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HTS in Drug Development

HTS tests Make
Identify Create >100,000 modifications . :
target, testing  chemicals with  to most active Testin Testin
pathway, mmp system mmp no known EEp chemicals to mmp animals for - humans for
or cellular (aka, activity make suitable ﬁ safety, t safety,
phenotype “assay”) for effect on for in vivo effectiveness effectiveness
target testing
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Test prioritized HTS in Toxicology
chemicals in
animals . . Chemicals
Compultatlonal HTS tests O(t:)rt:;r;eor Lgi:;'g with known
analysis :
" g el tesing dem paiays, dem
PR [ Synthe3|s on assays f,ystems” cellular toxicity/
Categorize as  of HTS results ("fassays”)  phenotypes activity

inactive subject
to further testing
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Too Many Chemicals Too Little Data (%)
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Grand Challenge for Computational Toxicology:
Predicting Human Toxicity

Complex
Cellular and
HCS HTS
. . — ToxRefDB
Biochemical Tissues AN\

Tissue Xicity
— —
Exposure Dose
Molecular
Pathways
V v
Celll:ll_Brgsed Model
Organism
MTS
| |
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\9,EPA Predicting Toxicity Will Not Be Easy
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Agency

Downstream
Indirect effects

» XME

MoA 1

Chemical ‘ e » MoA 2 Adverse

QOutcomes
MoA 3

Enhancer
Poor

Bioavailability » Suppressor
\ J
Y
Direct Chemical
Targets
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\9,EPA ToxCastm™

Environmental Protection

" HTS to Profile Chemical Bioactivity

» 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
sighatures

« Committed to stakeholder involvement and
transparency

« Communities of Practice- Chemical Prioritization;
Exposure

* Release of all data upon peer review publication

- Office of Research and Development g
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o |[dentify Toxicity Pathways
e Obtain HTS Assays for Pathways
e Screen a Large Chemical Library

e Initially link Results to In Vivo Adversity
- Toxicity signhatures

« Eventually identify points of departure from HTS data
- Toxicity pathways

- Office of Research and Development 8
Computational Toxicology Research Program SOT 2010



icals

Che

—=

“EPA

United States
Environmental Protection
Agency

ToxRefDB <— ToxCast-——> Human Disease

Toxicity
Endpoints

__Lﬁ._mmm.mmﬁ-nm%rm

M

" .“J-H.-

cremens

ﬂln
vl

L LA
JIF]I

i

- Office of Research and Development
Computational Toxicology Research Program

B

——

ToxCast
Assays

—I

gl

C ] NRI2

Muscular PP.?.D 13

Dermatological @ PPARA

[ ]
AR Multiple |LWA
| ] . P: i
SPPARG SV.B ric
MR Nucle ceptor

[ ]
: Cell Process
L ] a TIID
a Ei e » MwP3
] L ‘
s .
: Cardio/Respiratory
TUBRA1TA
MNP

N

I.I.‘..l.l.._-ﬁ-l}.-.!-lI!-I-II-I.I

N'c . iBMH
_ CYRaCc1g

Bone/Skeletal .l MMP13

Xenobiotic Metabolism

sfisssssssssagesnnfisnns

Pt Ophthalmological ﬂ
E Ber@oal  © CYRBAY
Réhal
Gastroifitestinal
Blood
[

9
SOT 2010



<EPA

United States
Environmental Protection
Agency

3 Triplicates
5 Duplicates

276 Conventional Actives
16 Antimicrobials -

Phase | ToxCast 320
309 Unique Chemicals

_/

O Industrial Chemicals
8 Metabolites

@ Organophosphorus (39)
B Amide (26)

O Urea (26)

0 Conazole (18)

B Carbamate (16)
@ Phenoxy (15)

B Pyrethroid (12)

O Pyridine (11)

W Triazine (9)

W Dicarboximide (8)
O Phthalate (7)

75 Chemical Classes
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Chemical Class Distribution
(=5/Class)

@ Dinitroaniline (7)

B Antibiotic (7)

B Thiocarbamate (7)
B Pyrazole (6)

m Nicotinoid (6)

I Dithiocarbamate (6)
O Aromatic Acid (6)

O Insect Growth Regulators (5)
O Imidazolinone (5)

O Unclassified (21)

O Other (93)
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Digitizing Legacy in Vivo Data in ToxRefDB

B Chronic/Cancer
Multigenation
. Developmental

Martin et al 2009a,b
Knudsen et al 2009

30 years and more than $2B worth of data
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Novascreen (Knudsen et al, submitted)
Attagene (Martin et al, submitted)
Bioseek (Houck et al, JBS, 2009)
Cellumen (Houck et al, In prep)
CellzDirect (Rotroff et al, submitted)
Solidus (Ryan et al, In prep)

ACEA (Judson et al, In prep)
Gentronix (Knight et al, RT, 2009)

il

Cell Free HTS
Multiplexed TF
Human BioMap
HCS

gNPAs
Cytotox/XMEs
Impedance
Genotoxicity

ToxCast 320
Chemicals

had AC50s of less than 1uM

828 of 199,680 Assay-Chemical Pairs
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ToxCast: Multiple Assays and Technologies per Target
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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

ToxCast:

Multiple Targets per Pathway

InsLJI‘\ n PDGF 9 VY:
PPARa Ligand l v S, /5, PPARS Ligand
Extracellular ‘ PDGAR IL-1R TNFR
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e
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PPARa Ligand ﬁgg‘.‘_,mm' PPARS Ligand
c-Raf -
v
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b R \, Jeod Ty i v oV
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Fatty acid synthesis

1 Peroxisom® proliferation
2 Fatty acid oxidation and degradation
3 Lipid homeostatis

4 Hepatocarcinogenesis

1 .Adipocyte‘ﬁ?fferentiation

1 Fatty ac&?oxwdat\on
2 Lipid homeostatis
3 .Skin proliferation

4 Colon carinogenesis

Office of Research and Development
Computational Toxicology Research Program

2.Glucose and Insulin Homeostatis
3. Macrophage function
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<EPA Building Toxicity Signhatures for
Rat Liver Histopathology
from Chronic Bioassays

Environmental Protection
Agency

O No Pathology

B Proliferative Lesions
H® Pre-neoplastic Lesions
O Neoplastic Lesions

N = 248 Chemicals in ToxRefDB

- Office of Research and Development 15
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S EPA ToxCast Identied Genes Associated with
LY’ = . . .
United States o otoction Progression of Rat Liver Disease

Agency

y
Metabolic

Cardiovascular

Immunological

CCL2

16

Liver Disease Progression SOT 2010
Judson et al, EHP (2010) g



Rat Liver Tumor Signature Using Both Efficacy and
Potency HTS Data from ToxCast

Beam et aI Chronic Rat Liver Tumors - Efficacy and Potency Model
AbStraCt #98 S - Cross-validation BA Train: 0.79
Monday AM Poster Cross-validation BA Test: 0.74
cq | [e]
o
3
©
2 Best BA: 0.79
g g . ° Best Sens.: 0.79
a Best Spec.: 0.79
g cutoff: 8.8
Ig g ATG_PPARg_TRANS
= NCGC_AR_Antagonist_EMAX
S ATG_PPARa_TRANS
® ATG_PPARg_TRANS_EMAX
Model f g . NCGC_AR_Antagonist
odael perrormance CLZD_HMGCS2_48
improves (balanced BSK_SM3C_MCP1_up
accuracy in test) when S
. . I I I I I I
efficacy data is added. 0.0 0.2 04 06 0.8 1.0
1-specificity, false positive rate

- Office of Research and Development 17
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Predictive Signatures from ToxCast for Chronic,
Developmental and Reproductive Toxicity

Judson et al
Abstract #96
Monday AM Poster

. Chronic/Cancer: Rat Liver Tumor
- Developmental: Rat and Rabbit Cleft Palate

« Reproductive: Rat Reproductive Performance

- Office of Research and Development 18
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\elEPA Pathway/MOA Based Application of ToxCast:

United States

e Endocrine Profiling & Prioritization

TR assays (n=4)
Metabolic enzyme _mmmnn, ER 2ssays (n=3)
sssays (1=36) S
AN\ AR assays (n=4)
Other nuclear receptor | U=

assays (n=34)

pathways

Endocrine-related KEGG
pathways

Toxicological Prioritization Index = ToxP1™

ToxPi = f(In vitro assays +

Endocrine-related Ingenuity

Bisphenol A

+ Pathways)

| C P
ToxPi= D W, *assay;+ Y W, *chemProp +) w_ *pathway
1 1 1

- Office of Research and Development
Computational Toxicology Research Program

Reif, et al, submitted
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Expanding the ToxPi Approach for Prioritization of Toxicity
Testing Based on ToxCast Chemical Profiling

DEVEL CANCER
Pathways
associated with .
CANCER in vivo Identify in vitro assays,
endpoints
targets, genes and

In vitro assays
 associated with pathways associated

A CANCER in vivo . .
endpoints with multiple sectors
of in vivo toxicity.

Reif et al
Abstract #198
Monday AM Poster

SYSTEMIC

- Office of Research and Development
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ToxPi1 Scores for Antimicrobial Pesticide Actives

Chlorothalonll
One of the methods be
developed to use ToxCast “
‘F

data for classifying and
prioritizing antimicrobials

Cyproconazole

and inerts.
adls
F
Diuron
Martin et al
Abstract #1901 A
Wednesday PM Poster 7
Symclasene

- Office of Research and Development
Computational Toxicology Research Program

Scores for Antimicrobials in the ToxCast Phase-l Chemical Set

Propiconazole

ar
M 4

Clorophens

e
>

Folpet

Boric acid

o
>

3-lodo-Z2-propynylbutylcarbamate

s
»

Triclosan

Ry
g

hethyl isothiocyanate

Thiamethoxam

Thiram

Dazomet

P
P

Thiabendazole

2-Phenylphenal
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Future ToxPi (Toxicological Prioritization Index)

ToxPi = f(Exposure + + In vitro assays + Pathways)

Incorporate additional components
(slices) from other domains:

- EXposure

- Chemical properties

- QSAR

- Office of Research and Development 23
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Basic Information

Organization
Post Doc Profiles

Framework

Research Activities
ACToR
DSSTox

ExpoCast™
ToxCast™
ToxRefDB
v-Liver™
v-Embryo™

Conferences and
Seminars

Products
Joumnal Articles
Book Chapters
Presentations

BOSC Information

EPA Communities of
Practice

Jobs and Opportunities
Related Information

ToxCast Phase | Publications & Data Release

U.S. ENVIRONMENTAL PROTECTION AGENCY
National Center for Computational Toxicology

ContactUs  Search: AllEPA FThis.ﬂxrea| G”l

“ou are here: EPA Home » Mational Center for Computational Toxicology » ToxCast™ Program

ToxCast™ Program
Predicting Hazard, Characterizing Toxicity Pathways, and Prioritizing the Toxicity Testing of

Environmental Chemicals

In 2007, EFA launched ToxCast™ to develop a cost-effective appraach for efficiently — [ -
prioritizing the toxicity testing of thousands of chemicals.

il
&
&

L]
o

. .:L. THRG

* ses data from state-of-the-art high throughput screening (HT3) bioassays. o -
§ e

TR

* Builds computational models to forecast potential chemical toxicity in humans.

* Provides EPA regulatory programs with science-based informatian helpful in
pricritizing chemicals for more detailed toxicological evaluations and maore

]

|
i
T

ssasprsnsfbansaanvansey

efficient use of animal testing. :d - B
A e
* Phase | profiled over 300 well-characterized chemicals (primarily pesticides)in £ 2 ST s Pathways & Discases
over 400 HTS endpoints. Endpoints include bicchemical assays of protein i e .. In Vivo Chenmical,

function, cell-based transcriptional reporter and gene expression, cell line and -~ vy biological and statistical
primary cell functional, and developmental endpoints in zebrafish embryos and

embryonic stem cells. ToxCast™ Navigation

* Phase 1 chemicals have already been tested using traditional toxicology methods Iﬂntmd_ummn
including developmental toxicity, multi-generation reproductive studies, and sub- SIETEE
chronic and chranic rodent hioassays. ToxRefDB is the relational database storing SEELE
this infarmation- nearly §2 billion worth of animal toxicity studies. Infermatien Management
Partnerzhipz

* Phasell of ToxCast will screen additional chemical compounds representing
broader chemical structure and use classes to evaluate the predic

signatures developed in Phase |. http //epa gOV/n CCt/tOXCaSt/

*  Toxicity signatures from ToxCast will he defined and evaluated by howwemomey

rnradicrt rotrameace from mammalian tovicite tacte and idantific tovicite nathuseave




<EPA ToxCast Phase Il Plans

United States
Environmental Protection

Agency (700 additional chemicals)

Chemical Diversity

More data rich food use active pesticides

Pesticidal antimicrobials & inerts

Food use chemicals (FDA/CFSAN)

Failed pharmaceuticals (Pfizer, GSK, Sanofi, Merck)

“Green” chemicals

HPV Categories (4)

Liver toxicants (GSK)

OECD Molecular Screening Group nominations
Re-Evaluation of Phase | Assays

Additional assays via competitive procurements, collaborative
partners...

- Office of Research and Development 25
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"EPA Tox21 Community
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@m--—?‘i‘*"‘*“"’“’“ !}%
M&Ev

Trnnsinrmmg Environmental
Heallh Pmt&ctmn

A National Toxicolagy Pragram
for the 21st Century

10K

&
S

\ o xl Chemical

A ROagmap For the Fulure

2004 2006 2008 2010

2007 2009

Toxicity Testing in the 21st Century:
A Vision and a Strategy

FDA
EU JRC

Office of Research and Development
Computational Toxicology Research Program
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Tox21 Expansion of the ToxCast Effort:
Exploring Common Biology with Small Molecules
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e OYSIEMS Approaches to Modeling Toxicity:
From Pathways to Virtual Tissues

LR
—~ ba il B W o
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Z i S : '
: : i @ g- ’—:0 o | 0—0 00
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chemicals |:> pathways |:> networks |:> cell states |:> tissue function

—~_

Moving beyond Identify Key Targets and Pathways
empirical models, to For Prioritization
multi-scale models of \
complex biological Quantitative it © i
ext Generation
systems. Dose-Response - _
y b Risk assessments
Models
- Office of Research and Development 28
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SEPA

e reecion - [ncorporating Metabolism and Dosimetry
to Better Model From Exposure to Effects

V-Liver Modeling of Metabolism, Dosimetry and Toxicity

Cell Cycle

Xenobiotic
Metabolism

NR
Signaling
Lipid
Metabolism
Oxidative
Stress

DNA Damage
Sensing

>

>
Pathway Effects Key Events Adverse Outcomes
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wEPA Virtual Liver: Dose-Response for a Virtual Lobule

United States

Environmental Protection
Agency

The classic lobule Blood flows through a Synthetic lobule
consists of a single network of sinusoids, sufficiently complex to
central vein fed_ supplying and exposing determine that approach
VeNous z_;md art_erlal hepatocytes would work with actual
blood via multiple lobule morphology (e.g.
portal triads Drasdo et al.)
| e . 50T 2010

Slide courtesy of John Wambaugh (EPA)



SEPA Virtual Embryo Workflow:

Environmental Protection

Agency From ToxCast and ToxRefDB to Systems Models

ToxCast™ HTS data | »
(AC50s)
J
|
(+)ve (-ve
(+)ve TP FP
(-)ve FN TN ™

|
ToxRefDB™ DEV data
(CLELS)

- Office of Research and Development
Computational Toxicology Research Program

UNIVARIATE ASSOCIATIONS

o t-test (continuous assay data)

o classifier (2x2 contingency table)

» Fisher’s exact test (dichotomous data)

|

MULTIVARIATE MODELS

* machine learning, 80/20 split

* 5- or 10-fold cross-validation

» sensitivity analysis of performance

¢

MULTICELLULAR SYSTEMS
* knowledge-base (VT-KB)

* multicellular models (VT-SE)

» biological inferences / plausibility

SOT 2010

Slide courtesy of Tom Knudsen (EPA)
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Future Chemical Prioritizations and Assessments
Based on Risk Inferred from High Throughput Data
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HIGH THROUGHPUT SCREENING and
CHARACTERIZATION OF HAZARD & RISK

Tissues

ell

Tissue Xicit
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Molecular lllll | :
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IN VITRO: concentration response:
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|
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