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Too Many Chemicals

90,000
A ~
1000007 11,000 —
A
\__ <« M RIS
10000~ —y TRI
M Pesticide Actives
1000 [JCCL 1&2
[ Pesticide Inerts
100- 0 HPV

10+

O MPV Current
0 MPV Historical
[0 TSCA Inventory

1 -

Data Collection

Too High a Cost

Change Needed Because .....

aannnn

598,99, 99
2,999 % %,
98,999 49
29,999

Millions S

—>@ Cancer
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...and not enough data.

- Office of Research and Development
National Center for Computational Toxicology

Judson, et al EHP, 2008
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Toxicity Testing in the 21st Century:
A Vision and a Strategy

Advances in molecular biology, biotechnology, and other fields are pav-
ing the way for major improvements in how scienfists evaluate the health risks
posed by potentially toxic chemicals found at low levels in the environment. These
advances would make toxicity testing quicker. less expensive, and more directly
relevant to human exposures. They could also reduce the need for animal testing by
substituting more laboratory tests based on human cells. This National Research
Council report creates a far-reaching vision for the future of toxicity testing.
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Transforming Environmental
Health Protection

Francis 8. Collins,™ George M. Gray2” John R. Bucher®™
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Science, February 2008

g (HTS) and other auto-
ssays into its testing
e EPA established the
Computational Toxi-

for tﬂxicity testhg and a str:negic plan for
implementing that vision. Both agencies
wanted future toxicity testing and assessment
paradigms to meet evolving regulatory needs.
Challenges include the large numbers of sub-
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Putting Chemicals on a Path
To Better Risk Assessment

Industry and regulators are embracing new technologies to move beyond
slow, expensive, and perplexing animal tests

mines what kinds of t2sis companies have 1o
conduct, says Dan Newton of the Society of
Chemical Manufacturers and AfTiliates in
Washington, D.C. “For the first time in a very
long time, the prominence of atienton being
paid to chemical issues within the agency has
risen significantly,” says Richard Denison of
the Environmental Defense Fund, an advo-
cacy group in Washington, D.C.

Costly cornerstones

ugh these initiatives,
NTPand EPA, \\- nhlhe NCGC, are promot-
ing the evolution of toxicology from a pre-
dominantly observational science at the
level of disease-specific models in vivo to a
predominantly predictive science focused
on broad inclhusion of target-specific, mech-
anism-based, biological observations in
vitro (1, 4) (see figure, below).

Toxiciry pathways. In vitro and in vivo
tools are being used to identify cellular
responses after chemical exposure expected
to result in adverse health effects (7). HTS
methods are a primary means of discovery
for drug development, and screening of
=100,000 compounds per day is routine ().
However, drug-discovery HTS methods tra-
ditionally test compounds at one concenta-

Human experience

Standard rodent
L

animal models
100-10,000/year

Future of Chemical Toxicity Testing

We propose a shift from primarily in vivo animal
studies to invitro assays, in vivo assays with
lower organisms, and computational modeling
for toxicity assessments.

tion, usually between 2 and 10 M, and toler-
ate high false-negative rates. In contrast, in
the EPA, NCGC, and NTP combined effort,
all compounds are tested at as many as 15
concentrations, generally ranging from ~3
nM to ~100 M, to generate a concentration-
response curve {9). This approach is highly
reproducible, produces significantly lower
false-positive and false-negative rates than
the traditional HTS methods (9), and facili-
tates multiassay comparisons. Finally, an
informatics platform has been built to com-
pare results among HTS screens; this is
being expanded to allow comparisons with
historical toxicologic NTP and EPA data
(http: ncge nih.gov/pub/openhts). HTS data
collected by EPA and NTP, as well as by
the NCGC and other Molecular Libraries
Initiative centers (http://mli.nih.gov/), are
being made publicly available through Web-
based databases [e.g., PubChem (http://
pubchem.nechi.nlm.nih. gov)]. In addition,

Altemative nd cell-based

1o assays
>10,000/day

d from www.sciencemag org on February 15, 2008

PRACTICALLY EVERY BOTTLE OF SUNSCREEN
contains ethy lhexyl methoxycinnamate, a
compound that blocks ultraviolet rays. But
there s a slight risk that it could pose a tu.aILh

bazard

issued a 20-year strategic plan. It incorpo-
rates much of the advice of a major report”
issued in 2007 by the National Academies’
\Iatmual Rmcan,h Counul (NRC): le..

The current system of toxicity testing in the
United States dates back to a 1937 tragedy,
when a company advertised an antimicrobial
drug called “Elixir uf‘;ulfamlam:d{: More

ol ire meves Iesaon the o
than would be expecred

for typical human
exposures, requiring - .
assumptions about

| These pcwerful new
. approaches should help
‘ to address a number of
| challenges facing the

EPAs Contribution:

OTTICE Of Research and Development
National Center for Computational Toxicology

“Directar, National Human Genama Research Institute
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S ToxCast™ Bac kground

Agency

o Addresses chemical screening and prioritization needs for
pesticidal inerts, anti-microbials, CCLs, HPVs and MPVs

o Comprehensive use of HTS technologies to generate
biological fingerprints and predictive signatures

o Coordinated with NTP and NIH/NCGC via Tox21

o Committed to stakeholder involvement and public release
of data & tools
» Communities of Practice- Chemical Prioritization; Exposure
» NCCT website http://www.epa.gov/ncct/toxcast

o ACToR http://www.epa.gov/actor/
o ToxRef DB http://www.epa.gov/ncct/toxrefdb/
0 DSSTox (PubChem) http://www.epa.gov/ncct/dsstox/

- Office of Research and Development
National Center for Computational Toxicology
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oxCast Phase | Chemicals

ToxCast 320

B IRIS
ETRI

B Pesticide Actives

OCCL 1&2

M Pesticide Inerts

[0 HPV

Many well
characterized

Few well

‘

o MPV Current characterized

@ MPV Historical
[0 TSCA Inventory | )

Data Collection

- Office of Research and Development
National Center for Computational Toxicology



wEPA Chemical Classes in

United States

ke ToxCast_320 (Phase ) e —

AMIDE

ESTER

ETHER

PYRIDINE
FLUORINE
CARBOXYLIC ACID
PHENOXY
KETONE

TRIAZINE
CARBAMATE
PHOSPHOROTHIOATE
PYRIMIDINE
BENZENE
ORGANOCHLORINE
AMINE
PYRETHROID
SULFONYLUREA
TRIAZOLE

UREA

IMIDAZOLE
NITRILE

ALCOHOL

CYCLO
PHOSPHORODITHIOATE
THIOCARBAMATE
ANILINE
THIAZOLE
DINITROANILINE
OXAZOLE
PHOSPHATE

IMINE

NITRO

PHENOL
PHTHALIMIDE
PYRAZOLE 7
SULFONAMIDE

@ 309 Unique Structures
& Replicates for QC

@ 291 Pesticide Actives
@ 9 Industrial Chemicals Misc (<4 members)
@ 13 Parent/Metablolite
pairs

@ 56/73 Proposed Tier 1
Endocrine Disruption
Screening Program

@ 14 High Production
Volume Chemicals
@ 11 HPV Challenge

- Office of Research and Development
National Center for Computational Toxicology
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DER Format
EPA Pesticide Programs:  Study entiers |
_ — Tested Chemical Information
Data Evaluation Records (DERS) + IDs
* Name
« Purity
« Used for hazard identification and ~ Study Type IDs
Characterlzatlon — Reviewer Information
 Citation(s)
 Study Types - Executive Summary
— Chronic — Summary Study Design
C — Summary Effects
— ancer — Endpoirgs (NOAEL/LOAEL)

— Subchronic

— Multigeneration | $1O,OOO1OOO )

— Developmental

Chemical Properties

— Others: DNT, Neurotox, In..nhunotox, . Animal Information
 Derive Endpoints (NOAEL/LOAEL) ~ Strain
Svst . — Husbandry
— Dystemic « Results (full dose-response)
— Parental — Clinical signs
. — Clinical Chemistry/ Hematology
— Reproductive — Gross Pathology
— Maternal — Non-neoplastic Pathology
_ Developmental — Neoplastic Pathology
. i — Parental vs. Offspring
« Critical Effects for Endpoints _ Maternal vs. Fetal




B2 Toxicological Reference Database - Study Input Form

LHITED STATES CHVIRORMENTAL PROTECTEIN MGEMET

LHITED STATES CHVIROKME NTAL PROTEC TN AGEHCT

ToxRefDB

Data Entry Completeness Score

L COMPUTATIONAL S COMPUTATIONAL

|Par1ia|ly Complete (Effect Data) _‘_ S g TONHOLUG InPUt FOI'ITI _‘_ oA S T LG
Historic Study ldentifiers Study/Data Quality Test Material Information [ Search Chemical List ] [Search PC Code ]
MRID# | 44555001 | || Data usability |cceptshle Guideline (post-1298) % | | chemical Imazali v
Primary Study Year | 1993 Stucly-Level Comments Purity (%) LotBatchi# [ZROZ3979GIFEE1 | Source | |
Supplemental MRIDMHistoric ID0=) Mote: Thyroid weights inc in male and dec in female. Test Material {Chemical) Comments

Thyroid neoplasia increase in male snd decrease in - p
| | | | [ e Tt esss b e |ZRO23979GIFER1 /=07 4% al. /i IRO2307ICICEH (=08 B% al. |
Study Type Animal and Dose Information
Study Type |Cnmhined chronic toxicity ficarcinogenicity b | Species |rat hd | Method/Route of Administration
Strain |[O'lher] V| |Feed w |

Animal and Dose Administration Comments (ncluding Mot In List)

Study Duration Start | EI| |da§.n' ¥ | Additional Stucy Duration Information Strain: Hannover substrain (SPF) Wistar_derived
Finish| 104/ |week v
---------------------------------------------------I *StudrEffectList*
Upload Form Info ~ . =
Uze Excel upload Treatment Group List View urj.nt.ld Edit Uploaded
form to add Treatment Group Gender Dose Period #/ 2 FE Treatment Group
freatment groups. Category Category Type Dose Duration  Goup by Type S
Click "Bulk reatme roup
Upmac'ﬁ; CD;V a1 Acutt (P |[ M | [tnitiskto-Terminal ||[ 2.7 [momkgiday | fweek |[ 0 w| Category
anpdaustpelégﬂ;;;?p& AUt (P1) |[F ] [tnitialto-Terminal | [ 3.6|[mamgiday | [week |[ 50 v et (P1) v|
| Adult (P1) [ M | [Initial-to-Terminal ||| 10.8| makgiday | [week |[ =0 v Gender #igroup
Excel Treatment
| 14.B| |mgrkgrda\,-' | |week || S0 w | |M bt || =0 |
|

|
|
|
: Dose Period Type
|
|
|

|
|
|
Group Form | Aucutt (P1) || F | [tnitiakto-Terminal |
|
|
|
|

sdno.s) Juswjes. |

Adult (P1) || m | [tnitial-to-Terminal ||| 65.8|[mgigiday | [104][week || 50 v et to-Termin =
Adutt (P1) [ F | [mnitialto-Terminal ||| &5 2| mokgiday | |week IEE - Dose  Units
Acutt (P1) [[ ™ | [mnitiak-to-Terminal ||| 134.8] mgkgiday | |Week || =0 v [ 27| |makgicy v
CFFECT DATA Adutt (P17 [ F ] [nitiak-to-Terminal ||| 166 8| [mokgiday | |week || =0 v Duration Units
Click on "wigw ar | 1U4| |W'3'ak il |
Add Critical Effect cove Deleie  liew
Data by Type"to
input effect data Shor sl
for any trestment Effel;ts
group by effect [ Delete Selected Treatment Group ] [ Search Effect Wocabulary ] [ Fisher's Edact Test ] [ Toggle to Critical Effects Form l mnnm [A=sign
type. w LOAEL =]

http://www.epa.gov/ncct/toxrefdb/

Study Design Level Controls @Em@@ Enter Hew Study Filenames Toggle back to ToxRefDB Switchhoard
| (14 semen) ] e [ l
Record: E 1 E][E of 1 (Filkered)




EPA ToxRefDB: 2073 Studies Entered

for 480 Chemicals

Agency

400

i Other
B ToxCast

350 -

300 -

250 -

200 -

# of Chemicals

150 -

Chronic

Multigen/
100 - Repro Developmental

Subchronic

Study Coverage (by Study Type)

- Office of Research and Development 10
National Center for Computational Toxicology
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ToxCast Phase | Chemicals

>$1Billion Dollars Worth of In Vivo Chronic/Cancer
Bioassay Effects and Endpoints
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wEPA Initial Chronic Rat & Mouse

United States

meney oo e Endpoints for Predictive Modeling

/ Liver Tumors
Liver Proliferative Lesions
Liver Apoptosis/Necrosis
Liver Hypertrophy

Kidney Nephropathy

Kidney Proliferative Lesions
Thyroid Proliferative
Thyroid Tumors

< Thyroid Hyperplasia
Testicular Tumors
Testicular Atrophy
Spleen Pathology
Cholinesterase Inhibition
Tumorigen

Multisite Tumorigen

\ Multigender Tumorigen

% Chemicals with Observed Endpoint
Rat: 283 chemicals
Mouse: 267 chemicals

RAT

4 Liver Tumors
Liver Proliferative Lesions
Liver Apoptosis/Necrosis
Liver Hypertrophy

< Kidney Pathology
Lung Tumors
Tumorigen

Multisite Tumorigen
_ Multigender Tumorigen

Y A

10% 20% 30% 40%

Martin et al. (2009) Environ Health Perspec 117:392-399
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SEPA  ToxCast In vitro HTS Assays

Environmental Protection
Agency

Biochemical Assays Cellular Assays

_ N  Cell lines
« Protein families — HepG2 human hepatoblastoma
— GPCR — A549 human lung carcinoma
_ NR — HEK 293 human embryonic kidney
— Kinase :
_ Phosphatase « Primary cells
— Human endothelial cells
— Protease — Human monocytes
— Other enzyme — Human keratinocytes
— lon channel — Human fibroblasts
— Transporter — Human proximal tubule kidn_ey cells
— Human small airway epithelial cells
- Assay formats - Biotransformation competent cells
— Radioligand binding — Primary rat hepatocytes
— Enzyme activity — Primary human hepatocytes

— Co-activator recruitment
« Assay formats

467 Endpoints — Cytotoxicity
— Reporter gene
- Office of Research and Development — Gene expression )
National Center for Computational Toxicology — Biomarker produc“on

— High-content imaging for cellular phenotype



o | |
SEPA ToxCast_320 Phase | Chemicals

Environmental Protection
Agency

(467 assays)

NovaScreen

ToxCast Phase | HTS

Solidus

- Office of Research and Development
National Center for Computational Toxicology
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ATG_cis_PXRE

NVS_NR_hPXR

//
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ATG_trans_PXR

N

LXR

NCGC_LXRb_AG /

ATG trans LXRb

/
NCGC_LXRb_ANTAG

ATG trans_LXRa

= . ._.

ATG_trans_PPAR

NVS_NR_hPPARa

NCGC_PPARg_ANTAG

GC_PPARg_AG

ML LA

wewes ATG trans FXR

ABCB11
NVSﬁNHﬁhFJ‘(_Ij\ / _—

FXR — ABCBI
b

NCGC_FXR AG

NVS_NR_FXRAgonist -
CAR

L
ATG_cis_PBREM

NVS_NR_hCAR

NCGC_FXR_ANTAG

Office of Research and Development
National Center for Computational Toxicology

.—”'/
ATG_trans_PPARg

PPAR —NEGC_PPARd_AG

W\

NC&C_PPARd_ANTAG

ATG_trans_PPARa

ATG_cis_PPRE
NVS_NR_hPPARg

NVS_NR_CARAgonist

Multiple Assays per Endpoint

NCGC

CellzDirect
Novascreen

Attagene

15



ToxCast
Predictive Modeling
of Chronic
Rat Liver
Apoptosis/Necrosis

In Vitro

(15)

Positive
cluster
In Vivo
(23)
Methods described in

Negative
cluster
Judson et al 2008

A comparison of machine learning
algorithms for chemical toxicity classification
using a simulated multi-scale data model.
BMC Bioinformatics 9:241

N1 Al E1 A2 N2 N3N4 N5 C1 Bl B2 B3 G1 A3 E2
HTS Assays



Structure Class vs Bioactivity Class

cl Hg

Chemical structure class:

o Cluster according to

activity and mechanism
o Differences in activity
profiles can discriminate

% %mmm

I”WIH

within structure class \ = oyt o3
= Lj; - y\ﬁ,;ﬁf >(§I
= Berfluralin ¢ . + 4 Ethalfluralin
Bioactivity profile class: . - o Th IR
o Can project onto multiple = TQ’D Ty D RARy
chemical classes : ==—= " |

o Potentially broader coverage of
chemical space
o Implies mechanistic similarity

10w H' [ILENIRA)




SEPA DSSTox: Distributed Structure-Searchable
Envcarmanta Protection Database Network Project...& ToxCast

Agency

U.S. Environmental Protection Agency

Distributed Structure-Searchable Toxicity (DSSTox)

Public Database Network

Recent Additions | Contact Us search: © all EPA & This area EI
ou are here: EPA Hormme % Cormputational Toxicaloauw Rezsearch Distributad Structure-Searchable Toxicitu
(DSSTox) Pub
About DSSTox .
sl http://www.epa.gov/ncct/dsstox
Frequent Questions
Structure Data Files . . o
MLl (DS ST ox) Database Network « s pojeior oo Chemical Toxicity Data
o O] ;Domd L{tatiornaIToxicoIE tProt ram,thetl:l’:uingdto bLé”dta ptublic Idata Structures -‘ e —
pps, Tools ore oundation far improved structure-activity and predictive taxicalo ’ )
DSSTox Community capabilities. The%SSToxwebsite provides a Eublic farurn for QY :]:I :@: +
publishing downloadable, structure-searchable, standardized
Site Map chemical structure files associated with toxicity data. more= " %
Glossary of Terms S, l
Help EPA DSSTox @
14 current files, >15 substances, >10K structures
External links: PubChem, ChemSpider, Lazar, ACToR
B Publishes high-quality standardized structure-
data (SD) files pertaining to toxicology:
- EPA, HPV-IS, IRIS, NTP, FDA, NCBI, EBI, ...
» Strict chemical QA procedures
B Public substance/structure ID registry system
» DSSTox Structure-Browser 22—
- Search by structure, name, CAS, o *
o | _Sewh |
- Similarity & fragment search P ——

- Link-in and link out of browser

- Search within a DSSTox file Emm_

(55 i e

-- -~.ﬁ EIG"\(' C}O

A et

s

o Chemical information QA

and structure annotation
» ToxCast Phase | & Il
» ToxRefDB
> Tox21
» ACToR

o Facilitate external linkages
and data publication

o Publish summary activities
and chemical classifiers for
modeling

e PubChem Source
depositor for structures &
‘assays”



ACToR Home

U.5. ENVIRONMENTAL PROTECTION AGENCY

ACToR: Aggregated Computational Toxicology [¥IS Ay VN

Resource

Recent &dditions | Contact Us Search: © AILEPA & This Area

“ou are here: EFAHome # HWational Centerfor Computational Toxicology # ACToR #

http://www.epa.gov/actor/

By Phenotype
# Show Hazard (359)

» Show Carcinogenicity (331

F Show Genotoxicity (19

# Show Developrmental Toxicity (13)

» Show Reproductive Toxicity (129

Data Collections

Details

Details

Data Collection

Ambinter

Description Source Type

Ambinter - supplier of chemicals PubChem Source

Number

Number Number
Generic  Assay

Substances Chemicals Results

45

- Internet portal of information of chemicals pertaining to
environmental toxicology

» +200 public sources
» +500,000 chemicals
- Searchable by Name, CASRN, substructure

- Tool for identifying chemicals of concern, analogues,
and their data gaps

« Modeled on NCBI databases
http://www.ncbi.nlm.nih.gov/

Details

Details

CERHR

ChEBI

— Developed by R. Judson, EPA NCCT

FEQISTEY ) WHICH 1S PArT 0T TNE \LENEr TOF LISESSE \LONFol. E&CH ' .\—{ i =< 1912-24-9

the 275 chemical is provided with a toxicity score and & rank. Ll h ﬂu_

MTP Certer for the Evalustion of Risks to Human Reproduction
[CERHR) provides summaries of studies to determine human

Atfrazine

» Show Chronic Toxicity (9

» Show Repeat Dose Toxicity (11

# Show Dermal Toxicity (4

F Show Immunaotaoxicity (5

# Show Meurotoxicity (4]

F Show Pl Metabalism (1)

2 o
bk Show Food Safety (12)
163 2585 Link
Out
218 243 Link
Out
1093 i Link
Out
662 a Link
fa S
Lby
Exact
Any
1-100f23 x| Mext 10
Generic
Chemical Developmental Repraductive Chronic  Food
Details  Hazard Carcinogenicity Genatoxicity  Toxicity Toxicity  Toxicity Safety

DetaIIS ﬂ H

reproductive heatth risks of chemicals. e
1007-28-9 B-Deisopropylatrazine  Details
s A
Chemical Ertities of Biological Interest me oo "
T |



ToxCast: High-Multi-Dimensional Data

Pathway groupings . "
L =y
| } "’

!
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ﬁitivity cutoffs ;

Activity groupings
Gene target groups

HsC
cl SN
s O

HO\/\OQ H,c/c,)hpl- J\ >/NH

T L &7 TNH—~CHg @N/%N}LO cu
Chemical Structures S

Expert-derived chemical and MOA classes & |
Reactivity & Metabolic activity classes

Chemical feature (::Iasses Ds E T DJ{
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Bloassay Data -

Activity Profiles

Aggregated




ToxCast: Data Publication & Exploration

e s o Pub @ he ml

Register ToxCast

data . Substances in
b /Q) H.c’n‘P’s ,ﬂ\ )

Aﬂ SRl uﬁﬁ:/ PubChem
SEPAACTOR |< SEPA DSSTox

T
|~ SRR HTS Data /

Biochemical, Cell-based, ... Chem ICaI StrUCtu re
annotation & QC

Bioassay Data r‘y

— Summ_arized
e T wemme | €Ndpoint data for
e use in SAR

modeling




wEPA ToxCast™ Data Analysis Summit,

United States

Eg\éir:gcmental Protection May 14-15’ 2009

o Phase 1 ToxCast data made available to analysis partners prior to
full public release

@ >500 HTS assays — categorical (1/0)
@ 76 “bioassay” endpoints from ToxRefDB for modeling

o Chemical structure SD file (DSSTox), chemical information files (descriptors)
e Over 200 registered attendees, 60 presenters
e Wide variety of prediction schemes

@ In vitro = In vivo

@ Chemical descriptors = In vivo (SAR)

@ Chemical descriptors + In vitro = In vivo

@ Wide variety of approaches

a Statistics, clustering, machine learning, particle swarm, etc.

- Office of Research and Development
National Center for Computational Toxicology



A

= /
m
I\o o

=

S
INCRs ¢S\

Rat Liver Tumorigens are diverse in
chemical structure and in vitro Signature

Environmental Protection

United States
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+  Diethylhexyl phthalate

Malathion
Mevinphos
Ametryn
Simazine
Acetochlor
Dimethenamid
Vinclozolin
Cyclanilide
Dichlobenil
Fludioxonil

Imazalil

2,5-Pyridinedicarboxylic

acid, dipropyl ester

Pymetrozine
Tebufenpyrad
Isoxaflutole
Lactofen
Diclofop-methyl

Oxadiazon

Carbaryl

Tepraloxydim

PPARA
PPARG
CCL26
CCL2
HMGCS2
RXRA




Prediction of animal toxicity endpoints of ToxCast Phase |
compounds using a combination of chemical and biological

In vitro descriptors

CCRE"E]_?
0.6 -
v'Need for external e
validation
0.4 -

v’ Predictivity improves o3 -
when HTS data

m Conventional OSAR

® Individual ToxCAST
hioassay

. . 0.2 - m Consensus result
combined with
chemical descriptors 0.1 -
0 -
Liver Proliferative  Liver Tumors Tumorigens
Lesions
UNC Slide results courtesy of Alex Tropsha, UNC School of Pharmacy,

ESHELMAN

SCHOOL OF PHARMACY

ToxCast Data Analysis Summit, May 2009

24




Navigating through the domains of
biology and chemistry

Features In vivo =2 Features In vitro

Structure-
In vivo (tox) assays

.

Structure-
In vitro assays

.

Chemical features (i.e., chemical substructures):
v’ greater representation than compounds across datasets
v more statistically robust in associating with activity

v intuitive and chemically meaningful

Slide results courtesy of ChihaeYang, FDA CFSAN, ToxCast Data Analysis Summit, May 2009 25
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wEPA ToxCast™ Data Analysis Summit,

United States

Eg\éir:gcmental Protection May 14_15’ 2009

Impressions, Conclusions, Lessons...

o Global associations (in vitro to in vivo), trends not apparent =
local models possible in cross sections of chemical
feature/biology space

o Statistical means for dealing with highly dimensional, sparse,
unbalanced data needed - new methods proposed

o Chemical descriptors and features improve model performance
when combined with HTS

@ Existing SAR carcinogenicity prediction models (LAZAR,
ToxTree, PASS) built from public data performed poorly
—> point to lack of coverage of non-genotoxic mechanisms

¢ Public data availability and transparency successful in
engaging wide range of researchers and capabilities in analysis

- Office of Research and Development 27
National Center for Computational Toxicology



ToxCast Data Landscape:
Implications for genetox

e 309 ToxCast Phase | chemicals
— Mostly pesticides
— Different chemical space

* High proportion of non-genotoxic
carcinogens

 No genetox data provided

e SAL data collected from public
sources for approx 108 ToxCast
chemicals to assess genetox-
related assays *

Knight et. al, Reg Tox Pharmacol, 2009, in press.

Principal Components Projection

Drugs
Food
© NTP L
°© ToxCast| %!

~_ Food ingred.

Slide results courtesy of ChihaeYang, FDA CFSAN,
ToxCast Data Analysis Summit, May 2009



“"EPA ToxCast/Tox21: GeneToxX

Agency

I 0 O MR T
L oGreenScreen HC GADDA450-GFP Reporter
__ R Assay (p53 competent) — (Gentronix, Ltd.)
Phase | Chemicals x ASS&YSM o CellCiphr p53 (Cellumen Inc.)
| 1| o cellsensor p53RE-bla (Invitrogen Corp.,
provided by NCGC)

|
CellCiphr p53

Overlap of
positive results

GreenScreen HC

Knight et. al, Reg Tox Pharmacol, 2009, in press.

- Office of Research and Development
National Center for Computational Toxicology

CellSensor p53



A rodent bioassay vs. an HTS genetox assay

True Positive: v&
V/X Tumorlgen +/HTS + (SAL ) False Negative:
/& ] O Tumorigen +/ HTS -

\
)

0
.05 W : |
i 0 QC :+ | / R

o - ) 3/3/ /i rf‘“o//:/ /\O‘\ \ i
GreenScreen (GADD 45a-GFP) Results: I P N R
High Specificity (% true negatives): 94% ‘ - © ol T L
Low Sensitivity (% true positives): 15% O Negative
Correctly predicts a few cases of SAL(-) Tumorigens [~ er .|+ Positive

b, 2 05 cl ] o o 0 ) B B
m/(j QOI P, 2 05 b,
CHR_Rat_Tumorigen GreenScreen (GADD45a )

_ _ Slide results courtesy of ChihaeYang, FDA CFSAN,
Knight et. al, Reg Tox Pharma, 2009, in press. ToxCast Data Analysis Summit, May 2009



ToxCast & Tox21 T

||| Effects & Endpoints
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- Office of Research and Development
National Center for Computational Toxicology

_ N@G C
SEPA  Tox21 Collaboration ST 521
EPAXY

Natlonal Health and Natlonal Center for
E

Q Comblned HTS plates (7x1408) hlgh logy
Interest chemicals

@ Joint assay development

@ Use of NCGC HTS testing capabilities
@ EPA informatics (ACToR/DSSTox)

T ﬂ—'
e ST

té}) Nahonul Toxm:ology Prog ram

Biomolecular Screening Branch Toxmology Project Team
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wEPA
e | OX21 & TOXCast Phase |l

Agency

@ HTS chemical space will extend to approx 10,000 chemicals:

> EPA Pesticides, high interest EPA and stakeholder inventories, data rich
chemicals

> NTP data rich & high interest chemicals, DSSTox inventories
> NCGC - marketed drugs
> EPA HPV classes, metabolite/parent pairs, Green chemistry pairs (toxic, safe)

o Pfizer: ~ 100 failed drugs with pre-clinical/clinical tox data

@ Glaxo: liver toxicity data for approx 150 drugs

@ L’Oreal: sponsoring 10 chemicals for Phase Il

o FDA CFSAN data rich chemicals to be included

@ Model organisms: c. elegans (NTP), whole embryo zebrafish (EPA)

o Expanded toxicity data models and databases to include:
» Developmental Neurotox, Immunotox, Genetox

A\

- Office of Research and Development TOX
National Center for Computational Toxicology



“EPA ToxCast/Tox21: GeneTox

Agency

o Avallable HTS GeneTox tests under consideration:

GreenScreen Human Cell Assay (GADD45a —-GFP reporter)

>
> Ames Il assay

> In vitro Micronucleus assay

> In vitro Comet assay

> In vitro Caspase 3/7 Cytotoxicity assay

o ToxRefDB Genetox data from DERSs for pesticides

@ Inclusion of hundreds of additional chemicals having rich
profile of both in vivo chronic (cancer) data & genetox data

> NTP chronic bioassay studies
> FDA CFSAN chronic studies

- Office of Research and Development
National Center for Computational Toxicology



<EPA

United States
Environmental Protection
Agency

New Approaches to Toxicity Screening

L A_AT=

Cost/Ca

[an)

» Use broad chemistry space
(features) to probe biological
space

* Heavy reliance on new
Informatics approaches for
navigating chemical/HTS/in
vivo data domains

 New data, new possibilities

Office of Research and Development
National Center for Computational Toxicology

10,000s-
100,000s/day

e

Throughput/
Simplicity
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