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Disclaimer

The views expressed in this presentation are those of the author(s) and do not 
necessarily represent the views or policies of the U.S. Environmental Protection 
Agency, nor does mention of trade names or products represent endorsement 
for use.



• 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.

• Originated in the pharmaceutical sector and has been used in drug development to understand disease 
mechanisms and predict chemical activity, toxicity and/or mechanism-of-action.

Imaging-Based High-Throughput Phenotypic Profiling 
(HTPP)

Chandrasekaran et al. Nat Rev Drug Discov. 2020 Dec 22:1–15



NAMs-Based Tiered Hazard Evaluation Approach

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]

The NexGen Blueprint of Computational Toxicology at US EPA 
Thomas et al. (2019) DOI: 10.1093/toxsci/kfz058



Golgi + membrane 
+ actin skeleton DNA RNA + ER Mitochondria

1300 features

Cell Painting is a profiling method that
measures a large variety of phenotypic
features in fluoroprobe labeled cells in vitro.

• High-throughput
• 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 EPA.

HTPP with the Cell Painting Assay



• Strong phenotypes are observable qualitatively and can be measured 
quantitatively using Cell Painting

adapted from Nyffeler et al. (2020) DOI: 10.1016/j.taap.2019.114876

Mitochondrial 
compactness/texture

 Cells are larger 

Example Chemicals



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

Image Analysis Workflow  Image Segmentation
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Define Cellular Compartments



1300 features / cell

With illustrations from Perkin Elmer
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Phenotypic Feature Extraction

PerkinElmer Opera Phenix
Modality: Confocal (single z)
Objective:      20X Water
Plate: CellCarrier-384 Ultra
Fields: 5 or 9

49 Feature Categories
(ex. MITO_Texture_Cytoplasm)



Reference chemicals produce distinct, but reproducible phenotypes in U-2 OS cells.

Reference Chemical Phenotypes

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



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

1300 features

group them in 
49 categories

derive a Mahalanobis distance
(relative to control wells)

derive a Mahalanobis distance
(relative to control wells)

1 BMC

49 BMCs

BPAC

Global Mahalanobis

Category-level Mahalanobis

Feature-level 
fitting

• Mahalanobis Distance (DM): 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 DM approach are considered active.

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

Concentration Response Modeling of HTPP Data

Adapted from Nyffeler et al. (2020) DOI: 10.1177/2472555220950245



Concentration Response Modeling Example Chemical
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Bioactivity Exposure Ratio (BER) Analysis

Figures courtesy of J Nyffeler

16 Chemicals were identified were 
biological activity overlaps with 
predicted human exposure.



Agonists of the glucocorticoid receptor and of retinoic acid receptors display characteristic profiles
Expression of a target does not guarantee that characteristic profiles are observed (e.g. PPAR)

Biological similarity in HTPP Gene expression in U-2 OS

Phenotypic Profile Similarity with 
Nuclear Receptor Modulators

Figures courtesy of J Nyffeler



The Diniconazole phenotype is distinct from most other conazoles.
Informs biological activity-based chemical read across. Figures courtesy 

of J Nyffeler

Phenotypic Profile Similarity of Conazoles
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• 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.

Summary and Conclusions
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