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SEPA Early Beginnings of
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Environmental Protectior

Computational Toxicology...

» Application of computational modeling to
toxicological endpoints began with
development of QSARSs in 1970s.

* In early 1970s, first physiologically-based
pharmacokinetic (PBPK) models were
developed

* In 1980s, significant growth in computer
30 modeling in QSAR and PBPK modeling
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* In 1990s, development of physiologically
based pharmacodynamic (PBPD) models for
AChE inhibition and cell
death/proliferation/mutation
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%, * Inthe late 1990s,use of the term
‘computational toxicology’ appeared in the
literature
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SEPA Rapid Evolution of
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Computational Toxicology

» The field of computational toxicology has=
rapid evolution

nctuated and

* What started out as predicting tox}
to use computational modeling

olved

* Diverse regulatory needs, co
reports, and large influx of da

€.1500 - 1960s  c. 1970s - 2002 2003 - 2006 2007 - 2010 2011 - 2016
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What Traits Have Been
Under Selection?

T,

National Center for
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Increased throughput and biological
coverage

Interrogation of effects at the molecular and
pathway level

Increasingly relevant test systems
Putting results in a dose/exposure context
Characterization of uncertainty

Computational modeling to integrate
experimental data

Delivery of data and models through
decision support tools

Transparency and performancebased
validation



<EPA Throughput Spurred by Regulatory
Demand and Expert Guidance
70 « In 1976, the U.S. Toxic Substances
2 00 Control Act put burden on EPA to
2 50 [11 T 7
N demonstrate “unreasonable risk” for
5 4 industrial chemicals
gzo « Increased recognition of lack of safety
€ 10 data for many environmental/industrial
0 chemicals
OAcute OCancer
mGentox BDev Tox — 1984 U.S. NRC report
FREPTOTOX - jydson, etal EHP (2010 » Guidance from internal strategy reports

National Center for
Computational Toxicology

and expert committees highlighted need
for increased throughput

— 2005 EPA CompTox Report

— 2007 U.S. NRC report




SEPA Increased Throughput Required Shift
to Molecular/Pathway Approaches
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Agency

~§OO Cel! & ~1 000 ".'30 CeII. & ~8 000

biochemical ‘ Chemicals | S8 ‘ biochemical Chemicals | &
assays assays

Set Chemicals | Assays | Completion

ToxCast Phase | 293 ~600 2011

ToxCast Phase Il 767 ~600 2013

ToxCast Phase lll 1001 ~100 Ongoing

E1K (endocrine) 880 ~50 2013

Response

Concentration
National Center for
Computational Toxicology




wEPA Broad Success Derived from High-

United States
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Throughput Screening Approaches

Prioritization of Chemicals
for Further Testing

Provide Mechanistic
Support for Hazard ID

Group Chemicals by
Similar Bioactivity and
Predictive Modeling

Chemicals

1.2
Carcinogenicity of perfluorooctanoic acid, 1 | Ty
tetrafluoroethylene, dichloromethane, 1,2-dichloropropane, -
and 1,3-propane sultone o L

0.8 .
In June. 2014, 20 experits from nine  with 12-DCP in thic industry). strong evidence that DCM metabolizm - L
countricz mat at the Intematiomal The warking group corcidered the via  ghitathione-S-trancferaze  T1 A .
Agency for Resach on Camcer raity of cholangiccarinema the (GSTT1) leads te the formation of = ..
(IARC: Lysn, Framee) to ames: the wvery high relstive risk, the youmg reactive metsboliter that GITTL [ . .
carcinogenicity of perfluoreoctanaic  agez of the patients, the abmnce acivity & strangly asmociated with 5 0.6 -
acid (PFOA). tetrafluorocthylens  of non-ccupational rizk factors, genotaxicity of DCM in vitro and *s, .'.’
(TFE),  dichloromethane  (DEM), and the intensity of the exposure in vivo, and that GSTTl-mediated = .
1 3-dichloropropane (13-DCP), and 3z indications that the ewces: of  metaboliim of DCM does occur in .

) L]
0.4 .
. "y,
“s q“‘m
Carcinogenicity of tetrachlorvinphos, parathion, malathion, . »,
. 0.2 eay,
diazinon, and glyphosate o s S
In March, 2005, 17 eperts from cell profiferation (hypeplasia in The insecticides malathion and M *
11 countries met at the Intemational  rodents). Tetrachlonvinphos is banned  diazinon were classified 2s “probably 0 ..- a
— -

Agency for Research on Cancer (IARG;
lyon, France) to assess the carcino-
gericity of the organophosphate
pestiides etrachioninphos, parathion,
malathion, dizzinon, and gyphosate
(table). These amessments wil be

in the European Union. In the USA,
it continues to be vsed on animaly

inchudingin pet flea collars.

For parsthion, asociations with
ancers i soveral tisues  were
bserved in occupational studies

carcinagenic to humans® (Group 2A).
Malathion is used in agriculturs, public
health, and residential insect contral.
It continues to be produced in
substantial volumes throughout the
world. There is limited evidence in

Carcinogenicity of lindane, DDT,

2,4-dichlorophenoxyacetic acid

and

In jume 2005 26 experts from
13 countriss met at the Intermational
Agency for Ressah on Cancer
(ARC: Lyon France) i assess the
rincgeniclyy of the Insecticides
lindane and 1,11-trichlono-2,2-bis(4-
chiorophenyl)ethane (DOT). and the
herbicide  2,4-dichlorophencxyacetic

Immunasuppressie effects that can
oiperste In humans.

The Insecticide DOT was classified
a5 “probably carinogenic o humans™
(Group 2A). DOT was used for the
control  of Imsect-bome  diseases
during Workd War 7. subsequently
1t was widely applied to erdicte

biod or adipose taken In 2dulthood;
however, the possible Importance of
early-life exposure t DOT remains
unresoived. Studies on non- Hodgkin
Wmphoma and cancers of the Iner R
and testis provided limited evidence
I humans for the cardnogenicity
of DDT.

o Listl e List2 e EDSPUniverse » Reference Chemicals

FIFRA SAP, Dec 2014

IARC Monographs 110, 112, 113

says/ Pathways

National Center for
Computational Toxicology
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Continuing Pressure Towards
s Increased Biological Coverage

Gene Coverage

[l ToxCast

Not in
ToxCast

Pathway Coverage*

*At least one gene from
pathway represented

National Center for
Computational Toxicology
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Requirements:
e Low cost

 Whole genome

Searching for a Platform

e 384 well * Automatable

/Tarqeted RNA-seq

TempO Seq & TruSeq

G 4 RNA Pools

MAQC
RNA Stds

>
5 Replicates

\ Technical Comparison

TempO Seq & TruSeq

6 chemicals
G 1 concentration
MCF7 o
5 Replicates

@ 6 hours

/Low Coverage RNA-seq

G 4 RNA Pools

Functional Comparison /
6 chemicals
@ 1 concentration

> MCF7 >
MAQC 5 Replicates 5 Replicates
RNA Stds Low Coverage @ 6 hours Low Coverage
) ) RNA-seq _ _ RNA-seq
\ Technical Comparison Functional Comparison /

National Center for
Computational Toxicology




&EPA  Technical Performance of the
Three Sequencing Platforms

Low Coverage TruSeq TempO-Seq

r2 0.83 2 0.74 r2 0.75

M

- Y

5888
empO-Seq log2(A/B)

Low Goverage Seq lag2(A/B)

Targeted Seq log2{A/B)

SeqC llumina log2(AB) l ISBqC llumina log2(AB) SeqC llumina log2(A/B)

National Center for
Computational Toxicology




SEPA Functional Performance of the
Three Sequencing Platforms

Environmental Protectior
Agency

Genistein Trichostatin
affy_ CMAP_Z.coff.2 % E 2
bsp CMAP_Z.coff.2 dé o = < :C() ,:8
Isq_CMAP_Z .coff.2 & 7 5 e
tsq_CMAP_Z.coff.2 & <& o 4
23  r 4 L
S <& Q
O o 6’/‘// 2 C;!\

Large scale screen of 1,000 chemicals (ToxCast I/ll)
in single cell type

Additional screens across multiple cell types/lines
Additional reference chemicals and genetic

perturbations (RNAI/CRISPR/cDNA)
o /
= — - -— —
L 2 )K‘JO (\/\O ,;oo
0 ’h(,
e (2 @é‘ 2 v
> & Ko 5 B o S
) po . TP o TR S Q. =
& ¥ F o @ % % Target Famil £ %’ 5 5 g))"'* > 7%/
v -0 5‘ % % < Z Enz?mes Y - T T UIJ]
” (E'—‘xlg:??ii:}-'&:‘l—t"":'J"JI‘J"i receptors

lon channels
Nuclear receptors
Protein kinases

National Center for
Computational Toxicology
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What Traits Have Been
Under Selection?

T,
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Increased throughput and biological
coverage

Interrogation of effects at the molecular and
pathway level

Increasingly relevant test systems
Putting results in a dose/exposure context
Characterization of uncertainty

Computational modeling to integrate
experimental data

Delivery of data and models through
decision support tools

Transparency and performancebased
validation



<EPA Increasing Relevance of Test
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Systems Necessary at Multiple Levels

éw h ,‘ Relevant Species
NPV | Responses

e Lo

Relevant Metabolism

. . Relevant Tissue and Organ
. Responses
National Center for

Computational Toxicology




<EPA Assessing Cross-Species
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Differences in Response

Multispecies Attagene Trans Reporter Assay

Estrogen Receptor ERa Human
L ad Estrogen Receptor ERb Human
i e €] Estrogen Receptor ER1 Zebrafish
lnias ——n « ‘ Estrogen Receptor ER2a Zebrafish
.y, W o / 3:5::"' w Estrogen Receptor ER2b Zebrafish
I A = Lt > N - Estrogen Receptor ERa Chicken
. ] L - ¢ Estrogen Receptor ER1 Frog
oo RTU A e RTU A i v Estrogen Receptor ER2 Frog
RTU B RTU B &a ' Estrogen Receptor ERa Turtle
RTU C RTU C Estrogen Receptor AR Hu_man
Estrogen Receptor AR Chicken
Estrogen Receptor AR Turtle
RE 1 RTU A Estrogen Receptor AR Frog
. I X ] Estrogen Receptor AR Zebrafish
lerary of RTUs { RE 2 RTU B Peroxisome Proliferator Activated Receptory PPARg Mouse
— S 1 Peroxisome Proliferator Activated Receptar y PPARg Zebrafish
Peroxisome Proliferator Activated Receptor ¢ PPARg Human
. ,’5\ Pregnane X Receptor PXR Mouse
. T Thyroid Receptor TRa Turtle
Cell Transfection e 3 Thyroid Receptor TRb Zebrafish
RE 1 RTU A Thyroid Receptor TRb Zebrafish
- . Thyroid Receptor TRa Frog
.. Thyroid Receptor TRa Human
TFanSCFIPtIOH RE 2 |_|—:> RTU B " X Thyroid Receptor TRb Human
Controls M-06 A
I X 1 Controls GAL4 A
RNA Isolation I x 1 Controls M-19 MA
L = 1 Controls m-32 NA
Lo L X 1 Controls m-61 NA
Reverse transcription = — :
_ | % o x . « Host cell: human HepG2
PCR amplification : —= o —= : ] ) ]
« Stimulation with EC20 of 6a-
[ H ] H 1 .
Labeling : x . x . fluorotestosterone for detection of

& Hpa androgen receptor antagonists
Processing (Hpa ) | . A « 100 chemicals with ER, AR, PPAR activity

M tested in concentration-response
- Data calculated as fold-change over

control (6a-fluorotestosterone/DMSO)

Separation and detection o
(capillary electrophoresis) = -

<+

National Center for Houck et al., Unpublished
Computational Toxicology




Cross-Species Differences in

Environmental Protectior

United States
Agency

o
7

Nuclear Receptor Responses

GAL4

TR

PPARg

PXR

ER

AR

agonist

antagonist

Concordance Across Species (<50uM)
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< EPA
L v/ =
United States

Adding Relevant Metabolic
Activity

Environmental Protectior
Agency

National Center for
Computational Toxicology

CYP1A2 CYP2B6
150 150
150+ - CYP1A2 -+ CYP2C9
> 2
—4— CYP2B6 —¢— CYP3A4 S0 Z100{ 7
- < <
. 2 =
:E g g 50 g 501
Z 100 5. £ .
o) s - A
< £ 3 2 1 0 1 2 3 E 2 1 0 1 2 3
- 2 [Compound] log pM [Compound] log pM
] 21
o E cypP2co CYP3A4
E 504 s 150 150+
[]
g CYP1A2 CYP2B6 CYP2C9 CYP3Ad - u N
2 100 = 1001 :
< <
o 50 S 504
1] 1 8 &
0 1 2 3 4 5 .
3 2 1 0 1 2 3 - 2 1 0 1 2 3
HOU rs [Compound] log pM [Compound] log pM

® Furafyliine
®  Thio-TEPA
A Tienilic Acid

v Ketoconazole

DeGroot and Simmons, Unpublished
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What Traits Have Been
Under Selection?

T,
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Increased throughput and biological
coverage

Interrogation of effects at the molecular and
pathway level

Increasingly relevant test systems
Putting results in a dose/exposure context
Characterization of uncertainty

Computational modeling to integrate
experimental data

Delivery of data and models through
decision support tools

Transparency and performancebased
validation



<EPA The Need for High(er)
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Throughput TK Approaches

800 ToxCast Phase | m ToxCast Phase |l
700
600
500
400
300

200

Number of Chemicals

100

Total Number Chemicals with In  HTTK (Hamner & HTTK (In Process)
Vivo TK EPA)

National Center for
Computational Toxicology



<EPA Incorporating a High-Throughput
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Toxicokinetic Approach

EPA ToxCast Phase |

and Il Chemicals « Models available through “httk” R package

¥ Y (https://cran.r-project.org/web/packages/httk/)

Human Liver Human Plasma

Metabolism Protein Binding

l | ToxCast ACq
Value

Population-Based

IVIVE Model Oral Dose Required

to Achieve Steady

a State Plasma
—
ﬂ —, Plasma Oral Concentrations
Concentration Exposure Equivalent to In Vitro

Upper 95" Percentile Css Bioactivity

Among 100 Healthy
Individuals of Both Sexes

from 20 to 50 Yrs Old Reverse

Dosimetry

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

National Center for
Computational Toxicology



https://cran.r-project.org/web/packages/httk/
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Increased throughput and biological
coverage

Interrogation of effects at the molecular and
pathway level

Increasingly relevant test systems
Putting results in a dose/exposure context
Characterization of uncertainty

Computational modeling to integrate
experimental data

Delivery of data and models through
decision support tools

Transparency and performancebased
validation
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<EPA Incorporating Uncertainty Into the
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Pharmacokinetic Modeling

Bayesian Modeling of Plasma Protein Propagation of Experimental Uncertainty to Steady
Binding and Intrinsic Clearance State Plasma Concentrations
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and Variability is Chemical Specific
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What Traits Have Been
Under Selection?

T,
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Computational Toxicology

Increased throughput and biological
coverage

Interrogation of effects at the molecular and
pathway level

Increasingly relevant test systems
Putting results in a dose/exposure context
Characterization of uncertainty

Computational modeling to integrate
experimental data

Delivery of data and models through
decision support tools

Transparency and performancebased
validation



SEPA Relatively Simple Models Used to
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s Reduce Assay Interference

Assays cluster by technology, Computational Modeling of Estrogen
suggesting technology-specific non-ER bioactivity Receptor Pathway
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Specificit 0.92 (1.0 Specificit 0.67 (0.89
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*Values in parentheses exclude inconclusive chemicals Browne et al., ES&T. 2015

National Center for
Computational Toxicology



SEPA Complex Systems Models to Predict
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sy Phenotyplic Responses to Chemicals

Signaling Network Underlying Virtual

Genital Tubercle Model (Mouse) Simulation of Genital Tubercle Closure
Apoposis Growth
T . 1
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(n =10 sims) Septation Fusion Conden. Closure Index
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Leung et al., Repro Toxicol, 2016 33% 0/10 4/10 0/10 0.13
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National Center for

Computational Toxicology
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What Traits Have Been
Under Selection?

T,

National Center for
Computational Toxicology

Increased throughput and biological
coverage

Interrogation of effects at the molecular and
pathway level

Increasingly relevant test systems
Putting results in a dose/exposure context
Characterization of uncertainty

Computational modeling to integrate
experimental data

Delivery of data and models through
decision support tools

Transparency and performancebased
validation



Significant Pressure to Deliver Data
wET and Models in Useful Format

United States

Initial Data Delivered Progress to Dashboard Currently Providing Cross-
as Flat Files with Limited Search, Functional and Decision
Visualization, and Export Support Dashboards
Functionality

National Center for
Computational Toxicology
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SEPA  New Chemistry Dashboard Delivers
w0 Structural and Property Data

Agency

= Tra =
|2 Complox Dashboard | Bis X ! (2 CompTox Dashboard | Bi: X % Y
- = O N https://comptox.epa.gov/dashboard/dsstoxdb/calculation_details?model_id=18&search=20182 & =
! Homez  Advanced Sessch = -
MNCCT Models: Melting Point
Bisphenol A
B0DET | DTHSIDTI01E2
Mo ReEsuts
My cH, Pradictad valua: 144 'C
‘Global applicabliity domain: insids @
Local applicabliity domain index: 031 @
Q O Confidancs kvel 155 @
H OH
Modal Parformanca
o . o Weighted KNN medel -
a || , a B-Soid SV [TE%) Tradning (T5%] Tectizem)
= = xRN N a mEE Rz FlEEE s muEE
[k r3 o074 03 a7 T
Naarest NeighDors ram mie Traning 521
e, o
"':><" " L ’[:/ | l‘j wr, o
//__1'.| —=\: gah,j‘\.gl'\\ I = IF]’L"I::J.
SR} AT £ e
4 =1} e e,
o e
Sisphanal A 4 4'-Propana-1,1-diyidiphanol pheanal, £ 2'-butyiidenebis- Sksphanal 5 masa-Haxasiol
sacursd: 153 Misacured: 132 Misacured: 137 Msacured: 121 sacured: 127
Predisled: 144 Pradioled: 133 Predioded: 142 Pradioded: 140 Pradicled: 157
[l
Aboatt Contact ——— et [ Fvacy Accessioiity Help -

National Center for

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




o)

&EPA  RapidTox Decision Support
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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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Focus on Quality and Transparency

Log2 (Fold Induction)
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Concentration (uM)
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FLAGS:
Only one conc above baseline, active
Borderline active

National Center for
Computational Toxicology

* Public release of Tox21 and ToxCast data on
PubChem and EPA web site (raw and processed
data)

Transparent ToxCast data analysis pipeline

« Data quality flags to indicate concerns with chemical
purity and identity, noisy data, and systematic assay
errors

* Publicly available as an R package

Tox21 and ToxCast chemical libraries have undergone
analytical QC and results publicly available

Public posting of ToxCast procedures
e Chemical Procurementand QC

« Data Analysis
» Assay Characteristics and Performance

External audit on ToxCast data and data analysis
pipeline
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Next Phase... Evolution Towards
a Truly Predictive Science
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