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Need for Alternative Approaches for Next-

Gen Risk Assessment

* Several limitations to
traditional in vivo toxicology
testing

* EPA needs rapid and efficient
methods to prioritize, evaluate,
and regulate thousands of
chemicals in commerce

* New Approach Methods
(NAMs) can provide
information on hazard +
exposure to inform research
and decisions
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NAMSs for hazard include broad profiling
and targeted approaches

Adapted from the US EPA’s NexGen Blueprint of Computational Toxicology

Example assay data

High Throughput Transcriptomics
Chemical structure and Broad profiling, (HTTr), High Throughput
properties High Content Assays Phenotypic Profiling (HTPP), in silico
NAMS (e.g., TEST, GenRA)

In vitro assays

targeted assays ToxCast
orthogonal confirmation

Throughput

In vitro assays, systems modeling,

organotypic assays, ToxCast
microphysiological systems

Biological
Complexity




NAMSs for hazard include broad profiling
and targeted approaches

Adapted from the US EPA’s NexGen Blueprint of Computational Toxicology
How to make data comparable

‘esf\ng -
@ o between tiers?
& &
&
Tierl  chemical structure and Broad profiling, A single curve-fitting approach
& properties High Content Assays (teplfit2 R package) enables
* Comparison
i ; * Interoperabilit
Tier 2 In vitro assays P y
& targeted assays
orthogonal confirmation

In vitro assays, systems modeling,
organotypic assays,
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CompTox Chemicals Dashboard: Bioactivity Tab

Home  Search ~ lists ~  Aboout ¥ Tools ~ Submit Comments

Lyazine DTXSIDI020772 % v e} |

Advanced Search
Enhanced Data Sheets

MetFrag Input File (Beta)

Structure Search (BETA) . .
- Abstract Sifter Input File

- Bioactivity - TOXCAST Summary @ Synonyms and Identifiers
chemical Detalis Related Substance relationships o
. linear
e sl [l ToxCast Assays: ACS0 |:> 0
Physchem Prop. ToxValDB Details
w T N o @
Env. Fate/Transport & ToxRefDB Details g
g Physicochemical Property Values -
Hazard Data o = 2
Safety > GHS Data . g
N a
ADME > IVIVE : : N g
. =
Exposure . . g
D - =
Bioactivity 24 R 8

. . . . - ]
ToxCast Summary . G N

HTTr: Summary
HTPP: Summary

PubChem 0

ToxCast Models
comments
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Broad profiling, n
High Content Assays \v’
In vitro assays
ed ass:

High-Throughput
Transcriptomics (HTTr)

Logan Everett

(with contributions from Joshua Harrill and Richard Judson)




Why Transcriptomics?

Highly dynamic in response to environmental stimuli, Broad profiling methods are newer
Well-established, cost-effective, high-throughput methods or less cost-effective
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Transcriptome
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< | Hazardous exposures can cause perturbations >
at multiple levels of gene regulation

& A f Buccitelli and Selbach, Nat Rev Genet 2020

DOI: 10.1038/s41576-020-0258-4



https://doi.org/10.1038/s41576-020-0258-4

Targeted RNA-seq Assay (TempO-seq)

Next-Gen Sequencing of / Purified RNA or Lysates
. v
targeted probes hybridized to 3" RNA - 5
expressed transcri ptS Detector Oligo Annealing F,_ _=
. /_P04 -
* Whole transcriptome - cocs Olina R | '
coverage (>20,000 genes) xeess Hligo femova ", —
. Detector Oligo Ligation v
e Captures gene expression at o 5
lower cost than RNA-seq or '
. PCR with Tagged Primers
microarrays — Sample Tag 1
v
« Compatible with raw cell Sample Tag 2 #———, —
lysates — ideal for large-scale Hybridized probes read 1
screening by next-gen sequencing  Pool Library, Concentrate/Purify
v

\ Sequence

Yeakley, et al. PLoS ONE (2017) DOI: 10.1371/journal.pone.0178302



https://doi.org/10.1371/journal.pone.0178302

Automated in vitro Chemical Screening Strategy

Cryopreserved Cell Cell Plating Dispensing Test TempO-seq:
Cell Stocks  Expansion Chemicals Human Whole Transcriptome
n o | ' 6 - 24 hr exposures [ S S A
q X . =1 g |
T s 4 =—=
- BioTek |
Cell Line Examples:
call e Examples:  [RMAAN - )
MCF-7 Breast cancer LabCyte Echo® 550 Yeakley, et al. PLoS ONE (2017)
U-20S  Bone cancer Liquid Handler DOI:
HepaRG  Liver metabolism 384-well test plates run in triplicate with:

e ~40 test chemicals x 8 concentrations (half-log spacing)
. | * Multiple vehicle controls, reference chemicals & QC

I samples on every plate to track assay performance

e Treatment positions randomized on each plate

f)eoel Harrill, et al. Tox Sci 2021 * Independent culture batch on each plate



https://doi.org/10.1093/toxsci/kfab009
https://doi.org/10.1371/journal.pone.0178302

Response 2>

Benchmark Dose

121

111

[
(=]

| Benchmark Response (BMR):
| Effect size threshold based on
| control variability

Benchmark Dose (BMD) =
Dose where curve crosses BMR

Parametric curve fit to mean
response at each dose

L m
]

1E0

1E1

Dose (or Concentration) 2

* Widely used approach for apical endpoint data

* EPA Benchmark Dose Software (BMDS): www.epa.gov/bmds

1E2



http://www.epa.gov/bmds

Transcriptomic Dose-Response Models

Analyze changes across treatments _ _
, ¢ Different genes may respond at different

AD (Chemical Exposures) doses of a given exposure!
y ] | | | el
. AL e A * Need to analyze both:
w .
3 e Dose-responsive trends
g T e Coordinated changes in gene expression
(S} ()]
© O
G o .« . . . .
c | s * Gene-level data noisier in transcriptomics
RS than targeted measurements (e.g. RT-qPCR)
g| L
%
< * Dose-response modeling thousands of
features (e.g. mRNA levels) leads to

computational & statistical challenges
Low Expr I M High Expr




Dose-Response Modeling of Gene Sets/Signatures

Concentration Series of
Whole Transcriptome Profiles

[ + Vehicle Controls Catalog of gene set signatures with toxicological
l relevance, annotated for known molecular targets
—Love et al, [20]4) > Bioplanet (Huang, et al. Front Pharmacol 2019)
[ DESeq2 S » CMap (Ssubramanian, et al. Cell 2017)
Moderated Fold- Signature —
Changes Collection » DisGeNET (pPifiero, et al. Database 2015)

» MSigDB (Liberzon, et al. Cell Syst 2015)

Barbie et al. (2009)

Open Source: github.com/USEPA/CompTox-httrpathway

Gene Set
Enrichment <
Analysis J e EPA/CCTE method for summarizing large-scale
! transcriptomic screening studies
Sheffield et al. (2022) .
* Integrates signal across known gene set

Benchmark Dose ) )

Modeling (a.k.a. signature) before dose-response modeling



https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1038/nature08460
https://doi.org/10.1093/bioinformatics/btab779
https://tripod.nih.gov/bioplanet/
https://doi.org/10.3389/fphar.2019.00445
http://clue.io/cmap
https://doi.org/10.1016/j.cell.2017.10.049
https://www.disgenet.org/
https://doi.org/10.1093/database/bav028
http://www.gsea-msigdb.org/gsea/msigdb/index.jsp
https://doi.org/10.1016/j.cels.2015.12.004
https://github.com/USEPA/CompTox-httrpathway

Dose-Response Modeling of Gene Sets/Signatures

Concentration Series of o .
Whole Transcriptome Profiles Active Signatures have HitCall > 0.9
_ Diditoxi
+ Vehicle Controls CMAP digoxin 52606 100 2866100 _—_
1 = mthd AC50 Top BMD ACC
. exps 019 074 069
__Loveetal. (2014)
DESeq?2 Curated w
o
Moderated Fold- Signature
Changes Collection
[}
o

Barbie et al. (2009)

Gene Set 1
Enrichment N

class: ATPase

Gene Set Enrichment Score

Analysis J size: 69 Compute BMD & Confidence
method:expb
1 ° | cuoiz011 |
1
Sheffield et al. (2022) ' I |
1e-03 1e-01 1e+01

Benchmark Dose
Modeling J

Concentration (uM)

CRAN.R-project.org/package=tcplfit2



https://cran.r-project.org/package=tcplfit2
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1038/nature08460
https://doi.org/10.1093/bioinformatics/btab779
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tPODs Are Concordant With ToxCast

« Computed 5t percentile of active

signature/assay PODs from:

* Pilot study of 44 well-characterized

chemicals in MCF-7 cells, 6h exposure
Harrill, et al. Toxicol Sci (2021)
DOI: 10.1093/toxsci/kfab009

» ToxCast targeted assay results (multiple

cell types, assays, and exposure lengths)
Paul-Friedman, et al. Toxicol Sci (2020)
DOI: 10.1093/toxsci/kfz201

* Signature-based PODs are highly

concordant with ToxCast results for
the majority of chemicals in pilot study



https://doi.org/10.1093/toxsci/kfab009
https://doi.org/10.1093/toxsci/kfz201

Demo




Broad profiling, n
High Content Assays ‘v’

aaaaaaaaaaaaaa
orthogonal confirmation

High-Throughput Phenotypic
Profiling (HTPP)

Logan Everett

(with contributions from Joshua Harrill and Jo Nyffeler)
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Cell Painting with Multiple Markers

» Measures a large variety of phenotypic features in fluoroprobe labeled cells in vitro.
» Method based on Bray, et al. Nat Protoc (2016) DOI:

RNA + ER
Marker Cellular Component Labeling Chemistry

Hoechst 33342 Nucleus Bisbenzamide probe that binds to dsDNA

Lectin that selectively binds to a-mannopyranosyl
and a-glucopyranosyl residues enriched in rough
endoplasmic reticulum

Concanavalin A - Endoplasmic
AlexaFluor 488 reticulum

P YTO 14 lei i . .
A SYTO S:auif‘e'c Ll Nucleoli Cyanine probe that binds to ssRNA

Lectin that selectively binds to sialic acid and
N-acetylglucosaminyl residues enriched in the
trans-Golgi network and plasma membrane

Wheat germ agglutinin Golgi Apparatus and
(WGA) — AlexaFluor 555 Plasma Membrane

Phalloidin — . Phallotoxin (bicyclic heptapeptide) that binds
AlexaFluor 568 A (@08 e filamentous actin

MitoTracker Deep Red Mitochondria Accumulates in active mitochondria

Joshua Harrill



https://doi.org/10.1038/nprot.2016.105

Example Chemicals

Solvent cntrﬂl (0.5% DMSO)

Berbenne chloride (10 pM) Solvent control (0.5% DMS0)

Etoposide (3 pM)
_ E - g \

DNA Mitochondria
DNA RNA/ER

- Mitochondrial - Cells are larger
compactness/texture

Strong phenotypes are observable qualitatively and can be
measured quantitatively using imaging processing software

Nyffeler et al. (2020) Tox App! Pharm DOI: Joshua Harrill



https://doi.org/10.1016/j.taap.2019.114876

Image Segmentation

1. find nuclei 2. find cell outline 3. reject border objects

Joshua Harrill



Define Cellular Compartments

membrane

.

cytoplasm

Joshua Harrill



Phenotypic Feature Extraction

5 Compartments
MUCLEUS RING CYTOPLASM MEMBRANE CELL

HO®

Radial distribution

49 Feature Categories
(ex. MITO_Texture_Cytoplasm)

OO0 B

Intensity
ully |

"R AV @

E" Position

Bright =
Texture 4
Symmetry

Axial

AGP

1300 features / cell

5 Channels (organelles)
R

RNA

O Module
Profile i SCARP morpholo
O Position Basic P gy Intensity Texture
E— Shape 171 morph- Symmetry | Compactness Axial Radial Profile [9] [14]
ology [5] [80] [40] [20] [28] [20-30]
DNA Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei
PerkinElmer Opera Phenix Cell Cytoplasm
MOdaIity: Confocal (Single Z) RNA Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei Nuclei
Objective: 20X Water Ring Ring
i ER Cell Cell Cell Cell Cytoplasm Cvtoplasm Cytoplasm
Plate: CellCarrier-384 Ultra |3 viop P
- : . .
Fields: 50r9 s Nuclei Ring Ring
5 AGP Cell Cell Cell Cell Cvtoplasm Cytoplasm Cytoplasm
yiop Membrane Membrane
Harmony software performs Nudlei Ring Ring
. Mito Cell Cell Cell Cell =
featu re extraction Cytoplasm Cytoplasm
) . Not associated Nuclei Nuclei
Slide by Joshua Harrill with a channel Cell Cell

lllustrations from Perkin Elmer


https://www.perkinelmer.com/product/harmony-4-9-office-license-hh17000010

Quantification of Cellular Features

nt

AGP . Mio

PR
k1

cylataxicily
Fosibon

call cou

Saccharin
e llLL' Berberine Chloride
TR BRI TR ke W . i | " Etoposide
Cell Count CP Effect Size Cytotoxicity

Nyffeler et al. (2020) DOI: 10.1016/j.ta2p.2019.114876

s § 5§ 8§ 8§ 3§

* Cell-level features are summarized per well & normalized to controls

» Different chemicals induce distinct, dose-responsive profiles

Joshua Harrill



https://doi.org/10.1016/j.taap.2019.114876

Assay Performance / Reproducibility

Dexamethasone Etoposide all-trans-Retinoic acid___Trichostatin A
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It i i b : b " | 8
I ! | ] i 1 | ©
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1300 features (ordered by organelle/channel)

= Reference chemicals produce reproducible and distinct profiles.

Preliminary results. Do not cite or quote. Joshua Harrill



High-Dimensional Dose-Response Models

Analyze changes across treatments
> e« Different features may respond at

(Chemical Exposures) . .
X MOy g et 1 different doses of a given exposure!
. e e FRET
& * Need to analyze both:
5| — :
=1 8 * Dose-responsive trends
@ >
ol & * Coordinated changes across features
(@) L
G ©
i : : :
3  Differences from transcriptomics:
20 o -y
o1 R * Lack knowledgebases linking features
g Z to biological processes
£ * Certain features are highly correlated

Low Value 1l I High Value




Cell Painting Dose-Response Models

Global Mahalanobis
derive a Mahalanobis distance Mahalanobis Distance (D,,):
(relative to control wells) . . . .
A multivariate distance metric that
. measures the distance between a
Featf”?'/e"e/ Dose Level point (vector) and a distribution
fitting o] ven _
2- 1 e Essentially measures how much an
o -2 overall cell painting profile differs
This figure is for illustrative -2 0 3 from control wells
purposes, actual calculations E - 4
involve higher number of 5 5 * Considers the variability of control
dimensions. | . . .
2 % 6 wells in each dimension
= 7
ek
_4_
4 2 0 2
Dimension 1

Joshua Harrill -



Cell Painting Dose-Response Models

Global Mahalanobis
derive a Mahalanobis distance 1 BMC
(relative to control wells) :
Feature-level group them in | | derive a Mahalanobis distance : f 5 T
fitting 49 categories (relative to control wells) 0 |

A v———
concentration (uM)

Category-level Mahalanobis

* Chemicals where a BMC can be determined using either the global or category D,, approach
are considered active.

* The minimum of the global or most sensitive category BMC is the Biological Phenotype
Altering Concentration (BPAC)

_ Joshua Harrill -
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Toxicity Forecasting
(ToxCast)

Madison Feshuk

(with contributions from Katie Paul Friedman)
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ToxCast Database Coverage

The Toxicity Forecaster (ToxCast) program curates and makes publicly available targeted
bioactivity screening data. Latest database release (v4.1) includes:

Including a TOX21 assay
26 Assay Sources ‘ source for data generated
623 Unique Assays

by the TOX21 program

&uu @\

1496 Unigue Endpoints T
\ Tox)] |
. '\mvc @mﬁ*ﬁw
9559 Chemicals B T AT

Diverse biology with over 500 mapped gene targets, including:

Endocrine- Cellular Signaling
Related: Estrogen Pathways:
Receptor, Cytotoxicity,

Protein Complex
Interactions: Responses, e.g.
Receptors, Immune
Transporters, lon Response,
Channels, Development,
Enzymes Neurotoxicity, etc.

Androgen Proliferation, Stress,
Receptor, Thyroid, Mitoch_qndrial
Steroidogenesis Toxicity

33




Heterogeneous targeted NAMs in ToxCast
address a range of event types in the AOP
framework

Adverse Outcome Pathway

A

l Macro-Molecular Cellular Organ Organism Population
Toxicant I Interactions Responses Responses I Responses Responses
Receptor/Ligand Gene Altered Lethality
Interaction Activation Physiology ] Structure
Chemical DNA Binding Protein Disrupted De.!\?.ele ggl?'l%nt R it t
Properties orotei Production [®| Homeostasis e ecruitmen
rotein mpaire P—r
Oxidation Altered Altered Tissue Reprgducﬁm Extinction
Signaling Development
or Function Cancer

: \/ Frotein.
\ ,

- -

/ Toxicity Pathway Anchor 2

Anchor 1 (adverse outcome at the
(initiating event) organism- or population-level)

Ankley et al. (2010) 10.1002/etc.34

34



https://doi.org/10.1002/etc.34
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ToxCast Pipeline and
Database




Process Overview

select, procure & *
e QCchemicals

@ Process Data @ Explore
L1

Perform Targeted Data

L ®° O o HTS Assays /\ Release Data
o

The ToxCast Pipeline

Receive he‘terngennus data Standard format data for 5C (efficacy pre-
files from assay source screen) or MC (efficacy and potency) processing

SC1: Endpoint-specific MC1: Replicate & conc
normalization indices defined
Develop custom T T

pre-processing scripts = e
5C2: Hitcalling MC2: Lomponf_-nt—spv.-_-cl iC
corrections

Write Level 0 data to the MC3: Endpoint-specific
database normalization

MC4: Model fitting

Apply tcpl to store, transform, normalize, ]
curve fit, and set thresholds for hitcalling

MC5: Winning model
selection and hitcalling

MC6: Cautionary flagging

QC results and curate assay
documentation to aid in interpretation

36




Exploring ToxCast

* Ongoing work has also focused
on augmenting and diversifying
how ToxCast data can be
accessed for our users.

 ToxCast data is accessible via:
e CompTox
Chemicals Dashboard

e Computational Toxicology and

Exposure Bioactivity APIs

e Downloadable Data Pages

Environmental Topics Laws & Regulations About EPA

Home  Search ~ Lists *  About ~  Tools = Submit Comments

CompTox Chemicals Dashboard

Search 1,200,059 Chemicals

Chemicals Products/Use Categories Assay/Gene

Computational Toxicology and
Exposure Data APIs - Bioactivity

Computational Toxicology and Exposure
Data APIs - Bioactivity ree

Authentication

OPERATIONS The Bioactivity APIs are part of a set of public computational toxicology and exposure

X . APIs and provide bioactivity data through a set of API endpoints.
Bioactivity Assay Resource

v
(&8 Get annotation by aeid
(B8 Get all assays
Bioactivity Data Resource
&l Get summary by aeid
(B8 Get data by spid

(B8] Get data by mdid

- Get data by dtxsid

@8l Get data by aeid
o United States
N Environmental Protection
\’ Agency

Environmental Topics v

Search EPA.gov Q

Laws & Regulations v Report a Violation v About EPA v

CompTox Tools CONTACT US

CompTox Tools Home

Toxicity Forecasting (ToxCast)

ChemExpo

Cheminformatics

Accessible Bioactivity Data for Toxicology
What is ToxCast?

CompTox Chemicals

Dashboard

US EPA's Toxicity Forecaster

(ToxCast) program makes in vitro

GenRA medium- and high-throughput
screening assay data publicly

ECOTOX Knowledgebase

SeqAPASS
a available for prioritization and hazard
CompTox and Exposure Data characterization of thousands of

APIs chemicals. Assays employ a variety of


https://comptox.epa.gov/dashboard/
https://comptox.epa.gov/dashboard/
https://api-ccte-stg.epa.gov/docs/bioactivity.html
https://api-ccte-stg.epa.gov/docs/bioactivity.html
https://www.epa.gov/comptox-tools/exploring-toxcast-data

Database Structure

» ToxCast covers diverse biological space and annotations help us flexibly aggregate and
differentiate processed ToxCast data for user needs

* The ToxCast database (invitrodb) captures the following types of information:
e Assay Element Annotations
e Auxiliary Annotations
* Processing Data and Metadata

“ assay_reference |—| citations
scl | — sc2
J | I
N «c0 scl_aeid sc2_aeid me6
T T
scl_methods sc2_methods J |
mc5 mc6_aeid
chemical | |
sample B i mc5_aeid mc6_methods
analytical QC [
mc2 mcéd mc5 fit categories
J | | |
— mc0 [ mcl mc2_acid mc4_aeid mc5_methods
| | |
mc2_methods mc4_methods mc5_param
mc3

assay_component

endpoint [ mc4_param Assay Element Annotations

intended_target — gene mc3_aeid ‘

assay_list_aeid |— assay_list mc3_methods ‘ Processing Data and Metadata

Auxiliary Annotations

38




Assay Element Annotations

e Each annotation is assigned as a feature to an assay element level:
e Assay Source: Who conducted the assay
e Assay: What assay platform was used
e Assay Component: “Raw” readout of what was measured

e Assay (component) Endpoint: How the measurement is interpreted
(i.e. normalized component data)

1: Many 1: Many 1: Many

Note: All processing with tcpl occurs at the assay component or assay endpoint, depending on the processing type (single-concentration or multiple-
concentration) and level. No data is stored at the assay or assay source level.

39




Assay Element Annotations

* Annotations follow
Bioassay Ontology (BAO)
framework capture four
types of information:

 |dentification (A)
e Design (B-E)
* Technology
* Format
e Objective
e Target (F)
* Technological
target
* Intended target
* Biological process

Analysis (G)

7

LEVELS LEGEND
| Z | Z
®- <QA < O —
ASSAY ASSAY H - “Is a conditional
ASSAY COMPONENT ENDPOINT ANNOTATION 15 a superset of superset of
TECHNOLOGY D FORMAT TARGET
1 ( [ TECHNOLOGICAL INTENDED
ASSAY CONTROLS C DETECTION OWGANBM. TARGET TARGET
TECTIC —
) i ASSAY
@ e L O O O
DILUTION O E:guomv TISSUE . TYPE
SOLVENT TYPE A TYPE TYPE \
! ./ N ,
1 DETECTION a S 7/ 1
. . TECHNOLOGY CELL FORMAT TYPE : 4 » :
MAME ¥ O H FAMILY
DILUTION KEY ASSAY . s
SOLVENTMAX  POSITIVE RN et &
| PERCENTAGE CONTROL | T q O O TARGET
REAGENTS AND 5“°“'E’ . . . .
. . EXPERIMENT COMPONENTS RAM o GENEID  GENE GENE  GENEID
~FREE SYMBOL SYMBOL
TIMEPOINT ~ ASSAY g‘;{;’;ﬁ, CELL 1 COMPONENT
FOOTPRINT / \\ GROWTH SOURCE \
@ | O |[” G
p
comewr  [memcer evassar || S | oncrone O O e
READOUT TYPE T\"liE REAGEi\ITTYPE E OBJECTIVE \ /
ANALYSIS .
O . O ASSAY ASSAY DIRECTION
O DESIGN . FUNCTION 1
PARAMETER REAGENT KEY ASSAY TYPE TYPE
READOUT TYPE VALUE REAGENT SIGNAL
DIRECTION

40




Assay Element Annotations

e Most annotations employ controlled * e.g., general ‘intended_target_family’ and

Ll ific ‘intended target family sub’
vocabulary within the database more specitic ‘intended_target_family_su
* Some annotations are hierarchical

steroid hormone

background measurement

maitgrmation dna binding wansferase
B e Protease Cytokinech n’;;d redy uetas
= :l:sr:::.ar 6J-’tra ﬁegﬁma:ptsﬂselrgogelm!epmcr rnEa!o?tecyp |Y3-"e teol‘
N "4 U Iear receptor o 3¢

cottical phgsphatase Xcypion channe]

e mﬂ"b'm;og:ﬂa e roteasennhlhltor gQ gbcaﬂ.DE] 1 o 1°"=° &
o neurodevelopment“‘ o

cell adhesion molecules®
cell morphology
Tissue of origin across all assays Intended_target_family frequency across all

endpoints




Auxiliary Annotations

e Capture additional information, including:
* Assay list presence e Linkages to relevant Adverse Outcome Pathways (AOPs) and Key Events (KEs)
* Relevant gene identifier(s) from National Center for Biotechnology Information (NCBI)
* Reagents or experimental conditions
* Publications describing assay design or results

SCHEMAS © e ¥y¥ae s . Limit to 50 rows ¥ | ¥ & 1 =

Q. Fiter objects 1® select * from invitrodb.assay_component_endpoint;

¥ [ invitrodb

v @ Tables

» - assay
> [=| assay_component
» £| assay_component_descriptions
> assay_component_endpoint
> assay_component_endpoint_desaiptions
» [ assay_component_map | ResultGrid | HH 43 Fiter Rows: |edt: g BB E | export/import: G {5 | wrap Cell Content: IE | Fetch rows: Ep N |
> assey_c?esmpﬁons | aeid acd  assay_component_endpoint_name export_ready internal_ready assay_component_endpoint_desc assay_function_type normalized_data_t
: % :::::-::t i b |2 1 ACEA_ER_B8ohr 1 1 Data from the assay component ACEA_ER_80h... signaling percent_activity
» Il asssy st 4 2 APR_HepG2_CelCydeArrest_thr 1 1 Data from the assay component APR_HepG2_C... signaling log2_fold_induction
> é] es av:reag sk araltogs iG 3 APR_HepG2_CellLoss_1hr 1 1 Data from the assay component APR_HepG2_C... viability log2_fold_induction
i I s st ctawic '8 4 APR_HepG2_MicotubuleCSK_thr 1 1 Data from the assay component APR_HepG2_M... signaling log2_fold_induction
Bl dessy sowa ST - APR_HepG2_MitoMass_1hr 1 1 Data from the assay component APR_HepG2_M... signaling log2_fold_induction
b B chemical 12 6 APR_HepG2_MitoMembPot_1hr 1 1 Data from the assay component APR_HepG2_M... signaling log2_fold_induction
B chemical_assay_count 14 7 APR_HepG2_MitoticArrest_1hr 1 1 Data from the assay component APR_HepG2_M... signaling log2_fold_induction
= chemical_library 16 8 APR_HepG2_NudearSize_1hr 1 1 Data from the assay component APR_HepG2_N... signaling log2_fold_induction
> citations 18 9 APR_HepG2_P-H2aX_1hr 1 1 Data from the assay component APR_HepG2_P... signaling log2_fold_induction
» B dass 20 10 APR_HepG2_p53Act_thr 1 1 Data from the assay component APR_HepG2_p... signaling log2_fold_induction
» B ototox 2 11 APR_HepG2_StressKinase_thr 1 1 Data from the assay component APR_HepG2_S... signaling log2_fold_induction
> | etl_metadata 24 12 APR_HepG2 CellCyceArrest 24hr 1 1 Data from the assay component APR_HepG2_C... signaling log2_fold_induction
» | flyway_schema_history 26 13 APR_HepG2_Celloss_24hr 1 1 Data from the assay component APR_HepG2_C... viability log2_fold_induction
b &5 gene 8 14 APR_HepG2_MicrotubuleCSK_24hr 1 1 Data from the assay component APR_HepG2_M... signaling log2_fold_induction
» || intended_target i s R e 1 1 B N o TP e T Liet ik ek v
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Demo

* Toxicity Forecastin? (ToxCast) home page https://www.epa.gov/comptox-tools/toxicity-
forecasting-toxcas

* Exploring ToxCast Data 2 Download Database Package
* Tcpl CRAN: https://cran.r-project.org/web/packages/tcpl/index.html
* Tcpl GitHub: https://github.com/USEPA/CompTox-ToxCast-tcpl

* CCD: https://comptox.epa.gov/dashboard/

* Single Chemical Search “BPA” >Navigate to ToxCast tab>

ToxCast Summary plot (AC50 vs Scaled Top (max modeled response/cutoff), cytotoxicity burst median and
lower bounds)

Bioactivity grid (Adding additional fields like Annotations, Inspecting plots)
Search by gene "estrogen”
Search by assay "ACEA_ER_80hr"”
Lists of Assay vs Chemicals > Send to Batch
Batch Search Export of ToxCast AC50 values

* CCTE APIs home https://api-ccte.epa.gov/docs/ (Must request API key to access)

* Bioactivity APIs https://api-ccte.epa.gov/docs/bioactivity.html
* Overview of different request types

* ccdR for accessing APIs hitps://cran.r-project.org/web/packages/ccdR/index.html



https://www.epa.gov/comptox-tools/toxicity-forecasting-toxcast
https://www.epa.gov/comptox-tools/toxicity-forecasting-toxcast
https://cran.r-project.org/web/packages/tcpl/index.html
https://github.com/USEPA/CompTox-ToxCast-tcpl
https://comptox.epa.gov/dashboard/
https://api-ccte.epa.gov/docs/
https://api-ccte.epa.gov/docs/bioactivity.html
https://cran.r-project.org/web/packages/ccdR/index.html

CompTox Chemicals Dashboard (CCD)

https://comptox.epa.gov/dashboard

* CCD’s ToxCast bioactivity module presents a view

of potency and relative efficacy metrics across
ToxCast endpoints for chemicals of interest

» Users can easily sort, filter, and export ToxCast

results and assay descriptions

* Notable updates in the CCD v2.3 release (December

2023) include:
e Data was refreshed to invitrodb v4.1

* ToxCast Summary tab is now a single tab that
combines the previous ToxCast Summary and
ToxCast Conc. Response tabs

* Bioactivity Summary Grid includes v4.1 information
in new columns, including benchmark dose (BMD),

ot

Chemical Details ~
Executive Summary
Physchem Prop.
Env. Fate/Transport
Hazard Data -
Safety > GHS Data

ADME > IVIVE

0000 o0o0oooooo

Bisphenol A

80-05-7 | DTXSID7020182
Searched by Approved Name.

Bioactivity - TOXCAST Summar v @

000

benchmark response (BMR), and Continuous Hitcall e —

Example on right: Bisphenol A
https://comptox.epa.gov/dashboard/chemical/invitrodb/DTXSID7020182

45



https://comptox.epa.gov/dashboard
https://comptox.epa.gov/dashboard/chemical/invitrodb/DTXSID7020182

Filtering ToxCast Data on the CCD

CompTox Chemicals Dashboard:
https //comptox.epa.gov/dashboard

CCD’s ToxCast bioactivity module presents a view of potency and relative efficacy metrics across
ToxCast endpoints for chemicals of interest

* Users can easily sort, filter, and export ToxCast results and assay descriptions = v m
» Example: Consider BPA DTXSID7020182 ) B [Semch ;
* Select = in Bioactivity Summary Grid column headers to add additional annotation columns ||| i 1
Name
° | "
EXplore' D Assay Endpoint Description
* Below shows results filtered to EDSP ER Assay List (assays used in the ToxCast ER 4[] mespeomponsnensme
pathway mOdel) E] Assay Component Description
E m Details
Name T = HitCall 1T Assay Lists ¥ LT = Gene 4T = | Organism LT Tissue LT = Cell Format T Intended Target Family LT
Symbol
¥ | (1) EDSP ER v M M || N v
ACEA_ER _80hr Active EDSP ER ESR1 human breast cell line nuclear receptor
. o cytotoxicity burst ) _
ACEA_ER_AUC viability Inactive EDSP ER human breast cell line cell cycle
ATG_ERE_CIS Active EDSP ER ESR1 human liver cell line nuclear receptor
ATG_ERa_TRANS Active EDSP ER ESR1 human liver cell line nuclear receptor

NVS_NR_bER Active EDSP ER ESR1 bovine uterus fissue-base nuclear receptor
____________________ d cell-free



https://comptox.epa.gov/dashboard/chemical/invitrodb/DTXSID7020182

Filtering ToxCast Data on the CCD
CompTox Chemicals Dashboard:
https://comptox.epa.gov/dashboard

* CCD’s ToxCast bioactivity module presents a view of potency and relative efficacy metrics across
ToxCast endpoints for chemicals of interest

* Users can easily sort, filter, and export ToxCast results and assay descriptions

e Example: Consider BPA DTXSID7020182
* Select = in Bioactivity Summary Grid column headers to add additional annotation columns |||
* Explore!
* Below shows results filtered to Actives in human ESR1 cell-based assays

|:] Name T =  HitcCall LT Assay Lists Vv LT = b Y T = Organism V¥ [T  Tissue L7 — 5% LT  Intended Target Family LT
Symbol Format

| Y (1)EDSP ER ¥ [Esr | [ human || | |cellline | | v
] ACEA ER_80hr Active EDSP ER ESR1 human breast cell line nuclear receptor
(]  ATG_ERE_CIS Active EDSP ER ESRT human liver cell line nuclear receptor
dJ ATG_ERa_TRANS Active EDSP ER ESR1 human liver cell line nuclear receptor
()] OT_ER ERaERa 0480 Active EDSP ER ESR1 human kidney cell line nuclear receptor
()  OT_ER FRaFRa_1440 Active EDSP ER ESR1 human kidney cell line nuclear receptor
()  OT_ER_FRaFRb_0480 Active EDSP ER ESR1 | ESR2 human kidney cell line nuclear receptor



https://comptox.epa.gov/dashboard
https://comptox.epa.gov/dashboard/chemical/invitrodb/DTXSID7020182

ToxCast data are publicly accessible from
the CompTox Chemicals Dashboard

CompTox Chemicals Dashboard v2.2.1 Home  Search ~  Lists ~  About ¥  Tools ~ Submit Comments Search all data

—Assav Endpoints List ©

Showing 2205 of 2205 Records

Assay Component Endpaint Mame T = Details = Julti Conc. Actives T = Single Conc. Active +T = Description = Gene Symbals = o
Search by v ) v v | v | |1
N
Datz from the assay component ACEA_AR_agonist_80hr was analyzed in the positive fitting direction relative to DMSO as
ge n e, the negative control and baseline of activity. Using a type of growth reporter, measures of the cells for gain-of-signal
B <61/1230 (2.80%) _ activity can be used to understand the signaling at the pathway-level as they relate to the geneAR Furthermore, this assay .
d T e endpoint can be referred to as a primary readout, because this assay has produced multiple assay endpoints where this -
Ve n O r one serves a signaling function. To generalize the intended target to other relatable targets, this assay endpoint is

annotated to the "nuclear receptor” intended target family, where the subfamily is "steroidal”.

name, etc.

Data from the assay component ACEA_AR_AUC_visbility was analyzed in the negative fitting direction relative to DMSO as
the negative control and baseline of activity. Using a type of growth reporter, loss-of-signal activity can be used to
understand changes in the viability. Furthermore, this assay endpaint can be referred to as a secondary readout, because
this assay has produced multiple assay endpaints where this one serves a viability function. To generalize the intended
target to other relatable targets, this assay endpoint is annotated to the "cell cycle” intended target family, where the
subfamily is "cytotoxicity”.

Data from the assay component ACEA_AR_antagonist_80hr was analyzed in the positive fitting direction relative to DMSO

as the negative cantrel and baseline of activity. Using a type of growth reporter, measures of the cells for loss-of-signal

activity can be used to understand the signaling at the pathway-level as they relate to the gene AR. Furthermore, this .
assay endpoint can be referred to as a primary readout, because this assay has produced multiple assay endpoints where
this one serves a signaling function. Te generalize the intended target to other relatable targets, this assay endpoint is

annotated to the "nuclear receptor” intended target family, where the subfamily is "steroidal”.

Datz from the assay component ACEA_AR_antagonist_AUC_viability was analyzed in the negative fitting direction relative
to DMSO as the negative control and baseline of activity. Using a type of growth reporter, loss-of-signal activity can be
used to understand changes in the viability. Furthermore, this assay endpoint can be referred to as a secondary readout,
because this assay has produced multiple assay endpoints where this one serves a viability function. To generalize the
intended target to other relatable targets, this assay endpoint is annotated to the "cell cycle” intended target family,
where the subfamily is "cytotoxicity”.

Rows: 2,205 Tatal Rows: 2,205

Many users are accustomed to viewing data per substance (as identified by a DSSTox identifier, or DTXSID),
but you can also identify assay endpoint data by entering from Lists > Lists of Assays. These data can be
exported after loading the data for the assay.
https://comptox.epa.gov/dashboard/assay-endpoints




Application Programming Interfaces (APIs)
https://api-ccte.epa.gov/docs/bioactivity.html

Computational Toxicology and BIOACTIVITY DATA RESOURCE El @‘; API Key (x-api-key)
Exposure Data APIs - Bioactivity

Authentication

* APIs provide data for various use
cases, including research and
applications with user interfaces

Get summary by aeid

OPERATIONS GET /bioactivity/data/summary/search/by-aeid/{aeid}

Bioactivity Assay Resource v
REQUEST

- Get annotation by aeid

- Get all assays

Bioactivity Data Resource v

PATH PARAMETERS

* Users can avoid large data
downloads by accessing invitrodb
programmatically via an API

* aeid

SEo0 1386
int32

Numeric assay endpoint identifier

Examples: 1286
- Get summary by aeid

API Server https://api-ccte.epa.gov
(B8 Get data by spid Authentication Required (None Applied) FILL EXAMPLE H CLEAR ]

- Get data by m4id

* This is a great read-only solution
for users who require more
flexibility than the CCD can
provide

curl -X GET "https://api-ccte.epa.gov/bioactivity/data/summary/search/by-aeid/1386"
-Get data by dtxsid -H "accept: application/hal+json”

- Get data by aeid

* For additional documentation,
check out the CCTE APl Home
Page or ccdR R package. More
integration with tcpl is coming
soon

Client

3 G

Response



https://api-ccte.epa.gov/docs/bioactivity.html
https://api-ccte.epa.gov/docs/index.html
https://api-ccte.epa.gov/docs/index.html
https://cran.r-project.org/web/packages/ccdR/index.html

ToxCast Data Downloads
https://www.epa.gov/comptox-tools/exploring-toxcast-data

* Data downloads allow users to set up their CompTox Tools
own personal instance of the invitrodb Exploring ToxCast Data

ChemExpo

1 H on thi :
M yS QL d ata b a S e a n d I nte ra Ct W I t h t h e d ata bt D;.vn::::i:x(.’ast Data | ToxCast Results and Processing | Resources
CompTox Chemicals Explore Use of ToxCast Data | Citations About ToxCast

directly via the tcpl R package

ECOTOX Knowledgebase

ToxCast

ToxCast data, once generated by labs and processed by EPA DTS

1 1 H nn GenRA through the pipeli be downloaded f bsite and i
° Th f d t f rough the pipeline, can be downloaded from our website and is Downloadable
I S I S a re e r re O I O n O r O re SeqAPASS also available in the CompTox Chemicals Dashboard. The most Computational

recent ToxCast data is available in the invitroDBv4.1 database (.

custom | Zed or p rog ramm at| C Toxca st d ata CompTox and Exposure Data The database was released in September 2023. Data fles from

APls previously published ToxCast data releases are still available for Example Use

Toxicology Data

download . This page provides links to all relevant ToxCast Cases

needs, or if users want to do their own data =7 SRl
processing

ToxCast Chemicals | ToxCast Assays

Download ToxCast Data

tcpl: ToxCast Data Analysis Pipeline
* Most Recent InVitro Database Release (invitroDBv4.1) and

A set of tools for processing and modeling high-throughput and high-content chemical screening data. The package was developed for the
the chemical screening data generated by the US EPA ToxCast program, but can be used for diverse chemical screening efforts.

Data Processing Package: EPA's analysis of chemicals
screened through high-throughput screening assays. The
database release includes a MySQL database, release notes,

Version: 3.1.0 summary files, assay information and concentration response
Depends: R (z3.5.0) plots. In conjunction, the ToxCast Pipeline for storing,
Imports: data.table (> 1.9.4), DBI, RMariaDB, numDeriv, RColorBrewer, utils, stats, methods, graphics, grDevices, sqldf, transforming, normalizing, curve-fitting, and activity hit-calling
dplyr, tidyr, plotly, teplfit2, ggplot2, gridExfra, stringr is available as an R package, library(tcpl). Tepl and invitrodb

Suggests: roxygen2, knitr, prettydoc, rmarkdown, htmlTable, testthat (> 3.0.0), reshape2, viridis, kableExtra, colorspace, provide a standard for consistent and reproducible curve-

) magrittr, vdiffr fitting and data management for diverse, targeted in vitro
Published: 2923' 10-06 ) ) . ) assay data with readily available documentation, thus enabling
Author: Richard S Judson [ctb, ths], Dayne L Filer [aut], Jason Brown [cre], Sarah E Davidson-Fritz (% [ctb], Madison sharing and use of these data in myriad toxicology

Feshuk () [ctb], Lori Kolaczkowski [ctb], Kurt Dunham [ctb], Carter Thunes [ctb], Ashley Ko [ctb], Todd Zurlinden
[ctb], Parth Kothiya [ctb], Woodrow R Setzer [ctb], Matthew T Martin [ctb, ths], Katie Paul Friedman (& [ctb]

applications.

Maintainer: Jason Brown <brown jason at epa.gov> o Download Database Package &
License: MIT + file LICENSE o Download the tcpl R package:
URL: https://github.com/USEPA/CompTox-ToxCast-tepl » GitHub @
NeedsCompilation: no - CRAN @

Materials: NEWS

CRAN checks: fepl results



https://www.epa.gov/comptox-tools/exploring-toxcast-data

Conclusions

* Hazard NAMs are being developed as alternatives to
traditional hazard methods

* Many hazard NAM data are available in the CompTox
Chemicals Dashboard, download or API

e Each assay technology may have specific limitations, which
may require user discretion for more complex interpretations
of the data

* Hazard NAM data may be qualitatively and quantitatively
informative in different contexts
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