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<EPA Outline

> The Problem

> Addressing the Problem
» Chemicals
» Hazard Predictions for Prioritization
Developing data — high-throughput in vitro
Selective chemical analysis
Nonselective chemical analysis
Mechanistic interpretation
» High-Throughput Toxicokinetics — estimating daily dose
» High-Throughput Exposure
» Putting it all together
» Cost efficient and rapid prioritization

YV V. V V

- Office of Research and Development
National Center for Computational Toxicology



Problem Statement

Too many chemlcals to test Wlth standard anlmal- g
| 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)? ]
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In 2007, NRC Transformed Toxicology

with a Future View

Agency
- ey
I envision the future of safety o
testing... in vitro assays... human
cells... toxicity pathways... ..
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I Cce ot Research and Development TOXICITY TESTING IN THE 21ST CENTURY
National Center for Computational Toxicology

A VISION AND A STRATEGY, National Research Council of
the National Academies, 2007.



Tox21 Vision:
Transforming Toxicity Testing

National lmssitote of
Enviropenental Heatth Sciences

. Standard rodent Alternative Biochemical- and cell-based | @
Humﬂan expe:nence toxicological tests animal models in vitro assays I\mc == N”.. TTP g
13 suidresiyar 10-100/year 100-10,000/year >10,000/day R T e

omputaal txicotogy | Critical toxicity pathways Natlonal Center -f or AdvanCln g
Translational Sciences (NCATS)
Immediate human relevance http ://WWW- n Cats N i h . gOV/

. SOURCE: Collins, Gray and Bucher (2008) Toxicology.
Office of Research and Development . . .
B Center for Computational Toxicology Transforming environmental health protection.
Science 319: 906



SEPA ToxCast / Tox21 Overall Strategy
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|dentify targets or pathways linked to toxicity (AOP focus)
|dentify/develop high-throughput assays for these targets or pathways
Develop predictive systems models

— in silico/in vitro— in vivo

— human focus
Use predictive models (qualitative):

— Prioritize chemicals for targeted testing

— Suggest / distinguish possible AOP / MOA for chemicals
High-throughput Exposure Predictions
High-throughput Risk Assessments

[ source to outcome pathway ] Iﬂ

molecular organism / )
exposure initiating cellular or, f,a population community
event responses respons response response
$ Anchor 1 $ Anchor 2

- Office of Research and Development e outcome pathway
National Center for Computational Toxicology | S ——————————— /!
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SEPA Toxicity Testing in the 215t Century
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“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.”

A New Paradigm:

2 Activation of Toxicity Pathways
Exposure
Tls.ﬂ.l:l)n-l&

“The committee therefore believes st gacton

that, given a sufficient researchand | .. "% s
development effort, human cell <ol N
systems have the potential to largely e S ehunges

supplant testing in animals.” “Rasponses =

THE MATIOMAL ACADEMIES
Rifviiert o thy Nt o Scimrwe, Frgunming. oo Mackring

- 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 | | 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.
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Chemicals

~9000




# Compounds per Inventory

Agency

AR @ Excellent coverage of
GRAS multiple high-interest inventories
EDSP
RIS @ Many chemicals appear on
TRI many lists
MPV

@ Broad diversity of chemical-

HPV :
use categories

Green Chemistry

Antimicrobials @ Large overlap with data-rich

Consumer In Vivo inventories
Water
Pesticidelnerts
PesticideActives | | 1329
Donated Pharmaceuticals | | $135 In vivo

NTP In Vivo data rich
194

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
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- A

Chemical Exposure

96-, 384-, 1536 Well Plates

R TETRERrE

Stimulus

Cell Population

LPS_TNFa
micro=TiOZ_uncoated nfa_1000-5000 nm_UML

-]
I ACSD 5.1 RT 097 To 645 | Emax 628 Slope: 1
g W —
c Emax
(]
o =
Target Biology (e.g., n
Estrogen Receptor) &
= LEC
I ] | |

01 02 05 10 20 5.0 20.0 50.0

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



<EPA Assay Selection Strategy
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« Several rounds of solicitations for broad ranges of assays covering target gene
families, critical pathways, toxicity phenotypes, complex cell culture systems, gene
expression, developmental pathways

« Required:
— Ability to efficiently screen thousands of chemicals
— Existing, validated assays
— Quality Assurance/Quality Control program

 Lack of extensive list of defined toxicity pathways/targets required broad approach
 Currently refining assay used based on quality and utility of data generated

- Office of Research and Development
National Center for Computational Toxicology




ToxCast Assays (>700 endpoints)

f Assay Provider
ACEA
Apredica
Attagene
BioReliance
BioSeek
CeeTox
CellzDirect
Tox21/NCATS
NHEERL MESC
NHEERL Zebrafish
NovaScreen (Perkin Elmer)

ﬁiological Responsh

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

k Odyssey Thera /

Vala Sciences

receptor activity

steroidogenesis /

/Target Family )

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

\ ion channels j

. e
._J.c.l,t.. S ada
1ZPss.o00a

96-well plate

1536-well plate

[ Assay Design \

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

Read;;nt;TeTvpe 4 %ec@ ) [Tissue Source\
multiplexed urr:tan II_-|l\J/:3§ Vai::euel‘:: gNPA and ELISA
multiparametric mouse Skin e Fluorescence & Luminescence
S e Cervix Testis Alamar Blue Reduction
(" Cell Format ) sheep Uterus Brain Arrayscan / Microscopy
cell free boar Intestinal Spleen Reporter gene activation
cell lines rabbit Bladder Ovary Spectro'phot.ornetry
primary cells cattle Pancreas  Prostate HanlEey
complex cultures \ guinea pig Qﬂammatory Bory HPL_:_:Ra_EsEI__:_PEC

\_ free embryos /

List of assays and related information at: http://www.epa.gov/ncct/ 11
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ACEA: red

ToxCast Results: 1051 Chemicals x

791 Assay Readouts

Apredica: black

e

OT: blue

s|eslway)

Table 2 Top 20 most promiscuous chemicals®

AC50s
Chemical Name Total ==10pM ==1pM
Phenylmercuric acetate a0 47 20
Mancozeb 88 41 13
Gentian violet 26 51 5
Sodium dodecylbenzenesulfonate 82 19
Tributyltin methacrylate 79 48 12
Tributyltin chloride 77 45 9
Mercuric chloride 73 45 14
Perfluorooctane sulfonic acid 72 13 2
{8-[3-(aminomethyl)phenyl]piperidin-1-yIH5-[(2-
fluorophenyljethynyllfuran-2-ylimethanone
(pharma) 71 25 4
Dodecylbenzene sulfonate triethanolamine [1:1) 66 7 1
5SR241586 (pharma) 66 30 8
Emamectin benzoate 65 14 2
{8-[5-(aminomethyl}-2-fluorophenyl]piperidin-1-
ylH4-bromo-3-methyl-5-propoxythiophen-2-
yl)methanone hydrochloride (pharma) 64 19 2
(1R)-1-[[ethoxycarbonyl)oxy]lethyl 1-{[5-(5-
chlorothiophen-2-yl)-1,2-oxazol-3-yllmethyl}-2-{[1-
(propan-2-yl)piperidin-4-yljcarbamoyl}-1H-indole-
S-carboxylate hydrochloride(pharma) 63 29 2
Maneb 62 31 16
SSR150106 (pharma) 52 41 13
Didecyl dimethyl ammaonium chloride 62 30 2
Zamifenacin (pharma) a0 27 11
SSR125047 (pharma) 59 16 3
Metiram 56 16 4

Sipes et al., Chem Res Toxicol. 26:878-95, 2013

12



SEPA ToxCast Results: 1051 Chemicals x
A 791 Assay Readouts

Agency
ACEA: red Table 3 Top 20 most promiscuous assays”
ACS50s
. Assay target Assay category Total ==10pM <==1pM
Apred ICa. bIaCk hCYP2C19 CYP 264 144 53
hCYP2C9 CYP 152 81 19
rPBR Transporter 147 62 18
hPXR Muclear receptor (subfamily 1) 140 73 as
‘ g‘—\ A_,_J?:_\ hNET Transporter 136 48 13
OT: blue DT UTTITU T WA | e o sl e
RS zm hDAT Transporter 117 45
Ly hCYP1A2 CYP 108 80 16
gDAT Transporter 98 26 4
hSHT? GPCR (aminergic) 96 35 13
e (@) hGR MNuclear receptor (subfamily 3) 96 35
2 | hOpiate_mu GPCR (other) 92 27
CBD hDRD1 GPCR [aminergic) 89 36
o rMaCh_site2 lon channel 87 37 13
Q) | hCYP2EG CYP 81 43 16
) gSIGMA_NonSelective | Other 80 31 13
gO0piatek GPCR (other) 75 18 4
riVADAC Other enzyme 73 15 &
hAR Muclear receptor (subfamily 3) 73 33 B
i hBACE Protease 73 28 3
oo
i ' ey Sipes et al., Chem Res Toxicol. 26:878-95, 2013
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»EPA What Did High-Throughput

Environmental Protection

Agency - ?
Screening Tell Us™
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Number of Assays Activated by a Chemical Concentration to Activate First Assay

Concentration to Activate 10% of Assays

- Office of Research and Development
National Center for Computational Toxicology Thomas et al., Tox Sci., 2013



wEPA In Vitro Assay Selectivity as a Starting Point

United States

Raanay o Frotection for Chemical Mechanisms Of
Action/Adverse Outcome Pathways

l Selective Chemical ‘

|
e

l

>o>0>0
Key Events

. I
w—R | .

- Office of Research and Development
National Center for Computational Toxicology

Cumulative Fraction
o

Selective

Concentration to Activate First Assay
Concentration to Activate 10% of Assays
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Receptor (Direct

Molecular Interaction)
O Intermediate Process
ER Receptor ER Receptor 4::} Assay

Binding GFY Binding |
(Antagonist) (Agonist) . Noise Process

ER agonist pathway

ER antagonist pathway

Dimerization @\W/ i Nj§ Dimerization Interference pathway

KL

Cofactor
Recruitment

Cofactor
Recruitment

DNA
Binding

RNA
Transcription

“Pseudo-
Antagonist Receptors”
\¥X) Transcription Protein
Suppression Production
ER-induced NG w
Office of Research and Development i i
- National Center for Computational Toxicology Proliferation @
16



SEPA Major theme — all assays have false

positives and negative
Assays cluster by technology, Much of this “noise” is reproducible,
suggesting technology-specific non-ER .. it is “assay interference’
activity

Result of interaction of chemical
with complex biology in the assay

— Our chemical library is only partially “drug-like”
’—Lﬂ ﬁ ﬁ ﬁﬁ IJ_T | ™ -Solvents

- —— = — — —  -Surfactants
— — — -Intentionally cytotoxic compounds
=  _— _——===8—= -Metals
R —— .

=  —— -Inorganics

=1
] =
I R R BEEEEEEE
R6 |R8| R7 | R9 R3 R5 R4




Efficacy - fraction(E2) Efficacy - fraction(E2)

Efficacy  fraction(E2)

80-05-7 : Bisphenol A
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Concentration (uM)
68392-35-8 : 4-Hydroxytamoxifen
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10016-20~3 : alpha~Cyclodextrin
=
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1e+01 1e+02

1e-01

1e+00
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Receptor Score

Receptor Score

Receptor Score
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0.2

0.0
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80-05-7 : Bisphenol A
Agonist: 0.39 Antagonist: 0.016

T

- /
b
= |n T -l" T

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

Concentration (uM)

68392-35-8 : 4-Hydroxytamoxifen
Agonist: 0.0094 Antagonist: 0.72

_I -.i-h T T I_|

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

Concentration (uM)

10016=20-3 : alpha~-Cyclodextrin
Agonist: 0 Antagonist: 0

vy
T T T T T
1e-02 1e-01 1e+00  1e+01 1e+02

Concentration (uM)

Example Agonist,
Antagonist,
Interference
Chemicals

Assay Legend

A1: bovine ER cell-free radioligand binding (NVS)
A2: human ER cell-free radiUIiFand binding ( NVS
- mouse ERa cell-free radioligand bindin

Ad: ERa-ERa protein compiementatloanRE'I[ 8 hr (OT,
AS5: ERa-ERa protein complementation/FRET 24 hr Qar)
A6: ERa-ERD protein complementation/FRET 8 hr ( %_
A7: ERa-ERb protein complementation/FRET 24 hr éO
AB: ERb-ERDb protein complementation/FRET & hr ( T%_
A9: ERb-ERb protein complementatlonIFRET 24 hr (OT)
A10: ERE chromatin binding (PCA/FRET OT%_

. ERE chromatin binding (PCA/FRET 24 hr (OT)
. ERa-TRANS reporter gene &ATG
: ERE-CIS reporter gene (ATG)
: ERa beta-lactamase agonist reporter gene Tox21)
: ERa luciferase=BG1 agonist reporter %ene ox21)
: T47D real-time cell proliferation (ACE
: ERa beta-lactamase antagonist reporter gene (Tox21)
: ERa luciferase-BG1 antagonist reporter gene (Tox21)

Receptor Legend

R1: Agonist Model

R2: Antagonist Model
R3: Interference:
R4: Interference:
R5: Interference:
R6: Interference:
RY: Interference:
R8: Interference:
R9: Interference:

cell-free radioligand binding (NVS F!

protein complementation & CA !F ET (OT)
chromatin binding PCA/F

RNA reporter gene agonist {A G}

protein reporter gene agonist (Tox21)

cell proliferation (ACEA ?

protein reporter antagonist (Tox21)

18




@ Strong

17alpha-Ethinyl estradiol

Agon Ist © Moderate  17alpha-Estradiol
© Strong 17beta-Estradiol
© Moderate Estrone
" : @ Strong meso-Hexestrol
- () S\EI‘OT{Q gietl_wytls_tilbestrol (DES)
% ; @ ea enistein
24 Dibutyl ° W""‘t S!SPEenOl S
o ] @ ea ispheno
¢1phthalate O Weak Daidzein
= O Weak 4-Cumylphenol
@] Moderate  4-tert-Octylphenol
o O Weak 5alpha-Dihydrotestosterone
7~ @ Weak o,p-DDT
o : - — @ Very Weak 17alpha-Methyltestosterone
10-02 1e-01 10400 1e+01 1e+02 (@) Very Weak  Apigenin
Concentration (uM) ‘ Vel‘y Weak Methoxychlor
@) Very Weak Kaempferol
) Very Weak Butylbenzyl phthalate
[] Weak Kepone
@ Very Weak  Chrysin
[ ] Very Weak p-n-Nonylphenol
O Very Weak EthyIBaraben
@ Very Weak p,p'-DDE
@ Very Weak Fenarimol
@ Very Weak  Dibutyl phthalate
@ Inactive Spironolactone
@) Inactive Reserpine
@ Inactive Procymidone
@] Inactive Phenobarbital Sodium
[ Inactive Linuron
O Inactive Ketoconazole
O Inactive Hydroxyflutamide
@ Inactive Haloperidol
(5] Inactive Flutamide
O Inactive Cycloheximide
O Inactive Corticosterone
O Inactive Atrazine
Q Very Weak Diethylhexyl phthalate
O \ery Weak Dicofol
@ ictive Rall_?xcijfene i
i ctive 4-Hydroxytamoxifen (E/Z)
Antago nist ® 2 Active Tamoxifen citrate
@ Active Tamoxifen
@ R1 x | Inactive Diethylstilbestrol (DES)
Inactive Kepone
|:&| Inactive Dibutyl phthalate
[ ) R1 x Inactive Bisphenol A
Q@ Inactive Dicofol
@ R1 x Inactive Genistein
@ R1 x Inactive 17alpha-Ethinyl estradiol
@] R1 x Inactive 5alpha-Dihydrotestosterone
@] R1 x Inactive Apigenin
O Inactive Butylbenzyl phthalate
@] Inactive Chrysin
® Inactive Progesterone
4] Inactive p.p'-DDE
@] Inactive Diethylhexyl phthalate
| | I |
1e-03 1e-02 1e-01 1e+00

AUC

Reference
Chemical
Classification

19



ACTION

SUMMARY

TABLE OF CONTENTS

Ew

\py } FEDERAL REGISTER

The Daily Journal of the United States Government

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

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

Motice.

Thiz document dezeribes how EPA iz planning to incorporate an
alternative scientific appreach to sereen chemicals for their ability to
interact with the endocrine system. Thiz will improve the Agency's
ability to fulfill itz statutory mandate to zereen pesticide chemicals and
other substances for their ability to cauze adverze effects by their
interaction with the endocrine syzrem. The approach incorporarss
validared high throughput assavs and a computational madzl and,
based on current rezearch, can serve as an alternarive for some of the
current azsays in the Endocrine Dizruptor Screening Program (EDSF)
Tier | battery. EPA has partial zereening rezults for over 16oo
chemicalz thar have been evaluared uzing high throughpur aszayz and
a computational model for the estrogen receptor pathway. In the
future, EPA anticipates that additional alternative methodsz will be
available for EDSP chemical screening bazed on further advancements
of high throughpur azzayz and compurational models for other
endocrine pathways, Use of theze alternative methads will aceslerars
the pace of screening, decreaze costz, and reduce animal testing, In
addition, thiz approach advances the geal of providing sensitive,
specific, quantitative, and efficient screening using alternative test
methods: ro some aszays in the Tier | barrery to protect human health

and the environment,

» DATES:

ADDRESSES:

FOR FURTHER INFORMATION CONTACT:

Signin Signup 'lSear.c!'; i:}-::un'.a-nls-

— Notice H

Use of High Throughput Assays and Computational Tools; Endocrine Disruptor

Screening Program; Notice of Availability and Opportunity for Comment

SUBMIT A FORMAL COMMENT

B ade Pregious Document
Next Document s

| A\ LEGAL DISCLAIMER |

Fant Controls - n
[ roF [)oev

Loy PRINT

[™ PUBLIC INSPECTION

Publication Date:

Frid=y. June 19, 2015

Agency:

Environmental Protection
Agency

Dates:

Comments must be recsived on
or before August 18. 2015

Comments Close:

0a/18/2015

Entry Type:

Motice

Action:

Naotice

Document Citation:

B0 FR 35350

Page:

35350 -35355 (G pages}
Agency/Docket Numbers:
EPA-HQ-OPPT-2015-0305
FRL-5938-63

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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Selective vs Nonselective
(Therapeutic Index)
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\IEPA And No Effect Levels

Agency

Animated Spider Plot
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- Office of Research and Development
National Center for Computational Toxicology



<EPA Non-Selectivity Closely
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Alighed with Cytotoxicity

i3 SD fOI‘ burSt Cytotox assays

\ 80-05-7 : Bisphenol A / 1034-01-1 : Octyl gallate

/ S
o _| ntry=756 ntry=711
N nhit=103 o nhit=141
nhit.gene=76 < 7| nhit.gene=81
© | burstmean=4.7 .;ﬂ\. burst.mean=4.7
burst.sd=0.25 A © _| burst.sd=0.11
2 zmax=9.8 8 zmax=15
I 2 - T o
<
< I I I I I e : — , ,
1e-0 1e-02 1e+00 1e+02 1e+04 1e-04 1e+02 1e+04
AC50 (uM) Cb )
ACS0s for ER Histogram miwm“fwf’é@mwﬁg%éw‘%'
assays counting hits gowmm%mgaltﬁsvgw@imsaof
BRHNTHCYERIH LAY,

- Office of Research and Development
National Center for Computational Toxicology
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Understanding Mechanisms:

Envi tal Protecti f I g y 1
St BIOMAP Profiling Assays — piscoves,
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High Throughput Human Biology
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SEPA Inferred I\/Iechanls_m of Toxicity:
D e Protaction nano Silver

Agency
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- Ciclopirox — inhibitor of Na*K*ATPase

- Toxicity of silver is associated with inhibition of
Na*K*ATPase (PMID: 6240533)

- Office of Research and Development
Z2ZB National Center for Computational Toxicology
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wEPA

United States
Environmental Protection
Agency

Unsupervised
Clustering using
Self Organizing

Maps

Yields Mechanistic

Classes

« Chemicals analyzed
at single conc level
to minimize
polypharmacology
effect

« Self Organizing
Maps (SOM):
10X10 Array/100
Clusters

Office of Research and Development
National Center for Computational Toxicolog

Examples of clusters that emerged from the SOM analysis

Fenaminosulf

n’:l‘;rhn;a Cluster Common Example compounds: Example compounds:
! count activity known associations novel associations
cluster(s)]
Aspirin
Indomethacin
Celecoxib
Chemical . Diclofenec Propyl gallate
[1] /8 Analgesics Darbufelone Fluridone
Clove leaf oll
Eugenol
Isoeugenol
Steroid Cyproterone acetate Mirex _
. Norgestrel Donated pharma:
Chemical hormone .
31 Progesterone PPAR pan agonist
[65] receptor .
17-hydroxyprogesterone A3 adenosine receptor
modulators e 0 .
Mifepristone antagonist
Hydroquinone
Chemical 52 AHR ligands 4-chloro-1,2-diaminobenzene | Color Index. C.I. Solvent
(57, 67] 9 1,2-phenvlenediamine

yellow 14

Phenylmercuric acetate

hloride
Chemical
= onist
pt
Assa v |-trans retinoic aci lazine
[46]y inhibition Donated pharma: vnated pharma:
PDE inhibitors (8 compounds) | GABAAa1 receptor antagonist
Prednisone Coumarin
Assay 31 SAA Dexamethasone 4-octylphenol
[39] upregulation | Corticosterone Cyclohexanol
Triamcinolone Pentaerythritol
Tributyltin methacrylate Octyl gallate
Tributyltin chloride 4-Nonylphenol
Assa Potent Gentian violet 9-Phenanthrol
[90 1036] 58 cytotoxicants Didecyldimethylammonium Donated pharma:
’ chloride Factor Xa inhibitor
Yy Triclosan CCK1R agonist

Mast cell tryptase inhibitor
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wEPA Hypothesis Generation Example

United Stotae
Environi

Agency Blood coagulation in vivo
platelets

initiation phase amplification phase

TF (tissue factor) Vii 2 r
_ (eTHR)
(aTHR) «— Xla«<—X]

C pyr \TF-Via—s

, (aTHR)
Clomiphene X3 (APC) |

Tamoxifen Villa VI
activated plf Fulvestrant ‘(aTHR)
Raloxifene i) Y Xa| (APC)

\Haloperidol ) J{_Va(_ V r
(aTHR)
prothrombin > THROMBIN

e—

-

.
-

fibrinogen

P stabilised, fibrin <
f cross-linked

fibrin clot

-— —— Xllla «<— x|
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Examples of clusters that emerged from the SOM analysis
e EPA n’:l:trhn;a Cluster Common Example compounds: Example compounds:
A\ Y 4 : . count activity known associations novel associations
United States cluster(s)]
Environmental Protection Aspirin
Agency Indomethacin
Celecoxib
. Chemical . Diclofenec Propyl gallate
U n S u p e rV | S ed [1] 8 Analgesics Darbufelone Fluridone
Clove leaf oll
CI t : ' Eugenol
US erlng USIﬂg Isoeugenol
S I f O . . Steroid Cyproterone acetate Mirex _
r an | Z| n . Norgestrel Donated pharma:
e g Chemical hormone .
31 Progesterone PPAR pan agonist
[65] receptor 17-h :
-hydroxyprogesterone A3 adenosine receptor
M ap S modulators WterereTroT antagonist
. . . Hydroguinone
Y| el d S M eC h anl St' C ! chemical 59 4-chloro-1,2-diaminobenzene | Color Index. C.I. Solvent
[57, 67]
Clomiphene citrate Amlodarone hydrochloride
. . Haloperidol
. Estrogen Tamoxifen citrate Reserpine
« Chemicals analyzed Chemical o7 receptor Fulvestrant Donatgd pharma:
: 48 athwa Raloxifene hydrochloride : .
at Slngle conc level el m%dulatoyrs Tamoxifen ! NK1 repe_ptor antagonist
t iNimMi 4-hydroxytamoxifen Bradykinin B1
O minimize receptorantagonist
Lipid-lowering agent
polypharmacology Assa TNE All-trans retinoic acid Terbuthylazine
effeCt [46]y 29 'nh'b't'an Donated pharma: Donated pharma:
. . inhibitio PDE inhibitors (8 compounds) | GABAa1 receptor antagonist
- Self Ol’ganlzmg Prednisone Coumarin
. Assay SAA Dexamethasone 4-octylphenol
Maps (SOM) [39] 31 upregulation | Corticosterone Cyclohexanol
10X10 Array/1 00 Triamcinolone Pentaerythritol
Tributyltin methacrylate Octyl gallate
CIUSterS Tributyltin chloride 4-Nonylphenol
Assa Potent Gentian violet 9-Phenanthrol
[90 1036] 58 cytotoxicants Didecyldimethylammonium Donated pharma:
- Office of Research and Development ’ chloride Factor Xa inhibitor
National Center for Computational Toxicology Triclosan CCK1R agonist
Phenylmercuric acetate Mast cell tryptase inhibitor
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Fold Induction (Hit-Cutoff=2)
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Environmental Protection
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Gene AHR Activity (85% posit
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All 3 negatives were present at only one conc in the SOM cluster



Insights in to Mechanisms
BioMap Profiling Assays
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SEPA Tox21 qHTS Assay:

oronmria Poacin AhR Screening

« 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¢1)

« 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

ncreased Cytochrome
P-4501A1

- Office of Research and Development
National Center for Computational Toxicology 22
Figure courtesy of Mike Denison (UC Davis)



SEPA  Tox21 AhR Assay Results

Environmental Protection
Agency

(A) (B)

w 6001
b
c
3 525-
[«
gHTS Results Summary £ 450-
Q 3751
Number of HITS 768 .g 200
Percentage of HITS 9.2 § TL L
75
Concordance (Percentage) 94.3 E 55
4]
qg_: 25-
g : .
<0.001 0.001-0.01 0.01-0.1 0.1-1 1-10 10-100
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120+ -_e 00 o0
(®) K ¥ X
0 o o %
® 0% o . o o °
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g
€
[/}
(4]
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>
1+
=
w
- Office of Research and Dev:
National Center for Computati f 3
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- log AC50 (uM)
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SEPA Determining Toxicity (dioxin-like effects):

L T— Follow-up Assay Strategy

Agency

Tox21 8.5K — 768 — 50 (42)

Library Compounds Compounds

@00000000000
000000000000
000000000000
000000000000

@00 000000
(01 1 0/0lel0l0]e)
ZO0000Q00000

In Vitro Assays

Tox21 Consortium:
Chemical Selection for
Follow-up Exp.

NCATS: gHTS AhR
CALUX Reporter
Gene Assay

DR e

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% CLint CLint Agc.)n.lst Tox21 (Nrf2, ER), target gene
activity enzymes expression (HepaRG)
Phenotypes

- Office of Research and Development
National Center for Computational Toxicology
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SEPA Dioxin-like vs Non-dioxin-like

United States

Environmental Protection
ects

Chemical ID CYP1Al1 CYP1A2 UGT1A1 IGFBP-1
DM5S0O - - - -
HepaRG gene 20069 + + + +
expression assay
21135 + + + +
20529 + + + -

Zebrafish larvae
development assay

- Office of Research and Development
National Center for Computational Toxicology



SEPA Advantages of Tiered Screening

United States

E;\;irr]gcmental Protection A p p ro a C h

..........................................................................
------

. ‘e
o

C.l. Solvent Yellow

: IARC Category 3 carcinogen

Trace levels found in food products

Tumeric, curry, chili powders
_ ®4.8t012.1 mg/g
. Impurities in color additives
' * 0.008 ug/mL - FD&C Yellow no. 6

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

Probiotic bacterial metabolite

~anl > isolated from swiss cheese

® 0.011 ug/mL — D&C Orange no. 4 \aglizn
(Fonovich 2013)  Toxic

Inhibits colitis (Fukumoto et al. 2014)

300
|

% Activity (Hit-Cutoff=20)
100
]

% Activity (Hit-C utoff=20)

AC50=0.395 upM ¢ AC50=5.27puM

=50
|
*

| | | I I I
1e-03 1e-01 1e+01 1e-03 1e-01 1e+01
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wEPA

United States
Environmental Protection
Agency

High-Throughput Toxicokinetics (HTTK)

Reverse Toxicokinetics

- Office of Research and Development
National Center for Computational Toxicology
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<EPA High-Throughput Toxicokinetics

United States
Environmental Protection

(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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SEPA High-Throughput Toxicokinetics

United States
Environmental Protection
Agency \

go= | = | wE -

Human Add Chemical Remove Analytical Hepatic
Hepatocytes (1 and 10 uM) Aliquots at 15, Chemistry Clearance
(10 donor pool) 30, 60, 120 min
E Plasma Protein
}‘ Binding
Iz_-'
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

—| @ Estimated Exposure

40
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wEPA

United States
Environmental Protection
Agency

Exposure

ExpoCast:
High-throughput exposure predictions

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

ExpoCast:
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
= No 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

NHANES Chemicals

Estimated Parental Exposure
(mg / kg body weight / day)
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39}
©
~ 1e-09 1e-06 1e-03

Predicted Parental Exposure .

(@)] (mgl/ kg body weigh)lq;’1 daL;«) B
s
~

o

£

;; NHANES
—

5 LoD
w

(@]

Q.

>

L

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
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<EPA Putting it All Together

United States
Environmental Protection

Agency . . - 1

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 Potential

o . H df

High-throughput in vitro methods beginning to TO?(ZC?;S,[ \:\(,),tmh
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?eefrr]olran
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
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Predictions with Predicted Hazard
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<EPA

United States
Environmental Protection

Dashboard

<EPA iCSS ToxCast Dashboard

Choose a
starting point: Assavs

Assays - 821 2 ¢ Chemicals - 8161

i )
Assay Component Endpoint Name Actives Only ¥ All Tested

R R M SR SRS e

Gene Symbol

CASRN Chemical Name

50505-91-4 (+)-2.5-Dimethoxy-4-ethylamphetamine

hydroc hloride

50505856 (+)-2.5-Dimethoxyamphetamine

+  Tox21 AhR AHR

hydrochloride
Tox21_Aromatase_Inhibition CYP19A1 —
- - 24140-30-5 (+)-2-Methylbutyl-4-methoxybenzyladine-4'-
aminccyannate
Tox21_AutoFluor HEK293 Cell blus 152885-09-1 (+)-Epibatidine hydrochloride
133005-400 (+}-Metazocine fumarate (2:1)
Tox21_AutoFluor HEK293_Cell_green 124819.26.7 (+)-Pentazocine succinate
Tox21_AutoFluor HEK293_Cell_red 63903-74-2 (+)-Phenazocine hydrobromide
57.94-3 {+)-Tubocurarine chloride hydrachloride
Tox21_AutoFluor_HEK293_Media_blue 49570-63-0 (+)-alpha-Methadol hydrochloride
7785-70-8 (+)-alpha-Pinene
+  Tox21_AutoFluor HEK293_Media_green _
54-28-4 (+)-gamma-Toc opherol
Tox21_AutoFluor HEK293 Media _red 10373-78-1 (+)Campharquincne
112665-43-7 (#-)-7-(3.5.6-tnmethy|-1.4-benzoquinon-2-
+ Tox21_AutoFluor_HEPG2_Cell_blue yl}-7-phenylheptancic acid
159701-44-7 (-}(55.8R)-Lisuride
Tox21_AutoFluor HEPG2 Cell green 42011767 (-}-2,5-Dimethoxy-4-sthylamphetamine
hydroc hloride

+ I

Filters -0

Chemical Summary Assay Summary Bioactivity Help

Save Chart

# of Chemicals

Save Chart
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Preview Chart

histegram of all active chemicals for Tox21_AhR
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- Office of Research and Development
National Center for Computational Toxicology

¥ Show all downloads...

www.actor.epa.gov/dashboard/
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