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« Short overview of CompTox research effort
- Avallability of research data

 Potential application to prioritizing for exposure monitoring
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Innovate In This Space.
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SEPA Isk Assessments Generally Contain a

el Aasos tandard Set of Components
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New technologies and approaches will also have to cover these
basic components
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It All Starts With Chemistry...
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https://comptox.epa.gov/dashboard

» Chemical structure database of >700,000 unique substances with QC flags to
link chemical structure with names and identifiers

« Consensus QSAR models for a range of physical chemical properties,

environmental fate, and hazard characteristics

« Comprehensive physical-chemical property database (experimental and

predicted)
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Screening Component
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ek €l | ~1,000 i tamical 8,000
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iochemical | ‘ Chemicals |} ‘ Chemicals
assays assays
Set Chemicals | Assays | Completion
ToxCast Phase | 293 ~600 2011
ToxCast Phase Il 767 ~600 2013
ToxCast Phase Il 1001 ~100 Ongoing ©
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Concentration
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Broad Success Derived from High-
Throughput Screening Approaches
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Prioritization of Chemicals
for Further Testing

Provide Mechanistic
Support for Hazard ID

Group Chemicals by
Similar Bioactivity and
Predictive Modeling

Carcinogenicity of perfluorooctanoic acid, 1 |
tetrafluoroethylene, dichloromethane, 1,2-dichloropropane,
and 1,3-propane sultone '

Chemicals

In June, 2014, 20 expartz from nine
countriez mat 3t the International
Agency for Research on Cancer
(IARC; Lyon, France) to aszess the
carcinogenicity of perfluarcactancic
acid  (PFOA).  totraflvorocthylene
(TFE),  dichloromethane  (DCM),
12-dichloropropane (L3-DCP), and

with 12-DCP in thiz industry).
The working group considered the
rarity of cholangiocarcinama,  the
very high relstive rizk, the young
g of the patients, the sbence
of nonoccupational ik factars,
and the intensity of the expozure
az_indications that the ewresz of

strang evidence that DCM metabolizm
via  ghutsthioneStransierase  TL
(GSTTY) keadk to the formation of
resctive metaboliter, that GSTTL
activity @ strangly aszocisted with
genotaicity of DCM in vitra and
in vivo, and that GSTTL-mediated
metabolizm of DCM does occur in

In March, 2015, 17 experts from
11 countries met at the International
Agency for Research on Cancer (ARG
lyor, France) to assess the carcino-
genicity of the organophosphate
pesticides tetrachiorinphos, parathiorn,
malsthion, diazinon, and glyphosate
(tble). These ssessments will be

cell proliferation (hyperplasia in
rodents). Tetrachloninphas is banned
in the European Union. In the USA,

it continues to be wsed on animals,
including in pet fles colars.

For parathion, sssociations with
ancers in several tissues  were
observed in occupational studics,

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

The insecticides malathion and
diszinon were classified as “probably
carcinogenic to humans™ (Group 4]
Malathion is used in agriculfure, public
health, and residential insect contral.
It continues to be produced in
substantial volumes thioughout the
world. There is limited evidence in

2,4-dichlorophenoxyacetic acid

Carcinogenicity of lindane, DDT,

and

In june 2015 76 experts from
13 countries met 3t the Intemational
Agency for Ressach on Cancer
(WARC: Lyon, France) to assess the
cainogeniclly of the Insecticides
Iindane and 1,11-trichloro-2,2-bis(4-
chiorophenylyethane (DOT). and the
herbiclds  2,4-ckhioraphenceyacetic

Immuncsuppressive effects that can
operats in humans.

The Insecticlde DOT was classified
as *probably cannogenic to humans™
(Group 24). DOT was used for the
control  of Insect-bome  diseases
dunng workl War 2 subsequently
1t was widely applied 1o eradicate

blood or adipose taken In adulthood:
however, the possible Importanca of
early-life exposure to DDT remalns.
unrescived. Studles on norHodgkdn
iymphoma and cancers of the Iver
and testis provided limited evidence
In humans for the cardnogenicity
of DDT.

ER Agonist Score

0.8 .

0.6

0.4

0.2

5

-

» EDSP Universe  » Reference Chemicals

FIFRA SAP, Dec 2014

o lisk1 e List2

IARC Monographs 110, 112, 113

-

Assays/Pathways

National Center for
Computational Toxicology




<EPA o
s Selected Criticisms of ToxCast

 You don't include metabolism inyour in vitro assays
 You don't measure my favorite endpoint

 You don't cover all of biological space

* Invitro assays are not normal biology

 Assay (x) in your battery did not get the right answer for my
chemical

« My assay disagrees with your assay (x), so your approach is flawed

 You can't test my favorite chemicals because of limitations in your
methods (e.g., solvents, high LogP)

 Your assay descriptions to do not allow me to reproduce your
results

| get different answers when | analyze your data

National Center for Updated from Bob K'’s original list
Computational Toxicology
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for Increased Biological Coverage

Gene Coverage

B ToxCast
Not in
= ToxCast
Thousands of chemicals Multiple Cell Types
Pathway Coverage* ?ﬁ
L |

Requirements:

 Low cost e 384 well

At least one gene from - Whole genome « Automatable

pathway represented

National Center for
Computational Toxicology



wEPA Comparing Sequencing Platforms
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and Developing Analysis Approach
MOA/MIE Analysis Pipeline
TruSeq e 3é¢d
2 0.74 L il .
G, > 4 =
%y, *

« Large scale screen of 1,000 chemicals (ToxCast I/II)
in single cell type this summer

» Additional screens across multiple cell types/lines

* Additional reference chemicals and genetic
perturbations (RNAI/CRISPR/cDNA)

Y
(_32&

Low Coverage

r2 0.83 o
Currently capable of assigning to >40

MOAs/MIEs based on transcriptional
responses

National Center for
Computational Toxicology




wEPA Beginning to Address Metabolic

United States
Environmental Protectior

Competence

“Extracellular” “Intracellular”
Approach Approach
Chemicals metabolism in the media or Capable of metabolizing chemicals
buffer of cell-based and cell-free assays inside the cell in cell-based assays

1500004
—®- 12 Hours

—&— 18 Hours
100000 =¥— 24 Hours
v 36 Hours

>
; —#- 48 Hours

50000

Fold Induction
[ )

T
0 50 100 150
Log Methoxychlor (M) CYP3A4 mRNA (ng)

1 -@— Active - Inactive —A&— Empty l

T T T T T
-9 -8 -7 -6 -5 -4

More closely models effects of hepatic More closely models effects of target
metabolism and generation of circulating tissue metabolism
metabolites

v

Integrated approach to model in vivo

metabolic bioactivation and detoxification
. Collaboration with Unilever
National Center for
Computational Toxicology
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Components...

wEPA Framework for Integrating Hazard

) X Multiple Cell Types W, s
TS S +/- Metabolic Competence By Foe ik
Assay ! e

No Defined Biological ‘ Defined Biological

[ | High-Throughput \| oF Tier 1 \

.~ Target or Pathway Target or Pathway & MONMIES
\ I Identification
4 .
v Tier 2
Select In Vitro ) )
) Assays Orthogonal confirmation
K] L S
i | ] 1 Tier 3 :
o5 Existing AOP No AOP
In Vitro ‘ Organotypic Assays Identify Likely Tissue-,
Assays for other KEs and Microphysiological Organ-, or Organism
. and Systems Modeling ‘ |‘ Systems Effect and Susceptible
l ’ ' l Populations /
Estimate Point-of-Departure Estimate Point-of- Estimate Point-of-Departure
Based on Pathway Departure Based on AOP Based on Likely Tissue- or
Transcriptional Perturbation Organ-level Effect without
National Center for AOP

Computational Toxicology
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Adding the High-Throughput

Toxicokinetic Component

EPA ToxCast Phase |
and Il Chemicals

v v

o LT
- R
(@=)] -
(=) s
S/ ==

Human Liver Human Plasma
Metabolism Protein Binding

v
Population-Based

IVIVE Model

ARAR

Upper 95" Percentile Css
Among 100 Healthy
Individuals of Both Sexes
from 20 to 50 Yrs Old

National Center for
Computational Toxicology

e Currently evaluated ~700 ToxCast Phase | and Il
chemicals

» Models available through “httk” R package
(https://cran.r-project.org/web/packages/httk/)

In Vitro Potency
Value

Oral Dose Required
to Achieve Steady
State Plasma

—
Plasma_ Oral Concentrations
Concentration Exposure Equivalent to In Vitro
v Bioactivity
Reverse
Dosimetry

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012


https://cran.r-project.org/web/packages/httk/
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Lacking on Most Chemicals
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Exposure Component

(Bio)
\EXDOSULES ated ferg., CDC

ey

jarjce in the

A . /”",______”
armacokinetic Calibrate Inferred
IO Imadels —
Models Exposures

_U
=

Dataset 1

Dataset. 2

* The same five variables work
for all NHANES demographic Estimate

groups analyzed — stratified by )

age, sex, and body-mass Uncertainty

ndex | ~
Lise J i @8(1

—I'EJ'd-l:I-C:C'I-O-I’_]“4 - EXpOSU res
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