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Conclusions:

• Using the ArrayScan II for fully automated fluorescence microscopy, 
we have measured five apoptosis parameters simultaneously: nuclear 
fragmentation or condensation, f-actin content, mitochondrial mass or 
loss of membrane potential, cell density, as well as caspase-3 
activation. Single cell read-out allowed analysis of frequency 
distribution within the treated cell population.

• This technology enabled us to perform High Content Screening for 
apoptosis inducers of the LOPAC library as a proof of principle.

• Known pro-apoptotic compounds were identified and could be 
distinguished from cytotoxic compounds. Apoptosis inducers were 
subdivided into different categories based on the patterns in change of 
the five parameters evaluated.

• This technology is a useful tool as primary and secondary screening 
method in drug discovery and hit profiling.

Materials and Methods:
LOPAC library (Aldrich), 640 compounds grouped in 8 pharmacological 
Adenosines/Purinergics, Adrenergics/Histaminergics, Cholinergics/Ion 
Channel Modulators, Dopaminergics, Glutamatergics
, Signal Transduction Agents/Opioids, Serotnergics, Enzyme 
Inhibitors/GABAergics 

Compound concentration: 20 uM and 2 uM, Incubation times: 5h and 24 
h
Cell Line: HeLa cells
ArrayScan: 100 cells well, 20x objective, xx min/plate

Hit criterion: Nuclear Fragmentation/Condensation £ 80% or � 120%
F-actin: £ 70% or � 130%, Mitochondrial Mass / Membrane Potential: £
70% or � 130%, Cleaved Caspase-3 Activity: £ 80% or � 120%, Cell 
Density: £ 40%, at least 1 out of 5 parameters changed

Abstract
Apoptosis or programmed cell death is a complex cellular processes and has become a major 
field of interest in drug discovery. Early and late events of apoptosis comprise changes in the 
cytoskeleton and of the mitochondrial membrane potential, nuclear condensation or 
fragmentation, activation of caspases, growth arrest and membrane effects. Among activated 
caspases, caspase-3 plays a central role as key caspase in several apoptotic pathways.
We have applied the ArrayScan II technology to simultaneously quantify changes of five 
different parameters in cells undergoing apoptosis: i) nuclear morphology, ii) reorganization of 
f-actin, iii) mitochondrial membrane potential, iv) activation of caspase-3, and v) cell density. 
Specific fluorescent probes were used for staining of the nucleus, mitochondria, f-actin and 
activated caspase-3 within HeLa cells.
A panel of 640 compounds of the LOPAC library was tested at 20 µM for their potential to 
induce apoptosis in a primary screen. Compounds which changed at least two of the 
parameters were selected for confirmation studies at 20 and 2 µM in duplicate. Verified 
compounds were grouped into categories according to their staining pattern in terms of 
combinations of the five parameters measured. In total, 42 compounds were identified including 
known inducers of apoptosis like Taxol®.

Materials and Methods
Compounds of the LOPAC library (Aldrich) were tested at final concentrations of 20 µM and 2 µM. 
HeLa cells were propagated in EMEM supplemented with 10% FCS, 2 mM Glutamine, NEAA and 
Pen/Strep. Cells were treated with compounds for the indicated time periods. Live cell staining was 
performed with Mitotracker red (Moleular Probes)/Hoechst (Sigma) solution for 30 min at 37°C. Cells 
were subsequently fixed with formaldehyde, permeabilized with 0.2 % Triton X-100 and stained with
Alexa-Fluor488-Phalloidin (Molecular Probes) or anti cleaved caspase-3 antibody (Cell Signaling 
Technologies). In the latter case the primary antibody was detected with a secondary Alexa-Fluor488 
labeled antibody (Molecular Probes). Fluorescence microscopy was carried out in the ArrayScan II 
reader (Cellomics) using a Zeiss microscope with a 20x objective. Data capture, extraction and 
calculation of Nuclear Fragmentation, F-Actin content, Mitochondrial intensity and cleaved Caspase-3 
staining of 100 cells per well was carried out with the Multiparameter Apoptosis software Version 
2001 (Cellomics). 
Selection criteria for the primary screen and verification runs were set to: Nuclear Fragmentation / 
Condensation £ 80% or � 120%, F-actin: £ 80% or � 120%, Mitochondrial Mass / Membrane 
Potential: £ 80% or � 120%, Cleaved Caspase-3 Activity: � 120%, Cell Density: £ 40%. At least 2 out 
of 5 parameters had to be changed. Overall CV values of control wells (n=8 per plate) ranged 
between 2 - 9% for all parameters measured. Z‘ for Cell Density per Field was 0.6.

Apoptosis Overview

20 mmmmM, 30 h

Frequency Distribution of Mitochondrial Mass

20 mmmmM, 30 h

Pharmacological groups of library:
Adenosines/Purinergics

Adrenergics/Histaminergics
Cholinergics/Ion Channel Modulators

Dopaminergics
Glutamatergics

Signal Transduction Agents/Opioids
Serotonergics

Enzyme Inhibitors/GABAergics

Apoptosis Screen of LOPAC libray at 20 µM and 2 µM
(Aldrich, 640 compounds)

Parameter

Nuclear Fragmentation 
or Concensation (NF) 

F-Actin

Mitochondrial Mass 
or Potential

Cell Density

Criterion

or 

or 

or 

Thresholds

<= 80% or >= 120%

<= 80% or >= 120%

<= 80% or >= 120%

<= 40% 

Cleaved caspase-3 or >= 120%

640 compounds
20  µM, 5h and 24h incubation

Verification:
20 µM and 2 µM duplicate,

24h incubation

42 verified compounds 
(20 µM or 2 µM, 24 h

in duplicate)

Dose response

61 putative actives
selected

4 out of 4 or 
3 out of 4 or 
2 out of 4 

Category 1 and 2 of Hit compounds

1

Mean values (n=3 experiments) of relative decrease or increase (%) compared to untreated cells of 5 parameters measured are 
plotted for a selection of verified compounds. Compounds were grouped into two different categories (1 and 2) according to the 
pattern of 5 different parameters. Category 1 represents compounds with increased values in NF, F-actin, Mito, Cleaved 
Caspase-3 and decrease in Cell Density. Within this category the known apoptotic compound Diphenyleneiodonium was 
identified. Category 2 represents compounds with increased values in F-actin, Mito and decreased values in NF, Cleaved 
Caspase-3, Cell Density. Within this category  the known apoptotic compound Taxol was identified.

Category 3 of Hit compounds

Mean values (n=3 experiments) of relative decrease or increase (%) compared to untreated cells of 5 parameters 
measured are plotted for a selection of verified compounds. Compounds of this category (3) decreased values of almost 
all parameters. Within this category the  known cytotoxic compound  Sanguinarine chloride was identified.
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Taxol®- induced Apoptosis
Dose Response 

Dose response of Taxol®-induced apoptosis. Hela cells were treated with indicated 
concentrations of Taxol® for 16 h at 37 °C, stained and analysed in the Array Scan II. A, average 
cell density per field. B, Nuclear Fragmentation. C, Mitochondrial Mass / Potential. D, F-Actin 
Content. For B-D, mean values of 100 counted cells per well are shown. 
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Nuclear Morphology as Viability Marker

Untreated cells Taxol, 0.01 µM, 24 h Staurosporine, 1 µM, 5 h

Pathway Description:
Apoptosis, or programmed cell death, is a 
regulated complex process leading to cell 
death characterized by cell shrinkage, 
membrane blebbing and DNA fragmentation. 
Caspases, a family of cysteine proteases, 
are central regulators of apoptosis. Initiator 
caspases are closely coupled to pro-
apoptotic signals. Once activated, these 
caspases cleave and activate downstream 
effector caspases (including caspase-3, -6 
and –7), which in turn execute apoptosis by 
cleaving cellular proteins after specific Asp 
residues. Activation of Fas and TNFR by 
FasL and TNF, respectively, leads to the 
acitvation of caspase-8 and –10. DANN 
damage leads to the activation of caspase-2. 
Cytochrome c released from damaged 
mitochondria is coupled to the activation of 
caspase-9, a caspase critical for intracellular 
amplification of apoptotic signals. Survival 
factors, including growth factors and 
cytokines activate Akt and p90RSK, which 
inhibit apoptotic pathways. 
(Source: CST Catalog 2003)
It is the interplay of pro-apoptotic signals and 
survival signals that determines the cellular 
fate.
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2uM, 24h incubation
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Parameters of Apoptosis Assay

Cellular events during apoptosis:

•Nuclear fragmentation or condensation
•Increase in mitochondrial mass or 

loss of mitochondrial  membrane
potential

•Changes in f-actin content
•Cell cycle arrest 

•Activation of caspase-3

100 nM 
Paclitaxel
24 hours

1 uM 
Staurosporine 

5 hours

Nuclear fragmentation Activation of Caspase-3


