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EPA The Release of the EPA NAM Work Plan Provided

United States

weme o Clear Objectives, Strategies and Deliverables

« Five objectives for achieving the reduction goals while
ensuring that Agency decisions remain fully protective of
human health and the environment

New Approqch o Evaluate Regulatory Flexibility

Methods Work Plan o Develop Baselines and Metrics

Reducing use of animals in chemical testing ] ] o . . .

U5, EviroliBeAlctection Agency o Establish Scientific Confidence and Demonstrate Application
Office of Research and De'.-'elopn:z-nt . .

Office of Chemical Safety and Pollution Prevention O Develop N AMS to Add reSS Informatlon Gaps

June 2020

o Engage and Communicate with Stakeholders
« Short- and long-term strategies EPA will use to accomplish
the objectives
« Specific deliverables and timelines linked with each objective

» Recognition that the EPA NAMs Work Plan represents a
snapshot in time and will evolve as EPA's knowledge and
experience grows

-Center for Computational
Toxicology & Exposure



EPA Moving Forward with NAM Work Plan Deliverable

United States
Environmental Protection

to Set Expectations for Alternative Models

The National SCIENCES sEARcH Q
Academies of ENGINEERING

MEDICINE About Us Events Our Work Publications Topics Engagement Opportunities
Variability and Relevance of Current Laboratory Mammalian suaRe f W In X
Toxicity Tests and Expectations for New Approach Methods
(NAMs) for use in Human Health Risk Assessment
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® About Animal testing is often used to evaluate the potential risks, uses, and environmental impacts of chemicals. = E:g‘;f_’;:i‘:dback on
Description New Approach Methodologies (NAMs) are technologies and approaches that can potentially provide the
Sponsors same hazard and risk assessment information without the use of animal testing. To further establish
Contact scientific confidence in these approaches, this study will review the variability and relevance of existing

mammalian toxicity tests, specifically when it comes to human health risk assessment. The goal of this
study is to to set data-driven and science-based expectations for NAMs based on the variability and
relevance of the traditional toxicity testing models.

Center for Computational
Toxicology & Exposure



wEPA EPA Developed an Operational Blueprint to Focus

United States
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and Facilitate Progress

+ DSSTox . Case Studies * In Vitro Assays (HTTr, HTPP,
_— TORCDGEAL TS 160 75 21797 + Chemical library * Reference Materials ToxCast)
T SOT‘T"“!:E’{"EY o et G s + Read across  Reporting Templates + Tiered testing

www tosci axdordjournals.on

* SAR/QSAR modeling » Organotypic models
+ Chemotypes » Addressing limitations
FORUM « TTC (metabolism, chemical space)

The Next Generation Blueprint of Computational . Statistical and Biologically-based
Toxicology at the U.S. Environmental Protection Agency Modeling

Russell S. Thomas,*" Tina Bahadori,' Timothy J. Buckley,* John Cowden,*
Chad Deisenroth,* Kathie L. Dionisio,* Jeffrey B. Frithsen,® Christopher M. o AO PS

Establishing
Confidence

Grulke,* Maureen R. Gwinn,* Joshua A Harrll,* Mark Higuchi,“ Keith A. [+7s)
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Todd M. Martin, !l Seth R. Newton,* Stephanie Padilla,’ Grace Patlewicz,* . [=]
Katie Paul-Friedman,* Katherine A. Phillips,* Ann M. Richard,* Reeder Sams,’ PraCtlce out h & = U rtai t‘v o S E E M
Timothy J. Shafer," R Woodrow Setzer,’ Imran Shah,* Jane E. Simmons," . utreac . ncertain
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. Wambaugh,’ Barbara A. ore,* an ony J. Williams . S
“Mational Center for C i h L LS. i tal Protection Agency, Research Triangle * Traln I ng Cou rSeS/ -'ig ° E NTACT
fk'!:‘runncgtz;rfrlf) Cnml‘liin;!:\ :rt’xposure REem'ch Lnbarmaryuuss tnvlwnmenm:r:r‘;c;:;:ir::niy VI d eos ; o TOXRefD B
Research Triengle Park, NC 27711, *Chemicel Safety for Sustainahility Nationsl Research Program, LS. (=%
Environmental Protection Agency, Washington, D.C. 20004, "National Health and Environmenta] Effects E
Lab v, US. Envi Fi ion Agency, ‘Triangle Park, NC 27711, 'National (=]
Center for Envi al 5. Envi tal ion ,Cindnnati, OH 45220, L
. N:onnl Risk Research LLI v, U5, _Pwtéﬂ mﬁfjt?ﬁonﬁgencﬁ. Ci:;nnm. OH
45220, and "'National Health and Environmental Effects Research Leboratary, US. Environments] Protection
Agency, Duluth, MN 55804
Mo whom comesponience sn 0l b aMmsed at MaSond Centr fbr Compuiaions] Tewkelegy, Ofice of Research and Development . ft‘ Af
:'.J;Smn m-;mrmdw o 09 T'W. Alexsndes Drtwe, Resom DrH0-D, Madl Code: D43.02, Researh Triangle Park, NC T7H. R (519 541154, ° HTTK assays (metabollsm, SO -a-re & ° EXpOCaSt
Diselaimer: Thell 5 & s a1 ved this article for publication The views . . . . .
et s o thoas o e thes ol o sty it fravimns o thaTLS P etmacts et Ay bloavallablllty, blndlng) Decision . NTA/SSA
o « Partition coefficients support Tools + CPDat/CPCat
The U5, Ervirenmental Protection Agency (TPA) is faced with the challenge of efficiently and credibly evahsating chemical . H e
o T e " HTTKR package » CompTox Chemicals » Product emissivity
iy o i * Multi-route models Dashboard
0 * Model verification (e.g., « RapidTox
Cvr) « Factotum
* In vitro disposition + ECOTOX

+ SeqAPASS

Center for Computational
Toxicology & Exposure
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Mahalanobis distance
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Agency

Cell Painting assay (Bray et al. 2016)

RNA +ER

Golgi + membrane
+ actin skeleton

mitochondria

Application 2:
Profile Comparison
for

Chemical Grouping &

MIE Prediction

Application of Cellular Phenotypic Profiling for
Mechanism of Action and POD/BER Estimation
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Il Bl BT m
‘ Biological similarity

17-Methyltestosterone | | t

(]

2,2-Bis(4-hydroxyphenyl3—1 ,1,1-trichloroethane ** n
-Androstene-3,17-dione

Bisphenol A ** | | |

Cyproterone acetate |

Danazol I

Testosterone propionate |
17alpha-Ethinylestradiol
7beta-Estradiol
2,2-Bis(4-hydrox rhengl)-1,1 ,1-trichloroethane ** | |
4-Z ,1,3,3-Tetramethylbutyl ppenol -
enol

Biological
similarity
1.0
0.9
08
0.7
=06
- 05
- - 04
- -03
0.2
- - 01
0.0
- - -01
- - -02
03
- - 04
- - 05
- 06
07
0.8
0.9
-1.0

target

VDR

[
A ||
Sh . . at\on
. sity Wz
e inten \oca te’(l“ur
e n
1300 features
Medroxyprogesterone acetate
Nleter?ng(one HE | | u
H H . H H jorethindrone
Application 1: POD and BER Estimation Frog
Bisphenol A dlglycldy_l ether
ofibric acid
Etoposide , o
DTXSID5023035 | 33419-42-0 | REF_ETOP . Pregnenclone carbonitrile
: 24 Rifampicin
1 all-trans-Retinoic acid
I AM580
= 11 1 Arotinoid acid
> Bexarotene
] 607 Ergocalciferol
+ g 04 1 itamin D3
2 2 1 B
o -1 o
E - 2 1 SERRE? BF; 998388535333 5283
% 5 401 ga2sk z Sogagiisacia 2285
] s ! 5o058 © ghulegs gza52agdse seco
g o 5 83¢%8  33daggs 887882338° a’s
= 3 9’8 Zgess = ag &
S 44 £ a5y g 88 3 s g
3 5 CEPE 3 ® 3
] z | o3 3 @ @
= 5- @ = ® 8
Wi X e
W o 8
[ 4 o> @
g
74 o o .
0 = e S ]
r T T T 17171 T T T T T 177 T TTTT1 l * 8 8; Nyﬁeleretal"SLAS DISC’ 2021 RAR
0.01 01 10 <8 e 29 3 3
concentration (UM, 3 3
(e T B S ; . - : . Nyffeler et al., TAAP, 2020

Center for Computational
Toxicology & Exposure
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Bioactivity-Exposure Ratio

Nyffeler et al., Unpublished.



EPA

Target Rank

United States
Environmental Protection

Agency
all-trans-Retinoic acid
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Application of High-Throughput Transcriptomics for
Mechanism of Action and POD Estimation

[p

> 1200 ToxCast Chemical
APCRA Case Study Chemicals

harmacological Reference Chemicals

Off target ToxCast hit most potent
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ToxCast POD (uM)

Harrill et al., Toxicol Sci., 2021

Harrill et al., Unpublished
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Public Gene Expression
Databases

S OCL

Cancer Cell Line
Encyclopedia

RESEARCH ARTICLE Open Access

An expression atlas of human primary cells:
inference of gene function from coexpression
networks

Neil A Mabbott™, ) Kenneth Baille, Helen Brown, Tom C Freeman™" and David A Hume”
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Harrill and Sipes, Unpublished

Center for Computational
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Selecting Cell Types for Phenotypic Profiling and
Transcriptomics to Maximize Biological Coverage

Cell Line Subset Selection

Cancer Cell Lines

Cell Line Organ Lineage Derivation
MCF-7 * Breast Cancer
U-20S* Bone Cancer
~ HepG2*  Liver  Cancer

DET] Immune Cancer

CCD-18Co Fibroblast Immortalized
NCI-H1092 Lung Cancer
DV-90 Lung Cancer
SET-2 Immune Cancer
BHY Skin Cancer
SK-MEL-28 Skin Cancer
KP-N-RT-BM-1 CNS Cancer
DMS-454 Lung Cancer
A-704 Kidney Cancer

Immortalized Primary Cell Lines

Cell Line Organ Lineage Derivation
HME-1 Breast Immortalized
ASC52telo Mesencl&z?al Stem Immortalized
CHON-001 Fibroblast Immortalized
Ker-CT Skin Immortalized
HUVEC Vascular Immortalized
TeloHAEC Vascular Immortalized
TIME Vascular Immortalized
RPTEC Kidney Immortalized
HPNE Pancreas Immortalized
HBEC3-KT Lung Immortalized
HSAEC-1 Lung Immortalized
RPE-1 Retina Immortalized




EPA

Harril

United States
Environmental Protection
Agency

with TempO-Seq

fiEr't

Purified RNA or Lysates

3 _RNA &

Detector Oligo Annealing —=
==

Excess Oligo Removal

Detector Oligo Ligation

PCR with Tagged Primers

«le *5*5"+*

Sample Tag 1

SamM._

v
Pool Library, Concentrate/Purify

Sequence

| and Sipes, Unpublished

Center for Computational
Toxicology & Exposure

Tissues

Bone
Breast
Neuro
Fibroblast
Skin
Vascular
Immune
Kidney
Liver
Lung

10EEOCONORO

Content Maximization

* Euclidian distance
used for edge length

* Maximize volume of
the hyperspace

Selecting Cell Types for Phenotypic Profiling and
Transcriptomics to Maximize Biological Coverage

Gene Expression Similarity Matrix

“Next-One-Up” Cell Line Selection

Immortalized Primary Cell Lines

Cell Type

Tissue Origin

Cancer Cell Lines

Cell Type

Tissue Origin

MCF-7 Breast MCF-7
Liver
HBEC3-KT Lung BHY Skin
hNP1 CNS C3A Liver
CHON-001 Fibroblast Detroit-551 Fibroblast
TeloHAEC Vascular KP-N-RT-BM-1 CNS
RPTEC Kidney DMS-454 Lung
Ker-CT Skin DV-90 Lung
ARPE-19 Retina SK-MEL-28 Skin
CCD-18Co Fibroblast BT-483 Breast
ASC52telo Mesenchymal Stem Cell PLC/PRF/5 Liver
BJ-5ta Fibroblast A-704 Kidney
HME-1 Breast Saos-2 Bone
HPNE Pancreas MG-63 Bone
TIME Vascular Huh-1 Liver
RPE-1 Retina Huh-7 Liver
HUVEC Vascular EFM-19 Breast
HSAEC-1 Lung AS49 Lung
Hs.839.T skin
HTB-9 Urinary Bladder
Cal-78 Bone
T47-D Breast
HOS Bone
HepG2 Liver
Hs-5 Fibroblast
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EcoTox Factorial Assay

GAL4-NR,
GAL4 RTU.

Evaluating Cross-Species Sensitivity to Nuclear
Receptor Activity

Cross-Species Factorial Assay

Evaluated
GAL4-NR,| ] Compound
GAL4RTU! @ j,
- .

GAL4-NR.| , ||
GAL4 RTU, ©,

L]
o :>%%?5

profiling

reporter RNAs

O

The NR activity profile

XS-2 Factorial Assay

NR Class Species NR Species Latin names
ER1 Danio rerio GR human Homo Sapiens
ERZa Fish Danio rerio GR african clawed frog  |Xencpuslaevis
ER2p Darnio refio GR rainbow trout Oncorhynchus mykiss
ER1 Amphibian Xenopus laevis GR :apane.se medaka Oryz.ias Ialtipes
ER2 Xenopus laevis GR Zebrafish Danio rerio
ER1 Reptilian | Chrysemys picta PPARa human Homo Sapiens
ER1 Avian Gallus gallus PPARa af_nr.an clawed frog  [Xenopuslaevis i
ERa Mammalian | Homo Sapiens E;ﬁ;a :ralnbow trout Onct_arhync_hus mykiss
ERp Homo Sapiens a apanese medaka Oryzps Igtlpes
AR Fish Danio rerio PPARa Zebrafish Danio rerio
AR Amphibian Xenopus laevis Egigg z;lr?::: clawed frog Q:nmoopﬁzglzciss
is —R;;d:ﬁu Gfg);.;ig]);;ﬂ;fa PPARg rainbow trout Oncorhynchus mykiss
T E——— ; PPARg japanese medaka Oryzias latipes
AR Mammalian Homo Sapiens PPAR Zebrafish Dani -
TR - Danio rero g ebrafis anio rerio
TRE Fish Danio rerio Eii: h;u_'nan — Qomo Sa::uen_s
— ) african clawed frog enopus laevis
TRo | Amphibian | Xenopus laevis RXRb rainbow trout Oncorhynchus mykiss
$S§ |_Reptilian_| Ggg;i"g: P’Gf"" RXRb ‘apane_se medaka Ow;ias Igtipes
IMammalian '0’_9”5 RXRb Zebrafish Danio rerio
F'-lF—'iBR o Hc;'no Sapiens ERa human Homo Sapiens
T 1S arnio reno ER1 Zebrafish Danio reric
PPARy Mammalian Nus muscgfus ER1 african clawed frog  [Xenopus laevis
PPARy Homo Sapiens AR human Homo Sapiens
PXR Mammalian Mus musculus AR Zebrafish Danio rerio

Center for Computational
Toxicology & Exposure

% Concordance

EcoTox Factorial Assay

Concordance Across Species (<1uM)
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XS-2 Factorial Assay

PPARy
Rosiglitazone maleate
Troglitazone
Triphenyltin chloride

Triphenyl phosphate .
Tributyl phosphate
Zileuton

PPARa

Gemfibrozil

Fenofibrate

GR

Dexamethasone NaPO4

Prednisone

Butachlor

Log ACC

Less
potent

More
potent



wvEPA Modifying H295R Steroidogenesis Assay for
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Increased Scalability and Reduced Cost

Steroidogenic Pathway in H295R Cells

» Guideline H295R steroidogenesis assay (OECD 456) evaluates 17B-estradiol (E2)

Cholesterol Cg Pregnenolone g 170.-OH Pregnenolone g DHEA and teStOSterone (T) SynthGSlS
3BHSD 3BHSD 3BHSD . .
ﬂ g cvp17 ﬂ » ToxCast HT-295R assay evaluated 11 hormones including androgens, estrogens,
Progesterone 170.-OH Progesterone /ﬁ . . . . . .
: : S5 Androstenedione progestagens, and corticosteroids using analytical chemistry methods and was time
o ﬂf”’“ ””””ﬁ C""”ﬂ and resource intensive.
11-Deoxycorticosterone Deoxycortisol Testosterone Estrone
ﬂcvpum/az ﬂcypm ‘-"”wﬂ mmﬁ » ToxCast HT-295R assay performed initial testing at single concentration with limited
Conticosterons Cortisol 17p-estradiol replicates followed by concentration response on positive hits.
— /
CYP11B2
ﬂ + Adapting H295R assay to 384-well format using Homogenous Time Resolved
Ald . . . .
oo Fluorescence (HTRF) to inexpensively evaluate E2 and T endpoints enabling full

concentration response testing with replicates.
Homogenous Time-resolved Fluorescence (HTRF) can

Rapidly Measure E2 and T concentrations Preliminary Basal and Induced Analyte Levels in 384-well H295R assay
i, 5 Estradiol Testosterone
& e !
. y i 2.0 15
‘ | = Control =3 Control
15 =3 Foskolin (10uM) 1 Foskolin (10uM)
Distant donorfaccaptar —:= NO FRET — — 104
% 1.0 %, H H
c 1=
il l
W, e : 0.5 H 0 H gt g ﬂ OECD H295R (Basal)
i H =
i 5 - E B - | - -
‘, & i /\ oo it—=t B = 8 __=_ orcp H295R (Basal) o =
_./ K MEDIUM 5K 10K 15K 20K 25K MEDIUM 5K 10K 15K 20K 25K

Cell Density (n=4) Cell Density (n=4)

Donaraccentar proximity — FRET

Center for Computational Deisenroth et al., Unpublished
Toxicology & Exposure




<EPA Development and Application of a Sa-Reductase
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Assay for Androgen Steroidogenesis

Data gaps for a Comprehensive in vitro AR Assay Battery ) ) ) )
» Target tissue androgen steroidogenesis (conversion of testosterone to

e dihydrotestosterone) represents an in vitro testing gap relative to in vivo testing.

Program Assay

SR b o D * A custom cell-based NanoBRET assay was developed that demonstrates selectivity
ToxCast NVS_NR_rAR <> . s
S——— -—> for 5%-reductase substrates and inhibitors.
ToxCast OT_AR_ARSRC1_0480 <>
ToxCast OT_AR_ARSRC1_0960 (—) . . . . . g . . . .
- 5 + Evaluation of ToxCast chemical library identifies putative inhibitors of enzyme
ToxCast ATG_AR_TRANS_up <—> aCtiVity.
Tox21  TOX21_AR_BLA_Agonist_ratio <>
Tox21  TOX21_AR_BLA_Antagonist_ratio >
Tox21  TOX21_AR_LUC_MDAKB2_Agonist >
Tox21  TOX21_AR_LUC_MDAKB2_Antagonist >
EDSP HERSHBERGER < > Preliminary Screening Results for 1803 ToxCast and E1K Chemicals

Customized 5a-Reductase NanoBRET Assay -

o & NanoLuc 94\’{1
Bioluminescence Resonance =304
Energy Transfer (BRET)
-(:enter for Computational i 2 3 4 6 6 7 & & 10 11 12 13 14 15 16 17 18 19 20 21 22 Deisenroth et a[_’ Unpub”shed

Toxicology & Exposure Prate



<EPA Retrofitting In Vitro Assays with Metabolic
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Competence

“Extracellular” Approach “Intracellular” Approach
r.roi T ! f. 1 1. I I ] 5
g 3 ‘ g * v CYP3A4 [ \ CYP2E1L ‘_ CYP... [ »
 IBIEIBIBIBIEIEIEIBIEiEIEN,

Metabolizing chemicals inside the cell in
cell-based assays

More closely models effects of hepatic metabolism More closely models effects of target
and generation of circulating metabolites tissue metabolism

I I
v

Integrated approach to model in vivo
metabolic bioactivation and detoxification

Chemical metabolism in the media or
buffer of cell-based and cell-free assays

l

Center for Computational
Toxicology & Exposure
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Estrogen Receptor Testing

Estrogen Receptor

AIME
Transactivation Assay

Metabolism Assay

Mietabolsm Megative - 1 5 Metabalsm Megaive |

Metabalsm Pasilive [

Bicinactivation Bioactivation

mmmmm

E i1 b n <

Chemicals

250 -200 -150 =100 -50 LY

AAUC

Center for Computational
Toxicology & Exposure
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300

Scaled Endpoint
ag 0.66

ToxCast Toxboot Uncertainty
Pipeline Quantification
3
fZ°‘" >
t-. ) l_[_|'_l_jﬂ.H 5
T ot Log Concentration (uh)

Concentration (UM)

Application of Deisenroth et al., Toxicol Sci., 2020

Application of the Extracellular Approach to

Rank Metabolism-
dependent Bioactivity
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Preliminary Analysis of 768 ToxCast Chemical Screen

11% of chemicals exhibit metabolism-dependent changes in

ER bioactivity. Most are estrogenic = metabolism.

False positive and false negative chemicals represent 3.6%

of total chemicals screened.

Profiles of predicted routes of biotransformation and

potential metabolites.

Deisenroth et al., Unpublished



<EPA Application of the Intracellular Approach to

United States

T Estrogen and Androgen Receptor Testing

Preliminary Testing Results

ER Protein-Protein-Interaction Assay (ERPPI) Methoxychlor
5 407 Test Chemical
'-5 B B-gal
s m CYP2A6
w » a = CYP2C19
o 207 = CYP3A4
~
- B Mock Transfection
R B noRNA
Estrogen Binding Protein-Protein
Receptor Partner Interaction 01
A 0 1
AR Protein-Protein-Interaction Assay (ARPPI) 100
g 754 Test Chemical
I& = ® 20H-FLUT
» o] = FLUT
= 504 -
c FLUT + Bgal
E B FLUT + CYP1A2 + R1881
<C 25- ® FLUT + CYP2D6
NS B FLUT + CYP3A4
o
Androgen Binding Protein-Protein
Receptor Partner Interaction 0-

A 0 1
chemical] (log10 uM
[ 1(log ) Simmons et al., Unpublished

Center for Computational
Toxicology & Exposure
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Integration of NAMs and Traditional Data for
Prioritizing Large Chemical Inventories

f@é b A*O

A Proof-of-Concept Study
Integrating Publicly Available
Information to Screen
Candidates for Chemical
Prioritization under TSCA

JQ/\%EPA
(3 EPA/600/R-21-106

| Chemicalsto be Evaluated

Human Health-to-Exposure Ratio Relevant Studies and
Carcinogenicity Information
Genotoxicity

Ecological Hazard
Susceptible Populations

Persistence and Bioaccumulation [
Skin Sensitization Skin/Eye Irritation

Modifying criteria

Scientific Domain Metric
(SDM)

Information Availability Metric

(1am)

& 5 POC notin TSCA 10/90
= |eTsCATO
TSCA 50
w Low Priority
o 9 - & High Priority
2 s
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Center for Computational
Toxicology & Exposure

0 20 40 60 80

Information Availability Metric

* Proof-of-concept study demonstrating integration of publicly available
information hazard, exposure, persistence, and bioaccumulation
information for a large number of chemicals.

» Evaluates chemicals based on both potential concern related to human
health and the environment and information availability.

* The study was intended to:

Be generally consistent with previous TSCA workplan process.

Provide a transparent and reproducible process for integrating available
information and identifying potential information gaps.

Increase efficiency and manage workload by focusing expert review on
substances that may have a greater potential for selection as high- or low-
priority candidates.

Create a flexible and sustainable process that can adapt to scientific advances
and continual generation of new safety-related information.

Organize the process into modular workflows that can be readily updated or
adapted to address scientific advances and prioritization needs under other
mandates.
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Take Home Messages...
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- The EPA NAM Work Plan and CompTox Blueprint provide strategic and
operational direction for research and translation of NAMs

- ORD is working on a diverse portfolio of research activities to meet the
address information gaps and build scientific confidence in NAMs

- Continued development and refinement of new technologies and analysis
approaches will help comprehensively evaluate potential toxicological effects
for both humans and ecological species

- Systematically addressing technical limitations such as a lack of metabolism,
testing challenging chemicals, and filling important information gaps will
enable important information gaps to be filled

- Partnering with regulators and national and international partners on proof-of-
concepts and case studies will increase confidence in alternatives and
accelerate application for a range of decision contexts

Center for Computational
Toxicology & Exposure
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