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SEPA Outline

United States
Environmental Protection
Agency

> The Problem

» Addressing the Problem
» Chemicals
» Hazard Predictions for Prioritization
» Developing data — high-throughput in vitro
» Data interpretation - consensus models and biology
» Exposure
» Reverse Toxicokinetics — estimating daily dose
> High-throughput exposure predictions
» Putting it all together
» Cost efficient and rapid prioritization

- Office of Research and Development
National Center for Computational Toxicology



Problem Statement

Too many chemlcals to test W|th standard anlmal—
| based methods

Cost, time, animal welfare
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Need for better mechanistic data

- Determine human relevance

- What is the Mode of Action (MOA) or Adverse Outcome
Pathway (AOP)? 1
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Tox21 Vision:
Transforming Toxicity Testing

. Standard rodent Alternative Biochemical- and cell-based
Human e);Pejlence toxicological tests animal models in vitro assays
1=3 studies/year 10-100/year 100-10,000/year >10,000/day

<% NIEHS

v National Institite of
# Environmental Health Sciences
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Computational toxicology Critical toxicity pathways Nation al Cen ter -f or Advan cin g
- Translational Sciences (NCATS)
Immediate human relevance ’, i http://WWW.ncatS.nih.gOV/

SOURCE: Collins, Gray and Bucher (2008) Toxicology.

Office of Research and Development

I Center for Computational Toxicology Transforming environmental health protection.

Science 319: 906



SEPA ToxCast / Tox21 Overall Strategy

United States
Environmental Protection
Agency

|dentify targets or pathways linked to toxicity (AOP focus)
Identify/develop high-throughput assays for these targets or pathways
Develop predictive systems models

— in vitro/in silico— in vivo

— human focus
Use predictive models (qualitative):

— Prioritize chemicals for targeted testing

— Suggest / distinguish possible AOP / MOA for chemicals

High-throughput Exposure Predictions _ AN
High-throughput Risk Assessments SN < _/ Activation of Toxicity Pathways

Exposure

A New Paradigm:

3
Tissue Dose
8
Biologic I‘nmc(lon

Perturbation

Biologic
TOXICITY TESTING IN THE 21ST CENTURY: (v
A VISION AND A STRATEGY, NRC, 2007.
Adaptive Stress Cell Morbidity
- Office of Research and Development Responses lnjury == and
National Center for Computational Toxicology Mortality
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Advisens 15 e Netion on Science, Eoponering end Medone




SEPA Toxicity Testing in the 215t Century

United States
Environmental Protection
Agency

“The committee envisions a future in which tests based on human cell
systems can serve as better models of human biologic responses than

apical studies in different species.”

‘el A New Paradigm:
%/ Activation of Toxicity Pathways

3
Tissue Dose
8

“The committee therefore believes Sofeoks fhemonh
that, given a sufficient researchand | ... &

development effort, human cell 0
systems have the potential to largely

Adaptive Stress Coll Morbidity

supplant testing in animals.” Responses ooy =
THE NATIONAL ACADEMIES

Advisens 15 e Netion on Scence, Eaponering end Medoine

- Office of Research and Development TOXICITY TESTING IN THE 21ST CENTURY:
National Center for Computational Toxicology A VISION AND A STRA-EEGY, NRC, 2007
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ToxCast & Tox21:
Chemicals, Data and Release Timelines

Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | ’_J 293 ~600 ~700 2011 Now
ToxCast Phase | .|l 767| ~600 ~700 03/2013 Now
ToxCast E1K i 800 ~50 ~120 03/2013 Now
Tox21 .| ~9000 ~80 ~150 Ongoing Ongoing
A Pesticides , antimicrobials, food additives, green alternatives, HPV, MPV,
~600 endocrine reference cmpds, tox reference cmpds, NTP in vivo, FDA GRAS,
FDA PAFA, EDSP, water contaminants, exposure data, industrial, failed drugs,
U>)\ marketed drugs, fragrances, flame retardants, etc.
qv)
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)
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Chemicals

~9000




# Compounds per Inventory

Agency

AR @ Excellent coverage of
CRAS multiple high-interest inventories
EDSP _
IRIS @ Many chemicals appear on
TRI many lists
'\H/'zz @ Broad diversity of chemical-

Green Chemistry use categories

@ Large overlap with data-rich
In vivo inventories

Antimicrobials
Consumer

Water
Pesticidelnerts

PesticideActives | | 1329

Donated Pharmaceuticals | |
NTP In Vivo
o4

FDA CFSAN
Total In Vivo — 580

- Office of Research and Development
National Center for Computational Toxicology




A Hazard Predictions for Prioritization:
“EPA High-Throughput Screening (HTS)

Environmental Protection
Agency

0

Chemical Exposure

96-, 384-, 1536 Well Plates

Cell Population

ve

LPS_TNFa
micro-TiO2_uncoated n/a_1000-5000 nm_UML

l AC50:5.1| R2:0.97 | Top: 645 | Emax: 6.28 | Slope: 1

6

Target Biology (e.g.,
Estrogen Receptor)

Response
4

2

AV

0.1 0.2 05 1.0 20 5.0 20.0 50.0

Office of Research and Development
National Center for Computational Toxicology Conc (ug/ml)




ToxCast Assays (>700 endpoints)

[ Assay Provider\

ACEA
Apredica
Attagene

BioReliance
BioSeek
CeeTox
CellzDirect
Tox21/NCATS
NHEERL MESC
NHEERL Zebrafish
NovaScreen (Perkin Elmer)

6iological Responsa

cell proliferation and death
cell differentiation
Enzymatic activity
mitochondrial depolarization
protein stabilization
oxidative phosphorylation
reporter gene activation
gene expression (QNPA)
receptor binding
receptor activity

Odyssey Thera
\ Vala Sciences /
4 )
Readout Type
single

multiplexed
\_Mmultiparametric

(" Cell Format )

cell free
cell lines
primary cells
complex cultures

\_ freeembryos /

steroidogenesis

/Target Family )

response Element
transporter
cytokines
kinases
nuclear receptor
CYP450 / ADME
cholinesterase
phosphatases
proteases
XME metabolism
GPCRs

ion channels

( Species \ /Tissue Source\
human Lung Breast
rat Liver Vascular
mouse Skin Kidney
zebrafish Cervix Testis
sheep Uterus Brain
boar Intestinal Spleen
rabbit Bladder Ovary
cattle Pancreas Prostate
guinea pig

wﬂammatory Bony

veoe  mew e

:za%‘gaa-..\.
» -

s000.0 se
scese .00

96-well plate

384-well plate

1536-well plate

/ Assay Design \

viability reporter
morphology reporter
conformation reporter
enzyme reporter
membrane potential reporter
binding reporter

\ inducible reporter /

gNPA and ELISA
Fluorescence & Luminescence
Alamar Blue Reduction
Arrayscan / Microscopy
Reporter gene activation
Spectrophotometry
Radioactivity
HPLC and HPEC
TR-FRET

List of assays and related information at: http://www.epa.gov/ncct/ 9
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ACEA: red

ToxCast Results: 1051 Chemicals X

791 Assay Readouts

Apredica: black

)

N

.

OT: blue

s[ealwayd

Table 2 Top 20 most promiscuous chemicals®

Chemical Name

Total

Phenylmercuric acetate

Mancozeb

Gentian violet

Sodium dodecylbenzenesulfonate

Tributyltin methacrylate

Tributyltin chloride

Mercuric chloride

Perfluorooctane sulfonic acid
{8-[3-(aminomethyl)phenyl]piperidin-1-yIH5-[(2-
fluorophenyl)ethynyllfuran-2-ylimethanone
(pharma)

Dodecylbenzene sulfonate triethanolamine (1:1)
S5R241586 (pharmal)

Emamectin benzoate
{4-[5-(aminomethyl)-2-fluorophenyl] piperidin-1-
yl}4-bromo-3-methyl-5-propoxythiophen-2-
yl)methanone hydrochloride [pharma)
(1R)-1-[[ethoxycarbonyl)oxy]ethyl 1-{[5-(5-
chlorothiophen-2-yl)-1,2-oxazol-3-yl]methyl}-2-{[1-
(propan-2-yl)piperidin-4-yl]carbamoyl}-1H-indole-
5-carboxylate hydrochloride(pharma)

Maneb

S5R150106 (pharma)

Didecyl dimethyl ammonium chloride
Zamifenacin (pharma)

S5R125047 [pharmal)

Metiram

90
88
86
82
9
77
73
[rs

R

63
[l
62
62
60
59
56

ACS50s
«=10pM  <=1pM
47 20
41 13
51 5
19
43 12
45 9
45 14
13 2
25 4
7 1
30 8
14 2
19 2
29 2
31 16
41 13
30 2
27 11
16 3
16 4

Sipes et al., Chem Res Toxicol

. 26:878-95, 2013
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SEPA ToxCast Results: 1051 Chemicals x
LTS ecion 791 Assay Readouts

Agency
ACEA: red Table 3 Top 20 most promiscuous assays’
ACS50s
. Assay target Assay category Total ==10pM <==1pM
Apredlca bIaCk hCYP2C19 CYp 264 144 53
hCYP2C9 CYP 152 81 19
rPBR Transporter 147 62 13
hPXR Muclear receptor (subfamily 1) 140 73 as
‘ _Zk—\ E?‘:-_\ hNET Transporter 136 48 13
OT: blue TR TR LT O ool sl = |2
— e - hDAT Transporter 117 45
L= : e hCYP1A2 cYp 108 80 16
gDAT Transporter 98 26 4
hSHT? GPCR (aminergic) 96 35 13
i O hGR MNuclear receptor (subfamily 3) 96 35
= | hOpiate_mu GPCR (other) 92 27
& 3 CBD hDRD1 GPCR {aminergic) 29 36
=3 rNaCh_site2 lon channel a7 a7 13
Q) | hCYP2B& CYP 81 43 16
) g5IGMA_NonSelective | Other 20 31 13
gOpiatek GPCR (other) 75 18 4
riVADAC Other enzyme 73 15 &
hAR Muclear receptor (subfamily 3) 73 33 B
hBACE Protease 73 28 3
i Sipes et al., Chem Res Toxicol. 26:878-95, 2013

11




“EPA What Did High-Throughput

Environmental Protection

Agency - f)
Screening Tell Us™
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- Office of Research and Development
National Center for Computational Toxicology Thomas et al., Tox Sci., 2013



\“",EPA In Vitro Assay Selectivity as a Starting Point

panoy oe! Protector for Chemical Mechanisms Of
Action/Adverse Outcome Pathways

l Selective Chemical

—

I
o
o

Key Events

3
2

Selective

Cumulative Fraction of Chemicals
o o

Concentration to Activate First Assay
Concentration to Activate 10% of Assays

- Office of Research and Development
National Center for Computational Toxicology



ToxCast and the Endocrine Disruptor Screening Program

EPA Research provides basis for improving the
suite of assays and models to advance chemical
prioritization and screening

Near Term in vitro HTS/ in silico (P1) %F C;‘{;eg;tigz P WOE+
(<2 yrs) L L

Test-
Chemicals WOE-
Of Regulatory
Interest :
in vitro/in silico focuses SEEUEEe
. in vi in sili EDSP
Intermediate nvitro HTS/II:VSIIICO (P2) i subset of EDSP T1S WOE+ L Tier 2
Term (2-5 yrs) = Tests
Test-
WOE-
Longer Term (>5 yrS) in vitro HTS/ in silico (full replacement of Tier 1) WOE+
WOE-
Chemical Prioritization Screening Decisions
Includes registration review timeline, Near Term = Incorporates HTS/in silico prioritization methods for post EDSP List 2
physico-chemical properties, exposure Intermediate = Run subset of T1S assays indicated by HTS and in silico predictions
estimates, in vitro assays and computer Long Term = Full replacement of EDSP T1S Battery
models (QSAR, expert systems, systems
biology models).
14

http://www.epa.gov/endo/pubs/edsp21 work plan_summary%20_ overview_final.pdf



<EPA

United States
Environmental Protection
Agency

Receptor (Direct

Molecular Interaction)
O Intermediate Process
ER Receptor @ Assay

Binding '
(Agonist) . Noise Process

ER agonist pathway

ER Receptor
Binding @:¥J
(Antagonist)

ER antagonist pathway

1 Dimerization

Dimerization @\W Interference pathway

&KL

Cofactor
Recruitment

Cofactor
Recruitment

DNA
Binding

Transcription

“Pseudo-

Antagonist Receptors”

\FYY) Transcription Protein

Suppression Production

ER-induced w
Office of Research and Development ; i
- National Center for Computational Toxicology Proliferation @
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United States
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Agency

Assays cluster by technology,
suggesting technology-specific non-ER

Major theme — all assays have false
positives and negative

Much of this “noise” is reproducible,
i.e. it is “assay interference”

activity
Result of interaction of chemical

with complex biology in the assay

Our chemical library is only partially “drug-like”
-Solvents

-Surfactants

-Intentionally cytotoxic compounds

-Metals

-Inorganics

A18
A17
A3
A1
A2
A1
A10
A9
A7
A5
A8
A4
A6

R5

R9 R3 R4




Efficacy - fraction(E2)

80-05-7 : Bisphenol A 80-05-7 : Bisphenol A

Agonist: 0.39 Antagonist: 0.016

Efficacy - fraction(E2)

Efficacy - fraction(E2)

- - Exampl ISt
xample Agonist,
o o f\
9 L]
Antagonist
o »w o ,
S
o
| N Int
]
g nterrerence
N >
o o
- L
PR AN Chemicals
2 1 I 1 I 1 L2 I 1 1 1 I I
1e-02 1e-01 1e+00 1e+01 1e+02 1e-02 1e-01 1e+00 1e+01 1e+02
Concentration (uM) Concentration (uM)
68392-35-8 : 4-Hydroxytamoxifen 68392-35-8 : 4-Hydroxytamoxifen
Agonist: 0.0094 Antagonist: 0.72
o S —— S — S ]
-~ LD 2 e ael -
V ¥he
A o | Assay Legend
A A1: bovine ER cell-free radioligand binding (NV.
1 o E g g (NVS)
" 5 = = = = = A2: human ER cell-free radioligand binding (NVS
8 g = * s s e A3:mouse ERa cell-free radioligand blndlng_éNV )
pid — A4: ERa-ERa protein complementation/FRET 8 hr (OT
.g_ AS5: ERa-ERa protein complementation/FRET 24 hr (OT)
o X4 /1Y b | eee-e--e. A6: ERa-ERD protein complementation/FRET 8 hr (OT
SNl Pl | em-m--a- A7: ERa-ERD protein complementation/FRET 24 hr 60 )
x A 1 | reeceeaes A8: ERb-ERD protein complementation/FRET 8 hr (OT
N ._/ --------- A9: ERb-ERD protein complementation/FRET 24 hr (OT)
L= A10: ERE chromatin binding %PCAIFRET) 8 hr (OT
A11: ERE chromatin binding (PCA/FRET) 24 hr (OT)
= o S — A12: ERa-TRANS reporter gene éATG)

o L - ; : - o L : - ; — | = - - - - lei E;ELCIS r'eporter gene (ATG) Tox21)
L 2 5 2 : a beta-lactamase agonist reporter gene (Tox
1e-02 1e-01 1e+00 1e+01 1e+02 1e-02 1e-01 1e+00 1e+01 1e+02 S B e = mg $§7aolucif?rase-86|a'1 agﬂnist ’ep‘(’}\‘&%{'}"e( ox21)

; ; —_— : real-time cell proliferation
Sl Ly Shncealion V) . A17: ERa beta-lactamase antagonist reporter gene (Tox21)
10016-20-3 : alpha-Cyclodextrin 10016-20-3 : alpha-Cyclodextrin | = = = = = A18: ERa luciferase-BG1 antagonist reporter gene (Tox21)
Agonist: 0 Antagonist: 0

S S
- - Receptor Legend
w | o | —— R 1. Agonist Model
= = —— R2: Antagonist Model

o — R3: nterference: cell-free radioligand bindir'\ﬂq (NVS
© | S8 © | m—— R4 Interference: protein complementation (PCA)/FRET (OT)
= » o RS: Interference: chromatin binding PCA/FRET (OT)

s | 1 S| | =-=—-— - R6: Interference: RNA reporter gene agonist (ATG)
<« 2 < - - R7: Interference: protein reporter gene agonist (Tox21)
o 7l S o — R8: |nterference: cell proliferation (ACEA

& e R9: Interference: protein reporter antagonist (Tox21)
g - -
S = <
© & T T T T e & T T T T 17

1e-02 1e-01 1e+00 1e+01 1e+02 1e-02 1e-01 1e+00 1e+01 1e+02

Concentration (uM)

Concentration (uM)




@ Strong

17alpha-Ethinyl estradiol

Agonist @© Moderate  17alpha-Estradiol
@ Strong 17beta-Estradiol
@ Moderate Estrone
5 ! @ Strong meso-Hexestrol
- () a}rorli(g giethylstilbestrol (DES)
® . ea enistein
S D|buty| .. \\;VVea:: g!spﬂeno: é
o | ea ispheno
¢ phthalate .. Weak Daidzein
h O Weak 4-Cumylphenol
O Moderate  4-tert-Octylphenol
S O Weak 5alpha-Dihydrotestosterone
@) Weak o,7p'-DDT
St - - —— @ Very Weak 17alpha-Methyltestosterone
10-02 10-01 10400 18401 1e+02 (@) Very Weak  Apigenin
Concentration (uM) O Very Weak  Methoxychlor
(@) Very Weak Kaempferol
@ Very Weak Butylbenzyl phthalate
Q@ Weak Kepone
() Very Weak Chrysin
@ Very Weak p-n-Nonylphenol
@ Very Weak EthyIBaraben
(@) Very Weak p,p'-DDE
O Very Weak Fenarimol
@1 Very Weak Dibutyl phthalate
O Inactive Spironolactone
@) Inactive Reserpine
(@) Inactive Procymidone
(@] Inactive Phenobarbital Sodium
O Inactive Linuron
O Inactive Ketoconazole
O Inactive Hydroxyflutamide
(@) Inactive Haloperidol
O Inactive Flutamide
O Inactive Cycloheximide
(€] Inactive Corticosterone
O Inactive Atrazine
O Very Weak Diethylhexyl phthalate
O Very Weak Dicofol
3 Dimvenaencz
i @ ctive —Hydroxytamoxifen )
Antago nist (@) Active Tamoxifen citrate
(@) Active Tamoxifen
@ R1 x  Inactive Diethylstilbestrol (DES)
Inactive Kepone
[i] Inactive Dibutyl phthalate
[] R1 x Inactive Bisphenol A
Q@ Inactive Dicofol
() R1 x Inactive Genistein
@) R1 x Inactive 17alpha-Ethinyl estradiol
O R1 x Inactive Salpha-Dihydrotestosterone
O R1 x Inactive Apigenin
(@) Inactive Butylbenzyl phthalate
O Inactive Chrysin
(@) Inactive Progesterone
(6] Inactive p.p'-DDE
(@) Inactive Diethylhexyl phthalate
I I T T
1e-03 1e-02 1e-01 1e+00

ALIC

Reference
Chemical
Classification

18
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Notice H

Use of High Throughput Assays and Computational Tools; Endocrine Disruptor

Screening Program; Notice of Availability and Opportunity for Comment

A Motice by the Environmental Protection Agency on 06/19/2015

This document has a comment peried that ends in 53 days (08/18/2015)

ACTION

SUMMARY

TABLE OF CONTENTS

Maorice.

Thiz document dezeribes how EPA iz planning to incorporate an
alternative scientific appreach to sereen chemicals for their ability 1o
interact with the endocrine systen. This will improve the Agency's
ability to fulfill itz statutory mandate to screen pesticide chemicalz and
other zubstances for their ability to cauze adverze effects by their
interaction with the endocrine svstem. The approach incorporares
validared high throughput assays and a compurarional model and,
bazed on current rezsarch, can serve as an alternative for some of the
current azsays in the Endocrine Disruptor Screening Program (EDSP)
Tier 1 bartery. EPA has partial zereening rezuls for over 1600
chemicals that have been evaluated uzing high throughput aszays and
a compurational model for the estrogen receptor pathway. In the
future, EPA anticipates that additional alternative metheods will be
available for EDSP chemical screening bazed on further advancements
of high throughpur azzayz and computational models for other
endocrine pathways, Use of these alternative methads will aceslerate
the pace of screening, decrease costz, and reduce animal testing, In
addition, this approach advances the goal of providing sensitive,
specific, quantitative, and efficient screening uzing alternative test
method: ro some aszavs in the Tier | bartery to protect human health

and the environment.

DATES:
ADDRESSES:

FOR FURTHER INFORMATION CONTACT:

SUBMIT A FORMAL COMMENT

e iorewious Document
Mext Document =

| A\ LEGAL DISCLAIMER |

Forit Controls = ﬂ
B roF [ oev

=
Lo PRINT

IR PUBLIC INSPECTION

Publication Date:
Friday. June 15, 2015

Agency:

Environmental Protection
Agency

Dates:

Comments must be received on

or before August 18. 2015,
Comments Close:
0818205
Entry Type:

Motice

Action:

Motice.

Document Citation:

80 FR 35350

Page:

35350 -35355 (G pages|
Agency/Docket Mumbers:
EPA-HQ-OPPT-2015-0305
FRL-5928-63

Document Mumber:
2015-15182

“The approach
incorporates validated
high-throughput assays
and a computational
model and, based on
current research, can
serve as an alternative for
some of the current
assays in the Endocrine
Disruptor Screening
Program (EDSP) Tier 1
battery.”
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SEpA [0x21 AhR Agonist gHTS Assay

United States
Environmental Protection
Agency

« Ligand-dependent transcription factor activated by structurally diverse
natural and synthetic ligands

« Critical roles in biological processes (development, inflammation)

 Mediates adaptive and toxic response to chemicals

 HAHSs - halogenated aromatic hydrocarbons
* PAHs — polycyclic aromatic hydrocarbons

« Third-generation CALUX AhR-responsive reporter gene bioassay
 Human HepG2 cells (HG2L7.5¢c1)

« Tox21 8.5K Chemical library
* Environmental, pesticide, industrial, food use, drugs
« 1536 well-plate format with Tox21 robot
« 15 concentrations screened in triplicate

20 DREs
DRES— DREsER[s s tachesms

‘/\‘/ N // \g

/

HAHs, PAHs
Other AR Agonlsts

/

v
New Polypeplldes}d— Translation

Increased Cytochrome
P-4501A1

- Office of Research and Development
National Center for Computational Toxicology 20

Figure courtesy of Mike Denison (UC Davis) Luciferase



SEPA  Tox21 AhR Assay Results

Environmental Protection
Agency

(A) (B)

0 600
©
c
3 525
Q
gHTS Results Summary E 4501
o
o 375
Number of HITS 768 2
S 300
Percentage of HITS 9.2 g
- 751
Concordance (Percentage) 94.3 2 5l
(1]
?-; 25-
L ol— ;
<0.001 0.001-0.01 0.01-0.1 0.1-1 1-10 10-100
Concentration (uM)
1204 - e oo
(®) ST e’ N
) o o %
H '.. ° e ® g e
o
..u.“ ge e
1004 % . .s @T1CDD
- [ ]
)
s s °
2 80 °
[ ]
E g B@P 4 . %
5 it
o L]
‘g 604 ®
LE ‘ ° . L Y
L}
L ®
40 e °
L °
$ e
- Office of Research and Dev: ° .
National Center for Computat 20 T |

- log AC50 (M)
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EPA Determining Toxicity (dioxin-like effects):
e S rotctor Follow-up Assay Strategy

Agency

Tox21 8.5K — 768 SE 50 (42)

Library Compounds Compounds

NCATS: qHTS AhR
CALUX Reporter
Gene Assay

Tox21 Consortium:
Chemical Selection for
Follow-up Exp.

In Vivo Assays

Selection Considerations

O

Potency & Efficacy Predictions CLint Literature Studies on Activity in Orthogonal
(qHTS) (ADMET-Predictor) Compounds ToxCast/Tox21 Assays
Low AC50 & Low AC50 & High Low - Phi&Il Attagene (AhR, Nrf2, Hifla, ER)
High Emax Emax <60% ClLint ClLint Agc?n.lst nzvm Tox21 (Nrf2, ER), target gene
activity enzymes expression (HepaRG)
Phenotypes

Office of Research and Development
National Center for Computational Toxicology
22



SEPA Dioxin-like vs Non-dioxin-like

United States
Environmental Protection

Effects

Chemical ID CYP1A1 CYP1A2 UGT1Al1 IGFBP-1
DMSO = = = =
HepaRG gene 20069 + + + +
expression assay
21135 + + + +
20529 + + + -
DMSO. - y 20069

Zebrafish larvae
development assay

- Office of Research and Development
National Center for Computational Toxicology



SEPA Advantages of Tiered Screening
ErironmonslProtcion Appro ach

---------------------------------------------------------------------------
. e

.

. LN

C.l. Solvent Yellow

: IARC Category 3 carcinogen

Trace levels found in food products

Tumeric, curry, chili powders
®4.8t012.1 mg/g

Non-~toxic
1,4-Dihydroxy-2-naphthoic acid

A : | Probiotic bacterial metabolite
* 0.011 ug/mL — D&C Orange no. 4 e isolated from swiss cheese

Inhibits colitis (Fukumoto et al. 2014)
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wEPA Reverse Toxicokinetics

United States

(In Vitro Dosimetry)

- Problem: How to estimate daily exposure dose from in
vitro media concentration

- Use Reverse Toxicokinetics (RTK)

—very simple 2 parameter PK models

— in vitro measurements of disappearance of parent compound and serum
binding values

- Provides scaling from concentration in which there is in
vitro biological activity to in vivo activity dose (mg/kg/day)

- Office of Research and Development
National Center for Computational Toxicology
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o Adding Pharmacokinetics
VEPA Reverse ToxicoKinetics (rTK)

Environmental Protection

Agency
S o Al y
o o — = o
» © 2| mp |- - — e
(@] (@) ) Q_;ﬂ‘i\ : ~

Human Add Chemical Remove Analytical Hepatic
Hepatocytes (2 and 10 pM) Aliquots at 15, Chemistry Clearance
(10 donor pool) 30, 60, 120 min
= Plasma Protein

i) - U LJ - U LJ ‘ //M - 2;1____ Binding

Human Add Chemical Equilibrium Analytical
Plasma (2 and 10 uM) Dialysis Chemistry

(6 donor pool)

« Combine experimental data w/ PK Model to estimate dose / concentration scaling
« RatCast: Same experiment, but with rat hepatocytes and plasma

(Rotroff et al, ToxSci 2010, Wetmore et al, ToxSci 2012)

- Office of Research and Development
National Center for Computational Toxicology
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Combining in vitro activity and dosimetry

margin

Actual Exposures (est. max.)
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“EPA ExpoCast

Environmental Protection

High-Throughput Exposure Predictions

 Exposure science lags behind
* Most models require extensive information on production, use,
fate and transport and rely on empirical data (no measurement
= N0 exposure?)

« ExpoCast
* Exposure predictions based on pChem, production values, fate
and transport, and product use categories (e.g., industrial,
pesticide use, consumer personal care)
 Industrial vs consumer use
* Yields exposure estimates and Baysian confidence

- Office of Research and Development
National Center for Computational Toxicology
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SEPA. Exposure Predictions for 7968 Chemicals
A & Comparison to NHANES

Agency

=]
i i
By

Estimated Parental Exposure
(mg / kg bod_y weigrltf day)
7 > @ @

1 NHANES Chemicals

107" - |
5" bkl
o 1e-09 1e-06 1e-03
o Fig T boe woighty day B
g, 107" -
= NHANES
§ LoD
(@]
< 107~
Ll

1 10 100 1000
Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

¢ 6-11 Year Olds * Total

- NHANES — US National Study — measures exposures in human serum and urine

- Chemicals currently monitored by NHANES are distributed throughput the predictions

- Office of Research and Development
National Center for Computational Toxicology
Environ. Sci. Technol., 2014, 48:12760-12767



<EPA Putting it All Together

United States
Environmental Protection

Environ . - .
HT Prioritization

Risk is the product of hazard and exposure mg/kg BW/day
There are thousands of chemicals in commerce,
most without enough data for risk evaluation Botential

_ . " Hazard from
High throughput in vitro methods beginning to ToxCast with
bear fruit on potential hazard for many of these Reverse
chemicals Toxicokinetics
Methods exist for approximately converting Potential
these in vitro results to daily doses needed to Exposu(r)eefrr]c;;
produce similar levels in a human (IVIVE) ExpoCast
What can we say about exposure with the
limited data we have?

Low Med High
Risk Risk  Risk

Judson et al., (2011)
Chemical Research in Toxicology

- Office of Research and Development
National Center for Computational Toxicology
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\elEPA Combining 2"4 Generation ExpoCast Exposure

Predictions with Predicted Hazard
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wEPA Public Data Access usin

United States
Environmental Protection

ToxCast Dashboar

QO «©

<EPA iCSS ToxCast Dashboard e [ e ] R

- cromca sunnay
starting point: Assavs

Assays - 821 Qv Chemicals - 8161 Save Chart Preview Chart

CASRN

histegram of all active chemicals for Tox21_AhR

|_| Actives Only v All Tested

Assay Component Endpoint Name T Gene Symbol
e e T - <M casrN Chemical Name 4214
4004
50505-91-4 (+)-2,5-Dimethoxy-4-ethylamphetamine
Tox21_AhR hydrochloride 3504
50505-85-6 (+)-2,5-Dimethoxyamphetamine
hydroc hloride 300
Tox21_Aromatase_Inhibition CYP19A1 N .
- - 24140-30-5 (+)-2-Methylbutyl-4-methoxybenzyladine-4™ @
aminocyannate .S 2504
Tox21_AutoFluor_ HEK293_Call_blue 152835-09-1 (+)Epibatidine hydrochloride E 200 []
133005-40-0 (+)-Metazocine fumarate (2:1) 8
Tox21_AutoFluor_HEK293_Cell_green 124819-26-7 (+)-Pentazecine succinate :2 1504
% Tox21_AutoFiuor_HEK293, Call_rad 63903-74-2 {+)-Phenazacine hydrabromide w00l
57943 (+)-Tubocurarine chloride hydrochloride
Tox21_AutoFluor_HEK293_Media_blue 49570-63-0 (+)-alpha-Methadol hydrochloride 50 -
7785-70-8 (+)-alpha-Pinene
Tox21_AutoFluor HEK293_Media_green ~ 1T ———
54-28-4 (+)-gamma-Tocophercl
Tox21_AutoFluor HEK293_Media_red 10373-78-1 (+)Camphorquinone 3 2 - L AC%D " 1 2 3
112665-43-7 (+-)-7-(3,5,6-+trimethy|-1,4-benzoquinon-2- 00 (uM) =
Tox21_AutoFluor HEPG2 Cell_blue yI}-7-phenylheptancic acid
159701-44-7 (-+(5S.8R)-Lisuride
§ Chart Preview Chart
Tox21_AutoFluor HEPG2 Cell_green 12011767 (12,5 Dimethoxy-4-2thylamphetamine aueChaily pienemtia
hydroc hloride

« I
1 histogram of all active chemicals for Tox21_AhR
Filters -0

‘ A5 assays.csv N # Show all downloads.. %

I e e cology www.actor.epa.gov/dashboard/
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