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SEPA ToxCast / Tox21 Overall Strategy

United States
Environmental Protection

Agency

|dentify targets or pathways linked to toxicity (AOP focus)
« |dentify/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 =0 N i

. : BN i | A New Paradigm:

 High-throughput Risk Assessments &

¥ Activation of Toxicity Pathways

Bielogie
Inputs

TOXICITY TESTING IN THE 21ST CENTURY:
A VISION AND A STRATEGY, NRC, 2007.

Adaptive Stress Coll Morbidity
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S EPA ToxCast & Tox21:
\’U ited States 1 " I
come e C1EMICAIS, Data and Release Timelines

Agency

Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | |_| 293 | ~600 ~700 2011 Now
ToxCast Phase II | 767 | -~600 ~700 03/2013 Now
ToxCast E1K L 800 ~50 ~120 03/2013 Now
Tox21 |_| ~9000 ~80 ~150 In progress Ongoing
A Pesticides , antimicrobials, food additives, green alternatives, HPV, MPV,
~800 endocrine reference cmpds, tox reference cmpds, NTP in vivo, FDA GRAS,

FDA PAFA, EDSP, water contaminants, exposure data, industrial, failed drugs,
marketed drugs, fragrances, flame retardants, etc.

Assays

0 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/Iix @ Broad diversity of chemical-

use categories

Green Chemistry
Antimicrobials @ Large overlap with data-rich

Consumer In Vivo inventories

Water
Pesticidelnerts

PesticideActives | | 1329

Donated Pharmaceuticals | |

NTP InVivo | |
FDA CFSAN 94
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

Chemical Exposure

96-, 384-, 1536 Well Plates

Cell Population

LPS_TNFa
micro-TiO2_uncoated nfa_1000-5000 nm_UML

AC50 51| R 0.97] Top 545 | Eman: 528 Sloge: 1
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Target Biology (e.g., 0
o Estrogen Receptor) 8:"
~
) > 01 02 05 10 20 50 200 50.0
Office of Research and Development
National Center for Computational Toxicology Conc (ug/ml)




ToxCast Assays (>700 endpoints) =i

384-well plate

1536-well plate

Assay Provider :
/ \ ﬂiological Responsg ("Target Family )

ACEA
Apredica cell proliferation and death response Element
Attagene cell differentiation WIS T [ Assay Design \
BioReliance Enzymatic activity cyjcokmes viability reporter
BioSeek mitochondrial depolarization kinases A s ——
CeeTox protein stabilization nuclear receptor A
CellzDirect oxidative phosphorylation CYP4FO / ADME enzyme reporter
Tox21/NCATS reporter gene activation cholinesterase membrane potential reporter
NHEERL MESC gene expression (qNPA) phosphtases e ep——
NHEERL Zebrafish FEEEEHET BTG ' inducible reporter
NovaScreen (Perkin EImer) receptor activity XME rgsg‘:{zollsm \ P /

Odyssey Thera \ steroidogenesis )
\ Vala Sciences / \__ion channels _/

4 )
Readout Type /" species \ [  Tissue Source )

single human
. Lun Breast
multiplexed rat Live% Vascular gNPA and ELISA
multiparametric i
\_ p Y, mouse Skin Kidney Fluorescence & Lumlne§cence
Alamar Blue Reduction

zebrafish Cervix Testis )
(Cellformat ) | e s Mooy
cell free boar Intestinal ~ Spleen P § vatl
cell lines rabbit Bladder Ovary Spectro.phot.ornetry
primary cells cattle Pancreas  Prostate Hiigloazltm;[gc
complex cultures uinea pi an
g pig wﬂammatory Bony TR-ERET

\_ freeembryos /

List of assays and related information at: http://www.epa.gov/ncct/ 5




SEPA ToxCast Results: 1051 Chemicals X
T A— 791 Assay Readouts

Agency
ACEA: red Table 2 Top 20 most promiscuous chemicals®
AC50s
. . Chemical Name Total ==10pM =<=1pM
Apredlca' bIaCk Phenylmercuric acetate a0 47 20
Mancozeb 28 41 13
Gentian violet 86 51 5
Sodium dodecylbenzenesulfonate 82 19 0
‘ _IZ‘—\ A_I_J?:._ Tributyltin methacrylate 79 48 12
OT: blue RN U IR R A Tributyltin chloride 77| 45 9
ST R ; Mercuric chloride 73 45 14
ire LR LAY Perfluorooctane sulfonic acid 72 13 2
{4-[3-{aminomethyl)phenyl]piperidin-1-yl{5-[(2-
fluorophenyl)ethynyllfuran-2-ylimethanone
_ @) (pharma) 71 25 4
=5 Dodecylbenzene sulfonate triethanolamine (1:1) 66 7 1
@ | ssR241586 (pharma) 66 30 8
3. Emamectin benzoate 65 14 2
8 {4-[5-(aminomethyl)-2-fluorophenyl] piperidin-1-
. yl}4-bromo-3-methyl-5-propoxythiophen-2-

yl)methanone hydrochloride [pharma) 64 19 2
(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) 63 29 2
Maneb 62 31 16
55R150106 (pharma) 62 41 13
; Didecyl dimethyl ammonium chloride 62 30 2
Zamifenacin (pharma) &0 27 11
§SR125047 (pharma) 59 16 3
7 Metiram 56 16

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




SEPA ER Pathway Model

United States
Environmental Protection
Agency

M Receptor (Direct
Molecular Interaction)

Q Intermediate Process

ER Receptor
Binding
(Antagonist)

Dimerizatiorg\y/

Cofactor
Recruitment

Cofactor
Recruitment

Transcription

Antagonist
N1 Transcription Protein
Suppression Production

ER-induced

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



o ER LBD PCAs: novel tools for guantitatively assessing the
wEPA

bl 70 effects of estrogenic and anti-estrogenic compounds on
Agoncy estrogen receptor homo- and heterodimers
a;::;ﬁrm DMA binding Liglan:! _biHQEng
Domain structure of (AET) . Sneinion Teans-acivation (AF2)
Estrogen Receptor . IR — = —
NH2—AMB c D E F | COOH

Concept: Ligand binding domain of ER o and/or B fused to fragments of YFP

ER homo- and heterodimers display ligand-selective activity leading to a
unigue but overlapping set of dimer-mediated effects

2
o

(D ERo/pf LBD PCA
/ ERa /,3' ) ERB )
| LRD( Las 100 G
‘ﬁ A\ = 80
+ ER ligand j""ij S0 EC-50=8.7nM
T e c -
/ERa | ERB ) © 40
©
o

[ LBD / LBD/

1%107 0.01
17-p-estradiol, uM

O

All ER LBD assays performed in phenol red-free
medium containing 10% charcoal-stripped FBS.



EPA Example Data: Raloxifene & pB-estradiol

Environmental Protection

ERo:ERo 24 hr

OT_ER_ERaERa_1440, HITCALL : ACTIVE
Raloxifene hydrochloride (82640-04-3), Sample ID = TPOO00316G02
422
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| |
| |
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| |
| |
| |
| |
| |
2834 | |
I l
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ol 1 1
) |
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Concentration (uM)

- Office of Research and Development
National Center for Computational Toxicology



SEPA High Content Analysis of Estrogen Receptor

United States
Environmental Protection
Agency
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Binding to ERES

Macroscopic prolactin array allows for the visualization of full length
GFP-ER loading onto a genomically incorporated promoter in HeLa cells

+1

Stable cell line (in HeLa cells) expressing very low
levels of GFP-tagged full length ERa and an integrated
locus of many prolactin repeats (ERE)

GFP-ERa loads onto the array in response to ER
agonists and antagonists (typically at low nanomolar
concentrations), detected as a discrete spot (see image
above) in the nucleus

‘Number of Spots’ is used as the metric to quantify
responses to compounds in this assay

Assay detects both agonists and antagonists; post-
processing to differentiate mode of action is possible

Assay can also be formatted to quantify recruitment of
co-regulators (e.g. SRC-3



<EPA

United States

Environmental Protection

Agency

ACEA: Real Time Cell Growth Kinetics

Human T47D breast carcinoma cell line

— Estrogen-responsive ———
— Measured both increased and decrode T e,
decreased proliferation o ool

« Concentration-response testing i %

— 8 conc/3-fold serial dilutions -

— Duplicate wells U L ke
« Positive controls: E2 and MG132 e e e
- Real-time measurements during exposure |

(0-72 hr) b 4

« AC50s calculated for both increased and Cronyatachod ol

decreased proliferation using one time

point (80 hr)

Office of Research and Development
National Center for Computational Toxicology
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United States

Agency

Proliferation and Cytotoxicity Measured

Environmental Protection

10

Normalized Cell Index

0.037 ug/mL
0.11 ug/mL

0.329 ug/mL
0.988 ug/mL
2.963 ug/mL
8.89 ug/mL

26.67 ug/mL

80 ug/mL

=== Threshold for Activity (25% above Solvent Control)
= Mean Max Solvent Response
— - Baseline

20

T47D Human Mammary Cancer Cell Line

T
40

I I T
60 80 100

Time (hrs)

Office of Research and Development
National Center for Computational Toxicology

Proliferation
measured and
scaled to E2
positive control

Cytotoxicity
measured and
scaled to MG132

Parcent Activity

BEEBAY:

Parcent Activity

100 150

50

-50

15¢

100

50

E=11]

BABBAY: AEIDZ (ACEA T47D 80hr Positive)

HAME : Bigphencl B

CHID: 224432 CRSRM: T77-40-T7
BPID(5): TX20585%

L4TID: 1773708

0.01 0.1 1 10 100

Concentration (uM)

ARTD1 (ACEA T47D 80hr Negative)

I I I I
0.01 0.1 1 10 100

Concentration (uM)



SEPA Major them_e — all assays h_ave false
positives and negative

Environmental Protection
Agency

Much of this “noise” is reproducible,

Assays cluster by technology, l.e. it is “assay interference”
suggesting technology-specific non-ER
activity Result of interaction of chemical

with complex biology in the assay

Our chemical library is only partially “drug-like”

Meolecular Interaction)

-Solvents

-Surfactants

-Intentionally cytotoxic compounds

-Metals

-Inorganics ,
’&Rctcptarlﬂirctt

() Intermediate Process

Assay
Nois

=

e Process

13
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Efficacy - fraction(E2) Efficacy - fraction(E2)

Efficacy ~ fraction(E2)

80-05-7 : Bisphenol A

<
b

asm— |

T T T
1e+00  1e+01 1e+02

T
1e-01

1e-02

Concentration (uM)

68392-35-8 : 4-Hydroxytamoxifen

1.0

0.8

06

0.2
L

0.0

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

Concentration (uM)
10016-20~3 : alpha=Cyclodextrin

T T T
1e+00 1e+01 1e+02

I
1e-01

Concentration (ulM)

Receptor Score

Receptor Score

Receptor Score

04 06 08 10

0.2

0.0

02 04 06 08 10

0.0

02 04 06 08 10

0.0

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

- ~—
\
= . 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

Example Agonist,
Antagonist,
Interference
Chemicals

A‘
_ T T T T T
1e-02 1e-01 1e+00 1e+01 1e+02
Concentration (uM)
10016=20-3 : alpha~-Cyclodextrin
Agonist: 0 Antagonist: 0
4 vy
I I I I I
1e-02 1e-01 1e+00 1e+01  1e+02

Concentration (ul)

Assay Legend

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

- mouse ERa cell-free radioligand b:ndnn& NV
Ad: ERa-ERa protein complementation/FRET 8 hr (O %_
AS5: ERa-ERa protein complementation/FRET 24 hr (9]
: ERa-ERDb protein complementation/FRET 8 hr ( +
: ERa-ERb protein complementation/FRET 24 hr éO
: ERb-ERb protein complementation/FRET 8 hr ( T+
. ERb-ERb protein complementatlonJFRET 24 hr (OT)
A10: ERE chromatin binding (PCA/FRET) 8 hr OT

. ERE chromatin binding (PCA/FRET) 24 hr )

. ERa-TRANS reporter gene EATG
: ERE-CIS reporter gene (ATG)
: ERa beta-lactamase agonist reporter gene (Tox21)
: ERa luciferase=BG1 agonist reporter %ene (Tox21)
: T47D real-time cell proliferation (ACE
: ERa beta-lactamase antagonist reporter gene (Tox21)
: ERa luciferase-BG1 antagonist reporter gene (Tox21)

b
>

Receptor Legend

R1: Agonist Model

R2: Antagonist Model

Interference: cell-free radioligand bindin (NVSFL

R4: Interference: protein complemenlatlon& C;l’u}:r ET (OT)
RS: Interference: chromatin binding PCA/F

R6: Interference: RNA reporter gene agonist {A G}

R7: Interference: protein reporter gene agonist (Tox21)

R8: Interference: cell proliferation (ACEA)

R9: Interference: protein reporter antagonist (Tox21)

— 3

14




@ Moderate 17alpha-Estradiol
A . t @ Strong Diethylstilbestrol (DES)
gonis @ Strong 17beia-Estradiol
= @ Strong 17alpha-Ethinyl estradiol
™ gt vy vk @ Strong meso-Hexestrol
] — @ Moderate Estrone
s @ Weak Genistein
8al @ Weak Bisphenol B
s~ | Di-n-butyl O Weak Bisphenol A
? =] [ Weak Daidzein
g phthalate o Moderate 4-tert-Octylphenol
o ~— | @ Weak 4-Cumylphenol
- ﬁ ] Weak Salpha inydrotestosterone
g1 - - 1 @ Weak op-DDT
W02 -0l 100 101 w02 ) Very Weak 1?a1pha-hlelhyltestosterone
Comzpntration (M) [5] Viery Weak Aim enin
O Very Weak Me lor
] Very Weak Kaempferol
jo] Viary Weak Butylbenzyl phthalate
O Weak Kepone
@ Viery Weak Chrysin
[ ] Very Weak Ethylparaben
Q ery Weak p.p=DDE
@ Very Weak ~n~-Monylphenol
o Viery Weak enarimel
(] Very Veak Di-n- | phthalate
® Inactive Haloperidol
) R& x Inactive Spironolactone
@ RS x Inactive Reserpine
] Inactive Procymidone
@ Inactive Phenobarbital Sodium
[} Inactive Linuron
@ R9 x Inactive Ketoconazole
[ R8 x Inactive iydro:-cyﬂutamlde
a Inactive Flutamide
@ R2 x Inactive Cycloheximide
[] Inactive Corticosterong
] Inactive Afrazine
=] Vary Weak Dl&thylhexyi phthalate
@ R4 x Vary Weak Dicofol
. @ Active Raloxifene
Antagomst @ Active 4-Hydroxytamoxifen (E/Z)
@ Active Tarmoxifen citrate
@ | Aclive Tamoxifen
! Inactive Di-n-butyl phthalate
[ ] 4 Inactive Dicofol
] R1 Inactive Kepone
[ ] F1 »= Inactive Diethylstilbestrol (DES)
[ R1 = Inactive 17alpha-Ethinyl estradicl
[ ] R1x  Inactive Genistein
[ ] R1 x Inactive Bisphenol A
® R1 x Inactive Salpha-Dihydrotestosterone
@ R1 x Inactive Apigenin
] R1 x Inactive Butylbenzyl phthalate
@ R1 = Inactive
[ ] R1 x Inactive gp DDE
® R1 x Inactive esterone
[ ] Inactive hexyl phthalate
1 T 1 T 1
1e-02 1e-01 1e+00 1e+01 1e+02

AUC

Agonist Score

In Vitro Reference
Chemical Performance

0.8

0.4

0.0

Agonist Score (R1) vs. Reference Activity Class

i

[l
= N

T T T T T
Inactive  Very Weak Weak Moderate Strong

Activity Class

Judson et al., Tox Sci 2015




R Agonist. AUC

u.8

0.6

ER Agonist AUC

0.2

ER Agonist AUC vs Uterotrophic

Qutcomes

Markir

1 \
‘ Uterotrophic
® ® Inactive
% ® Active
OH
‘ HOO O
|
OH
OH O
\ Kaempferol »
B
‘ / I‘\1e\\5"/_1‘\\{)
o = J—
Q R |
W\
® D4
llllllllllllllllllllllllll l‘lIIlIIIIIIIIIIlIIIIIIIIIIIIIII%IIIIIIIII
0 20 40 60 80

Rank Order (ER Agonist AUC)

Browne et al., Environ. Sci.
Technol., 2015
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Office of Research and Development
National Center for Computational Toxicology

“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.”

17




<SEPA Public Data Access using ICSS
T Dashboard

I e e o ciogy www.actor.epa.gov/dashboard/

18



<EPA
measees - TOXCast/Tox21 Relevant Assays

Agency

« ER pathway assays (functional cellular and binding)

« AR pathway assays (functional cellular and binding)

« PR binding

« Aromatase inhibition (functional cellular and enzyme inhibition)
« T47D cell proliferation

« H295R cell steroidogenesis

« NRF2/ARE oxidative stress (multiple cell lines and formats)

- Office of Research and Development
National Center for Computational Toxicology
19



<EPA Breast Cancer-Relevant Gaps

United States
Environmental Protection
Agency

« Targeted Testing

— PR functional assay (existing hPR and bPR binding assay for ToxCast
chemicals)

— Others?

« Non-Targeted Testing
— Global transcriptomics
« pilot work in progress (SOT presentation)
« multiple cell types (to be determined)
« Multiple exposure times, multi-concentration
 NGS (RNA-seq) approach

« Phenotypic Screening
— Suppression of apoptosis
— Alteration of cell cycle
— Proliferation in physiologically relevant cell model

- Office of Research and Development
National Center for Computational Toxicology
20
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EPA Assay Nominations Welcome!

United States
Environmental Protection

Agency « Tox21 Assay Nomination Form:

+ Date:

* Name:

« Organization:

« Contact Information:

» Assay Name:

- Biological/Toxicity Pathway:
+ Relevance to Tox21:

- Critical Factors for Assay Success:
- Assay Technology:

e Assay Source:

e Assay Format:

- Reference Compounds:

- Validation Status:

- Estimated Major Costs:

Office of Research and Development
National Center for Computational Toxicology
21
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United States
Environmental Protection
Agency

Multi-Path Strategy for Retrofitting
ToxCast Assays with

Metabolic Competence

“Extracellular”
Strategy

|

Capable of metabolizing
chemicals in the media or buffer

of cell-based and cell-free assays
21222, =

=

l

More closely models effects of
hepatic metabolism and
generation of circulating

metabolites

“Intracellular”
Strategy

v

Capable of metabolizing
chemicals inside the cell in cell-
based assays

=,
=

l

More closely models effects of
target tissue metabolism

Integrated approach to model in
vivo metabolic bioactivation and

Office of Research and Development
National Center for Computational Toxicology

detoxification

Metabolic Competence

Project Group:
Steve Simmons (PI)

Danica DeGroot (Postdoc)



S EPA Progress on Retrofitting In Vitro
g Assays for Metabolic Competence —

Environmental Protection
Agency

Extracellular Strategy

Prototype lids constructed Alginate microspheres bound to
polystyrene posts

CYP Panel: Encapsulated Human S9 (10%) in DMEM/FBS

32 1A1/1B1 (CEE)
> 16 - 1A2/2C8 (ME)
CAD Drawings of First Generation 5 8 = 2C9 (H)
Plate Lids % 43 % 2C19 (H EGE)
=
Human liver S9 can be encapsulated in ; 2 : zzj E:\;i)EGE)
alginate and is metabolically active for 3 1
hours under typical cell culture § ] W 3A7(BD)

conditions 0.
2

- Office of Research and Development
National Center for Computational Toxicology
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<EPA Proof of Concept Studies

United States
Environmental Protection

Agency
— 15- 1. Pro-luciferin substrate (MW ~ 350) enters microsphere
% -~ Encapsulated S9 - R1 2. Metabolized by CYP3A4 to D-luciferin (MW ~280)
S — Encapsulated S9-R15 3 Must the microsphere to be detected
9 1.0
= - Demonstrates that small molecules and their
5 45 metabolites can freely diffuse through the microsphere
s pores
3 - Note that CYP3A4 inhibitor ketoconazole (MW ~ 530)
L 00 A 1 can also freely diffuse into microsphere inhibit reaction
[ketoconazole] log uM
2-Mercaptobenzothiazole Trimethylolpropane triacrylate
25 500
-~ no MA -~ no MA
20 = +359 400+ = +59
2 >
= 154 Z 300~ \
E g
= 10- = 200+ Stress response
LL LL
5+ 100- o
«— Cytotoxicity
C T T T T 1 O_
-2 -1 0 1 2 3 -2 -1 0 1 2 3
[cmpd] log uM [cmpd] log uM

- Office of Research and Development psing a CeII-b.as.ed stress rep.orter assay, we observe that the presence of S9
National Center for Computational Toxicology is often detoxifying (left), but in some instances enhances the toxicity of the
test compound (right)



S EPA EPA, NTP, and NCATS Soliciting Solutions

United States

svomenatoecion — frQM the Broader Scientific Community

Agency

The Metabolic Competence Challenge

HOME ABOUTY AWARDS GUIDANCE v EMTRY FORM

WELCOME TO THE METABOLIC COMPETENCE CHALLENGE

E LAUMNCHING THE METABOCLIC
\PETENCE CHALLENGE

The: Envdranmenial Proteciion Agency (EPA), The National Instituies of Healih [NIH) Natlonal Cemer for Advancing Translational Sciences
[MCATS), and It Mational Instiute fer Envirenmental Health Sclence (MIEHS) are pleased to announce the launch of the Metabelle Competence
Challenge.

Curranl toxiel iy testing methods wse a wide range of In vilre High-Thraughpul Screening (HTS) assays that olien lsck metabalic co-mpelence.
We're looking for Innovative lechnological solutions Lo retrofit these assays 1o allow both chemicals and thelr melabolite products to be
evaluated within exsting assay systems.

D yous heve @ solution that could AN this critical gap in environmental science and technology?

- Office of Research and Development
National Center for Computational Toxicology
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