
Toxicity profiling and cellular effects of test compounds in a broad panel of HCA assays
Frosty Loechel, Jacob Fog, Ulla Henriksen, Betina K. Lundholt, Morten Præstegaard

PXR
Phospho-

H2AX     
1 hr

Phospho-
H2AX     
24 hrs

p53/Mdm2 ATF6/CHOP

PXR 
translocation

pH2AX 
intensity

pH2AX 
intensity p53 intensity Mdm2 

intenstiy
ATF6 

translocation
CHOP 

translocation
MK2 

translocation
p38    

intensity
cJun 

intensity
NFkB 

translocation
Positive 21 3 7 5 12 5 9 2 6 8 2
Weak 5 4 1 11 9 6 4 8 1 5 5

Negative 6 25 24 16 11 21 19 22 25 19 25

MK2 Multiplex

PXR
Phospho-

H2AX     
1 hr

Phospho-
H2AX     
24 hrs

p53/Mdm2 ATF6/CHOP

PXR 
translocation

pH2AX 
intensity

pH2AX 
intensity p53 intensity Mdm2 

intenstiy
ATF6 

translocation
CHOP 

translocation
MK2 

translocation
p38    

intensity
cJun 

intensity
NFkB 

translocation

Cytochalasin A 0.40 1.1 0.32 weak 0.38 0.38 weak

Cytochalasin D 0.21 weak weak 0.44 weak 0.03 weak

MK2 Multiplex
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Secondary readouts

Table 2: An overview table of the secondary output. The compounds have been analyzed for the earliest 
indications of toxicity in each assay, based on the 5 secondary output parameters: cell area, nucleus area, 
nucleus shape, cell number, and nucleus intensity. The concentration at which toxicity begins is indicated (µM). 

Generation of secondary output parameters
For the purpose of utilizing high content analysis to pick up early toxicity 
indications, a set of six output parameters were selected and applied to 
all the assays. The cell nucleus and cytoplasm is identified by a DAPI 
stain that stains nucleus more than cytoplasm.  
The values of the secondary output parameters were normalized to the 
negative control wells on each plate, enabling them to be plotted together 
on a concentration response graph. The parameters selected reported on 
nucleus size, shape and staining intensity, cell area and number, and 
compound fluorescence.   
The secondary readout data can be used to determine whether the 
primary readout data (activity in the assay) are valid or invalid for a given 
concentration of the test compound. 
Furthermore, this second analysis of the images may reveal changes in 
cell features that do not affect the primary analysis, but still may indicate 
that this compound affects the cells in an undesired fashion.
More information on the generation and use of secondary output parameters for high 
content analysis is shown in the poster “Utilizing secondary high content readouts in cell-
based assays as a tool to evaluate compound toxicity early in the drug discovery process”
(Jacob Fog et al.).

Results
After analyzing the primary data, the compounds are labeled as having 
positive, weak, or negative response in each assay. The PXR assay is 
remarkably effective at identifying toxic compounds with different modes 
of action (26 out of 32 compounds identified). 

Table 1: An overview table of the primary output. The different compounds have been profiled in 5 different 
assays (one or more time points). Red indicates a positive response in the assay and an EC50 value (µM) has 
been indicated. Yellow indicates a weak but significant response. White indicates no activity. 

Primary readouts

Assays
The compounds were evaluated in a panel of high content assays 
including Redistribution assays, HCS Reagent Kits, and multiplex
assays combining the two technologies. 

PXR Redistribution: PXR is a steroid and xenobiotic receptor that 
functions in the regulation of endobiotic and xenobiotic metabolism. 
Ligand binding leads to upregulation of genes central to drug 
metabolism and drug efflux transporters. The PXR Redistribution assay 
makes it possible to evaluate PXR-mediated drug metabolism of test 
compounds at an early stage during drug discovery as well as being an 
early indicator of drug toxicity.  

Phospho-H2AX HCS Reagent Kit: DNA damage induction by various
agents leads to rapid phosphorylation of H2AX (core histone protein 
H2AX ). 

p53/Mdm2 HCS Reagent Kit: Measures response to stress from DNA 
damage, hypoxia, cytokines, metabolic changes, viral infection or 
oncogenes.

ATF6/CHOP multiplex Kit: Multiplex of the ATF6 Redistribution assay 
and the CHOP/GADD153 HCS Reagent Kit. Both proteins are involved
in the response caused by ER stress and activation of the signaling
network called the unfolded protein response (UPR). 

MK2 multiplex Kit: Multiplex of the MK2 Redistribution assay and 
several HCS Reagent Kits (p38 and c-Jun/NFκB). The assay measures 
activation of the p38 pathway, JNK pathway and NFκB. 

Figure 1: Workflow for the generation and analysis of primary and secondary readouts.
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Paclitaxel G2/M cell cycle arrest 0.11 <0.03 <0.01

Aphidicolin  G1/S cell cycle arrest 13 weak 1.31 weak 0.15

Nocodazole Microtubule depolymerizer 0.01 weak weak weak

Latrunculin B G-actin stab 0.36 weak 0.38 weak 0.34 weak

Jasplakinolide  F-Actin stab 0.04 weak weak weak 0.05 0.09 0.13 weak

Cytochalasin A Actin filament disrupter 0.40 1.1 0.32 weak 0.38 0.38 weak

Cytochalasin D Actin filament disrupter 0.21 weak weak 0.44 weak 0.03 weak

Doxorubicin  DNA damage inducer. 
Fluorescent

0.40 weak 0.21 0.32 0.27 0.13

Camptothecin Topoisomerase inhibitor, DNA 
damage

1.3 <0.1 <0.03 <0.1 <0.03

Actinomycin D RNA polymerase inhibitor 0.08 weak 0.16 1.41

Etoposide Topoisomerase inhibitor weak 12 2.5 weak 1.7

Troglitazone Withdrawn drug: hepatotoxicity weak weak weak weak

Tacrine Hepatoxicity weak weak weak weak 8.0

Valinomycin  Ionophore 4.5

Thapsigargin Intracellular calcium releaser 0.0032 <0.001 <0.001 weak weak

LY-294,002 PI3K inhibitor weak weak weak

Staurosporine  Broad kinase inhibitor, 
apoptosis inducer 0.0034 0.38 weak 0.09 0.01

U0126 MEK inhibitor weak weak weak weak

PMA  Kinase activator 0.0004 weak weak 0.0008 0.0005 weak

Genistein PTK inhibitor 23 weak weak 21

CCCP  Mitochondrial function weak

Rotenone  Mitochondrial function 0.10 weak weak

Oligomycin  Mitochondrial function weak weak 8.7

Okadaic Acid  Phosphatase inhibitor 0.04 0.10 0.05 0.11 weak 0.15 0.13

MG-132 Proteasome inhibitor 0.08 2.3 2.5 <0.1 0.32 weak

Cycloheximide Protein synthesis inhibitor 1.0

Anisomycin  Protein synthesis inhibitor, 
JNK activation 0.10 0.02 0.06 0.03

Leptomycin B Inhibition of nuclear export 0.0003 0.0011 0.0011 0.0004

Trichostatin A HDAC inhibitor 0.06

Tunicamycin  Inhibition of N-glycosylation, 
ER stress weak weak 7.8 0.07 0.08 8.0 3.7

Terfenadine General toxicity weak weak weak weak

Cisapride Withdrawn drug: cardiac 
arrythmia weak

MK2 Multiplex

Table 3: Number of toxic compounds detected by the individual readouts in each assay. 

Table 4: Cytochalasin A and D have very similar structures, but there are differences in how they perturb the 
cytoskeleton. The Mdm2, p38, and c-Jun readouts allows us to detect differences in the cytotoxic effects of 
these two compounds.  

Our panel of High Content assays is able to distinguish between closely 
related compounds like Cytochalasin A and D.

Compound Description PXR
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H2AX  
24 hrs

p53/Mdm2 ATF6/CHOP MK2 Multiplex

Paclitaxel G2/M cell cycle arrest 0.3 0.03 0.01 >100 >30

Aphidicolin  G1/S cell cycle arrest 0.1 0.01 0.1 >30 >30

Nocodazole Microtubule depolymerizer 0.01 0.03 0.1 0.3 >30

Latrunculin B G-actin stab 0.3 1 1 0.3 0.1

Jasplakinolide  F-Actin stab 0.1 0.1 0.1 0.03 0.1

Cytochalasin A Actin filament disrupter 0.3 10 3 0.1 0.1

Cytochalasin D Actin filament disrupter 0.1 1 1 0.03 0.03

Doxorubicin  DNA damage inducer. 
Fluorescent 0.1 0.1 0.03 0.3 1

Camptothecin Topoisomerase inhibitor, DNA 
damage 0.01 0.01 0.01 >100 >100

Actinomycin D RNA polymerase inhibitor 0.01 0.003 0.001 1 3

Etoposide Topoisomerase inhibitor 0.3 1 1 1 >30

Troglitazone Withdrawn drug: hepatotoxicity 10 100 30 30 30

Tacrine Hepatoxicity 30 100 100 >100 100

Valinomycin  Ionophore 0.01 0.01 >10 >10 >10

Thapsigargin Intracellular calcium releaser 0.01 0.01 >1 >1 1

LY-294,002 PI3K inhibitor 30 100 >100 10 >100

Staurosporine  Broad kinase inhibitor, 
apoptosis inducer 0.001 0.03 0.01 0.0003 0.01

U0126 MEK inhibitor 30 30 100 3 100

PMA  Kinase activator 0.001 0.003 1 0.003 0.3

Genistein PTK inhibitor 30 30 30 100 >100

CCCP  Mitochondrial function 3 10 10 >100 3

Rotenone  Mitochondrial function 0.1 0.3 0.3 10 >30

Oligomycin  Mitochondrial function 3 10 10 10 >100

Okadaic Acid  Phosphatase inhibitor 0.03 0.03 0.1 0.01 0.3

MG-132 Proteasome inhibitor 1 3 3 >100 30

Cycloheximide Protein synthesis inhibitor 1 0.3 0.1 1 10

Anisomycin  Protein synthesis inhibitor, 
JNK activation 0.1 0.01 0.3 10 >30

Leptomycin B Inhibition of nuclear export 0.001 0.001 0.001 0.0003 >0.03

Trichostatin A HDAC inhibitor 0.1 0.3 0.3 >1 >1

Tunicamycin  Inhibition of N-glycosylation, 
ER stress 0.03 0.1 >10 >10 10

Terfenadine General toxicity 30 100 30 3 100

Cisapride Withdrawn drug: cardiac 
arrythmia >100 >100 100 >100 >100

Results
Each compound profile consists of both the primary and the secondary 
readout for each assay. Three compounds are shown as examples 
below.

Abstract
A key limiting step in drug development is to predict adverse 
toxic effects of lead compounds. We have devised a series of 
cell-based high content analysis (HCA) assays for prediction of 
compound toxicity. These assays are based on combinations of 
cellular dyes, antibody staining and GFP-fusion proteins covering 
multiplexed readouts for general cytotoxicity, DNA damage, 
apoptosis, cell cycle, cytoskeletal rearrangements, and cell 
stress including ER and oxidative stress. Each of these primary 
readouts is supported by secondary HCA data substantiating the 
validity of each data point. A panel of 32 diverse toxic 
compounds with known inhibitory effects on cellular functions 
has been profiled in this tox assay panel using the Cellomics
ArrayScan VTI high content imager. These data show that the 
HCA assay panel is capable of detecting cytotoxic compounds 
having a wide variety of modes of action.  The assay activity 
profile can distinguish between compounds having quite similar 
mechanisms of toxicity, e.g. Cytochalasin A and Cytochalasin D. 
The PXR assay is the most effective at detecting a wide spectrum
of toxic compounds, reflecting the role of the PXR protein as a 
physiological cellular sensor of foreign toxic substances. These
data support our hypothesis that high content analysis methods 
carried out on a panel of relevant cell-based imaging assays hold 
great promise as a methodology to obtain predictive toxicity data.

Introduction
High content cell-based assays have the potential to provide detailed 
information on the toxicity liabilities of test compounds. Measuring the 
effect of compounds on specific cellular targets that are linked to 
toxicity, as well as more general cytotoxic effects such as changes in 
cell morphology or proliferation, allows generation of a toxicity profile 
that can be used for prioritizing or deselecting drug candidates. 
Multiple assay readouts from the same cells can provide information 
that would be more time-consuming and more expensive to obtain 
from running panels of traditional assays, each with a single readout. 
In addition, by simultaneously measuring the behavior of multiple 
targets in the same cell, there is the potential to discover effects that 
would be difficult to detect clearly in assays that query only one target 
effect at a time.

Method
We have devised a series of cell-based high content analysis (HCA) 
assays for prediction of compound toxicity. These assays are based 
on combinations of cellular dyes, antibody staining, and GFP-fusion 
proteins covering multiplexed readouts for general cytotoxicity, DNA 
damage, apoptosis, cell cycle, cytoskeletal rearrangements, and cell 
stress including ER and oxidative stress. Each of these primary 
readouts is supported by secondary HCA data substantiating the 
validity of each data point. 

Compounds
A panel of 32 toxic compounds have been selected for this evaluation, 
covering a large range of cytotoxic profiles. The compounds fall into 
the following categories based on mode of action.

Cell cycle modulators
Paclitaxel
Aphidicolin

Cytoskeletal
rearrangement

Nocodazole
Latrunculin B
Jasplakinolide

Cytochalasin A and D

DNA damage
Doxorubicin

Camptothecin
Actinomycin D

Etoposide

Kinase inhibitors
LY294002

Staurosporine
U0126
PMA

Genistein

Ion transport
modulators
Valinomycin
Thapsigargin

Hepatotoxicity
Troglitazone

Tacrine

Others
Leptomycin B
Trichostatin A
Tunicamycin
Terfenadine

Cisapride

Stress
Anisomycin

Protein turnover
MG-132

Cycloheximide

Mitochondrial function
CCCP

Rotenone
Oligomycin

Phosphatase
Okadaic Acid

Summary
• Our assay panel with a combination of primary and secondary
readouts enables detection of toxic compounds with a broad
range of mode of action. 

• The PXR assay is effective at detecting a wide spectrum of toxic
compounds, reflecting the role of the PXR protein as a 
physiological cellular sensor of foreign toxic substances.

• The activity profile of compounds in multiple assay readouts can 
discern subtle differences in mode of action, as illustrated by 
Cytochalasin A vs. Cytochalasin D, or Latrunculin B vs.
Jasplakinolide.

• Cisapride is a drug that is widely used in the clinic, with a clean 
toxicity profile apart from cardiac arrhythmia in certain patients. It 
serves as a negative control in this study, and in fact it has a clean 
profile in this tox assay panel.

• This study is currently being extended to include other high 
content tox assays such as Rad51, Cytoskeletal rearrangement, 
Cleaved PARP, and Mitochondrial function.

Figure 2. Primary and secondary readouts for etoposide in the PXR assay. Etoposide
only elicits a weak response in the PXR assay, however from the secondary data it is 
clear that etoposide has a general toxic effect on the cells.
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Etoposide in the PXR assay

Figure 3. Primary and secondary readouts for tunicamycin in the ATF6/CHOP assay. 
Tunicamycin clearly induces ER stress. However, the secondary readouts show that in 
the assay timeframe, tunicamycin does not cause morphological changes in the cells. 
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Aphidicolin in the p53/Mdm2 assay

Figure 4. Primary and secondary readouts for aphidicolin in the p53/Mdm2 assay. 
Aphidicolin is positive in Mdm2 and weak in p53 primary readout. Morphological changes
in the cells occur at even lower aphidicolin concentrations and can be detected with the
secondary readouts.
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