
— Complex cell interactions (BioSeek)
— Hepatocelluar HCS (Cellumen)
— Hepatic, renal and airway cytotoxicity (IVAL)
— In vitro hepatogenomics (IVAL, Expression Analysis)
— Zebrafish developmental toxicity (Phylonix)

20 Assay sources - ToxCast 1.1 (January, 2008)

554 Endpoints — Neurite outgrowth HCS (NHEERL)

— Cell proliferation (NHEERL)

— Zebrafish developmental toxicity (NHEERL)

- ToxCast 1.2 (June, 2008)
— XME Gene Regulation (CellzDirect)
— HTS Genotoxicity (Gentronix)
— Organ toxicity; dosimetry (Hamner Institutes)
— Toxicity and signaling pathways (Invitrogen)
— C. elegans WormTox (NIEHS)
— Gene markers from microscale cultured hepatocytes (MIT)
— 3D Cellular Zebrafish vascular/cardiotoxicity (Zygogen)
— microarray with metabolism (Solidus)
— HTS stress response (NHEERL+NCGC)

Office of Research and Development
- National Center for Computational Toxicology January 23, 2009
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<EPA ToxCast Assays

United States

Environmental Protection
gency
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
— Cytotoxicity
— Reporter gene
— Gene expression
_ — Biomarker production
- National Conter ;grhca:)nrﬁp[ag%ggdn'}gzitcology — High-content imagifig'forteélitilar
phenotype
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Environmen tal Protection
Agency

Biochemical Assay Results

Log I1C50 (M)
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Examples of Chemical Activity in

<EPA

United States Biochemical Assays
- Enronments! Protecto
E Prochloraz HPTE
>3
-
O
®
(o
L
> (IC50 log M) (IC50 log M)
T
@ Bisphenol A Boric Acid
(s 4
S ¢
<
(a8
Ll
7))
- | (IC50 log M) (IC50 log M)
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- National Center for Computational Toxicology January 23, 2009 11




>

PCA Mapping of CYP Inhibition

Environmen tal Protection
Agency

Conazoles
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EPA CYP Inhibition

-

Sa
@
—
w

Chemical
Class
Conazoles

OPs

IC50
(log M)
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<EPA

United States cl { cl

Environmental Pro ion . .
E W ToxCast and Biotransformation |~y
=  HPTE
-
O
®
Q u
m Cl Cl
2 T
.- Methoxychlor
o
: Glucocorticoid
o receptor Opioid

Dopamine, receptors
(1

dopamine Estrogen Androgen
2] transporter Progesterone receptor

P Receptor

- receptor

] y




SEPRA  Cellular Ass ays

Agency

« Types of Assays

— Known toxicity pathways and targets
« biomarker measurements
* reporter gene assays

— General cytotoxicity
— Toxicity cellular phenotypes

« Cell lines and primary cells

« Generally screened at up to 100 uM or used maximally
tolerated concentration defined by general cytotoxicity
determination

 Concentration-response format used and EC., generated
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<EPA Primary Human Cell Systems

United States

Eg\éir:gcmental Protection (B I 0 Seek ’ I nc )

- 8 Assay systems
- 87 endpoints
« 4 concentrations
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Functional Similarity Map of ToxCast Library
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Mitochondrial Dysfunction and

EPA i |
wELLy Endoplasmic Reticulum Stress Classes

pyraclostrobin

trifloxystrobin
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benomyl
. ~ fludioxonil
@i 7 “@@
o SR
= paclitaxel

- Office of Research and Dev 23 2009
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<EPA

United States
Environmental Protection
Agency

Use of BioSeek Data in ToxCast

- Individual assay endpoints become part of larger ToxCast data set for
developing predictive models

- BioMAP signatures used to provide mechanistic understanding of
potential mechanism/mode of action

« May be able to validate signatures with other phenotypic assays
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_ High-Content Screening of Cellular
yEPA Phenotypic Toxicity Parameters

(Cellumen, Inc.)
« Technology: automated fluorescent microscopy

» Objective: Determine effects of chemicals on toxicity
biomarkers in a cell culture of human liver hepatoma

Environmental Protection
Agency

HepG2

Stress Pathway
Activation

Organelle
Functions

- Office of Research and Development
National Center for Computational Toxicology

Oxidative
Stress

DNA Damage

Panel 1 design™:

e Multiple mechanisms of toxicity
Acute, early & chronic exposure
384-well capacity

HepG2

1° rat hepatocytes

Cell Cycle

CSK Integrity

January 23, 2009 20




SEPA  CellCiphr™ Cytotoxicity Panel

United States

h Environmental Protection
gency
E  10-point conc-response (200 uM-39 nM)
s « Three time points (1 hr, 24 hr, 72 hr)
- - 11 endpoints per assay
2
n Biomarker Positive Control Z
P Stress Pathway AnNi i 63
:._. ess nisomycin :
= Oxidative Stress Samptothesin v
: Mitochondrial Function CCCP oD ~>
@) Mitochondrial Mass CCCP 35 ]
o Cell LosS Camprothecn .56
q Cell CyC|e Paclitaxel .54
DNA Degradation Paclitaxel .6
¢ Nuclear Size Paclitaxel .63
. DNA Damage Camptothecin 43
LLl Mitotic Arrest Paclitaxel .63
7)) Cytoskeletal Integrity Paclitaxel 3
-

Office of Research and Development
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R Correlation of BioSeek Mitochondrial Dysfunction
JEPA Class with HCS Mitochondrial Function Endpoints

United States
Environmental Protection
Agency

1hr 24hr 48hr 1hr 24 hr 48hr 1hr 24 hr 48hr

1] Mitochondria Mass Mitochondria Cytotoxicity

Membrane Potential



2
"EA Multiplexed Reporter Gene Assay
' (Attagene, Inc.)

o
gency

« Measures activation/inhibition of transcription factors (TF)

« TF integrate signals arising from changing cellular
environments and coordinate cellular response to such
change

« Similar to genomics but many fewer TF than genes

« Compounds with similar mechanism of toxicity should bear
similar patterns

 Patterns should reflect the changes that precede or
accompany the compounds’ toxicity

 Use signatures for prediction of toxicological outcomes of
compounds
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- Multiplexed Reporter Gene Assay
“’EPA RE 1 RTU A

= Library of RTUs { : RE 2 : RTUB ] ’ :
4
Ll
>3 Cell Transfection
a | RE 1 ? RTU A . |
@) Transcription _RE2 |FI> RTUB i |
n [ X ]
Ll RNA Isolation : = :
a .. & X |
T Reverse transcription - — :
O . z o
o PCR amplification : — - :
> =t
g Labeling : — £ Q X
& § Hp+al
7, Processing (Hpa I) : — | '
- * |

] Separation and detection Y . January /43, 2049

(capillary electrophoresis) ' _

+v



EPA Hierachical Cluster Attagene Results

—

ite ates
ir ental Protection

BRE,
AP1,
NRF2/ARE

PPAR«a

DR5,

RARB,
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RARY,
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VDRE,

PXR, ”
Fold Change (log 2) PXRE




“EPA Nuclear Receptor Screening (NCGC)

h Environmental Protection
gency
. « 10 Nuclear Receptors (more in queue)
o - Cellular Reporter Assays
E « Agonist and Antagonist modes
3 - Concentration-Response Format (15 conc)
n 17-a estradiol
[y ( ) >
= HPTE
.-
O .
Bisphenol A
E P
(a8
g (T T S~ M

HPTE Bisphenol A
- Office of Research and Development . S
National Center for Computational Toxicology e
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PFAR Signaling

PPARa Ljgand

Extracellular

Cytoplasm

PPARa Lgand

PAR

IL-1 ThF-a
}\ }\
1 —
T
I
TRAF® TRAF2
N N7
TAB I—PFAKA
A

) %

PPARG Ljgand

PPARS Ljgand




SEPA ToxCast Covers a Wide Swath of

United Stat
E

- e Biglogical Space

=

L

=

a Molecular Pathways Identified by Analyses of ToxCast Assays
o Total
a GeneGO Ingenuity  David-KEGG GenelD
L

>

—

T Human 81 60 42 317

O

(o 4

< Rat 34 39 9 51

<

(a8

Ll

7))

=
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ToxCast Data Analysis

mmm
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<EPA

United States
Environmental Protection
Agency

xxxxxx

Biochemical Assays

Toxicology Endponrﬂ

Genomic Signatures
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Bl rind “Signatures” from in vitro & in silico assays that predict Tvivo endpoints.




= ToxRefDB | National Center for, Computational Toxicology | US EPA - Windows Internet Explorer E |

—

£l

- |é’|p?:|http:,fll'www.epa.gnv!ncctftoxrefdb,l‘ V| 9| | X | | -

l\__:'fl .\*:_/.

Eile Edit ‘iew Faworites Tools  Help @'

i:f <lr Ié‘lp?q ToxRefDE | Mational Center for Computational Toxical. .. ] ] ﬁ - B - - I_—,‘"’ Page - ":j Tools

U.5. ENVIRONMENTAL PROTECTION AGENCY

National Center for Computational Toxicology & Eookmark
Contact Us Search: Al EPA @ This Area |

You are here: EPA Home » National Center for Computational Toxicology » Toxicology Reference Database (ToxRefDB)

ToxRefDB Program

. Toxicology Reference Database
Organization ToxRefDB was developed by the National Center for Computational Toxicology (NCCT) in partnership with EPA's Office of Pesticide Programs

Post Doc Profiles {OPP), to store data from in vive animal toxicity studies. The initial focus was populating ToxRefDBE with pesticide registration toxicity data that has
been historically stored as hard-copy and scanned documents by QPP. A significant portion of these data have now been processed into ToxRefDB
in a standardized and structured format, ToxRefDB currently includes chronic, cancer, sub-chronic, developmental, and reproductive studies on
5 ELEEEEEEN GG B hundreds of chemicals, many of which are pesticide active ingredients. These data are now accessible and computable within ToxRefDB, and are
serving as reference toxicity data for ORD research and OPP retrospective analyses. The primary research appliction of ToxRefDB is to provide

Framework

Re:g-?;gh ) toxicity endpoints for the development of ToxCast™ predictive signatures.
D55Tox
ToxCast™
ToxRefDB
Virtual Liver
v-Embryo™ Data Entry Tool & The Data Entry Tool provided the user interface for all initial data input |Download Martin et al. (2008) "Profiling Chemicals Based on
C Controlled into ToxRefDB. The controlled vocabulary standardized the capturing of |(15.5 MB, ZIF) | Chronic Toxicity Results from the U.S. ERA ToxRef
onferences and - - . h " - -
i — Vocabulary regulatory animal toxicity studies performed across various study Daltabase Environmental Health Perspectives
types. doi:10.1289/ehp.0800074
Publications Chronic & Cancer |Based on incidence, severity and potency, 26 primarily tissue-specific  |Download (2.7 |Martin et al. (2008) "Profiling Chemicals Based on
Endpoints pathology endpoints were selected to uniformly classify 310 chemicals |ME, XL5) Chronic Toxicity Results from the U.S. EFA ToxRef
BOSC Information included in the manuscript's analysis. The 310 chemicals in this analysis Catabase" Environmental Health Perspectives
largely overlap with the 320 ToxCast Phase I chemicals. doi:10.1289/ehp.0800074

EPA Community of
Practice

Jobs and Opportunities

Related Information

EEA Home | Erivacy and Security Motice | Contact Us

Last updated on Tuesday, October 21st, Z008.
http://vrar.epa.gov/ noct/toxrefdb/
Erint As-Is
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ToxRefDB website: http://www.epa.gov/ncct/toxrefdb/
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http://www.epa.gov/ncct/toxrefdb/

ToxRefDB Chronic
Rat Effects for 310
Chemicals

RAT

- Low Incidence of Toxicity

- Thyroid & Liver Toxicants

- Laver Toxicants

- Kidney Toxicants

- Spleen & Anemia Toxicants
- Testicular Toxicants

- Cholinesterase Inhibitors

- Body Weight Decrease
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mg'kg/day mg/kg/day
Lowest Effect Level (LEL): -Log,(LEL)




wEPA Selected Chronic Rat & Mouse

United States

oo Endpoints for ToxCast Predictive Modeling

/ Liver Tumors
Liver Proliferative Lesions
Liver Apoptosis/Necrosis
[iver Hypertrophy

Kidney Nephropathy

Kidney Proliferative Lesions
Thyroid Proliferative
Thyroid Tumors

< Thyroid Hyperplasia
Testicular Tumors
Testicular Atrophy
Splcen Pathology
Cholincstcrase Inhibition
Tumorigen

Multisite Tumongen

\ Multigender Tumorigen

RAT

e Liver Tumors
Liver Proliferative Lesions
Liver Apoptosis/Necrosis
Liver Hypertrophy

< Kidney Pathology
[.ung Tumors
Tumorigen

Multisite Tumongen
_ Multigender Tumorigen

MOUSE

] 0% 10% 20% 30% 40%
Martin et al., EHP 2008 % Chemicals with Observed Endpoint

(Rat: 283 Chemicals | Mouse: 267 Chemicals)

Office of Research and Development
- National Center for Computational Toxicology January 23, 2009
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<EPA

United States

Agency

Reproductive

Performance <

Reproductive -

Organ

~

N—

Offspring {

Parental -<

/‘

Martin et al., subi

~

Selected Rat Reproductive

cwenmenairoeion - ENAPOINTS for ToxCast Predictive Modeling

-1% Generation

wars |
1 - -1 & 2™ Generation
Gestational Interval ‘ -
- -2 Generation

Implantations ‘ .
Litter Size ‘ _
Live Birth Index (PNDI) \ B

Epididymis \ -
Prostate ‘-
o N
Uterus ‘ .

Lactation Index (PND21) | B

—-—

Pituitary \ -

Thyroid ‘-

oy |

s [N
0

20 40 60 80 100 120
No. Chemicals (Total: 316)

- Office of Research and Development
National Center for Computational Toxicology

140
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<EPA ToxCast Analysis Approaches

United States

Environmental Protection
Agency
Statistical
*In vitro assays Machine LearnE\g
*Chemical structure information In vivo endpoints
Chemical classes >

*Physicochemical properties
Hypothesis-driven
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<EPA Association Analysis / Signatures

United States
Environmental Protection
Agency

« Use Machine Learning methods
— SLR: Stepwise Logistic Regression
— LDA: Linear Discriminant Analysis
— SVM: Support Vector Machines
— Many others
- For each binary endpoint, build models of form Assay 1
— Predictor = F(assay values) Truth
—If
- Predictor for a chemical meets criteria _ +
es

—Then FN TN
« Predict endpoint to be positive for the chemical

Assay 2

TP | FP
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Machine Learninan- In Vitro ...
ToxCast Predi

|
- ‘ |
r4 Modeling of Ch
E Rat Liver T
=] Apoptosis/Necrosis
o
Q A
g cluster
H -
.- In Vivo
O (23)
< L
q o , _
(a8 , | i —
L Methods described in: u - e
W Judson et al 2008 I S S }
A comparison of machine learning N1 A1g1 a2 N2 N3N4 N5 C1 Bl B2 B3 G1 A3 E2

= algorithms for chemical toxicity classification HTS Assays

B using a simulated multi-scale data model. January 23, 2009 37
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35 ToxCast Assays

"EPA Hypothesis

e Driven:
ToxCast
Endocrine
Profiling

- -— <« Vinclozolin

- <« Bisphenol A

56 EDSP Chemicals
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SEPA ToxCast Screening and Prioritization

United States
Environmental Protection
Agency

Target Chemicals ~10,000

T

Chemicals with Toxicity Data

Chemicals wo/Phenotype Data

(Training) ) (Tesy)
i ’,’.
s Metabolite HTS
Prediction ‘At
'Fl;(r)]xCaslt& ' Characterization Characterization ToxCast
ase | l Phase Il & Il
Discover & Validate “H az;%pll\% odel”
“Hazard Model”
Mechanism-based
Hazard Prediction
Prioritized Chemicals
- ﬁgtiigﬁa(\)lfCZ?nStgra;grhC%nrﬁpBg%ggln%gzitcology http://www.epa.gov/comptox/toxcast Internal EPA use- do not copyndigfrinutear cite. 59


http://www.epa.gov/comptox/toxcast

Moving Forward with ToxCast

« First predictive toxicity signatures based on ToxCast data
submitted for publication April 2009

« ToxCast data available to collaborators now, publicly
available May 2009 at 15t ToxCast Data Analysis Summit

« EPA & partners examining methods for analyzing ToxCast
data, identifying predictive signatures from Phase | for
validation in Phase Il

« Phase Il testing will commence June 2009 on upwards of
/700 additional chemicals.
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<EPA

United States

g reen. Applying Computational Toxicology Along
the Source to Outcome Continuum

Source/Stressor Formation _

ToxRefDB

— x

: Biological Event ﬁ
@ Environmental Conc. 9

ToxMiner
\ ToxCast Qﬂ

ExpoCast
i :> External Dose == Target Dose

Reverse
ToxicoKinetics

Office of Research and Development
- National Center for Computational Toxicology January 3%_;—2]%039_;')/ 22, 2009

Reviewed by EPA and approved for presentation but does not necessarily reflect official Agency policy.
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< EPA Ty
WEI'T\ ToxCast Website: www.epa.gov/ncct/toxcast

Environmental Protection
Agency
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