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« Commonly broadly defined to

New Aygiroah Methodologle iInclude /n silico approaches, in
e chemico and in vitro assays, as well
—) as the inclusion of information from
SEPA i,  ~wie: | the exposure of 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 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

National Center for
Computational Toxicology



https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/alternative-test-methods-and-strategies-reduce
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/alternative-test-methods-and-strategies-reduce

wEPA Toxicology Moving to Embrace 21st Century
EQ\Lti?gn?rEn%tr?fal Protection M et h Od S

Agency

Interactions ‘Outcome:
External with biological Cell response Tissue and Organism and
Exposure molecules organ response population
response
e .

Pharmacokinetic models Computational Models Y

USING | —
21ST CENTURY Docking models
SCIENCE e
TO I M P ROVE !E Read-across and structure-activity-relationship ::::]::i“l: — SAR Models
RISK-RELATED i -
EVALUATIONS £ > =

ﬁ 7 Pharmacokinetic studies Assays and other studies

E Cell-free :Imm -

\ Studies in genetically diverse integrated systems and molecular epidemiology y

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
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Interactions.
with biological Cell response
molecules

* Use of comprehensive screening to inform hazard
characterization
« High-Throughput Transcriptomics
« High-Throughput Phenotypic Profiling
* High-Throughput Metabolism

Tissue and

« Higher Tier Adversity
« Organotypic Cellular Models
* Virtual Tissue Models
» High-throughput toxicokinetics
* In-vitro studies
* In-silico models and tools

External Internal Target
Exposure Exposure Exposure

» Use of structure-based machine-learning QSAR models to
predict exposure information
* Functional use
* Exposure pathways
« Consensus multi-pathway modeling approaches (e.g.,
ExpoCast SEEM)
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wEPA High-Throughput Assays Used to Screen
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> 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
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Gene Coverage

B ToxCast
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= ToxCast
Thousands of chemicals Multiple Cell Types
Pathway Coverage* ?ﬁ
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Requirements:

* Low cost + 384 well
« Whole genome » Automatable

*At least one gene from
pathway represented
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< EPA High Throughput Phenotypic Profiling (HTPP)
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wEPA Innovations in Incorporating
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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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Interactions
with biological

molecules

Acute
18

Microelectrode Array (MEA) Assays

[ Decreased MFR + Cytotoxic
Bl No Effect

16 microelectrodes/well; Cortical Neurons.

Total=1056 g, kiand et al, Archives of Toxicology. 2018. 92, 487-500.

+ Screened 1056 ToxCast Compounds
« Screening APCRA Compounds
* Plans to screen TSCA Compounds

Network Formation

. ontaneous Activity in networks o W} N |
poiceermp U o i A

|
+ 9 !‘ ||$$
« Acute exposure or exposure during
Screened ~300 Compounds

1w 6o

;HJ} Lo

1sng A OMQ U v 1dBuddil o 0SOTUN

Network Formation (developmental .

neurotoxicology (DNT))
Medium Throughput (48-well plates)

National Center for
Computational Toxicology

* Identifies >74% of DNT compounds

* Network Formation is a very sensitive endpoint for
some compounds compared to other ToxCast
Assays.

* Frank et al., ToxSci, 2017; Toxicol Appl Pharm,

2018.
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Zebrafish Model for Developmental

Fi. 41 Comparisons of embryos in three different stages of evolution. Ernst Haeckel, The
Evolurion of Man: A Popular Exposition of the Principal Points of Human Ontageny and Phylogeny

Screening hundreds of chemicals for
developmental toxicity
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Models to Predict Tissue Effects

3D Microtissue Model of Primary Human

Thyrocytes

Tissue and

Hoechst Phalloidin Merge

Thyroid hormone is synthesized and secreted
2D over time in a 3D culture model
A B
2D: T3 3D: T3
2000 2000
1500 1500
- 2D MED -+ 3D MED
1000 - TSH-OmU 1000 %:‘ - TSH-OmU
- TSH-1mU - TSH-1mU
500 - TSH-5mU 500 -+ TSH-5mU
3D —
"o % w1 1 0 12 14 18 18 20
Day Day

paimi
pa/mi

c 2D: T4 D 3D: T4
8000 8000
Thyroglobulin secretion is enhanced over time in a 6000 6000
-»- 2D MED - 3D MED
3D culture model E o « TSH-0mU E o - TSH-OmU
o o
2 - TSH-1mU a -+ TSH-1mU
A B 2000 - TSH-5mU 2000 \\‘ - TSH-5mU
2D: Thyroglobulin 3D: Thyroglobulin
[ S
800 4000 0 T T T T T T 0 T T T T T T
10 12 14 16 18 20 10 12 14 16 18 20
st0 -= 2D MED 1000 = 3D M Day Day
_ - TSH-0mU _ + TSH-
%, 400  TSH-1mU .En 2000 = TSH-1mu
£ — TSH-5muU e —— TSH-5muU
200 \ 1000
2 4 6 8 2 4 5 3
Day Day
National Center for C. Deisenroth, Unpublished
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SEPA Developing Virtual Tissue Models to Simulate
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s Tissue and Organ Development and Function

Tissue and
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Leung et al., Repro Toxicol, 2016
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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/

“EPA  Consensus Exposure Predictions
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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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/ E
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Inference £
Dataset 1 =
deia Model 1 ‘ Joint Regression on Models
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Evaluate Model Performance iy

and Refine Models

Integrating Multiple Models
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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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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
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- 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

- Comparisons of high-throughput in vitro results with traditional animal tests
suggests that the in vitro results generally provide a conservative estimate of in
vivo effect levels for general toxicity

- 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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