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S  CHALLENGES

Agency

Too many chemicals to test with standard animal-bas
| methods

— Cost, time, animal welfare
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Mixtures/ Formulations

Rapid Assessment for Prioritization

Mechanistic Insight

3Rs of Animal Testing

Shifting Regulatory Environment
REACH 2018, Cosmetics Directive
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Recycle & Reuse Legacy Animal Data

Generate High Throughput & Other Data On Many
Chemicals

Develop Models to Predict Human Toxicity and Disease
Potential

Computational Toxicology

Office of Research and Development
National Center for Computational Toxicology



S  ADDRESSING THE CHALLENGE

Agency

| Structures

ToxCast HTS Assays Chemicals
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"’EPA . FORMULA:: REPEAT~DOSE EFFECT

Agency

In Vivo
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Structure
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Lots of Variability
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Lots of Uncertainty
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B TOXREFDB: IN vivo DATA

Agency

I

10,000 Files
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s TOXREFDB: IN vivo DATA

Agency

150,000 Effects |----=15,000 Unique Effects

Organs
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S  EXPECTATIONS

Agency

LOAEL Distribution

B ——

OMU = Orders of Magnitude

- ~ 4 OMU
Office of Research and Development LOAEL = Lowest Adverse Effect Level
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R*= 0.5

Chronic LOAEL

Sub-~Chronic LOAEL
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Mt READ ACROSS

Agency

Nearest Neighbor

(Jaccard Coefficient)

—
0 <0.1<0.2 <0.3 <04 <0.5 <0.6 <0.7<0.8<0.9 <1
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A — READ ACROSS

RZ2=10.2 & ..

Nearest Neighbor
LOAEL

Chemical-~Specific
LOAEL
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S TOXCAST GOALS

Agency

Identify targets/pathways linked to toxicity

Chemicals perturbing these can lead to adverse effects

Develop assays for these targets/pathways

Develop predictive models: in vifro ~-> in vivo

“Toxicity Signatures”

Use signatures to prioritize chemicals for targeted testing
e.2., “Too many chemicals” problem
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SR TOXCAST:: DASHBOARDS

Agency

< EPA " 2 (& o- ~700 Assay
e ro—— : . =8 Readouts

Actives Only

Assay Endpoint Activity Call Q logACS0 Data Type shenol
NVS_TR_ANET Active greater than : 109 1 Percent Activity

NVS_TR_IVMAT2 Active greater than 0.871 Percent Activity
OT_AR_ARSRC1_0960 Active equals ! 1.64 Percent Activity
OT_ERa_FREGFP_0120 Active equals 0.077 Percent Activity
OT_ERa_EREGFP_0480 Active equals 0.0208 Percent Activity
OT_ERa_ERELUC_AG_1440 Active equals . 1.31 . Percent Activity
OT_ER_ERaERa_0450 Active equals 0.749 . Percent Activity
OT_ER_FRaFRa_1440 Active equals 0.666 Percent Activity
OT_ER_ERaERb_0480 Active equals 0.0825 Percent Activity —~ 1 O O O Chem S
OT_ER_ERaERb_1440 Active equals X 0.387 Percent Activity

OT_ER_ERbERD_0430 Active equals -0.225 1 . Percent Activity
OT_ER_ERbERb_1440 Active equals 0,287 Percent Activity
OT_SRC1_SRCIFXR_0480 Active equals 1.55 Percent Activity
OT_SRC1_SRCIFXR_1440 Active equals 1.1 Percent Activity
Tox21_AR_ELA_Antagonist_ratio Active equals d 4 Percent Activity

4130-42-1 2,5-Di-tert-butyl-4-ethylphenol
41481-66-7 4,45ulfonylbis[2-{prop-2-en-1-yl)phenol]
489-01-0 2,6-Di-tert-butyl-+methoxyphenal
51-25-5 2,4Dinitrophenal

526-75-0 2,3-Dimethylphencl

527-60-6 2,4,6-Trimethylphenol

599-64-4 4-Cumylphenol

618-45-1 3-Isopropylphenol

620-17-7 3-Ethylphencl

645-56-7 4-Fropylphenol

732-26-3 2,4,5-Tris(tert-butyl)phenol
77038 Phenolphthalein

77-90-7 Bisphenal B

79947 3,3, 5,5 Tetrabromobisphenol A
150 79-95-3 2,2,6,6" Tetrachlorobisphenol A

Tox21_ERa_BLA_Agonist_ratio Active equals . Percent Activity
Tox21 ERa_BLA_Antagonist_ratio Active equals X Percent Activity

Tox21_MitochondrialToxicity_ratio equals g ; J Y Percent Activity

130
30-09-1 4,4-Sulfonyldiphenal

«1 Dose Re Spon se . 42 Methybutar 2 yipheno
81903 Phenalghthaiin

a0+ prem— 824-39-5 Sodium 2-nitrophenolate
824-73-2 Sodium 4-nitrophenolate
84852-15-3 4-Nonylphenal, branched
& Repltested 57865 Pentachlorophenal

Rept modeled | | 85040 4.Chloro-3,5-dimethylphenol
88-06-2 2,4,6-Trichlorophenol
88-18-6 2-tert-Butylphenol
s 244 2,2 Methylenebis{sthyl-tert-butylphencl)
88-30-2 3-Triflueromethyl-4-nitrophenal
88-60-8 2-tert-Butyl-5-methylphenol
88-69-7 3-Isopropylphenol
88-75-5 2-Nitrophenol
39725 2-{Butan-2-yl)phenal
90-00-6 2-Ethyiphenal
Concentration (log uM) S0-05-1 Sl

704

504

304

Percent Activity

by

o
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http://actor.epa.gov/dashboard/

v EPA

e ToxC
United States OX AST
Environmental Protection
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~ 1 M Chemical-~ Assay Pairs
5% Actives
90% Actives
> 1 uM
10% Actives
<IuM
EE———
~ LogAC50

AC50 — Concentration where there is
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SEPA TOXCAST

United States
Environmental Protection
Agency

Group ToxCast Assays (74) based on:

BIOLOGICAL GROUPINGS (BP)

Oxidative stress

Response data

Cytotoxicity Gene family
Assay :
Biol
Confounders gy
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Signal direction

Assay mechanism

Technology
Annotation




SRR CHEMICAL DATA

Agency

# of Chemicals

Chemical Space

In Vivo Data

| Systemic In Vivo Data

In Vivo & [In Vifro Data
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MODEL FRAMEWORK
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Sources Outputs Model Building
ToxRefDB | | LOAELSs Ground Truth
=l | Structures | | Nearest Neighbors LOAELs |7
& (ToxPrint*) (Read Across)
O — Parameters
ToxCast B1ol.o.glcal Grouping 3
Activity Score
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RZ=0.35 -7

Predicted LOAEL
Read Across + ToxCast BG

LOAEL
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SEPA HIGH THROUGHPUT

United States
Environmental Protection

PHARMACOKINETICS

mg/kg BW/day
High throughput pharmacokinetic (HTPK) in _
1. thods have been developed b Potential
viirome . .V velop . .y Hazard from
pharmaceutical industry for predicting ToxCast with
efficacious doses in clinical trials Reverse
Toxicokinetics
Apply same methods™ to convert ToxCast in Potential
vifro bioactive concentration (uUM) into daily Exposure from
.. . ToxCast
doses needed to produce similar levels in
humans (mg/kg BW/day) Low Med High
Risk  Risk  Risk
Oral Equivalent _ 1 mg/kg/day
(mg/ke/day) = ToxCast AC50 um) X Cose)
|
v
Concentration of _  Hepatic Plasma Protein
Steady State (Cgo) Clearance Binding
Office of Research and Development
National Center for Computational Toxicology *Method from Wetmore ef al 2012

Figure adapted from Judson ef al., (2011)
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REVERSE TOXICOKINETICS (RTK)
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R?=0.4

Predicted LOAEL

Read Across + ToxCast BG

LOAEL
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SER ... SUMMARY (OMU)

Agency

LOWER CONFIDENCE LIMIT

READ ACROSS

+TOxCAST

+RIK

UPPER CONFIDENCE LIMIT
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FUTURE DIRECTIONS
Environmental Protection
Agenc

Target organ and pathological specificity

Developing developmental and reproductive quantitative
models

ToxRefDB v2.0 — Quantitative data
Capture tested/non-tested/unknown &
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S CONCLUSIONS

Agency

Leverage existing data

Characterize inherent variability and uncertainty

Understand structure of data

Combine for knowledgeable decision making and
prioritization
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