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SEPA Imaging-Based High-Throughput Phenotypic Profiling
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Chandrasekaran et al. Nat Rev Drug Discov. 2020 Dec 22:1-15

* A high-throughput testing strategy where rich information present in biological images is reduced to
multidimensional numeric profiles and mined for information characteristic to a chemical’s biological activity.

e Originated in the pharmaceutical sector and has been used in drug development to understand disease
B mechanisms and predict chemical activity, toxicity and/or mechanism-of-action.
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High throughput profiling (HTP) assays are
proposed as the first tier in a NAMs-based hazard
evaluation approach.

HTP Assay Criteria:

1. Yield bioactivity profiles that can be used for
potency estimation, mechanistic prediction
and evaluation of chemical similarity.

2. Compatible with multiple human-derived
culture models.

3. Concentration-response screening mode.

4. Cost-effective.

To date, EPA has identified and implemented two
HTP assays that meet this criteria.

* High-Throughput Transcriptomics [HTTr]
* High-Throughput Phenotypic Profiling [HTPP]

NAMs-Based Tiered Hazard Evaluation Approach
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SEPA 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
* Scalable
e Amenable to lab automation

 Deployable across multiple human-
derived cell types.

* Reproducible
e Cost-effective (¢ / well)
* Infrastructure investment

* High volume data management

Laboratory & bioinformatics workflows for
conduct of this assay have been established
at EPA.

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 Seiler*c, Hyman A. Carrel*, Todd R. Golub, Stuart L. Schreiber,
Paul A. Clemons™, Anne E. Carpenter™, Alykhan F. Shamji'

Broad Institute of Harvard and MIT, Cambridge, Massachusetts, United States of America
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Example Chemicals
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* Strong phenotypes are observable qualitatively and can be measured
guantitatively using Cell Painting

adapted from Nyffeler et al. (2020) DOI: 10.1016/j.taap.2019.114876
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1. find nuclei 3. reject border objects
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Reference chemicals produce distinct, but reproducible phenotypes in U-2 OS cells.

Nyffeler et al. (2020) DOI: 10.1016/j.taap.2019.114876
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Concentration Response Modeling of HTPP Data

Concentration-response modeling of HTPP data can be performed in a variety of ways.

Global Mahalanobis
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(relative to control wells)

Feature-level
fitting

group them in
49 categories

A 4

—wa —PlBMC\

BPAC

Mahal bis distal

derive a Mahalanobis distance

/

. 7 fi’ 49 BMCs
(relative to control wells)

L) P
concentration (uM)

Category-level Mahalanobis

* Mahalanobis Distance (D,,;): A multivariate distance metric that measures the distance between a point (vector)

and a distribution.

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

* The minimum of the global or category BMCs is the Biological Phenotype Altering Concentration (BPAC).

Adapted from Nyffeler et al. (2020) DOI: 10.1177/2472555220950245
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Concentration Response Modeling Example Chemical
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SEA Bioactivity Exposure Ratio (BER) Analysis
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HTPP AED
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Figures courtesy of J Nyffeler
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Phenotypic Profile Similarity with

Nuclear Receptor Modulators

Biological similarity in HTPP
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The Diniconazole phenotype is distinct from most other conazoles.

Informs biological activity-based chemical read across. Figures courtesy
of J Nyffeler
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PA Summary and Conclusions

HTPP Screening: We have established robust and scalable laboratory and bioinformatics
workflow for transcriptomics and phenotypic screening of environmental chemicals in
human-derived cell lines.

Assay Reproducibility: We have demonstrated a high degree of assay reproducibility for
HTPP screening assays through the use of reference chemicals.

Bioactivity to Exposure Ratio: Biological phenotype altering concentrations (BPACs) can
be converted to administered equivalent doses (AEDs) and compared to human exposure
predictions for chemical ranking and prioritization.

Mechanistic Prediction: Phenotypic profiles can be used to discern mechanisms of
action by comparison to reference chemicals or comparison to chemicals within the
same molecular class.

Future Work: Expand the amount of biological space evaluated for environmental
chemicals by screening in additional, complementary cell types.
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