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NICEATM

National Toxicology Program Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM),
organized as an office under the NTP Division, part of NIEHS

- TR T
gart : o m "l National Toxicology Program
== N I I
= -
e >
= - A
% - 3
M ._,1‘}- - . i
> \ \“ ..-‘. : é = 3

- st ) 1 >

-~ iy i
d ‘g 4 ~ s
‘ y. t .'%"
UNITED STATES - .

Advancing Alternatives

- toAnimal Testing




Interagency Coordinating Committee on the Validation of Alternative Methods

ICCVAM

 Interagency Coordinating Committee for the Validation of Alternative Methods

* H.R. 4281 (106th): ICCVAM Authorization Act of 2000

* To establish, wherever feasible, guidelines, recommendations, and regulations
that promote the regulatory acceptance of new and revised toxicological tests
that protect human and animal health and the environment while reducing,
refining, or replacing animal tests and ensuring human safety and product
effectiveness.

9 Research Agencies
Agency for Toxic Substances and Disease Registry
National Institute for Occupational Safety and Health
National Cancer Institute
National Institute of Environmental Health Sciences
National Library of Medicine
National Institutes of Health

7 Regulatory Agencies
Consumer Product Safety Commission
Department of Agriculture
Department of the Interior
Department of Transportation
Environmental Protection Agency
Food and Drug Administration

Occupational Safety and Health Administration ? e L Department of Defense
\ - {3 Department of Energy

National Institute of Standards and Technology

Other participants include: NCATS , Tox21 Representatives



Interagency Coordinating Committee on the Validation of Alternative Methods

A Strategic Roadmap for Establishing
New Approaches to Evaluate the Safety
of Chemicals and Medical Products
in the United States

/

n : o

S| S
CEAN
-9- ?9’.‘, o“\ (ﬁl]

- N

January 2018

B

INTERAGENCY COORDINATING COMMITTEE ON THE VALIDATION OF ALTERNATIVE METHODS
dol:10.22427 /NTP-ICCVAM-ROADMAP2018




Tox21: From Assays to Pathways

I1]|

* |dentify targets or pathways linked to
toxicity/adverse outcomes

* Run corresponding high-throughput
screening (HTS) or in vitro assays on
thousands of chemicals

* Develop predictive systems models:
in silico/in vitro = in vivo

 Use predictive models (qualitative):
» Prioritize chemicals for targeted testing
» Suggest / distinguish possible AOPs

Use predictive models (quantitative):
» Screen chemicals for hazard o=\ , S
» Green chemistry design http //www ncats n|h gov/

NICEATM provides computational
toxicology and validation support to Tox21



Endocrine Project Workflow
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Endocrine Disruptor Screening Program

= Concern over environmental chemical disruption of endocrine
hormone signaling (e.g. reproductive and developmental
consequences, contribution to chronic disease, metabolic syndrome)

= Congressionally mandated, multiple EDSP testing tiers
= EDSP Tier 1 Testing: for the purposes of prioritization and screening,

identify chemicals with the potential to disrupt estrogen, androgen, or
thyroid hormone receptor signaling.

= There is a mismatch between resources needed for EDSP Tier 1
testing and the number of chemicals to be tested
 10-30,000 chemicals in EDSP Universe
« ~$1M per chemical for Tier 1
* 11 low-throughput & animal based tests
« 50-100 year backlog



L) Evolution of the EDSP

EDSP Chemical Universe '
10,000 chemicals
(FIFRA & SDWA)

EDSP List 2
107 Chemicals

c

EDSP List 1
s 67 Chemicals

New Approach: EDSP + Tox21 = EDSP21
« Pathway-based predictive models
« Multiple high-throughput in vitro assays
« Validate to replace selected Tier 1 screening assays



L) Evolution of the EDSP

EDSP Chemical L!nlverse EDSP List 2
10,000 chemicals 107 Chemicals
(FIFRA & SDWA)

HTS data for
3000
chem!ﬂs

\ EDSP List 1
- 67 Chemicals

New Approach: EDSP + Tox21 = EDSP21
« Pathway-based predictive models
« Multiple high-throughput in vitro assays
« Validate to replace selected Tier 1 screening assays
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New or Updated Test Methods

Validation: Fit for Purpose
OECD GD 34, Validation and International Acceptance of

EDSP Tier 1

Validation is a process by which the reliability and relevance of
a test method are established for a specific purpose.

For the purposes of prioritization and screening, identify
thyroid receptor signaling.

chemicals with the potential to disrupt estrogen, androgen, or

BETTER POLICIES FOR BETTER LIVES
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Validation: Performance Based
OECD GD 34, Validation and International Acceptance of
New or Updated Test Methods

Relevance and reliability should be characterized against
data generated with a list of reference chemicals tested

In the original method accepted by regulatory agencies.

Reference chemicals: Chemicals selected for use in the
validation process, for which responses in the in vitro or
are already known.

In vivo reference test system or the species of interest

BETTER POLICIES FOR BETTER LIVES
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Performance Based Validation Approach

Estrogen Receptor Pathway Model: Fit for Purpose

Toxicological
Sclenogg

Judson et al. 2015, Tox Sci: “Integrated Model of Chemical
- Perturbations of a Biological Pathway Using 18 In Vitro High
ehp.g%%wwm Throughput Screening Assays for the Estrogen Receptor”

PERSPECTIVES
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Kleinstreuer et al. 2015, EHP: “A Curated Database
of Rodent Uterotrophic Bioactivity"

Browne et al. 2015, ES&T: “Screening Chemicals for
Estrogen Receptor Bioactivity Using a Computational Model"
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Estrogen Receptor Signaling Assays
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ER Binding

Estrogen Receptor Signaling Assays

hERa || mER a || bER a

G

ER Dimerization

a/la [[alB || B/B

G

DNA Binding

8 hr, 24 hr

GFP expression

G

RNA Transcription
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hER a Trans || ERE Cis

G
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hER o/
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hER a Proliferation
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ER Binding

Estrogen Receptor Signaling Assays

hERa || mER a || bER a | Cell Free

G

ER Dimerization

ala || o/f || B /B HEK293T (Kidney)

G

DNA Binding

8 hr, 24 hr

GFP expression | Hela (Cervix)

G

RNA Transcription

2 hr, 8 hr

hER a Trans || ERE Cis | HepG2 (Liver)

G

Protein Production

hER a/f | VMCF7 (Breast)

%

hER a LBD | HEK293T (Kidney)

Proliferation

hER a Proliferation | T47D (Breast)
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ER Binding

G

ER Dimerization

G

DNA Binding

G

RNA Transcription

Estrogen Receptor Signaling Assays

G

Protein Production

%

Proliferation

hER a || mER a || bER a | Cell Free NovaScreen
ala || a/p || p/p| HEK293T (Kidney) | odyssey Thera
8 hr, 24 hr
GFP expression | HeLa (Cervix) Odyssey Thera
2 hr, 8 hr
hER a Trans || ERE Cis | HepG2 (Liver) Attagene
hER a/f | VMCF7 (Breast)
NIH-NCGC
hER a LBD | HEK293T (Kidney)
hER a Proliferation | T47D (Breast) ACEA
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Tox21/ToxCast ER Pathway Model

Combine results from multiple ToxCast in vitro assays

Orthogonal assays on pathway

S
1 1 e | ovine w Receptor (Direct
d I e re n e C n O O I eS ™ uman Molecular Interaction)
A2y iy
- () fiate Process
Frtnl | ) Inte ia 58
A3 e

 Different points in pathway e
= No assay is perfect — A
o Assay Interference e E eaupomen
° Noise Binding r,] i HINEing :I""'“\_ w
%a: é - : Loretes
= Use mathematical model to ﬁg
integrate assays L QW

= For each chemical, the model summarizes results from all
assays with a composite dose-response curve, which is used
to calculate an AUC relative to 17B-estradiol | ... ot a1 2015 Tox sc



Mathematical Model

A =

R; is the “true” efficacy which is unobservable

A; is the efficacy of the assay at a given concentration
Z I:ij RJ
j F links receptors to assays

Solve a constrained least-squares problem to

2 pred meas \ 2 S Tnimi :
s’ = Z(AI - A )* + penalty(R) m|n|m|ze.d|fference between the measured
: and predicted assay values

Apred c [1’ O]

Penalty enforces physical assumption

pena|ty(|§) —a 28R2 : that chemical will not hit many targets simultaneously
SR” + SR,
1 N conc
AUC, =—— % sign(slope) x R, (conc;)
conc i=1

AUC Summarizes results
normalized to positive control




Efficacy - fraction(E2)

Example curves

True Agonist

80-05-7 : Bisphenol A

o |

b

o |

o
1]
o

o | 8

(=] [2]
2
8
(=8

-+

=4 ]
L
@

o

o

o | (Rl [

o

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

Concentration (uM)

80-05-T7 : Bisphenol A

Agonist: 0.65 Antagonist: 0

1.0

0.6

0.4

0.0

Px

—

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

T
1e+01

Concentration (uM)

T
1e+02

Efficacy - fraction(E2)

True Antagonist

82640-04-8 : Raloxifene hydrochloride

82640-04-8 : Raloxifene hydrochloride

Agonist: 0 Antagonist: 0.97

e | CC— e |
e} i @© |
o o
o o
© | i 8 o |
=1 w o
g
< o
3 A B3
©
A =
o) o™
o =]
S 3 — e | e
2 i T T T T S T T T T
1e-02 1e-01 1e+00 1e+01 1e+02 1e-02 1e-01 1e+00 1e+01 1e+02

Concentration (uM)

Negative-Narrow Assay Interference

10016-20~-3 : alpha-Cyclodextrin

04 06 08 1.0

Efficacy - fraction(E2)

0.2

0.0

T
1e-02

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

Concentration (uM)

T
1e+02

Receptor Score

02 04 06 08 10

0.0

10016-20~3 : alpha-Cyclodextrin
Agonist: 0 Antagonist: 0.00022

T
1e-02

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

Concentration (uM)

Concentration (uM)



Performance-based Validation
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* In Vitro Reference Chemicals

— ldentified by ICCVAM and OECD using multiple validated
low throughput in vitro ER assays

— Forty chemicals total (28 agonists and 12 inactive)

* In Vivo Reference Chemicals

— ldentified by NICEATM from scientific literature search for
rodent uterotrophic data on 1800 ToxCast chemicals

— Data extracted and data quality reviewed based on
minimum guideline-like study criteria

— Forty-three chemicals total (30 active, 13 inactive)



ER Agonist Model Performance

In Vitro Reference Chemicals

"ERAUC
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True 25
Positive

True 12
Negative

False 0
Positive

False 3
Negative

Accuracy 0.95
Sensitivity 0.89
Specificity 1.00

Judson et al. 2015 Tox Sci




Rodent Uterotrophic Bioassay

Purpose
= Short term in vivo screen to evaluate the ability of a chemical to elicit
a biological response similar to that of natural estrogens

Principle
= Uterus is under the control of estrogens to stimulate growth
= Production of endogenous estrogens is prevented
- Ovariectomized (OVX)
- Immature (Imm)
= Uterus becomes sensitive to external estrogenic substances

Billon-Galés A et al. PNAS 2011
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Identifying In Vivo Reference Chemicals

Leverage existing in vivo
uterotrophic data

= Systematic literature search
of publically available data

Animal Model

OVX Adult Rat: OVX 6-8 weeks, 14
day post-surgery recovery

OVX Adult Mouse: OVX 6-8 weeks,

7 day post-surgery recovery

/ Immature Rat: Begin dosing
/ postn_atal day 18-21, complete (eg PUbMEd, SCOpUS)
Group Size s = |dentify chemical activities
Control groups: mlinimum three measured in ”guide“ne_
animals . . .
Treatment groups: minimum like” uterotro P hic studies
fi imal . . .
A = |dentify a subset of in vivo
et refe;e?ce c:emlc;als o
Lik ” ® / C IVQ cnemicals verli Ie.
3 Sille in >2 independent studies
Number of Dose

* Inactive chemicals verified
in >2 independent studies
(with no positive results in
any study)

Groups

viinimum o1 two aose dro

Dosing Interval
Dosing for minimum of three
consecutive days; must be
completed by PND 25 in
immature animals

Kleinstreuer et al. 2015 EHP



S

Identifying In Vivo Reference Chemicals

Literature Searches: HigFf:I-:jvel
1800 Chemicals

Data Review: 6 Minimum
700 Papers, 42 Descriptors, x2 Criteria

——— === R—

“Guideline-Like”

(GL)

Uterotrophic Database .
98 Chemicals Sglri‘:r'; 4
442 GL uterotrophic bioassays

In Vivo ER Reference Chem
30 Active, 13 Inactive

Browne et al. “Screening Chemicals for Estrogen Receptor Bioactivity Using a Computational Model” (ES&T 2015)
Kleinstreuer et al: “A Curated Database of Rodent Uterotrophic Bioactivity” (EHP 2016)

M. Gwinn, US EPA



Uterotrophic Reproducibility
Same Study Design (Immature Rat): BPA
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ER Agonist Model Performance

In Vivo Reference Chemicals

"ERAUC
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Browne et al. 2015 ES&T




ER Agonist Model Performance

In Vivo Reference Chemicals

"ERAUC
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EDSP Tier 1 Battery of Assays
Estrogen Receptor (ER) Binding

Rodent Uterotrophic *
Androgen Receptor (AR) Binding

Adopting Alternative EDSP Assays

Estrogen Receptor Transactivation (ERTA) *

Rodent Hershberger

Model Alternative Development
ER Model FY 2015
ER Model FY 2015
ER Model FY 2015
AR Model FY 2017
AR Model FY 2017
Aromatase STR Model FY 2017
Steroidogenesis (STR) STR Model 2017
Female Rat Pubertal ER, STR & THY Models FY 2018
Male Rat Pubertal AR, STR & THY Models FY 2018
Fish Short Term Reproduction ER, AR & STR Models FY 2018
Amphibian Metamorphosis THY Model FY 2018
FEDERAL REGISTER
The Daily Journal of the United States Government

June 19, 2015

FRL-9928-69
“Use of High Throughput Assays and
Computational Tools; Endocrine Disruptor

Screening Program; Notice of Availability and
Opportunity for Comment”
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Adopting Alternative EDSP Assays

EDSP Tier 1 Battery of Assays

Model Alternative Development
Estrogen Receptor (ER) Binding ER Model FY 2015
Estrogen Receptor Transactivation (ERTA) * ER Model FY 2015

Rodent Uterotrophic * ER Model FY 2015
Androgen Receptor (AR) Binding AR Model FY 2017
Rodent Hershberger AR Model FY 2017
Aromatase STR Model FY 2017
Steroidogenesis (STR) STR Model 2017
Female Rat Pubertal ER, STR & THY Models FY 2018
Male Rat Pubertal AR, STR & THY Models FY 2018
Fish Short Term Reproduction ER, AR & STR Models FY 2018
Amphibian Metamorphosis THY Model FY 2018
BIEC H A o icimion stuibmve mupims it pesibos TS
July2018

if ToxCast ER Bioactivity Model is not available

Level 2:

S modality: OECD TG 456, OPPTS 890.1200, OPPTS
890.1550, EU B.57

18493 WoJy eleq

Level 2:

A modality: OECD TG 458

3|qe|leAe aun:

=




United States

CompTox Chemistry Dashboard PA

https://comptox.epa.gov/dashboard

[
N Environmental Protection
\’ Agency

Product/Use Categories  Assay/Gene

See what people are saying, read the dashboard comments!
Cite the Dashboard Publication click here

Latest News

Read more news

May 10th - New release (3.0.8) bug fixes
May 10th, 2019 at 5:53:38 AM

An improved version of the CompTox Chemicals Dashboard {version 3.0.8) has been released (May 10th, 2019) to address a number of known bugs, including: (1) the
cytotoxicity threshold for the ToxCast summary data tab; and (2) the number of active assay counts between the ToxCast: Summary table and the ToxCast/Tox21 plotting tabs.
In the previously released version (March 2019), the Dashboard was showing the median cytotoxicity prediction in the ToxCast: Summary graph, rather than the lower bound on
“ the cytotoxicity prediction, as had been illustrated in previous versions of the Dashboard. The Dashboard should also now accurately reflect the number of active ToxCast hits in *
the ToxCast/Tox21 plotting tab. Thank you to the many stakeholders who have contacted us to inform us regarding how they use the Dashboard data and of issues they have

encountered.
L ]
((ED §7, .

R Discover. Connect. Ask.
g kY
g E About/Disclaimer ACToR Contact
%{“ Q; Accessibility DSSTox Help

5
K Pnuw"‘ Privacy Downloads

30
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Integrated Chemical Environment: ICE

Method Developers y.

Chemical Producers | | erence C
d _ ._::-‘ " g G
@

Risk Assessors

https://ice.ntp.niehs.nih.gov/ Bell et al. 2017 EHP

 Data integrator:
— Structured format designed for ease of use
— Allows access to data for multiple regulatory endpoints
— Query by CASRN or established reference chemical lists

— Flexible, exportable results

» Workflows:

— Property predictions, Chemical space characterization, IVIVE,
Mechanistic models, AOP mapping



Al
Ay

Integrated Chemical Environment: ICE

Run Search Clear

Select Assays

O ™ v

[ Union

v

4 Acute Oral Toxicity

Skin Sensitization

»
4 Skin Irritation
» Eye Irritation
- |¥| Endocrine
~ |¥| Androgen
4 in vitro
» ¥/ in silico
- |¥| Estrogen
4 in vivo
» in vitro
» (¢ in silico
» in vitro (all)

» ¥l in silico

¢
2

View Data Sets

Any
Any
Any
Any
Any
Any
Any
Any
Any
Any
Any
Any

SIS 1€ €€ [€ €IS [1€ (1€ 1€ ][€]]€

Any

@

Select Assay Target

Endocrine Pathway Models



Integrated Chemical Environment: ICE

Endocrine Pathway Models

Download Query Formulations ¢d | Number of chemicals = 1856. Showing 8 Endpoints.
T H ~- N -
Propofol 2078-54-8 DTXSID6023523 Inactive
Select Assays [ Diisopropyl phthalate 605-45-8 DTXSID2040731 33.053 Inconclusive
Triamcinolone 124-94-7 DTXSID1040742 30.386 Inconclusive
O ™ 7 Pyridoxine 65-23-6 DTXSID4023541 Inactive
~ 17alpha-Hydroxyp... 68-96-2 DTXSID6040747 0.365 Active

Select Assay Target Fandosentan pota... 221246-12-4 DTXSID5047249 Inactive

» [ | Acute Oral Toxicit _ Retinol nenm o nTveinannacen e

: I . "
gl SNRSEaSER O Endocrine Call Breakdown
’ Skin Irritation 2000 %
= 1855 1885
» || Eye Irritation 12 13:12 3
v ¥| Endocrine
~ [v| Androgen 1500
’ in vitro 2
3
» [+in silico & 1000
~ |¥| Estrogen S
o
_linvivo -
» | linvitro |
» (v in silico ‘ o) ” 7
0 o : H (151 i 7y |
¢ @) i i
in vitro (all) ER Pathway ER Pathway AR Pathway AR Pathway
» ¥ in silico Model, Agonist ~ Model, Antagonist ~ Model, Agonist ~ Model, Antagonist

M active M inactive M inconclusive



== In Vitro to In Vivo Extrapolation (IVIVE)

Applying physiologically based

pharmacokinetic models to use in vitro
experimental data to predict biological
effects in vivo

- D
p.o. k) Stomach ¥

' S
== Small intestine

In Vivo

—

-«
»>

Large intestine «
[ >

Pancreas | «— 1
Spleen <

»

Capillary Blood

v
Portal vein = r> Gall bladder

 — Liver - —
L >

Kidney W «———
L >

Tissue 4

Reverse Toxicokinetics:
PK/PBPK Models
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IVIVE for Quantitative Comparison

A Section 508-conformant HTML version of this article

Research gt

"ps//doiorg/10.1 1655.

Evaluation and Optimization of Pharmacokinetic Models for in Vitro to in Vive
Extrapolation of Estrogenic Activity for Environmental Chemicals
Warren M. Casey,” Xiaoging Chang,”™ David G. Allen,? Patricia C. Ceger,’ Neepa Y. Choksi,? Jui-Hua Hsieh,*

Barbara A. We ? Stephen S. Ferg ! Michael J. DeVito,! Catherine S. Sprankle,’ and Nicole C. Kleinstreuer’
'National Toxicology Program Division, National Institute of Environmental Health Scences, National Institutes of Health, Research Triangle Park, North
Carolina, USA

ﬁmegrsd Laboratory Systems, Inc, Momisville, North Carolina, USA
*ScitoVation, Rescarch Triangle Park, North Carolina, USA
*Kelly Govemment Solutions, Rescarch Triangle Park, North Carolina, USA

Backcrounn: To effectively incorporate in vitro data into regulatory use, confidence must be established in the quantitative extrapolation of in vitro
activity 1o relevant end points in animals or humans.

Ompecnive: Our goal was 1o evaluate and optimize in vitro 1© in vivo extrapolation (IVIVE) approaches using in virro estrogen receptor (ER) activity
1o predict estrogenic effects measured in rodent uterotrophic studies

MeTHoDs: We evaluated three pharmacokinetic (PK) models with varying complexities to extrapolate in vitro 10 in vive dosimetry for a group of 29
ER agonists, using data from validated in vitro [U.S. Environmental Protection Agency (U.S. EPA) ToxCast™ ER model] and in vive (uterotrophic)
methods. In vitro activity values were adjusted using mass-balance equations 1o estimate intracellular exposure via an enrichment factor (EF), and
steady-statle model calculations were adjusted using fraction of unbound chemical in the plasma (f,) 1o approximate bioavailability. Accuracy of each
model-adjustment combination was assessed by comparing model predictions with lowest effect levels (LELs) from guideline uterotrophic studies.
REsSULTS: We found little difference in model predictive performance based on complexity or route-specific modific Simple ad|

applied to account for in virro intracellular exposure (EF) or chemical bicavailability (f,). resulted in significant improvements in the predictive per-
formance of all models.

Concuusion: Computational IVIVE approaches accurately estimate chemical exposure levels that elicit positive responses in the rodent uterotrophic
bicassay. The simplest model had the best overall performance for predicting both oral (PPK_EF) and injection (PPK_{f,,) LELs from guidehne utero-
trophic studies, is freely available, and can be parameterized entirely using freely available in silico tools. hups://doi.org/10.1289/EHP1655

In vitro ER activity Bioactivity in

Efficacy - fraction(E2)
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IVIVE for Quantitative Comparison
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wEPA OECD IATA Case Study

Use a combination of in vitro high-throughput
screening assays (as few as 4 assays) and
computational model of estrogen receptor (ER)
activity to serve as an alternative to low- and
medium-throughput in vitro and in vivo tests.

Key Events Adverse Qutcome
Cellular rga .
Organism Population
Response . ‘ - & . S
(e ‘2
?‘e‘\e‘ ‘{\ (:b\(’ e\e Q\e—\e \(:a
&® d‘e 5©
: Increased ER o
ER Agonism = Scthation —> Increased uterine wt —> —> —>
ER Binding ERTA Uterotrophic

Toxicity Pathway

ER model — M. Gwinn, US EPA




o) CERAPP: QSAR Modeling

Far too many chemicals to test with standard
- .| animal-based methods or even in vitro HTS

So=-o-—-- .0 10,000 chemicals o be tested for EDSP, >50,000 for TSCA

— Fill the data gaps and bridge the lack of knowledge
— QSAR models trained on ToxCast ER pathway data

(Q)SAR

(Quantitative) Structure-Activity Relationship

Alternative

R i o e R Tl A i _ﬂjw%‘; == e S IN SILI C 0

CERAPP ©

Collaborative Estrogen Receptor

PERA

PEn (g)saR App

Activity Prediction Project https:/github.com/NIEHS/OPERA

Mansouri et al. EHP (2017)



02 Automating Reference Data Identification

» Project with Oak Ridge National Labs
(ORNL) and FDA CFSAN to apply

text-mining (NLP) approaches & ML
to identify high-quality data

« Semi-automated retrieval and
evaluation of published literature
(trained on uterotrophic database)

« Apply to developmental toxicity
studies (with ICCVAM DARTWG)
» Define literature search
keywords, identify corpus
« Extract/characterize study
protocol details from regulatory
guidelines: minimum criteria
* Apply ML algorithms to identify
high-quality studies, expert check
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