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Lack of Toxicity Data

Agency

Toxicity Testing

Strategies to Determine
Needs and Priorities

Steering Committee on ldentification of Toxic and Potentially Toxic
Chemicals for Consideration by the National Toxicology Program

Board on Toxicology and Environmental Health Hazards
Commission on Life Sciences

National Research Council

- Major challenge is too many
chemicals and not enough
data

- Total # chemicals = 65,725

« Chemicals with no toxicity
data of any kind = ~46,000

NATIONAL ACADEMY PRESS
Washington, D.C. 1984

The Toxicity Data Landscape for Environmental Chemicals
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Cost
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$1,000
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Address These Challenges?
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Systematically addressing limitations in
alternative test systems

Continue putting results in a dose/exposure
context

Characterize of uncertainty

Emphasize development of computational
models to integrate experimental data

Deliver of data and models through
decision support tools

Translation of results through regulatory
focused case studies
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Biological Coverage
(Gene Basis)

|

Bl ToxCast

Not in
N ToxCast

Metabolic
Competence

National Center for
Computational Toxicology

Chemical Coverage and
Specific Chemical Types
(e.g., VOCs)

Organ and Tissue
Responses
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Systematically Addressing Limitations

In Alternative Test Systems

High-Throughput Transcriptional and
Phenotypic Profiling
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ngh Throughput Tr neonvintioanal and A\ W7 aVall \ WA o 4 =l \AJ 4 [ - Iy
Phenotypic | » Whole transcriptome — .- .
» Low cost % ! ? First 343
id chemicals
A » 364-well cell lysate x .
E }w Sy, * Performance confrols & 2 oo
Whole Genome 4 " /‘#?J | E'a':h []latE‘ "E E
Transcriptomics & Analysis Crntaniralon Responss ﬂ“:_r g
i . o 05- H
: = 2,000 chemical = -
o E -
- = screen £ “
LI — g . (=]
* First cell type (MCRF7) ©
. L]
= & point conc L B
response g 0 — — — — !
_ 0.0+ o 1000 2000 3000
*N=3reps Number of CRGs
Assay Retrofit Estrogen Mitochondria  Prolein-Reactive Vmal Anti-Estrogen  Steroidogenesis Ppara
1.00- & & & . @8 s &
Extracellular - B | BN Media
: 075D . o . P z . . * DMEM
3 — ) =% i y » -
0.50- -l - i * PRF.DMEM
0 & gt
0.25- | = . Media_Measure
. . + DMEM_BA
E Antli-Androgen Chaolesteral Triazene lon-Channel Thyrokd Pparg Ppo *~ DMEM_Sn
1.00- i " & i = PRF.DMEM_BA
1% o Grms - creaa f— — A ¥ + PRF.DMEM_Sn
; l'| 75 - ),
100 & - - L - . - s =
g 050 - a4 r H . a H H . H Value_Type
g * N ] 1 — Balanced Accuracy
. 0.5 . DN N DN BN Sensitrity
o 1 2 3' : 5 ] i i i i 1] (] ] [ i i i i i i i i 1] [ [ i
Haurs 6B 12 246 12 2486 12 246 12 246 12 2486 12 2486 12 24
Time
National Center for

CUMaApuTratuorT Witim UTTITCVTT

Computational Toxicology



<EPA Systematically Addressing Limitations

United States
Environmental Protectior N

Agenc 3
o In Alternative Test Systems
High-Throughput Transcription Image Analysis of 1669 Endpoints

Phenotypic Profiling compartments.  channels parameters:
2 cell types: U-2 OS / MCF7 » nuclei (organelles): * intensity
- | 384-well plates = rnng * DNA » texture
v, : * cytoplasm * RNA * morphology:
y: XL; e 16 chemicals » membrane *ER - symmetry
Whole Genome " Imaging & Analysis . R o
ranscriptomics & Analysis " < 7 concentrations (3 | units) | *cell * AGP (actin - compaciness
U -.._p &A_ s Concentration Response ) = s ( GQH} ) SkE|EtOﬂ j|' GOI‘Q'J‘I _ axial
| plasma - radial
P~ 3 independent experiments membrane) - profile
o " » mitochondria
TN RNA EESSERES  Ace
] s
T o) T
d s i i l ;ﬁ:ixx I:EETF?.MF?
Assay Retrofit for Metabg R e
Extracellular Intrace Sovbas (100U -UCF7

Sezeradin {100uM) - U205
Matocicpramad | 100uM) - U205
Sorbtnd | 100uld) - UH0E
uniremed - U208
MHPPD [ 100wl - U20S
Matasizparmiata { 100U} - MCFT
MPPD [ 100ukd) - MCFT
unireated - MCFT
Sacchann {100ul} - MCFT
| | Oubendarcle (0.5uM) - MCFT

Pistiraziig | 10l - MCFT

J Fenbaradarols (0 Buld] - MCFT

(I T !

| Blotencna {1ubl) - U205
Fenberdazols (0.6ull) - UGS

Tawd {00050l - U205

. I | | | | ||] Cxisndnzcis (0 Sub) - L20S
| Ill Arngarcoicn {10uM) - U205
. Flupbanaziog (1) - V2GS
150 —& CYP1AZ -* CYP2CY o Bgal v
- CYPIB6 -+ CYP3A4 » crpiaz Tetrandrieas [2.50M) - U20%
A cypiag | [ ] | Tetrandriees [2.50M) - MGFT
Liver.mix | Ca-0T4-Ma (Tub) - U205
> % III | [ ] 1 L] Bl D Erccosda 40 3uM) - U20S
S 1| | Latruncusin B (1. Suld] - V2GS
3 | Eloposate {3uM) - MGFT
S
S w See Johanna Nyffeler Poster
8
: FBS
/
[l g .
Hours 0 L3 28— 4 1
-2 1 0 1 2

Concentration (log uM)

National Center for Collaboration with Unilever

Computational Toxicology




<EPA

United States
Environmental Protectior
Agency

Systematically Addressing Limitations
In Alternative Test Systems

High-Throughput Tra
Phenotypic H

E (
Whole Genome .

Transcriptomics & Analysis

NL(/

/‘,.L:,-a ~

Concentration Response

Assay Retrofit
Extracellular

150 -& CYP1AZ -% CYP2CI

' '_'*"'-*f1

2

g

% 17p-Estradiol

04 T T
-8 -T 6 -5

Log Methoexychlor (M)
-4 Active 59 - Empty Microsphere

-+ Boiled 39 - 37C Inactivated

4~ CYPZBE -4 CYP3A4

National Center for
Computational Toxicology

-» No AIME

CYP1AZ

gt

- M
-

- R

- 0TS EM
[ Jehcr-Jrit]
- 01ETS i
- C.05ETE LM

RLV
RLU

2
- O3 m

- TS
- OOESTS M
. 0042875 MM E o
B 0021438 M
- 001071 M
[ =t
m— COERRE

BN PO 00

CYRIET

150000
[t

-

- L5

. 0TS

= 037E M

. CETE M

. C.0EITE M
& W G.O4EETE

10800,

s

CYPIAT AZ

pacac.
- G

-3

- 1R

- 0T

- 0ITE M
- C1ETS i
- 005ITE i
. O.04EATE

L0,

EQpain

EC50 )
EC50 Potency Shift
m (uM)

Active 59 0.71
Heat Inactivated 59 6.8
No AIME 4.98

96
7.0

J8d4-Well ?E:? EC50 Potency Shift

Active 59 1.2
Heat Inacfivated 59 159 132
No AIME 3.1 4.2

DeGroot, Simmons, an

d Deisenroth, Unpublished

& CYPIAA
#* Liver.mix

®
3

% Cytotoxicity

Concentration (log uM)

Collaboration with Unilever

et [T

FBS

| —




“EPA Systematically Addressing Limitations

United States
Environmental Protectior

In Alternative Test Systems

ngh-ThroughpUt TranSC”F CYP3AL Metabolism ot TST CYP2DE Metabolism ot DEX C¥P2CY Metabolism of DCF

Phenotypic Profiliy ~\ .
Sl = i |

B e D - : ‘:——

iﬁ{ w G 4 High Con 7N ', i N - - —— ',

Pyt
™, b r
o Imaging & A CYPZEL .‘ (.m“ s s u-w“f":.m‘ o

Ildlll

Whole Genome
Transcriptomics & Analysis

mm*‘

Concentration Response 3 \
, Methoxychlor

[}

Aflatoxin B1

mRNA  ACSS jsll)

= i . Bgal 2034
- H CYP. l cPzes w020
: f CYP2C19 83

CYPIAL 1224

& g ® 8ol

E = Bgal 2 . CYPRas

g “ - creaa = & CYPIC1a
2 = CrPAs B

; * Liver_mix 2 ® crPaas

Assay Retrofit for Me
Etracellular I

[l:mpd]‘ll‘uguM]
J Pharmacol Tox Methods, 2018

Simmonsetal.,

CS-FBS

150 -& CYPIAZ - CYPICY irs-gnl

—4~ CYPZBE —#- CYP3A4 :?r:x

w0 + Livor.mix
o FBS

-
0 2 8
2 1 0 1 2
N . | C f Concentration (log uM)
ational Center for Collaboration with Unilever

Computational Toxicology



wEPA Putting Alternative Test Results

United States
Environmental Protectior

iIn a Dose and Exposure Context

Chemical Use
and Production
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Pharmacodynamic

Experimental

Quantifying Uncertainty and Variability

Pharmacokinetic

Evnerimental and

Inter-Individual
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SEPA Computational Modeling to Integrate

e Experimental Data

Computational Modeling of Estrogen
Receptor Pathway

Computational Modeling of Genital
Tubercle Development

Receptor (Direct . m
Molecular Interaction) _
O Intermediate Process te- Crmmmmmmmmmmmmmesmmem
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| | v ER agonist pathway i
| eremn | |
; v ER antagonist pathway s || L
IR i | Lo CM/PM
pimerization () () pimerization w Interference pathway by | e »
| B
Cofactor b & Cofactor Agopensis
Recruitment @ Recruitment

DNA
Binding "

Protein
Production

ER-induced
Proliferation

18 In vitro HTS assays for
ER bioactivity

In Vitro Reference

In Vivo Reference

1 * .
Chemicals Chemicals*® GD13.5-17.5
Accuracy 0.93 (0.95) Accuracy 0.86 (0.95) Androgenization Phenotype (MCS 4000)
Sensitivty 093059 | | sensitity 057 (097 n=i0sing) " Septtion_fuson  Conden, - osre ndex
Specificity ~ 0.92(1.0) | | Specificity  0.67 (0.89) 67% 2/10 5/10 10/10 0.57
33% 0/10 4/10 0/10 0.13
*Values in parentheses exclude inconclusive chemicals 0% 0/10 2/10 0/10 0.07

National Center for
Computational Toxicology

Judson et al., Tox Sci. 2015
Browne et al., ES&T. 2015

Leung et al., Repro Toxicol, 2016
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Decision Support Tools

Comptox Chemistry Dashboard

ToxCast Dashboard

&EPA iCSS ToxCast Dashboard

https://comptox.epa.gov/dashboard/

https://actor.epa.gov/dashboard/

National Center for
Computational Toxicology
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Address Diverse Partner Needs

{4 CompTox Dashboard | Bi % %Y

%, CompTox Dashboard | #

Perform GenRA
Analysis

» Semi-automated decision support tool

[ Search CompTox Dashboard
Individual Chemical

—————— ~

1

' Screenand Tag |

Literature, Lit 1

'M"“ I Sifter 1
\ _

Estimate
Population
Exposure
Range

I Dose Estimate Derive
Extrapolatlon Uncertainty ToJ(|C|ty Value
_ (HED) _ (e.g., RfD, RiC)

* Flexible integration of information related to chemical properties, fate and transport, hazard,

and exposure

* Enable expert users to review the assumptions made and refine the results
* Presents alternative together with traditional toxicology data

National Center for
Computational Toxicology

R.Sams, R.Judson, A.Williams, J Lambert, EPA Team



wEPA One Tool, Multiple Workflows to

United States
Environmental Protectior

Address Diverse Partner Needs
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Check All Uncheck All

To run prioritization, select the
chemical set, the allowable data
domains, and update the weights
Then select the Recalculate button
and go to the prioritization tab. You In vivo In vivo In vivo In vivo In vivo In vivo In vive In vivo Martin model
can then sort by the different
priaritization types

Human Health High (19

Acute Subchronic  Chronic DevTox ReproTox Cancer Mutagenicity Meurotox Systemic Tox Models
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Recalculate
& Export Table ToxCast IVIVE
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Endocrine
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In vitro In vitro In vitro In vitro
Low (238)
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Ecological Mod (430)
Fish Acute Tox Crustacea Acute Tox Algae Tox Fish ReproTox High (199
I
In vivo In vivo QSAR QSAR 9 ( ]
QSAR QSAR

: : : o : EPA-HQ-OPPT-2017-0586
 Flexible exploration of multiple prioritization scenarios °

» Selection and weighting of different data streams
* Outputs ordinal and binned prioritization
* Proposed to selected candidates for TSCA prioritization

National Center for R.Judson, C.Grulke, EPA Team
Computational Toxicology
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Regulatory Focused Case Studies
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W cily Environment » Multiple international case studies
St stemming from 2016 inter-governmental
T R ) WO rkS h 0 p
S « Example: In Vitro Bioactivity as a
Conservative Point of Departure
Chemical — L .
s ) e Participants include EPA, Health Canada,
e ECHA, EFSA, JRC, and A*STAR
» Goal: Determine whether in vitro bioactivity

from broad high-throughput screening
studies (e.g., ToxCast) can be used as a
conservative point-of-departure and when
compared with exposure estimates serve to
prioritize chemicals for future study or as
lower tier risk assessment.

R ACSFUEICTIors  ete w

National Center for
Computational Toxicology
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Bioactivity Provides a Conservative
Estimate of a NOAEL/LOAEL

EXEQSaSt PODToxCast (I?O.D;I'raditlonal POI:)EFSA POD&C)

Total =
380 chemicals

httk, ToxCast data, and POD
value(s) currently available

For ~91.3% of the
chemicals,
P ODToxCast was
conservative.

(~130-fold with
human HTTK

~40-fold with rat
HTTK)

Missing an
important
component
of biology?



et 1 AK€ HOme Messages...

« Multiple opportunities exist for using high-
throughput and computational approaches to
Grandma address challenges in toxicology and risk
Approved assessment

 Using high-throughput approaches will
require systematically addressing key
technical and data analysis challenges

- Enabling application of high-throughput data
to chemical safety decisions with require
- delivery and integration using a broad range
| of IT tools

a-thumbs-up_1014676.htm

 Partnering with regulators on case studies
will increase confidence and acceleration
application to chemical risk assessment

National Center for
Computational Toxicology
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