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Building the Tox21 library

NIH Chemical Genomics Center (NCGC),
National Center for Advancing Translational Sciences (NCATS)
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Tox21 Partner Libraries

NCATS Pharmaceutical Collection

(NPC)

» Collection of “small molecule”
drugs approved for human use
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(3764 total)

NTP Study Chemicals
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« environmental/industrial (3115 total)
* known toxicants

EPA’s ToxCast library
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» pesticides —
» pharmaceutical
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(4078 total)
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“By failing to prepare, you are preparing
to fail.” — Benjamin Franklin
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Tox21 Public Data Release

NCATS
Tripod

2

NCATS
Assay Platform

17



Tox21:EPA Public Data Release
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\’ Agency
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Related Topics: Safer Chemicals Research

(Tox21)

Toxicology in the 21st Century (Tox21) is a federal collaboration
among EPA, NIH, including National Center for Advancing
Translational Sciences and the National Toxicology Program at the
National Institute of Environmental Health Sciences, and the Food
and Drug Administration. Tox21 researchers aim to develop better
toxicity assessment methods to quickly and efficiently test
whether certain chemical compounds have the potential to
disrupt processes in the human body that may lead to negative
health effects. One of EPA’s contributions to Tox21 are the
chemical screening results from the Toxicity Forecaster (ToxCast).
Learn more about the mission and geals of the Tox21 program.

Using a high-throughput robotic screening system housed at
NCATS, researchers are testing 10,000 environmental chemicals

https://www.epa.gov/chemical-research/toxicology-
testing-21st-century-tox21
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Toxicology Testing in the 21st Century

(called the Tox21 10K library) for their potential to disrupt biological pathways that may result in toxicity. Screening results help the
researchers prioritize chemicals for for further in-depth investigation. Learn more about NCATS role in the Tox21 collaboration.
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Tox21:NCATS Public Data Release SEPA

United States
Ervironments! Protection
Agency

https://ncats.nih.gov/tox21
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1D Tox21_202992 Plate Batch3-SP115973 Well P1-D-09  File SP115973_D009.D  Inj Date: 5 May 12 1:33 am - MF C15H1602 MW 228.1 Expected Conc: 2.97 mM

m) National Library of Medicine

National Center for Biotechnology Information

PUb © hem About  Blog  Submit  Contact
https://pubchem.ncbi.nim.nih.gov/#query=tox21

SEARCH FOR

tox21 O\

Treating this as a text search.

DATA SOURCE

Tox21
Governmental Organizations

The Toxicology in the 21st Century (Tox21) program aims to develop better toxicity assessment methods to quickly and efficiently test whether certain
chemical compounds have the potential to disrupt processes in the human body that may lead to negative health effects.

Last Updated: 2020/02/20

Compounds Substances BioAssays Literature
(11,267) (14,469) (226) (186)

Searching chemical names and synonyms including IUPAC names and InChlKeys across the compound collection. Note that annotations text from
compound summary pages is not searched. Read More...

11,267 results = Filters SORT BY Relevance v h 4 Download v
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What We Study

Health Effects Assessments
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NICEATM: Alternative
Methods

NTP Laboratory Research

Testing Program

Tox21
History of Tox21
High-Throughput
Transcriptomics & the

$1500+ Gene Set
Strategy

Research Phases

Selected Publications

Tox21

Toxicology in the 21st Century
(Tox21)

Thousands of chemical Robotic arm used for Tox21 testing

substances exist in the world,
but only a small fraction of @ Tox21 Robot ...

these have been adequately

assessed for their potential ’
toxicity to humans. The
Toxicology in the 21st
Century program, or Tox21, is
a unique collaboration
between several federal agencies to develop new ways to rapidly test
whether substances adversely affect human health. Substances
assayed in Tox21 include a diverse range of products such as:
commercial chemicals, pesticides, food additives/contaminants, and
medical compounds.

The following four government agencies bring their unique expertise,
resources, and tools to the Tox21 collaboration:

https: //ntp nlehs nih. qov/whatwestudv/tox21/

the NTP Websit

SHARE THIS:

Sle]flvls]+ R0

https://ntp.niehs.nih.gov/go/tox21 €]

+ On This Page

o Toxicologyin the 21st
Century (Tox21)

o Goals of the Tox21
Program

o Research Phases

o Contact

+ Related Links

o Biomolecular Screening
Branch (BSB) &2

o Tox21:Chemical Testing
in the 21st Century (A &

o United States Federal
Government
Collaboration 27



Tox21:NTP Public Data Release
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Tox21

History of Tox21

High-Throughput

Transcriptomics & the
$1500+ Gene Set Strategy

Research Phases

Selected Publications

Tox21 Toolbox

Tox21 Toolbox

The Tox21 Toolbox contains data-analysis tools for accessing and
visualizing Tox21 quantitative high-throughput screening (qHTS) 10K
library data, as well as integrating with other publicly available data.

NIEHS/NTP Tools

» Tox21 Data Analysis tools facilitate the analysis and visualization
of Tox21 data.

o BMDExpress 2 i allows users to perform genomic dose-
response analyses, with the goal of identifying gene
set/pathway-level potency estimates.

« Tox21 Data Visualization tools provide quick, easy-to-use Tox21
gHTS data access, visualization, and clustering.

o Tox21 Curve Browser (beta version) lets users visualize the

concentration-response curves of compounds of interest, with
the ability to superimpose assay results per compound for easy
comparison.

o Tox21 Activity Profiler (beta version) lets users prioritize

hthe NT

SHARE THIS:

Slelflvla]+

https://ntp.niehs.nih.gov/go/tbox 2]

+ On This Page

o NIEHS/NTP Tools

o External Tools

28




Let’'s take

A @ er Look

at the library
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Tox21 Partner Libraries

NCATS Pharmaceutical Collection

(NPC)

» Collection of “small molecule”
drugs approved for human use

NCATS
(3764 total)

NTP Study Chemicals
« NTP bioassay & genetox NTP
* NICETM (3115 total)

» environmental/industrial
 known toxicants

EPA’s ToxCast library

» environmental/industrial
» pesticides —
» pharmaceutical
* known toxicants

EPA
(4078 total)

30



Tox21 Partner Library Overlaps

NCATS
(3764 total)

NTP
(3115 total)

EPA incl. 885
(4078 total)
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Tox21 Cheminformatics

- S5 G0 7
& G S 3
95 # unique IDs S S
‘QSAR-Ready “desalted” Structures
DTXCID Salts,
Chemical Structure Inorganics
DTXSID
Generic Chemical Substance (CAS RN, Name) Mixtures
Tox21_1##### (NCGC/NCATS)  Tox21_2##### (NTP) Tox21_3##iti## (EPA)
Tox21_4###

B2



DSSTox
Cheminformatics

%

What sorts of questions can
we ask of the Tox21
chemical-assay landscape?

E9



Does stereochemistry matter?

100%

J1.....1....1.].]Jh...M.]]3.1111{1611|1411|IIIJJII{{"llll“[‘"‘l

0%
1 6 11 16 21 26 1 66
67 Stereo isomer pairs with %hit >3%
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Does salt form matter?

43 Enriched for HCI salt
— over parent (avg 56%)
15 Enriched for parent _=:
over HCI salt (avg 60%) ——
-100% -50% 0% 50% 100%

%Hit Enriched for Parent %Hit Enriched for HCI salt
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What do each of the Tox21 partner
libraries contribute to the whole?

36



Regulatory Use-List Coverage

Drugs
OPPIN
TSCA
REACH
COSMOS+

3000

(3005 total)

(4078 total) >

3500

(1861 total)

List membership on DrugBank, NCATS, ToxCast donated drugs

EPA Pesticide Inventory

EPA Toxics Substances Control Act (industrial, environmental)
Regulated chemicals in Europe (industrial, environmental, product use)

COSMOSDB & EFSAOFT (cosmetics, food-use, toxicity) .



Ervironments! Protection
Agency

Regulatory Use-List Coverage EPA

(3005 total)

(4078 total)

MTSCA REACH

(1861 total) COSMOS+

3478 962
1087 416
3880 1608

1631
1631 1783

COSMOS+ -—‘
REACH 2017 —
ratsca R
OPPIN '
DRUGS : Tox21 fraction of total

0 10000 20000 30000 40000 50000 60000
# of chemicalsin list 38



Toxicity Endpoint Coverage

DevTox
Mutag
RatCarc

1000

800

Developmental Toxicity (predicted from EPA T.E.S.T. model*)
Mutagenicity (predicted from EPA T.E.S.T. model*)
Rodent Carcinogenicity (predicted from LHASA Derek Nexus)

*EPA T.E.S.T. model predictions downloaded from EPA’s CompTox
Chemicals Dashboard, https://comptox.epa.gov/dashboard 39
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“Chemotype” (CT) profiling of the
Tox21 library

similarity data-mining
A e o T tOXpI'iIlt categories atoms

analog ldIVCISITY bOlldb

class hnoelplmt modclm0

toxicity read-across
scaffolds
structure-alerts coverage

41



ToxPrints: A public set of chemotypes

http://www.toxprint.org

729 structural features important to EPA & FDA's “chemical
exposure” landscape and safety assessment workflow
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Yang et al. (2015). New publicly available chemical query language, CSRML, to support chemotype
representations for application to data mining and modeling. Journal of chemical information and
modeling, 55(3), 510-528. 42



Tox21 Library Profiling:

Structural Diversity & Coverage

vre

7
TxP-'200 ! TXP-IS’OO ! TxP—I400 : TxP—ISOO ! TxP—I6OO
!

TxP—I 100

\ 550 unique ToxPrints hit 2 3 chemicals !

~__EPA+NTP 509
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chain:alkeneCyclic_triene_tropilidine
ring:hetero_[6_6]_N_quinazoline N EPA
ring:hetero_[S_6]_N_indazole “ NTP
group:nucleobase_hypoxanthine m NCATS

chain:aromaticAlkene_Ph-...
ring:hetero_[7]_generic_1_2-Z
group:ligand_path_4_tridentate

NCATS-enriched

Tox21 Library Profiling:

ring:polycycle_tricyclo_adamantane

bond:CX_halide_alkyl-F_perfluoro_hexyl

bond:P=0_phosphate_thio
atom:element_metal_group_lIl

enrichments

bond:N=N_azo_aliphatic_acyclic
"""" bond:metal_metalloid_B_halide | @oememmemmemmne
bond:$(=0)0_sulfonyl_triflate |
bond:S$(=0)X_sulfonylhalide |
bond:S(=0)0_sulfonicAcid_anion |y
bond:metal_metalloid_Si_halide 1y
bond:C=N_carbodiimide |

T T T T T T T T bondiCl=0)0_acidAnhydride &y Sy
bond:C=0_acyl_halide
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.- ]
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|
|
bond:metal_group_lll_other_Sn_generic
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bond:N(=0)_nitro_N
bond:CX_halide_alkenyl-X_trihalo (1_1 2-)
ring:polycycle_bicyclo_[3.2.1]octane
bond:CX_halide_aromatic-X_halo_phenol

(EPA+NTP)-enriched
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Let’s view the Tox21 chemical-assay space
thru a “chemotype lens”

\\~

R e -

ToxCast/Tox21
FITS ln V|tro '

ToxCast Phase | HTS
(467 assays)

P Hll%
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Computing CT-Assay “Enrichments”

Simple statistical thresholds & filters of significance:

ToxPrint_CT_name mm el e
chain:alkaneBranch_t-butyl_C4 294 693 3.3 2.0E-04
479 chain:aromaticAlkane_Ph-C1-Ph 39 20 12 291 698 54 6.5E-07

bond:X[any_IC] halide_inorganic 28 17 11 301 699 36  9.0E-04

predicted
)
n | |

TP FN p
©
3 —
)
Q
© FP TN N

Confusion matrix

» 0Odds Ratio = 3, conveys simple fractional enrichment
» Fischer’s exact p value < 0.05, compensates for size of dataset

» Toos (TP) = 3, require at least 3 chemicals with CT in Positives "
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Let’s not forget that we also have ToxCast HTS
data for a significant fraction of EPA’s Tox21 library

Tox21

EPA ToxCast
(2019)

~1000-3600 Chem

x >1000 assays ~10,000 Chem
x 100 assays

# Chemicals
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Avg # Tested Chemicals

# Assays per
Assay group

Test Set Size Matters!

8000
7000
6000
5000
4000
3000
2000

1000

Ervironments! Protection

Emm Avg #tested chem/assay

—Avg #CT enriched/assay

Aessyy payouug [ D# bry




CT Profile & Assay “Enrichments”

450 .
400 roA
350
300
250
200
150
100

50

# Assays/Assay Group

[ #assays/group

- = = Total #unique CT enriched (adj. for avg #tested chem)

Total #unique CT enriched

450
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100
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Ervironments! Protection
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Tox21 Data Analysis Challenge

. Finding patterns is easy in any kind

Y A of data-rich environment; that's
\; what mediocre gamblers do. The key
- IS in determining whether the

i L patterns represent signal or noise

AZ QUOTES

ToxPrints & CT =

AN
enrichments /
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Tox21 Compound Libr
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The Tox21 10K Compound Library: Collaborative Chemistry Advancing
Toxicology

Ann M. Richard*lRu l Huané. Suramya Waidyanatha) Paul Shinn)|Bradley J. Collins Jinthirany Thillainadarajah
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EPA Tox21: Leadership & Chemical Library Team
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FDA Tox21: Leadership

MN-AM (Molecular Networks, Altamira): ToxPrints & Chemotyper

We acknowledge the following past and present Tox21 leads and working group team members for: (1) leadership of the Tox21 program - past (David Dix and
Reeder Sams) and present (Warren Casey, Monica Linnenbrink, and Donna Mendrick); (2) the compound library (Katherine Coutros, present manager of the
EPA’s chemical contract, and William Leister, who oversaw analytical QC analysis of the library); (3) generation and analysis of screening results (NCATS:
Menghang Xia, Matias Attene-Ramos, and Noel Southall; NTP: Nicole Kleinstreuer, Nisha Sipes, Keith Shockley, Kristine Witt, Fred Parham, Scott Auerbach,
and Alex Merrick; EPA: Katie Paul-Friedman, Thomas Knudsen, and Michael DeVito). The authors acknowledge the invaluable contributions of EPA’s
chemical contractor (Evotec (US), Branford, CT) and NTP’s chemical contractor (MRIGlobal, Kansas City, MO) in helping to procure and manage their
respective chemical libraries. Finally, the authors dedicate this manuscript to Cynthia Smith (1950-2017), who led NTP’s Tox21 compound library efforts
through to her retirement in 2012, and Maritja (Marty) Wolf (1946-2014), who established high standards for DSSTox curation and sample registration of both
EPA’s ToxCast and Tox21 libraries.



