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Challenges for Fully Evaluating Safety
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and Translational Tools at EPA

* Move towards increased throughput

* Understanding promiscuity is the norm
for environmental/commercial chemicals

* Focus on comprehensive biological
coverage

* Increasingly relevant test systems

« Delivery of data and models through
decision support tools

M

| » Building confidence through regulatory
_ focused case studies
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Computational Toxicology




wEPA Moore’'s Law for Computational

United States
Environmental Protectior

“Throughput” and Coverage

10" I —
im 07
10" || 21 N
ELECTROMECHANICAL RELAY VACUUM TRANSISTOR INTEGRATED CIRCUIT
- TUBE
CORE i7 QUAD .
10" &
PENTIUM4 <" CORE2|
PENTIUM Il
10° PENTIUM Il
COMPAQ
DESKPRO 386 &
© e
10 ALTAIR 8800 % PEbnum
IBM 1130 | X6

Q:Q \IBH AT-80286

DECPDP;}O g@‘".g o

CALCULATIONS PER SECOND PER $1,000
3

10°
UN“{AN ¢ TpEc APPLEN
PDP -10
u.llllllllﬁwlgﬁlllllllllll
COLOSSUS .
IBM \ \IBM 704
107 TABULATOR IBM SSEC
HOLLERITH
TABULATOR % B
10° ®
4% NATIONAL CALCULATOR
ELLIS 3000 MODEL 1
ANALYTICAL ENGINE
(=] w (=] uw [=] uw [=] uw (=] e (=] Ly = L o wn o (2] [=] wn o w b, el w
[=] (=] = -— o™ o™ ™ (e ] < [T} uw w0 w I~ P~ [==] [+=] L=2] L=1] (=] [=] (=] -
(2] (=] o (=] o o [=r] o o [+2] [=r] [+7] [=2] [+2] o o [+7] [+1] (=] {=] o [=] -~ [=]
- - - - - - - - - - - - - - - - - - - bt (3] ™ o~ o™

https://sites.google.com/site/hmtcamobilecsp20152016/word-of-the-week/831

National Center for
Computational Toxicology




wEPA Rusty’s Law for Toxicological

United States
Environmental Protectior

“Throughput” and Coverage
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Screening

Mode-of-Action

. _ /~ ToxCast Assays \ Identification
oncentration Transcription Factors

Response Transporter

Screening Cytokines
o Kinases

B vy

q

# PR

Nuclear Receptors

» CYP450 / ADME »

Cholinesterase

Concentration Response

Phosphatases

Thousands of Modeling
Chemicals Proteases R
XME metabolism |
GPCRs |
\ lon channels j £
g8 ;
~700 Assay Endpoints 1 :

* 96, 384, and 1536-well, laboratory automation compatible
* Relatively expensive (~$20,000 - $30,000 / chemical)

» Coverage of molecular and phenotypic responses

* Multiple assay vendors/labs
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for Most Chemicals

* Most histological changes do not occur without upstream or
downsream changes at the molecular level

* Most environmental/commercial chemicals are highly non-selective in
their interactions with biological systems
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National Center for Thomas et al., Tox Sci., 2013
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“Throughput” and Coverage
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High-Content S i
igh-Content Screening
Whole Genome
- . Transcriptomics
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Response

€ Multi-Parameter Cellular
. Phenotypic Profiling

DNA RNA/ER Mito  H-33342 Casp3/7 PI

Multiple Cell
Types

» 384-well, laboratory automation compatible
» Relatively inexpensive ($2.50 - $1,500 per chemical)
* Broad complementary coverage of molecular and phenotypic responses

» Integration of reference materials and controls for performance standards
* Increased portability
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Mode-of-Action
Identification

Cell Type(s) MCF7 Currently comparing a range of approaches...
Cmap, ML, Pathway

Chemicals 2,112
Time Points: 6 hours
Concentrations: 8 Concentration
_ ) Response Modeling
Biological 3 T
Replicates: ' |

* Number of samples: 54,432
 Number of endpoints: 1.15x10°
e Total amount of data: ~50 TB

Log(Expression)
w oo w o oo o = b

W 0atal2 — Mockl

Currently comparing a range of approaches...
BMDExpress, Proast, tcpl, and new NB model
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Targets

Annotated Targets in CMap v2 and RefChem
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ldentifying Potential Biological

.16e-05-6.0 l ‘ ‘ I -

ixyanﬁgtzrii HTTr-Phase | RefChem Hits

Target Signature size | Sensitivity Positives
CYP2C9 131 1 1
ESR1 257 1 11
HDAC1 124 1 2
DHFR 215 1 2
NR1I2 139 1 2

PGR 115 1 1
HMGCR 236 1 1
ABCC2 357 1 1
TYMS 329 1 1
ESR2 281 0.86 7

AR 261 0.78 9
NR3C2 352 0.5 2
ABCB1 117 0.5 2
NR3C1 148 0.5 4

CAl 176 0.5 4

CA2 341 0.5 4
PTGS1 307 0.25 4

*In process of curating/testing hits to determine specificity
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Response
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Phenotypic Profiling

Cell Compartments
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Associlated with Different MOAS
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Variation in Phenotypic Potencies

Across Cell Type and Time
Cell Type Differences (48 hr) Time Point Differences (U20S cells)
Amperozide ‘ Amperozide .. e
Berberine Chloride 4 .. e Berberine Chloride 4 o.e
Ca-074-Me - - e Ca-074-Me oo o
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me - - ype Timepoint
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Metoclopramide - e ' 54 Metoclopramide 06h
@ 12h
NPPD 1 *2% + HTB-9 NPPD - ®
® 24n
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*Data points represent 5th
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BMDs I I

J. Nyffeler, J. Harrill, Unpublished
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Xenobiotic Metabolism

“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

v

Integrated strategy to model in vivo

metabolic bioactivation and detoxification

National Center for
Computational Toxicology




< EPA Application of Extracellular Strategy
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=T to Identify Estrogenic Metabolites

AIME Method: S9 Fraction Immobilization in
Alginate Microspheres on 96- or 384-well peg Screening Window of VM7 (formerly BG1)
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ldentify Cytotoxic Metabolites

CYP3A4 Metabolism of TST CYP2D6 Metabolism of DEX
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Models to Predict Tissue Effects

3D Microtissue Model of Primary Human

Thyrocytes
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 :El 1000 %:‘ - TSH-OmU
a - TSH-1mU o - TSH-1mU
500 —- TSH-5mU 500 -+ TSH-5mU
¢ 10 12 14 16 18 20 1‘0 12 14 16 18 20
Day Day
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 oo - TsHomU E - TSH-0mU
a - TSH-1mU a -+ TSH-1mU
A ) B ) 2000 - TSH-5mU 2000 \\— -+ TSH-5mU
2D: Thyroglobulin 3D: Thyroglobulin I )
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
600 = 2D MED 2000 - 3DM Day Day
= TSH-0mU — TSH-
E L0 > TSH-1mU E . = TSH- 1w
g =+ TSH-5mU g = TSH-5muU
200 \ 1000
A S S A S S S
Day Day
National Center for C. Deisenroth, Unpublished
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High-Throughput

High-Content
Screening

o
/_
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Biochemical/
Cell Assays
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Integrating New Technologies for
Efficient Chemical Testing
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Enable Translation Through Data
Visualization and Decision Support Tools

RapidTox Dashboard
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Comptox Chemicals Dashboard
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https://comptox.epa.gov/dashboard/
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SEPA Similar to Financial Tools, RapidTox will
e Haye Multiple Workflows to Address
Different Decision Contexts

Workflow to Calculate Your Taxes Workflows to Integrate Safety Data for Regulatory Decisions

TurboTax v Deluxe

& Close My Return Q .
Here's an Update on Where Things Stand So Far
$7,097 $871 °
Your Federal Tax Due {In Progress) $7f097 Fil Goegh ] - . Thebew Von Trne 4 phebptdme s My Deie - Google Deve = Hami « Pubbed - HO31 # Syster Deshissard - 1L+ Dusbles
'& Introduction % e m e .
RapidTox Prioritization Workflow
Personal Info on F= "
Why did my refund change? Chantcal it b
£z Federal Taxes iy -
= o
We calculated this based on: -
Wages & Income
L Human Health
Deductions & Credits 1. What you told us about yourself peport
o X Sty (if you're married, have kids, etc.) -
Federal Review 2. The tax benefits we got you so far.
heck
3. The numbers you entered from your W-2. Endoerine
S State Taxes A
Learn More About How We Calculated This
Revie
File Ecological
FahhctsTox  CumscesActeTon  Agwe = Faps
G J5an

https://turbotax.intuit.com/

» Semi-automated decision support workflows

* 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 data together with traditional toxicology data

National Center for R.Sams, J. Lambert, R.Judson, A.Williams, EPA Team
Computational Toxicology




<EPA Translation of Results Through
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
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wEPA Bioactivity Provides a Conservative
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T Estimate of a NOAEL/LOAEL
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National Center for Health Canada, and EFSA
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e | AKE HOMeE Messages...
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« Advancing toxicology to the new and improved
version will require both continued technical
innovation as well as translational efforts

« New technologies exist for rapidly and
comprehensively covering toxicological space at
significantly less cost

 Addressing previous technical limitations such as
a lack of metabolism and organ/tissue effects are
within reach

- Enabling application of new technologies to
chemical safety decisions with require delivery
and integration using a broad range of IT tools

 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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