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The views expressed in this presentation are
those of the authors and do not necessarily
reflect the views or policies of the
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Company or product names do not constitute
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wEPA Tiered Chemical Safety Testing Strategy
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<EPA Automated /n vitro Chemical Screening
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wEPA High-Throughput Transcriptomics Assay
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Yeakley, et al. PLoS ONE 2017




wEPA HTTr Study Design

e 2 A * High-throughput in vitro screens
| A . performed on 384 well plates
® Sirolimus . . . .
l " Tricostatin A e Standardized dilution series for every
Chemical Dose Plate test sam ple

* Multiple QC and reference chemicals
included on every plate to track assay

4
- performance

Bl Epansion * Triplicate Test Plates:
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Harrill, et al. Toxicol Sci in press



HTTr Bioinformatics Pipeline

ommaix ® RAPiId processing for large

Samples
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Harrill, et al. Toxicol Sci in press



wEPA \ HTTr Quality Control

QC Failure Rates Across HT Tr Screens
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% of HTTr Plate Wells
M2

(}G Standards MCF-7 Cells

e 44 Chemlcal Pilot Study
 Screened 1,577 ToxCast
chemicals

L.l -2 05 Cells

HepaRG Cells

* Screened 1,201 ToxCast

chemicals

e Screened 137 PFAS

QC |ssue Type

. Liquid Handlmg
. Cytotoxicity
. Assay Quality

~N
B|oinformatic QC checks remove:
* Low read depth samples
* High rate of alignment failure

r )
Acoustic dispenser logs identify

problems with chemical handling

\
Apoptosis/cell viability assays identify

CytOtOXIC concentrations
J

* Samples with low gene coverage
e Samples with irregular count
distributions
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wEPA Global View of Bioactivity

Differential Expression per Chemical Count data for single chemical
Cell Type E MCF7 EJ U20S EJ HepaRG (vehicle controls + 8 concs x 3 reps)
Veh Incr
Ctrls Dose
10000 — « Statistical model tailored to *-seq data

» Remove plate-level effects
« Smooths noise across depth &
expression levels

L (Love, et al. Genome Biol 2014)

u - » Each boxplot shows distribution of DEG count
| : = L = [T per chemical
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|
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1 1 — N - * Primarily interested in transcriptional
' m changes that:

| | B  Are coordinated across known
- | | TIT pathways/gene sets

* Fit standard curve-models across all
concentrations
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Count data
per chemical

Veh Incr
Ctrls Dose
-

DESeq2

Signature Scoring

Catalog of signatures with toxicological relevance,
annotated for known molecular targets

[

» Bioplanet (Huang, et al. Fron Pharmacol 2019)

[

» CMap (Subramanian, et al. Cell 2017)
» DisGeNET (pinero, et al. Database 2015)
- » MSigDB (Liberzon, et al. Cell Syst 2015)

_—

/Single-SampIe Gene Set Enrichment Analysis \

(ssGSEA) (Barbie, et al. Nature 2009)

» Score coordinated responses at each concentration

* Use moderated log2 FC values from DESeq2 as input
(no thresholds)

* Null distributions constructed by resampling log2 FC
values from whole screen

« Alternate scoring function:

K mean(gene set log2FC) - mean(background log2FC) /




EPA Signature Scoring

Count data
per chemical Reference Chemical (Effect Size)
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\
» Differential expression analysis of 3 reference chemicals replicated 37 times (MCF-7 large screen)

* Computed distribution of correlations between each replicate analysis




< EPA

Count data
per chemical

Veh Incr
Ctrls Dose

|

DESeq2

Signhature Scoring

Catalog of signatures with toxicological relevance,

annotated for known molecular targets

[

ssGSEA

Concentration-Response

Curve Fitting (ftcplFit2)
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» DisGeNET (pinero, et al. Database 2015)
= » MSigDB (Liberzon, et al. Cell Syst 2015)
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MCF-7 HTTr Signature POD (uM)

< EPA
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* Pilot study of 44 well-characterized
chemicals (Harrill, et al. Toxicol Sci, In Press)

* Compared HTTr-derived PODs from
MCE-7 cells to previous ToxCast HTS

assay results
(Paul-Friedman, et al. Toxicol Sci 2020)

* Signature-based POD are highly
concordant with ToxCast results for the
majority of test chemicals in pilot study

* 6 chemicals with targets that have
low/absent expression in MCF-7 cells

* 5 chemicals show off-target hit as most
potent assay in ToxCast

* Cladribine is a non-specific DNA synthesis
1e+02 inhibitor



SEPA ML Models for MIE Classification

Identify and Exclude

Partition Data for Each ;
Exemplar Chemicals Train and Evaluate

MIE Classifier Classifiers

Data Aggregation Integrate Datasets

Permutation Testing

x 1000
CARET
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Data

ChemReg

Match LINCS chemicals
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Joseph Bundy



< EPA

Goal: Develop NAMs to characterize
non-specific environmental
chemicals that activate stress
response pathways (SRPs)

Approach: Characterize chemical
hazards using HTTr data to assess SRP
gene signature activity

Challenges: Cross-talk in signaling
networks makes it difficult to find
gene signatures of SRPs

Results: We have developed
consensus SRP signatures for
accurately classifying known stressors

Future: Use signatures to identify
cellular states involved in adaptive
stress responses and “tipping points”
that lead to adversity
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signatures from published data

Highly gene-overlapped

published signatures

Published " p—
Signatures “

2 3 -
Reduce GENE ASSOCIATION
Overlapping AGG"’EG‘”“”:
Genes ‘ H ‘
Unique |
Consensus cpD m _ n
Signatures 0o Unique gene space

| MTL | _OSR_|

Han
%HJ,'%I |

Z-score

-2

category
Consensus signatures outperform existing
published signatures for SRP activity scoring

category

* & negative cont
g

®= negative profi
& positive profil

3

signatures

DDR

GSEA
Scores

HSR

—-
.- O F
UPR

Reference perturbagens

m p

-

= :

. =

2]

@)
OCIIZO
OT 0TS0
2P DXRLD
AO PSRN
8802058

Best consensus signatures
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Bryant Chambers
& Imran Shah



Conclusions

* CCTE has developed reliable and cost-efficient workflow for generating
HTTr data from thousands of chemicals across multiple cell lines

* Preliminary/pilot analysis demonstrates that overall results are concordant
with previous assays (ToxCast/HTS) and known chemical targets

* Upcoming research efforts will focus on:
* Data generation in complementary cell models (Tox21 Cross-Partner Project)
e Validation by orthogonal assays
* Methods to summarize signature-level/overall PODs from high-dimensional data
* Predictive models of MIEs/pathways relevant to toxicity
* Coupling HTTr-derived PODs with HTTK/IVIVE work to predict in vivo safety levels
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wEPA Assay Reproducibility

* Analyzed differential expression response to 3 1.00-
reference chemicals replicated 37 times
throughout large screen (MCF-7)

* GEN = Genistein (10uM)
* SIRO = Sirolimus/Rapamycin (0.1uM)
* TSA = Trichostatin A (1uM)

* NULL = Signature scores derived from re-sampled log2 FC
values

o
~J
(8]

Group
. E3 GEN
. B3 SIRO
Ed TSA
. - B2 Null

o
o
o
[ ]

* Signatures were annotated for associated
molecular targets

* Random = Randomly selected gene sets with similar size
to known signature gene sets

Absolute Signature Score
3

e Each reference chemical was enriched for higher
scores from signature associated with correct

molecular target 0.00;

. . ] ) ESR mTOR/PI3K/AKT  HDAC Random
e Similar analysis and result found in MCF-7 pilot Molecular Target

study (Harrill, et al. Toxicol Sci in press)

Derik Haggard



< EPA

HTTr MCF-7 Pilot Analysis
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* 6 chemicals with targets that have low/absent
expression in MCF-7 cells
e 3,5,3'-triiodothyronine (Thyroid Receptor)
e Cyproconazole (pan-CYP inhibitor)
e Butafenacil (pan-CYP inhibitor)
* Prochloraz (pan-CYP inhibitor)
* Imazalil (pan-CYP inhibitor)
* Propiconazole (pan-CYP inhibitor)

* 5 chemicals show off-target hit as most
potent assay in ToxCast

* Lovastatin
Clofibrate
Maneb
Lactofen
Vinclozolin

* Cladribine is a non-specific DNA synthesis
inhibitor

(Harrill, et al. Toxicol Sci, In Press)
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