<EPA

United States
Environmental Protection
Agency

Elucidation of Bioactivity Profiles for
Reproductive Toxicants

Robert Kavlock
National Center for Computational Toxicology
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

\‘}
COMPUTATIONAL
TOXICOLOGY:

AXLRS8
May 23-25, 2011

- Office of Research and Development .
National Center for Computational Toxicology Berlin, Germany



o )
EPA .
'I‘Ej:\.lftlfgnsn}ﬁatr?tsal Protection Ove rVI eW

Agency

*Review and Update of ToxCast
*Predictive Toxicology Signatures
* Rodent Liver Cancer (Judson et al, EHP, 2010)
o Altered Reproductive Function (Martin et al, BOR, in press)

* Rat and Rabbit Developmental Toxicity (Sipes, et al Tox Sci.,
submitted)

« Vascular Disruption as Developmental MOA (Kleinstreuer, et al EHP,
pending)

*High Throughput Risk Assessment (Judson et al, CRT, 2011)

- Office of Research and Development
National Center for Computational Toxicology



SEPA The ToxCast

United States

e Cemical Prioritization Project

Goal is chemical prioritization for targeted testing

Part of Tox21 collaboration with partners:

- EPA
« NIH/NCGC

« NIH/NTP
. FDA TO)ﬂ

Relies on large-scale in vitro bioactivity screening:
- ToxCast: 1,000 chemicals in ~500 assays
- Tox21: 10,000 chemicals in ~50 assays (drugs+EPA chemicals)

National Academy of Sciences Report (2007): Toxicity Testing in
the Twenty-first Century: A Vision and a Strategy

- Office of Research and Development
National Center for Computational Toxicology



<EPA Predicting Human Toxicity:

Environmental Protection

A Grand Challenge
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SEPA  ToxCast HTS Assay Contractors and
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BioSeek

a Caliper Life Sciences company

A Galapagos Company

Partners in Human Tissue Research
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w INST[TUTES FOR. HEALTH SCIENCES . contract research at the pace of discovery

WHERE GREAT MINDS anp MEDICINE MEET
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wEPA ToxCast Assays

United States
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 + 500 Human endothelial cells
on chamel Sl uman keratboytes
Transporter And Human fibroblasts
P Growing Human proximal tubule kidney cells
Human small airway epithelial cells
Assay formats
Radioligand binding Biotransformation-competent cells
Enzyme activity Primary rat hepatocytes
Co-activator recruitment Primary human hepatocytes
Assay formats
Cytotoxicity
Assay Models Reporter gene

: Gene expression
Zebrafish (development) Biomarker production

[ ] Mouse embryonic stem cells High-content imaging for cellular 5
phenotype
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ToxCast/Tox21 Screening Libraries

Environmental Protection
Agency

Compound #
Library
ToxCast Phase | 309
ToxCast Phase Il 700
Tox21 10,000
elk 1,000

- Office of Research and Development
National Center for Computational Toxicology

Characteristics

Pesticidal Actives
Commercial Chemicals

Commercial Chemicals
Pesticide Actives
Failed Pharmaceutical

Pesticidal Actives
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SEPA  ToxCast/Tox21 Property Distributions

Agency

ToxCast_Phasel
ToxCast_Phasell

@ LOG P = Octanol/Water *
partition coefficient

@ TPSA = log (Total Polar
Surface Area)

@ Complexity = log
(complexity based on
paths, branching, atoms)

COMPLEXITY

- Office of Research and Development TOX 7
National Center for Computational Toxicology

Chemical properties computed using “Adrianna” software by Molecular Networks.



SEPA  ToxCast/Tox21 Property Distributions

Agency

ToxCast_Phasel
ToxCast_Phasell

111failed drugs

@ LOG P = Octanol/Water Tox21

partition coefficient

@ TPSA =log (Total Polar
Surface Area)

@ Complexity = log
(complexity based on paths,
branching, atoms)

COMPLEXITY

Q
| s Tox)]
- Office of Research and Development
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Chemical properties computed using “Adrianna” software by Molecular Ne



SEPA ToxCast Data Analysis

United States
Environmental Protection

Agency PhaSG I

/ \ Assays —
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828 Assay-Chemical Pairs ,»
had AC50s of less than 1uM
BE
|

I : Assay-Chemical Hit

500 Assays X 320 Chemicals X {5-18} Concentrations X
{1-3} Replicates X {1-3} Time Points

3.2 Million Data Points
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ToxRefDB «— ToxCast——> Human Disease
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Bioactivity Signature Workflow

UNIVARIATE ASSOCIATIONS

ToxCast HTS data -5 *t-test (continuous assay data)
(AC50s) » classifier (2x2 contingency table)

 Fisher’s exact test (dichotomous data)

[
(+)ve (-)ve ‘l’
MULTIVARIATE MODELS

* machine learning
— * 5-fold cross-validation (80/20 split)
(-)ve FN N * sensitivity analysis (ROC curves)

| !
ToxRefDB MULTICELLULAR MODELS
» knowledge-base (VT-KB)

e computer simulations (VT-SE)
* biological inferences / mechanisms

(+)ve TP FP

- Office of Research and Development
National Center for Computational Toxicology



Predictive Reproductive Function Model:
Rat Multigenerational Studies

98 total chemicals w/ reproductive LOAEL
500 mg/kg/day

12 Martin et al, BoR, 2011
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ReproTox Model:
In vitro feature set

Martin et al, BoR, 2011




ToxCast & Bioinformatics

Ol1+0 /N2
318

I : 45

11

Gene Score = AVG of AC50s

Al
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Model Results by Chemical Group
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Rationale for an Integrated
Chemical Prioritization Scheme

! ! I #
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Translating multivariate results into ToxPi profiles

1. Sum the potency across all component assays in the ER 2. Normalize the summed @ 3. Plot the normalized
slice for each individual chemical. potency for the ER slice ToxPi scores for the
across all 309 chemicals. ER slice.
ER, ER, ER, ER, ER; ER; ER
HPTE HPTE
ER
max(Sgg)

[LM] [LM] [LM] [UM] [uM] [UM]

2,4-D 24- D
ERZ
Aa)‘(SER)

ER

ER

Methoxychlor ER MXC/
max(Sgg)
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Exploring reference (“spike-in") chemicals along
the sorted ToxPi distribution

HPTE

Linuron

‘ Methoxychlor L
............... Bisphenol A

-
Pyrimethanil : xEAIE % R
]

Rotenone

1 Tebuthiuron

309 Chemicals sorted by ToxPi

ToxPi



Modeling Blood Vessel Development

Endothelial proliferation & cell migration

- growth factors -
J VT-KB: ~80 distinct ToxCast assay targets

- chemokine signaling map to 3 key systems in vascular development

Extracellular matrix degradation
« plasminogen activating system
* matrix metalloproteinases

Neovascular stabilization
- Ang/Tie2 signaling
- vascular remodeling

ToxPi for angiogenesis

Kleinstreuer et al. 2011 (under revision)

25
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Putative Vascular Disruptor Compounds (pVDCs)

Q Pyridaben

Triclosan

O

() [pros
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High Throughput Risk Assessment

|dentify biological pathways linked to adverse effects

’

Measure Biological Pathway Altering Concentration (BPAC) in vitro

!

Estimate in vivo Biological Pathway Altering Dose (BPAD) (PK modeling)

!

Incorporate uncertainty and population variability estimates

l

Calculate BPAD lower limit — Estimated health protective exposure limit

- Office of Research and Development
National Center for Computational Toxicology
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Experimental Assays for Characterizing
Steady-State Pharmacokinetics

go= = == -

Human Add Chemical Remove Analytical Hepatic
Hepatocytes (1 and 10 miv) Aliquots at 15, Chemistry Clearance
(10 donor pool) 30, 60, 120 min

- - # Plasma Protein
# Binding

Human Add Chemical Equilibrium Analytical
Plasma (1 and 10 miv) Dialysis Chemistry
(6 donor pool)

- Office of Research and Development 29
National Center for Computational Toxicology

Data Collected at Hamner Institutes, lead Rusty Thomas



The
Significance of
Reverse
Toxicokinetics:
Adding
Kinetics IS
Critical to
Understanding
Dynamics

- Office of Research and Development
National Center for Computational Toxicology

Rotroff, et al. Tox.Sci. 2010

30






Conazoles and Liver Hypertrophy

« Conazoles are known to cause liver hypertrophy and
other liver pathologies

- Believed to be due (at least in part) to interactions with
the CAR/PXR pathway

« ToxCast has measured many relevant assays

« Calculate BPAD for 14 conazoles and compare with
liver hypertrophy NEL/100

- Office of Research and Development 32
National Center for Computational Toxicology
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Conazole / CAR/PXR results

( ——~~ BPAD Range
_

O NEL/lO(O

Exposure estimate

( LEL, NEL

Office of Research and Development
National Center for Computational Toxicology
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Conazole Summary

« Rough guantitative agreement
—BPAL vs. NEL/100 rank correlation significant (p=0.025)
—12 of 14 chemicals have BPAL within factor of 10 of NEL/100

—For only 3 chemicals is BPADL significantly less protective than
NEL/100

« Some apples to oranges: human BPAL, rat NEL

- Office of Research and Development 35
National Center for Computational Toxicology



Research Network

http://www.epa.gov/ncct/

Virtual Embryo (NCCT) Virtual Liver (NCCT)
Tom Knudsen Imran Shah

Nisha Sipes John Wambaugh
Amar Singh (LHM) John Jack

Michael Rountree (SSC) Woody Setzer
Richard Spencer (EMVL)

Rob DeWoskin (NCEA) ToxCast (NCCT)

Keith Houck

Virtual Embryo (NHEERL) Ann Richard

Sid Hunter Bob Kavlock
Stephanie Padilla David Dix

Kelly Chandler (cross NCCT) Matt Martin

TIVS Center (NCER) David Reif

Maria Bondesson (U Houston) Richard Judson
Jan-Ake Gustafsson (U Houston) Steve Little

Richard Finnell (U Texas) The Hamner Institutes Amy Wang
Jim Glazier (1) Rusty Thomas Patra Volarath

B e, Dorpara Wetmore Sumit Gangwal e
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