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SEPA Outline

United States
Environmental Protectior
Agency

O The Problem

= Thousands and thousands of chemicals with no hazard or exposure
data

O Small Segue

= The Importance of Matching Data Type to the Decision Context — “fit
for purpose”

O Demonstrating Progress
=  Chemistry
= ToxCast and Tox21 - Bioactivity
=  Exposure Predictions

=  Putting it all Together

O Challenges (some of them....)

National Center for
Computational Toxicology




SEPA Problem: The Chemical Hazard

United States
Environmental Protectior

Universe

US National Research Council, 1984
1974 US NRC report

Size of Estimate Mean Percent
Category Category Inthe Select Universe

| | e
« Major challenge is too 0oz *
many chemicals and not Cosmeticingredients 3410 !!_

enough data

Drugs and Excipients 1815
Used in Drug Formulations ’

« Estimated number of Food Additives 8,627
chemicals = 65,725

Chemicals in Commerce:
At Least 1 Million 12,860
Pounds/Year

Chemicals in Commerce:

« Number of chemical with Lessthan 1 Million 13911
no tOXICIty data Of a‘ny Chemicals in Commerce:
k|nd — ~46,000 r'::i:(;tsiig?eUnknown or 21,752

10 8 82

Complete Partial Minimal Some No Toxicity
Health Health Toxicity Toxicity Information
Hazard Hazard Information Information Available
. Assessment Assessment Available Available
National Center for Possible Possible (But Below Minimal)

Computational Toxicology




SEPA Problem: The Chemical Exposure

United States

Environmental Protectior -
niverse

TSCA Inventory: > 84,000

14,000

12,000

10,000

8,000

6,000

4,000

Number of Chemicals

2,000

Data Category

hiatlana! Coalerdar P.P. Egeghy et al. Sci Total Environ. 414 (2012) 159-166

Computational Toxicology




“EPA  Segue - Matching Data Type and
Uncertainties to Decision Context

It IS critical to understand
the uncertainties in the
data

And match them to
the requlatory
decision context

"I think you should be more explicit here in step two "

National Center for
Computational Toxicology




EPA ~1000/year

United Statgs
Environmerjtal Protﬁéi'gA A . . -
Agency ssessment Historical 90 da S/Chemlcal
Office “Workflows” Throuahn::* o y
OPPTS Premanufacture Notice (PMN® ~1000/yr lelted data, eg
New chemicals 90d/chem
Significant New Use Rule (SNUR) ~84,000 total Stl’UCtUI’e, LogP
Existing chemicals
Current Chemical Risk (new program) ~10 total I
DFE / Green Chemistry ~2500 [, 11, 1
OSCP Endocrine Screening Program ~10-20/year
OPP Pesticide registration (PR) ~10 new/yr I
~[
Pesticide re-registration ~ ""10/ yl‘
24, I
ow Chemical Contaminant List $ ml||I0nS Of data
~6,ULU Lotal
Regulatory Actions on CCL 6yr I
90 total
Unregulated Contaminant Monitoring 30/5yr I
Drinking Water Health Advisories (MCLS) ~80 total [, 1l
ORD IRIS ~3lyr |
NCEA ~540 total
PPRTV 400-500 (1,111

l. Data rich — Extensive guideline studies
Il. Data partial — Some acute in vivo and in vitro data, SAR and exposure modeling
Il. Data minimal to none — only chemical structure, SAR and exposure modeling

National Center for
Computational Toxicology Courtesy of I. Shah




Matching Data Type and Uncertainties to Decision Context

Data Available or

Problem Formulation Defined by

Generated
& Level I
S | >  QSAR, Read
E’ Across
3
(on
)
x
g‘ :> Level II:
e Screening Assays
E
(@)]
)
x
©
= =) Level IlI:
o Targeted Testing
)
)
Z
S
‘0 Level IV:
S ~—>  |ATA, WOE,
o

Systems Models

No

Sufficient Information ?

Yes

Data Needs &
Complexity

Residual
Uncertainty

Lower

Higher

Higher

Lower




Matching Data Type and Uncertainties to Decision Context

Problem Formulation Defined by
Decision Needs and Regulatory Requirements

Data Available or
Generated

Level I:

Data Needs &
Complexity

Residual

Uncertainty

=

The aim iIs efficiency

« Develop only the data really needed for making
regulatory decisions using the least amount of
resources possible

 Provides a process for more efficient risk management

Hrgter

Level IV:

— IATA, WOE,

Systems Models

No

—

Higher

Lower




“EPA The Beginning of NCCT

Environmental Protectior
Agency

What is Necessary to Begin Solving the Problem

of Too Many Chemicals With No Exposure or —
. 4' 4
Hazard Information (cn(cnx
1. Chemical curation
» Everything starts with chemical structure

2. Prediction of hazard (or bioactivity)
* Need fast efficient testing methods

3. Predictions of exposure
 Need new models that predict or measure
exposures

4. Putting it all together
 Models that integrate this into estimates of risk
 Tools that can be used by risk managers

National Center for
Computational Toxicology




SEPA CompTox Dashboard - Chemistry

Environmental Protectior
Agency

United States

)
‘UI"EPA E;;u:::mental Protection Home Advanced Search

An Integration Hub ~720,000 chemicals
5, Almost 15 years of data

W agenct

I

(Y
3 <
41 prot®”

CompTox Dashboard

‘ bispheno]| Q

Bisphenal

Bisphenaol A

Bisphenol A (BPA)

BISPHENCL A ANHYDRIDE
Bisphenol A bis(2-hydroxyethyljether

Bisphenol A bis(2-hydroxyethyl ether) diacrylate
Bisphenol A bis(2-hydroxyethyl ether) dimethacrylate
Bisphenol A bis(2-hydroxy-3-methacryloxypropyl) ether

Bisphenal A bis(2-hydroxy-3-methacryloyloxypropyl ether) Help -

https://comptox.epa.gov

National Center for
Computational Toxicology




Even in Chemistry there is Uncertainty

United States
Environmental Protectior
Agency

720,000 chemicals ranked on confidence

pssTox_High | 4535
DSSTox_Low J 16K ‘J\
public_High | J 33K —j/
Public_Medium ) 101K
Public_Low T )ss4k
¥ Public_Untrusted SR - 310K pending

~ 150K pending

DSSTox_High:  Hand curated and validated

Curated

D

Public

L. Incompleted

DSSTox_Low: Hand curated and confirmed using multiple public sources

Public_High: Extracted from EPA SRS and confirmed to have no conflicts in ChemID and PubChem
Public_Medium: Extracted from ChemID and confirmed to have no conflicts in PubChem

Public_Low: Extracted from ACToR or PubChem

Public_Untrusted: Postulated, but found to have conflicts in public sources

National Center for

Computational Toxicology Richard et al. Chem Res Toxicol. 2921225-1251, 2016




ZEPA Dashboard Example

United States

Environmental Protectior .
e Ispheno
ited States
nmental Protection Home Search CompTox Dashboard

Submit Comment Share ~ Copy -
Bisphenol A
80057 | DTXSID7020182
€ Searched by Approved Name: Found 1 result for 'bisphenol A’
i B - Q-
Intrinsic Properties
H,C CHs Molecular Formula: C15H1602 Q Find All Chemicals || Ity
Average Mass: 228.291 g/mol L&}
Monoeisotopic Mass: 228 115030 g/mol Iy
Structural Identifiers
HO OH
Record Information
Chemical Properties External Links Synonyms Product Composition ToxCast in Vitro Data Exposure Analytical PubChem Comments
About Contact s ACToR “ e DSSTox Privacy Accessibility Help -
Chemical Properties External Links Synonyms Product Composition ToxCast in Vitro Data Exposure PubChem Comments

National Center for
Computational Toxicology




SEPA Generating Bioactivity Data

United States
Environmental Protectior
Agency

ToxCast and Tox21 Programs

« ToxCast — EPA program
— Multi-year research program started in 2007

— Use automated in vitro chemical screening technologies to expose
living cells or isolated proteins to chemicals where changes in
biological activity may suggest potential toxic effects

— Chemical library
« ~3400 environmentally relevant chemicals
http://www.epa.gov/ncct/toxcast/
« Tox21 — Collaborative project
« US EPA, NIH/NCATS, NIH/NIEHS/NTP and FDA
—aimed at developing better toxicity assessment methods using HTS.
— Chemical library

- ~8,500 chemicals, including environmental chemicals, food
additives and pharmaceuticals
http://www.ncats.nih.gov/research/reengineering/tox21/tox21.htmil

National Center for
Computational Toxicology
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http://www.epa.gov/ncct/toxcast/
http://www.ncats.nih.gov/research/reengineering/tox21/tox21.html

SEPA Increased Throughput Required Shift
to Molecular/Pathway Approaches

Environmental Protectior
Agency
ToxCast Tox21
Ll [ M

~600 Cell & ~1,000 b’f30hce”_&| ~8,000 |§
biochemical g ‘ Chemicals |58 ‘ iochemica Chemicals | §
assays assays

LPS_TNFa
micro—-TIO2_uncoate d nfa_1000-5000 nm_UML
o I ACS0:5.1|R2:097| Top: 645 | Emax 6.28 | Slope: 1
4 o
Q
2]
G *7
o
N
A RTEREpr L Te EIRRIRIES
o — \
1 =1 = T
0.1 0.2 05 1.0 2.0 5.0 20.0 50.0
National Center for Conc (ug/ml)

Computational Toxicology



SEPA ToxCast & Tox21:

United States

momnaroccior—— ChHemicals, Data and Release Timelines

Set Chemicals | Assays | Endpoints | Completion Available
ToxCast Phase | | 293| ~600 ~700 2011 Now
ToxCast Phasell || | 767 | ~600 ~700 03/2013 Now
ToxCast E1K

Tl 72 million data points
ToxCast Phg -
2.8 million conc response curves

14



<EPA ExpoCast

United States
Environmental Protectior

HTP Exposure Predictions

 For years exposure science has lagged behind
* Most models require extensive information on production, use, fate and
transport and rely on empirical data (no measurement = no exposure?)

« ExpoCast
o EXxposure predictions based on:

« pChem, production values, fate and transport,
and product use categories (e.g., industrial,
pesticide use, consumer personal care)

 Industrial vs consumer use

* Yields exposure estimates and Baysian confidence

National Center for
Computational Toxicology

15



EPA Exposure Predictions for 7968 Chemicals

Environmental Protectior

& Comparison to NHANES

NHANES Chemicals

o

3

2

>

E Upper
o . 95%tile
L” Median

1 10 100 1000
Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

* 6-11 Year Olds * Total

- NHANES — US National Study — measures exposures in human serum and urine
- Chemicals currently monitored by NHANES are distributed throughput the predictions

- Shows accuracy of the prediction model

National Center for Wambaugh et al Environ. Sci. Technol., 2014, 48 (21), pp 12760-12767

Computational Toxicology




SEPA Estimating Daily Dose with Reverse
G oo ToxicoKinetics (rTK)

Agency

 VERY PK models — measure only 2 parameters

In vitro hepatic clearance disappearance of parent compound
— serum protein binding values

 Provides scaling from concentration in which there is in vitro biological
activity to in vivo activity dose (mg/kg/day)

\
(o = o ] - ]

U
! |

]
|H|'_|.Lf

Human Add Chemical Remove Analytical Hepatic
Hepatocytes (1 and 10 uM) Aliquots at 15, Chemistry Clearance
(10 donor pool) 30, 60, 120 min

l
l
U
I

Plasma Protein

|

Binding
Human Add Chemical Equilibrium Analytical
Plasma (1 and 10 uM) Dialysis Chemistry
(6 donor pool)

National Center for
Computational Toxicology

17
(Rotroff et al, ToxSci 2010, Wetmore et al, ToxSci 2012)



Estimating Exposures for in vitro bioactivity
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3EH°\ Putting It All Together
HT Prioritization

Agency

mg/kg BW/day

Risk Is the product of
hazard and exposure

Potential Hazard
from ToxCast with

Reverse
Use rTK convert Toxicokinetics
bioactive concentrations
to daily dose

Potential Exposure
from ExpoCast

Combine with exposure
prediction

Low Med High
Risk Risk Risk

Judson et al., (2011)

National Center for Chemical Research in Toxicology

Computational Toxicology




SEPA Combining Bioactivity-Base Dose

United States

Egvéirr]g tttttttttttttt ior and Exposure
Estrogen Active Chemicals

L ]
le+024 ! T ToxCast

W JH1W | I‘J'Mﬂhh-rw”‘“”' Conered

1y ' mg/kg/day
with HTTK
(Wetmore et
al., 2012)

L A
‘| I IR |||||l|I|lI||I||III||||IIHHHH

Exposure

Predicted Exposure

) .
Predictions
Y

le-10-1], .. . Wambaugh
: Higher Priority for étaL 201%,)

Further Testing

ER Oral Equivalent Dose /

ToxCast Chemicals

Prioritization = test the chemicals that might be the worst, first!




< EPA
United States

Environmental Protectior
Agency

Group Chemicals by
Similar Bioactivity For
Predlctlve Modellng

Chemicals

Assays/Pathways

Predictive Models:

» Developmental Toxicity
» Vasculogenesis

* Reproductive Toxicity

National Center for
Computational Toxicology

SR

Provide Mechanistic
Support for Hazard ID

Carcinogenicity of perfluorooctanoic acid,

tetrafluoroethylene, dichloromethane, 1,2-dichloropropane,
and 1,3-propane sultone

In June. 2014, 20 eipertz from nine  with 12-DCP in thiz ndl.:tryj strong evidence that DCM metabolizm
countries met at the Intematio

ghitathione-5-transferaze  TL

cinema. hr {(‘.ﬂ’ﬂ) lead: to the formation o
L 1

(TFE),  dichloromathane (DX
1.2 dichloropropane _(12-DCP),

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

In March, 2015 17 eperts fom coll proffetion (hypeplasia i The insecticides malath and
11 countries met at the Intemstionsl  rodents). Tetrachlonvinphos is banned  diszinon were cassifed s 2 “proably
Agm:yh Research or r.anm[m in the -

Iyon, France) to assess the carcino- it continues to be used on animaly  Malathi

genicity of the gamphusphabe includingin et fla ollars
pesticides tetrachioninphos pasathion,  For parathion,
malathion, diazinon, and ghyphosate  cancers in  seve
(table). These amessments wil be observed in

P
s sbsanial volumss i cughout the
occupational  studies orld Thee i e sidee

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

In june 2015 26 experts from Immuncsuppressie effects that can  blood or adipose taken In dulihood:
13 countriss met at the Intermational npelahel in humars. hoever the possml Importanca of

p n
Elclnngeﬂl ny of \he Insectic mes (Group 2A). DOT was used for the  ymphoma and cancers of the \wer
lindane and 111-tichlore-2,2-bisi4-  control of imsect-bome  diseases  and testis provided limited evidenc
chlorophenyljethans (DOT). and the during World War 2. subsequently |n humans for the cardnogenic uy
herbicide 34-dichlorophencayacetic 1t was widely applied to eradicite  of DDT.

ToxCast Dataused in WOE
decisions by International

Agency for Researh on Cancer

(IARC Monographs 110, 112,
113)

ER Agonist Score

Broad Success using High-
Throughput Screening Approaches

Prioritization of
Chemicals Based on
Potency for Further

Testing

12

0.8 0
06 "
.
.
0.4 .

0.2 . ) Seny,

o List1l  #List2 e« EDSP Universe » Reference Chemicals

FIFRA SAP, Endocrine
Disruption Screening
Program Dec 2014

Prioritization

And for first time
replacement!



<EPA Challenges

United States
Environmental Protectior

Coverage

Gene coverage in
ToxCast is low = ~300

Gene Coverage

|

B ToxCast
= Not in

ToxCast

Pathway Coverage*

*At least one gene from
pathway represented

National Center for
Computational Toxicology

. Increasing Biological

Ongoing pilot project using
cost-efficient whole gene
seguencing platforms

Wh(_)le Diverse Cell
Transcriptome  Types & Culture
Technologies Systems

Goal: use multiple cell types to
cover entire genome



<EPA Challenges: Increasing Species

United States
Environmental Protectior

Coverage

« ToxCast & Tox21 are mostly human based

* Pilot project using Attagene system — insert receptor ligand
binding domains from multiple species

« Multiple readouts of nuclear receptor hits from one cell

Estrogen Receptaor ERa Human
i i Estrogen Receptor ERb Human
Multispecies Attagene Trans Reporter Assay e e ERo  Human
Estrogen Receptor ER2a Zebrafish
Estrogen Receptaor ER2b Zebrafish
Estrogen Receptor ERa Chicken
Estrogen Receptor ER1 Frog
Estrogen Receptor ER2 Frog
Estrogen Receptaor ERa Turtle
Estrogen Receptor AR Human
Estrogen Receptor AR Chicken
Estrogen Receptor AR Turtle
Estrogen Receptaor AR Frog
Estrogen Receptor AR Zebrafish
Peroxisome Proliferator Activated Receptor ¢ PPARg Mouse
Peroxisome Proliferator Activated Receptor ¢ PPARg Zebrafish
° HOSt Ce” human Hesz Peroxisome Proliferator Activated Receptor ¢ PPARg Human
Pregnane X Receptor PXR Mouse
. . Thyroid Receptor TRa Turtle
« 100 chemicals with ER, AR, TR, PPAR Thyroid Receptor TRb  Zebrafish
L. . . Thyroid Receptar TRb Zebrafish
activity tested in concentration-response Tnyroid Receptor 2 Frog
Thyroid Receptor TRa Human
. . - . Thyroid Receptor TRb Human
« Pilot data using positive and negative Controls W06 NA
. . - Controls GAL4 MNA
reference chemicals is promising Controls M-19NA
Controls m-32 MNA
Caontrols m-61 MNA

National Center for

Computational Toxicology HOUCk, UnpUinShed




Concordance and Cross-

Pilot Data

o
L Y4

Nuclear

Differences

Receptor Responses

United States

In

€S

Spec

Environmental Protectior

Agency

agonist
antagonist
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<EPA Challenges: Retrofitting Assays

United States
Environmental Protectior

with Metabolic Activity

150 —— CYP1AZ2Z —%— CYP2C9 Cyp aCtIVIty
—h— CYP2B6 -9 CYP3A4 .
= . over time of
g1 ] encapsulated
i ; 1
5 g S9 fraction
2 50+ 2
&
0 T
o 1 2 3 4 S
Hours

MSTI Assay - An increase in electrophilicity was detected as a

Thiram+ <

decrease in the fluorescent signal.
v v v
s ¥ ¥ vy v ¥ v . 2
©
c
0
D50
=
[22]
=
=
25
v
v
2 c E] s 2 5 ] B 2 5 2 E = 2 2 3
F ¢ 3§ ¥ § § & § % s & § § 2 3
< = = = & 5 8
= & &2 = 3 £
: 2 £ E
= o :
g = -

National Center for

Computational Toxicology DeGroot and Simmons, Unpublished




wEPA Challenges: Unless data is available

United States

ane " and useful it will not be used
2013 Dashboard with
2011 Initial ToxCast Limited Search,
Phase | Data Visualization, and Export
Delivered as Flat Functionality
Files

"""""""" » RapidTox Decision...——=
You need a “Better, but still difficult Dashboard —— —
bioinformatics to really get what you (HTP RAlin o/
degree for this want without help from developmer{f);,r;i,'_,"f,"" o
to useful NCCT” T _,_ﬁ .

Building data, analyses and visualization tools
that allow for more rapid development of
hationa! Geaterdgr specific Decision Support Dashboards

Computational Toxicology




<EPA Challenges: Regulatory Applications

United States
Environmental Protectior

Agenc 1

= Require Transparency

"  Public release policy of from Tox21 and ToxCast
§ Programs (raw & processed data, all publications, all
. processing and modeling code)
Eg  Transparent ToxCast data analysis pipeline
sl o 5 o © « Data quality flags to indicate concerns with chemical purity

[ I, and identity, noisy data, and systematic assay errors

T enentin » Publicly available as an R package

R « Tox21 and ToxCast chemical libraries have
Tt undergone analytical QC and results publicly
S available
o Do G T Bm * Public posting of ToxCast procedures
e mmams e Chemical Procurementand QC
ses 0. 03 o2 0 o DataAna|ysiS
corpe 1 ot 1 e 5o acm 0. « Assay Characteristics and Performance
FLAGS:
oy o cone awove baseline, active | o Recently completed external auditon ToxCast data

and data analysis pipeline

National Center for
Computational Toxicology




SEPA Next Phase... Evolution Towards

United States

a Truly Predictive Science

piAd ¢

!

Comp Chem, HTTK, HTS,
Systems Tox, HT Exps

€.1500 - 1960s c. 1970s - 2002 2003 - 2006 2007 - 2010 2011 - 2017 2017 -7

National Center for
Computational Toxicology
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Computational Toxicology




.
U [”ted States

Environmental Protectior
Agency

National Center for
Computational Toxicology

Extra slides
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» Semi-automated decision support tool with dashboard interface for high-throughput
risk assessments

Combining diverse data streams into quantitative toxicity values with associated
uncertainty
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“Do not let the perfect be the enemy of
the good” Voltaire

“Do not let the perfect get in the way of
developing and using In vitro data for
use in risk assessments” Crofton
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