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“EPA New Approach Methodologies (NAMs)

Environmental Protection
Agency

« Commonly defined to include in

New Aygiroah Methodologle Silico approaches, in chemico and in
e vitro assays, as well as the inclusion
= of information from the exposure of
SEPA i,  ~wie: | - Chemicals in the context of hazard
assessment.

MECHA

Strategic Plan to Promote the Development and Implementation of
Alternative Test Methods Within the TSCA Program

* Recently defined in the EPA's TSCA
Alternative Toxicity Strategy as:

« a broadly descriptive reference to any
technology, methodology, approach, or
combination thereof that can be used to

htps:ljesha.europa.euldocuments/ 015212261606/ provide information on chemical hazard

| _ and risk assessment that avoids the

https://www.epa.gov/assessing-and-managing- . .

chemicals-under-tsca/alternative-test-methods-and- use Of |ntact an|ma|S

strategies-reduce
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wEPA Toxicology Moving to Embrace 21st Century

United States
Environmental Protection
Agency

Methods

‘The National Academies of
SCIENCES + ENGINEERING » MEDICINE

USING |
21ST CENTURY
SCIENCE

TO IMPROVE
RISK-RELATED
EVALUATIONS
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https://www.nap.edu/catalog/24635/using-21st-century-
science-to-improve-risk-related-evaluations
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wEPA Use of NAMs in Filling Gaps in Hazard and Exposure

United States

Environmental Protection Information

Agency

Interactions.
with biological Cell response
molecules

* Use of comprehensive screening to inform hazard
characterization
» High- and Medium-Throughput Screening Assays
» High-Throughput Metabolism
» High-Throughput Transcriptomics & Phenotypic Profiling

Tissue and
organ response

« Higher Tier Adversity
« Organotypic Cellular Models
* Virtual Tissue Models

External Internal Target
Exposure Exposure Exposure

* High-throughput toxicokinetics
* In-vitro studies
* In-silico models and toolls
« Consensus multi-pathway modeling approaches (e.g.,
ExpoCast SEEM)
» Use of structure-based machine-learning QSAR models to
predict exposure information
* Functional use
* Exposure pathways

National Center for
Computational Toxicology




wEPA High-Throughput Assays Used to Screen

United States

sronmenta Protection (G h@micals for Potential Toxicity

> o

Hundreds High- | E888sa0008 Thousands 22222229
Throughput H o] of
ToxCast/Tox21 ::@ Chemicals
Assays 1
8 __/_ * Understanding of what cellular processes/pathways may be perturbed
4 by a chemical

* Understanding of what amount of a chemical causes these

Concentration perturbations

National Center for
Computational Toxicology



http://www.olympusmicro.com/galleries/abramowitz/pages/3t3cells1large.html

wEPA Innovations in Incorporating

United States
Environmental Protection

Xenobiotic Metabolism —

with biological

“Extracellular” “Intracellular”
Approach Approach
Chemical metabolism in the media or Chemical metabolism inside the cell in
buffer of cell-based and cell-free assays cell-based assays
More closely models effects of hepatic More closely models effects of target
metabolism and generation of circulating tissue metabolism
metabolites
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Integrated strategy to model in vivo
metabolic bioactivation and detoxification
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wEPA High-Throughput Transcriptomics

United States
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and Phenotypic Profiling

5 Compartments
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Requirements: Compactness Shape €
* Low cost « 384 well
* Whole genome * Automatable lllustrations from Perkin Elmer 1300
endpoints

(tcpl: “components”)
National Center for
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SEPA Application of High-Throughput Assays to

A — Identify Potential Endocrine Disrupting Chemicals
[ 18 In Vitro Assays Measure ER-Related Activity ] . Use mu|t|p|e assays-
per pathway
[ —Different
technologies
—Different points in
pathway
- Use model to integrate
assays

- Model creates a
composite dose-
response curve for

st T2 each chemical to

summarize results
from all assays

National Center for
Computational Toxicology




o Innovating in Organotypic Culture Models to
VEPA «r  Predict Tissue Effects —

How do we generate quantitative linkages from MIE effects to immediate key events in the thyroid DNT
AOP framework for hundreds of chemical “hits”?
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“EPA  Consensus Exposure Predictions

United States
Environmental Protection

with SEEM Framework

- Different exposure models incorporate knowledge, assumptions, and data
(Macleod, et al., 2010)

- We incorporate multiple models into consensus predictions for 1000s of
chemicals within the Systematic Empirical Evaluation of Models (SEEM)
framework (Wambaugh et al., 2013, 2014; Ring et al., 2018).
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EPA ToxCast Phase |
and Il Chemicals
|
v A
w J ) -

Human Liver = Human Plasma
Metabolism Protein Binding

v

Population-Based
IVIVE Model

ARAR

Upper 95 Percentile Css
Among 100 Healthy
Individuals of Both Sexes
from 20 to 50 Yrs Old

National Center for
Computational Toxicology

High-Throughput Toxicokinetic
Component

External Internal Target
Exposure Exposure Exposure

» Currently evaluated ~700 ToxCast Phase | and Il
chemicals

» Models available through “httk” R package
(https://cran.r-project.org/web/packages/httk/)

In Vitro Potency
Value

Administered Dose
Required to Achieve

P| Exposure — Steady State Plasma
asma

_ Concentrations
Concentration Route Equivalent to /In Vitro
\_/ Bioactivity
Reverse
Dosimetry

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
Wetmore et al., Tox Sci., 2015



https://cran.r-project.org/web/packages/httk/
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Results from High Throughput Assays Provide a
Conservative Estimate of Adverse Effects

_ ExpoCast POD

ToxCast (I?O_D;I'raditional POI:)EFSA POD\HC)

National Center for
Computational Toxicology
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International case study with EPA, ASTAR, ECHA,
Health Canada, and EFSA



United States
Environmental Protection
Agency

Group Chemicals by
Similar Bioactivity and
Predictive Modeling

Chemicals

Assays/Pathways

National Center for
Computational Toxicology

Provide Mechanistic
Support for Hazard ID

Carcinogenicity of perfluorooctanoic acid,
tetrafluoroethylene, dichloromethane, 1,2-dichloropropane,
and 1,3-propane sultone

In June. 2014, 20 experts from nine
countries met 3t the International
Agency for Rewach on Cancer

(ARC: Lyon, France) to ases: the

carcinogenicity of perfluarcactancic
acid  (PFOA).  totraflvorocthylene
(TFE),  dichloromethane  (DCM),
1 2-dichloropropane (13-DCP), and

with 12-DCP in thiz industry).
The working group considered the
rarity of cholangiocarcinama,  the
very high relstive rizk, the young
g of the patients, the sbence
of nonoccupational ik factars,
and the intensity of the expozure
az_indications that the ewresz of

strang evidence that DCM metabolizm
via  ghutsthioneStransierase  TL
(GSTTY) keadk to the formation of
resctive metaboliter, that GSTTL
activity @ strangly aszocisted with
genotaicity of DCM in vitra and
in vivo, and that GSTTL-mediated
metabolizm of DCM does occur in

Broad Success Derived from High-
Throughput Screening Approaches

Prioritization of Chemicals

for Further Testing

[ 18 In Vitro Assays Measure ER-Related Activity

ER Receptor

(Antagonist)

Carcinogenicity of tetrachlorvinphos, parathion, malathion,
diazinon, and glyphosate

In March, 2015, 17 experts from
11 countries met at the International
Agency for Research on Cancer (ARG
lyor, France) to assess the carcino-
genicity of the organophosphate
pesticides tetrachiorinphos, parathiorn,
malsthion, diazinon, and glyphosate
(tble). These ssessments will be

cell proliferation (hyperplasia in

rodents). Tetrachlorvinphos is banned
in the European Union. In the USA,
it continues to be wsed on animals,
including in pet fles colars.

For parathion, sssociations with
cancers in several tissues  were
observed in occupational studics,

The insecticides malathion and
diszinon were classified as “probably
carcinogenic to humans™ (Group 4]
Malathion is used in agriculfure, public
health, and residential insect contral.
It continues to be produced in
substantial volumes thioughout the
world. There is limited evidence in

Receptor (Direct
Molecular Interaction)

() mtermediate process

ERReceptor {j Assay
8inding )
(Agonist) . Noise Process

ERagonist pathway

Binding

ER antagonist pathway

[B) Dimerization w Interference pathway

Carcinogenicity of lindane, DDT, and
2,4-dichlorophenoxyacetic acid

In june 2015 76 experts from
13 countries met 3t the Intemational
Agency for Ressach on Cancer
(WARC: Lyon, France) to assess the
cainogeniclly of the Insecticides
Iindane and 1,11-trichloro-2,2-bis(4-
chiorophenylyethane (DOT). and the
herbiclds  2,4-ckhioraphenceyacetic

Immuncsuppressive effects that can
operats in humans.

The Insectickée DOT was classified
as *probably cannogenic to humans™
(Group 24). DOT was used for the
control  of Insect-bome  diseases
dunng workl War 2 subsequently
1t was widely applied 1o eradicate

blood or adipose taken In adulthoad:
howeves, the passible Importance of
early-life exposure to DDT remalns.
unesoived. Studles on nor-Hodgkin
mphoma and cancers of the liver
and testls provided limited evidence
In humans for the cardnogenicity
of DDT.

Cofactor
Recruitment

Cofactor
Recruitment
1

DNA

Transcription
Antagonist

Transcription Protein
Suppression Production

ER-induced g
Proliferation
Judson et al., Tox Sci. 2015
Browne ef al., ES&T. 2015
Kleinstreuer et al., EHP 2016

IARC Monographs 110, 112, 113



EPA Conclusions

Environmental Protection
Agency

- Incorporating new technologies and innovations in toxicology can more
rapidly and inexpensively screen chemicals for potential adverse biological
effects

- Incorporating dosimetry and exposure provides an important dose and
exposure context

- Uncertainty analysis of NAMs is an ongoing part of research and
development of these new technologies

- Data management systems and decision support tools will be increasingly
important for interpreting and integrating the expanding and diverse
landscape of chemical safety information for use in weigh-of-evidence
decisions

National Center for
Computational Toxicology
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Tox21 Colleagues:
NTP Crew
FDA Collaborators
NCATS Collaborators

EPA Colleagues:
NERL
NHEERL
NCEA

EPA’s National Center for Computational Toxicology
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Case Study on the Use of an Integrated Approach
to Testing and Assessment for Identifying Estrogen
Receptor Active Chemicals

Dr. Maureen R. Gwinn (gwinn.maureen@epa.gov)
U.S. Environmental Protection Agency

Office of Research and Development

Washington, DC

The views expressed in this presentation are that of the presenter and
do not represent the views and/or policies of the US Environmental
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Intended Application

The intended application of this IATA is for

—screening of environmental chemicals based
on their ER agonist activity

—determining whether further evaluation of
endocrine-related activity in higher tier in vivo

tests (e.g., female pubertal assay, two
generation reproductive toxicity study) is

needed

17



wEPA Purpose

To use a combination of 16 in vitro high throughput
screening (HTS) assays and a computational model for
estrogen receptor (ER) agonist activity, as an alternative
to low and medium throughput in vitro and in vivo tests

for ER activity.

MIE Key Events Adverse Outcome

Cellular
Organ Organism
=-85- -
Increased
. Increased ER .
ER Agonism L uterine
Activation R
weight
Receptor
dimerization/ Transcription .
protein activation TOrgan weight
stabilisation
ER Binding ERTA Uterotrophic
OECD PBTG493 [ OT_ER_ERaERa_0480,0T_ER_ERaERa_1440, CECERRIGEES OECD TG440

OT_ER_ERaERb_0480,0T_ER_ERaERb_1440, | _
OT_ER_ERbERb_0480,0T_ER_ERbERb_1440, ||
or EGFP_012 REGFP_048

Tox21_ERa_BLA

"_ERa_EREGFP_0120,0T_ERa_EREGFP_| ACEA_T47D
NVS_NR_mER 0, ATG_ERa_TRANS_up, ATG_ERa_CIS_up Tox21_ERa_BGlluc
) 18
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Overall Approach

Internal

|

External

}

ER High-Throughput
Screening Data

In vitro reference
chemicals

l

ER Pathway
Computational Model

E” OECD

In vivo reference
chemicals
Model Performance Y
Evaluation SR Y
L}
l \
[T} \.
Validated Model for S .
Chemical Screening L —

19



o EPA Equivalent Performance Observed for
7 Subsets of In Vitro Assays

Results of this analysis demonstrate that one could use one
of multiple subset models to accurately predict estrogenic
activity of a chemical.

Subsets of as few as 4 of the original |6 agonist assays have
acceptable performance against the full model, and the in
vitro and in vivo reference chemicals.

The acceptable subsets all have assays that:

— probe diverse points in the ER pathway
— use diverse assay reporting technologies

— use diverse cell types

Judson et al., Reg. Tox. Pharm. (2017) 20



Summary of Proposed Case Study

Outlines the curation of lists of reference chemicals for in vitro
and in vivo ER activity

Integrates results from multiple in vitro assays using pathway-
based ER computational model as an IATA

Evaluates performance of the IATA using the curated lists of
reference chemicals

Demonstrates equivalent performance for subsets of in vitro
assays

Characterizes the uncertainty associated with the in vitro assays
and computational model

Discusses potential application to regulatory decisions

21
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