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High-throughput phenotypic profiling (HTPP)

‘Cell Painting’ assay
Gustafsdottir et al. 2013
Bray et al. 2016

for each chemical x concentration

profile Nyffeler et al. 2020



Two applications

for each chemical x concentration

profile

Potency estimate:
in vitro point-of-departure (POD)

Application 1
concentration-response modelling

Compare profiles with annotated reference chemicals 
 putative modes-of-action

Biological similarity 
= 

Pearson correlation

Chemical A

Chemical B

Application 2

see Nyffeler at al. 2020a + 2020b work in progress



Comparison to in vivo data and exposure

In vitro-to-in vivo 
extrapolation (IVIVE)

high-throughput toxicokinetics (httk)

HTPP POD 
(µM)

HTPP AED 
(mg/kg bw/day)

in vivo  point-of-departure

Database of in vivo effect values 
(EPA – ToxValDB)
• Mammalian species
• oral exposures
• Various study types
• NOEL, LOEL, NOAEL, LOAEL
• mg/kg/day

Toxcast POD (µM)

Toxcast AED 
(mg/kg bw/day)

Toxicological 
threshold of 

concern 
(TTC)

Exposure predictions
(EPA ExpoCast)
• Systematic Empirical 

Evaluation of Models 
(SEEM) version 3

• Inferred from human 
biomonitoring data, 
production volume and use 
categories (industrial / 
consumer use)

Predicted exposure New approach methodologies (NAMs)

POD: point-of-departure
AED: administered equivalent dose

462 chemicals tested

321 chemicals active

in vitro 
point-of-departure



Comparison to in vivo effect values & other NAMs

 HTPP AEDs are less potent than ToxCast-derived AEDs and TTC values

 78% (237/303) of HTPP AED are within 2 orders of magnitude of the in vivo POD

more potent than in vivo values
(protective)

less potent values than in vivo
(less protective)



Comparison to exposure estimates

 for 49% of chemicals, predicted exposure is > 1000x lower than estimated bioactivity
 for 5.1% (16/316) of chemicals, the BER was negative, indicating a potential for humans

to be exposed to bioactive concentrations of these chemicals

chemicals of 
lesser concern

Potential for humans 
to be exposed to 

bioactive concentrations



Use of phenotypic profiles to discern 
putative modes-of-action (MOA)

 5 test chemicals had similar profiles to known retinoids
 4 of them were inactive in ToxCast retinoic acid signaling assay
 potential for HTPP to give complementary results to existing assays

DNA                          RNA                        ER                               AGP                             Mito               Channel (organelle)

1300 features

known
retinoids



Conclusions

1. HTPP in vitro potencies can be used for 
prioritizing of chemicals based on inferred 
bioactivity in relation to predicted human 
exposure

2. Potential for HTPP to give complementary 
information to existing assays

Biological similarity 
= 

Pearson correlation

Chemical A

Chemical B
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