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e Clear Objectives, Strategies and Deliverables

New Approach
Methods Work Plan

Reducing use of animals in chemical testing
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Five objectives for achieving the reduction goals while
ensuring that Agency decisions remain fully protective of
human health and the environment

o Evaluate Regulatory Flexibility

o Develop Baselines and Metrics

o Establish Scientific Confidence and Demonstrate Application

o Develop NAMs to Address Information Gaps

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



EPA Moving Forward with NAM Work Plan Deliverable
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s to Set Expectations for Alternative Models

The National SCIENCES searcH O
Accilerities of EMGIMEERIMG _

MEDICIME About Lis Events Chusr Whark Publications Toples Engagement Chpportunities
Variability and Relevance of Current Laboratory Mammalian swane £ o in =
Toxicity Tests and Expectations for New Approach Methods
(NAMs) for use in Human Health Risk Assessment

® About Animal testing is often used to evaluate the potential risks, uses, and environmental impacts of chemicals. L
Description Mew Approach Methodologies (INAMSs) are technologies and approaches that can potentially provide the
same hagard and risk assessment information without the use of animal testing. To further establish
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 MAMs based on the variability and
relevance of the traditional toxicity testing models,
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Mechanism of Action and POD/BER Estimation
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Selecting Cell Types for Phenotypic Profiling and

Transcriptomics to Maximize Biological Coverage

Public Gene Expression

Databases
e L L & e w8
I FEEE T B
= -:;CCL Cancer Cell Line
e g Encyclopedia
[ = T T

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

Harrill and Sipes, Unpublished
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Content Maximization

« Edge length = Euclidean distance
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Cell Line Subset Selection

Cancer Cell Lines

Derivation

Cell Line Organ Lineage

MCF-7 * Breast Cancer

CCD-18Co Fibroblast Immaortalized
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 CN5 Cancer
DM5-454 Lung Cancer
A-704 Kidney Cancer

Immortalized Primary Cell Lines

Cell Line Organ Lineage Derivation
HME-1 Breast Immartalized
AsSCS2telo Mesenclé:“ﬁal Stem Immaortalized
CHOMN-001 Fibroblast Immaortalized
Ker-CT Skin Immaortalized
HUVEC Vascular Immaortalized
TeloHAEC Vascular Immaortalized
TIME Vascular Immaortalized
RPTEC Kidney Immaortalized
HPNE Pancreas Immaortalized
HBEC3-KT Lung Immaortalized
HSAEC-1 Lung Immaortalized
RPE-1 Retina Immaortalized
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Gene Expression Similarity Matrix
with TempO-Seq
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» Maximize volume of
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Selecting Cell Types for Phenotypic Profiling and
Transcriptomics to Maximize Biological Coverage

“Next-One-Up” Cell Line Selection

Immortalized Primary Cell Lines

Cell Type

MCF-7
HepaRG_2D

u-20S Bone

Tissue Origin

Cancer Cell Lines

Cell Type
MCF-7
HepaRG_2D

Tissue Origin

U-2 0S Bone

BHY

HBEC3-KT Lung 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
Bl-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.8390.T Skin
HTB-9 Urinary Bladder
Cal-78 Bone
T47-D Breast
HOs Bone
HepG2 Liver
Hs-5 Fibroblast
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Cross-Species Factorial Assay

Evaluated
Compound
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The NR activity profile

EcoTox Factorial Assay

XS-2 Factorial Assay
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EcoTox Factorial Assay
Concordance Across Species (<1uM)
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Evaluating Cross-Species Sensitivity to Nuclear
Receptor Activity

XS-2 Factorial Assay

PPARY Log ACC
4
Rosiglitazone maleate Less
potent
Troglitazone 2
Triphenyltin chloride
i 0
Triphenyl phosphate
Tributyl phosphate
Zileuton More
potent
PPARa

Gemfibrozil

Fenofibrate

GR

Dexamethasone NaPO4

Prednisone

Butachlor
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Increased Scalability and Reduced Cost

Steroidogenic Pathway in H295R Cells L ) ) )
* Guideline H295R steroidogenesis assay (OECD 456) evaluates 17p-estradiol (E2)

Cholesterol 'ﬂg Pregnenalone L—lg?) 17e-0H Pragnenalone g DHEA and teStOSterone (T) SyntheSIS
”"mﬂ owis ﬂmm P Umm « ToxCast HT-295R assay evaluated 11 hormones including androgens, estrogens,
Pragesterons 17a-0H Progesterone m . . . . . .
* - ? ==Y Androstened progestagens, and corticosteroids using analytical chemistry methods and was time
“’"’“ﬂ ﬂ“’"‘ :?;:Hmﬂ f""”‘ﬂ and resource intensive.
11-Decxycorticosterone Deoxycortisol Testosterone Estrone

ﬂmumz ﬂ"’"““‘ ‘f““”ﬂ. ”"’”mﬁ . Tox(_:ast HT-295R assay perform_ed initial testing at si_n_gle cpncentration with limited

Comiematarone comiso iaatndiod replicates followed by concentration response on positive hits.
CYP1182

ﬂ » Adapting H295R assay to 384-well format using Homogenous Time Resolved

frosteron 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

An Estradiol Testosterone
o I 2.0+ 15+
‘ =3 Control = Control
By 154 3 Foskolin (10uM) 3 Foskolin (10pM)
e s - )R] - - 104
% N % H H
=4 =
5_
Via, 0.5+ H [I u '
o« i . . H —ait8 OECD H295R (Basal)
‘ I il 0.0 8 B ___=__ (OECD H295R (Basal) 0 =
J n I| '.I t ' 1 1 L} L} L] T T L L} L] L]
._./'I ' MEDIUM 5K 10K 15K 20K 25K MEDIUM 5K 10K 15K 20K 25K
o g —m A Cell Density (n=4) Cell Density (n=4)
Gy mnmmr prusiedy 0 FRET
Center for Computational Deisenroth et al., Unpublished
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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.

s o <« > » A custom cell-based NanoBRET assay was developed that demonstrates selectivity
TaeCasi HVE_NE_GAR - . -
——— — for 5%-reductase substrates and inhibitors.
TowCasl OT_AR_ARSAC] 0480 -
Toulas OT_AR_ARSECY 0000 - . . . . . pe . . ag =
T — > » Evaluation of ToxCast chemical library identifies putative inhibitors of enzyme
Toofast ATG_AR_TRANS up B T aCtIVIty
T2l TORH _AR_BLA_Agoewsl_sabo R S
- il TOOCH AR BLA _Astasoreil rass 'i—h‘
T3 TORCH _AR_LIUC_MOWET Agans -« =
Tem21 TooCH AR LUC MOAEHRT Antsgomsl “—h'
< > Preliminary Screening Results for 1803 ToxCast and E1K Chemicals

Customized 5a-Reductase NanoBRET Assay ol -

: [y
- _,_,_..-'—"'"'F Brslufrrascancs Fasonmncs P
= Eringy Traneder (BRET)
-Center for Computational "| T 1 4 £ & 7T B % 46 81 81 81 M4 M 06 (7 @ M9 I a2 De|senroth et a|1 Unpubhshed

Toxicology & Exposure e



<EPA Retrofitting In Vitro Assays with Metabolic

United States )
Environmental Protectior

Competence

“Extracellular” Approach “Intracellular” Approach
';_:}f-. — \ :::\.-_‘:- : \ :;-f \
| CYPaAd 'I - | oIl ! CYP. !

" B e B “’-:':r";-‘-— r

rHI B IEIRIE G Bl e

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
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=TT Estrogen Receptor Testing

AIME Estrogen Receptor ToxCast Toxboot Uncertainty Rank Metabolism-
Metabolism Assay Transactivation Assay Pipeline Quantification dependent Bioactivity
Metaboism Hegative = :: E' ': '- == " Me{amlsmﬂegnlvei - : E E z % J i E E : _' Iérg-: ril__
- T s i f x T
R e e i T s
S = Pl R . “:'m " Log Concentraticn (L) ::"‘IJ
Bicinactivation Bioactivation " : w
= Preliminary Analysis of 768 ToxCast Chemical Screen
. ;-"-‘7 » Application of Deisenroth et al., Toxicol Sci., 2020
2 £ * 11% of chemicals exhibit metabolism-dependent changes in
5 ER bioactivity. Most are estrogenic =+ metabolism.
» False positive and false negative chemicals represent 3.6%
of total chemicals screened.
3 » Profiles of predicted routes of biotransformation and
potential metabolites.
Deisenroth et al., Unpublished

AAUC AAUC
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Application of the Intracellular Approach to

ER Protein-Protein-Interaction Assay (ERPPI)

Estrogen
Receptor

J\
=
Binding Protein-Protein
Partner Interaction

AR Protein-Protein-Interaction Assay (ARPPI)

Androgen
Receptor

3

Binding Protein-Protein’
Partner Interaction

Toxicology & Exposure
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% 17B-Estradiol

% AR Inhibition

404

204

Preliminary Testing Results

Methoxychlor

-1 o 1
[chemical] (log10 uM)

Estrogen and Androgen Receptor Testing

Test Chemical

® B-gal

B CYP2AG
= CYP2C19
B CYP3IA4

B Bock Trans

B o RMA

fection

Test Chemical
| 20H-FLUT

" FLUT
=" FLUT
= FLUT
® FLUT
" FLUT

+ Bgal
+ CYP1A2 + R1881
+ CYP2D6
+ CYP3A4

Simmons et al., Unpublished
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Integration of NAMs and Traditional Data for
Prioritizing Large Chemical Inventories

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

L e
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Human Health-to-Exposure Ratio [ Relevant Studies and

Carcinogenicity
Genotoxicity
Ecological Hazard
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Persistence and Bioaccumulation
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Scientific Domain Metric
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veloeruation Avadabebty Mesnd

Center for Computational

» 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...

- 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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