
1

METHODS FOR THE DETECTION
OF APOPTOSIS 
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Morphological analyses of apoptotic cells

Electronic microscopy Acridine orange staining
under fluorescence microscopy

Zheng et al, Acta
Pharmacol Sin, 
2004, 25:1090.

In situ analysis of DNA fragmentation

ISNT DAPI Phase-contrast

Willingham MC, 1999, J Histo Cyto, 1999, 47:1101
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Internucleosomal DNA degradation

Huang ST, Life Science, 2003, 72:1705.

PRINCIPLE:

DNA is prepared from cells 
and run on electrophoresis gel

Hypodiploid DNA content measured by PI incorporation
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PRINCIPLE:

Incorporation of 
propidium iodide 
after plasma and 
nuclear membrane 
permeabilization -
Stain DNA
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Quantification of DNA fragmentation 
by ISNT or TUNEL assay using flow cytometry  

PRINCIPLE:

Detection of DNA fragmentation by addition of labeled 
nucleotides to 3’-ends of single-stranded DNA generated 
using in situ Nick-translation (ISNT) or terminal transferase
(TUNEL)
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PRINCIPLE:
In non-apoptotic cells, JC-1 
accumulates as aggregates 
in the mitochondria, which 
stain in red; whereas in 
apoptotic and necrotic cells, 
monomeric JC-1 stains the 
cytosol in green.

From H. Lecoeur, Institut Pasteur

Bcl-2 family protein analysis

Flow cytometry

Boudet et al, JI, 1996, 156:2822

Bcl-2 family protein analysis

RT-PCR WB

Huang ST, Life Science, 2003, 72:1705. Woo JH, Carcinogenesis, 2003, 24:1199.
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Caspase activity detection by Western blot

Woo JH, Carcinogenesis, 2003, 24:1199. Kook SH, J Biochem & Mol Bio, 2005, 38:755
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PRINCIPLE:

Use of caspase substrate 
decoy labeled with a dye 
and which covalently bind 
to cleaved caspases.

Specific substrates are 
available for each (almost) 
caspases.

pro-caspase-3

Active caspase-3

Barret KL et al, J Histo & Cyto, 2001, 49:821

ELISA: cytochrome C release (1)

Active motif company
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Apoptosis and cell cycle by flow cytometry

• Coupling CFSE and 7-AAD

• Coupling CFSE and Annexin V

CFSE: carboxy fluorescein succimyl esterate
Binds to all cell proteins
Half dilution of CFSE intensity for each division
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Conclusions (1)

• Viability alone (Trypan blue, MTT), and other techniques 
may not be specific for apoptosis => need to couple several 
techniques

• Because of engulfment by phagocytic cells, apoptotic cells 
may not “live” long in vivo => difficulty to detect ex-vivo 
apoptosis and need to “reveal” in vitro susceptibility

• Panel of techniques allowing to respond to “Who? How? 
Why?

Conclusions (2)

Pb with post-transcriptional 
modifications

No limits of toolsRT-PCR

WB

In situ analysis

Flow cytometry

methods

Not single cell analysisBiochemical modifications

Lack of mAbsSingle cell analysis
Multiparametric analysis

LimitsAdvantages

Lack of mAbsSingle cell analysis
Some parameters at the same time 
Accurate to measure apoptosis

• All apoptotic pathway do not lead to “scale” or fragmented DNA
• Some apoptotic pathways are caspase-independent
• Some are mitochondria-independent…..

Remarks:
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