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Problem Statement

| Too many chemicals to test with standard
| animal-based methods
—Cost time, anlmal welfare

Need for better mechanistic data

- Determine human relevance

- What is the Adverse Outcome Pathway (AOP)?
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oS _ Computational Toxicology

- ldentify biological pathways of toxicity (AOPs)
- Develop high-throughput in vitro assays to test chemicals

- Test “Human Exposure Universe” chemicals in the assays

- Office of Research and Development
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- High-throughput Transcriptomics (HTTr)
—Measure changes in levels of all expressed genes

—Targeted RNASeq

- High-throughput Phenotypic Profiling (HTPP)
—Measures changes in cell compartment size, shape, texture
— Cell Painting

- Target-specific High-throughput Screening Assays (HTS)
—Multiple technologies to measure specific chemical-target interactions

- Determine Mechanisms of Action and Potency
- Office of Research and Development
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Standardized Expansion Protocol

BioTek
MultiFlo ™ FX
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Experimental Workflow

Dispensing Test
Chemicals

LabCyte Echo® 550

Liquid Handler

MC = Media Change

Day In Vitro
(DIV):
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Action:
Vessel:

Parform Experiment
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Track 1: Targeted RNA-Seq

Generating Cell
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rack 2: Apoptosis / Cell Viability

Reagent Dispensing High Content

Imaging

Perkin Elmer
Opera Phenix™

High Content Screening System




EPA HTPP with the Cell Painting Assay
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Cell Painting is a profiling method
that measures a large variety of
phenotypic features in fluoroprobe
labeled cells in vitro.

* High-throughput
e Scalable
 Amenable to lab automation

* Deployable across multiple
human-derived cell types.

* Reproducible

» Cost-effective (¢ / well)

* Infrastructure investment

* High volume data management

Laboratory & bioinformatics

workflows for conduct of this assay

have been established at CCTE.

- Office of Research and Development

OPEN () ACCESS Freely available online @PLOS | ONE

Multiplex Cytological Profiling Assay to Measure Diverse
Cellular States
Sigrun M. Gustafsdottir®, Vebjorn Ljosa®, Katherine L. Sokolnicki®, J. Anthony Wilson®, Deepika

Walpita, Melissa M. Kemp, Kathleen Petri Seilerec, Hyman A. Carrel*¢, Todd R. Golub, Stuart L. Schreiber,
Paul A. Clemons', Anne E. Carpenter, Alykhan F. Shamiji'1

Broad Institute of Harvard and MIT, Cambridge, Massachusetts, United States of America
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1. find nuclei 2. find cell outline 3. reject border objects

- Office of Research and Development
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A Solvent control (0.5% DMS0O) Berberine chloride (10 pM)

DNA Mitochondria

Examples of Chemical Induced Phenotypes

DNA

Solvent control (0.5% DMSO)

Mitochondrial Compactness
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Ca-074-Me (1 pM)

Golgi Texture

DNA RNAJER

RNA/ER

Cell Swelling
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« Strong phenotypes are observed qualitatively and produce distinct profiles when measured

quantitatively.
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Adapted from Nyffeler et al. Toxicol Appl Pharmacol. 2020 Jan 15;389:114876



wEPA Concentration-Response Modeling
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At each concentration score each of 1300 features

* Do concentration-response analyses to get potency estimate

» Consolidate features into 49 categories for better interpretation
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SEPA HTTr Using TempO-Seq Platform
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TempO-Seq Assay

* The TempO-Seq human whole transcriptome lllustration
assay measures the expression of ~21,100 3
transcripts. Purified RNi or Lysates
« Requires only picogram amounts of total RNA ¥ . ¥
per sample. Detector Oligo Annealing g
» Compatible with purified RNA samples or cell _ = Pi"
Iysates. Excess Oligo Removal — =
« Transcripts in cell lysates generated in 384- Detector Oligo Ligation \d
well format barcoded to well position - ‘
« Scalable, targeted assay: PCR with Tagged Primers N
* Measures transcripts of interest — v
« Greater throughput and requires lower e e ~
read depth than RNA'Seq Pool Library, Cotcentrate,-’Purif\.-
« Ability to attenuate highly expressed Squeme

genes

- Office of Research and Development
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Treatment Randomization & Quality Control
Samples

Treatment Randomization:

QC Samples:

Each test plate uniguely randomized with respect to treatment.
Quality Control samples included on each plate

Evaluate technical
reproducibility in diverse
purified RNAs

[ Test Chemicals
UHRR (Us) - Untreated
UHRR (Us) [ oMso (vehicle control)
HBRR (Us) [l CMAP Reference
HBRR (Us) [ HCI No Label Controls

Evaluate technical
reproducibility in MCF7
celllysates

Bulk Lysate (DMSO)
Bulk Lysate (DMSO)
Bulk Lysate (TSA)
Bulk Lysate (TSA)

Lysis Buffer (Us)
Lysis Buffer (Us)

No Template Control

Vendor Supplied Process
Controls /
QcC Samples

UHRR (Them)
UHRR (Them)
HBRR (Them)
HBRR (Them)
Lysis Buffer (Them)
Lysis Buffer (Them)

UHRR = Universal Human Reference RNA

HBRR = Human Brain Reference RNA

HCI
Labeling

<=

Apoptosis & Cell
Viability

- HCI Pos. & Neg. Controls

- Office of Research and Development
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Test Samples:

® 8 Concentrations
® 14 Log,, Spacing
® Triplicate Plates

Ref Chemicals:

¥ Untreated

"DMSO
Genistein

¥ Sirolimus

® Tricostatin A

Chemical Dose Plate

Cryopreserved

Cell Stocks

J

13-day Cell Expansion

& Plating

QC Samples:

" UHRR
HBRR
BL DMSO
BL TSA

¥ Lysis Buffer

- Office of Research and Development
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Raw Data Processing

Single Chemical

Analysis

Raw
Reads
(FASTQ)

Probe

Manifest

Probes
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U

Veh Incr

HTTr Overall Process

Alignment
(HISAT2)

Count matrix

Samiles

Probes

@]
Database Layer

Signature Conc-
Response

Signature
PODs
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SEPA Gene Sets: “Signatures”
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- Understanding the results of changes in expression of 10,000-20,000
genes is hard

- Group genes into gene sets (“Signatures”)
- Examples of signature types
— Genes that are perturbed in diseased tissue vs. health tissue
— Genes perturbed in individuals with congenital diseases vs. those without
— Genes perturbed by drugs or other chemicals
— Genes perturbed by gene knockdowns / knockouts

- Example use

— If a chemical perturbs the genes upregulated in a cancer type, the chemical is
a candidate carcinogen (or candidate anti-cancer drug)

- Each signature has a hand-annotated “super target” class to help with
annotation

- ~10,000 signatures
- ~1000 super targets

- Office of Research and Development
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Use class and known targets

ToxCast —

HSP Inhibitor —

Cytokine —

Olfactory D

Developmental Process —|

CALM1/DRD —+

Super targets

Cell Cycle H

CYP Inhibitor —

ADR/CALM1/DRD/HTR. —|

Neurological Di

Cholesterol —

Transcription

Androgen * —

Estrogen * —|
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Prostaglandin —

Genistein

MCF7 : DTXSID5022308 : TP0001718K19

| Pharmaceutical :

ndrogen
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Super Target Summary Plot

Chemical name, DTXSID and sample ID

Boxplot shows range of
BMD values for
signatures for the super
targets

Red indicates that the
super target is a target
of the chemical

Median of all super target BMD medians
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- Need to Screen thousands of chemicals for potency
and mechanism of action

- We can now do this with HTPP, HTTr and HTS

- Application areas in current use
— Prioritizing chemicals for further investigation
— Clustering chemicals by activity profile
—ldentifying areas of concern for emerging contaminants
— Estimating safe exposure levels for chemicals

—Animal-free evaluation of chemical safety for cosmetics
ingredients (with Unilever)

- Office of Research and Development
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“EPA Hazard Identification Workflow

Environmental Protection
Agency L. . .
A strategic vision and operational road map for computational

toxicology at the U.S. Environmental Protection Agency

/ . Tier 1 \

° A ﬂeX|b|e’ portable and High-_Thmu_ghput Multiplgcelltypes
. TranscriptomicAssay | +/- metaboliccompetence

cost-efficient platform to

comprehensively evaluate l l

the pOtentIaI bIOIOglcaI No Defined Biological Defined Biological Target

pathways and processes Target or Pathway or Pathway

impacted by chemical f\ | £

exposure ! Lo

- High-throughput transcriptomics ‘ Selectin vitro Orthogonal confirmation
(HTTr) ‘ Assays ‘
\. J

- ldentify the concentration 4 | | Ters )

at which biOIOgical Existing AOP NoAOP

pathways / processes | |

begln to be ImpaCted In Vitro i OrganotypicAssaysand ' Identify Likely Tissue,
- Assign putative biological B Bl | e

targets for chemicals \ l | )

l l R. Thomas
Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure '
Based on Pathway Based on AOP Based on Likely Tissue- or
Transcriptional Perturbation Organ-level Effect without ACP
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