
Vol. 45 ı No. 3 ı 2008 www.biotechniques.com ı BioTechniques ı 317

Benchmarks

In viable cells, the distribution of 
phospholipids between the inner and 
outer leaflet of the plasma membrane is 
asymmetric. In this asymmetric distri-
bution, phosphatidylcholine and sphin-
gomyelin are predominantly located in 
the outer leaflet, while phosphatidyle-
thanolamine and phosphatidylserine 
(PS) are found in the inner plasma 
membrane leaflet (1). However, 
during apoptosis PS translocates to 
the outer plasma membrane leaflet 
and can thus be used as a biomarker to 
identify apoptotic cells. It was demon-
strated that annexin-V has a strong 
affinity for PS (2), and this facilitated 
the development of flow cytometry–
based bioassays that use fluorescein 
isothiocyanate (FITC)-labeled or 
Phycoerythrin-labeled annexin-V to 
detect and quantify apoptosis (3).

Although the annexin-V assay 
is a well-established standard flow 
cytometric assay used to detect and 
quantify apoptosis based on PS exter-
nalization, it is relatively expensive, 
costing on average U.S. $6 per sample. 
By contrast, the APOPercentage assay 
(Biocolor Ltd., Newtonabbey, Northern 
Ireland, UK), which also detects 
apoptosis at the stage when PS is exter-
nalized, costs on average about U.S. $2 
per sample.

The APOPercentage assay makes 
use of an anionic halogenated 

fluorescein dye, the disodium salt of 3, 
4, 5, 6,-tetrachloro-2′, 4′, 5′, 7′-tetraiod-
ofluorescein (TCTF), which is taken up 
by apoptotic cells, which gives such 
cells a purple-red appearance. Dye 
uptake can be visualized by bright-field 
microscopy and quantified by spectro-
photometric measurement at 550 nm. 
The assay has been used with several 
adherent cell lines including V79, 
PC-3, DU145, LNCaP, MCF-7, MDA 
MB231, Huvec and Hek293 (4–6).

A limitation of the APOPercentage
assay is that it cannot be used to detect 
apoptosis in suspension cell cultures. 
Furthermore, the quantification of 
apoptosis using the standard colori-
metric method is quite laborious. One 
method involves the colorimetric or 
fluorometric measurement of dye 
released from apoptotic cells following 
alkaline lysis. The other method entails 
using analytical digital microscopy 
in which the intensity of dye staining 
helps assess the extent of apoptosis. A 
reference dye standard can be applied 
to determine absolute cell numbers 
labeled with TCTF. However, this type 
of analysis is quite ambiguous and 
requires that a reference standard be 
established for different cell types.

We modified the standard assay to 
facilitate the use of TCTF to perform 
absolute counts of apoptotic cells by 
flow cytometry. This not only made 

the assay more robust but also made 
it possible to apply the assay to assess 
apoptosis in suspension cells. We also 
demonstrate that the modified assay 
compares well with the annexin-V 
assay in terms of accuracy and sensi-
tivity. The flow cytometry–based assay 
using TCTF will cost about U.S. $0.5 
per sample. This is a ∼90% reduction 
in cost in comparison to the annexin-V 
assay.

In our method we decreased the 
concentration of TCTF to a 1:160 
dilution (∼40 μg/mL) from the recom-
mended 1:20 dilution (∼325 μg/
mL). Chinese hamster ovary (CHO) 
cells were cultured in 24-well cell 
culture plates and treated for 24 h with 
camptothecin (6 μM), ceramide (140 
μM), and cisplatin (0.3 μM), which are 
well known as inducers of apoptosis. 
The cells were stained with TCTF (∼40 
μg/mL) for 30 min at 37°C, washed 
with PBS to remove the excess TCTF, 
and analyzed by flow cytometry. Cell 
staining was measured at 670 nm using 
filter 3 (FL3) on a Becton Dickinson 
FACScan instrument (BD Biosciences 
Pharmingen, San Diego, CA, USA) 
fitted with a 488 nm argon laser. The 
instrument settings were as follows: 
voltage set at 470 and AmpGain set 
at 1. Acquisition was done in Log 
mode. A minimum of 10,000 cells per 
sample were acquired and analyzed 
using CELLQuest PRO software (BD 
Biosciences).

To validate the use of the flow 
cytometry–based method for the 
detection and quantification of apoptosis 
using TCTF, the method was compared 
with the annexin-V assay. Cells were 
treated as described above and stained 
with annexin-V-fluorescein isothio-
cyanate (FITC) (BD Biosciences). 
The annexin-V assay was performed 
as described by the manufacturer, 
however the cells were not co-stained 
with propidium iodide or 7-amino-
actinomycin D. Figure 1A shows a 
comparison of the number of apoptotic 
cells detected by the two assays. 
Illustrated in Figure 1B are overlayed 
histograms of the flow cytometry data 
for TCTF- and annexin-V–stained 
cells. Flow cytometric analysis showed 
that cells stained with annexin-V and 
TCTF essentially gave identical results 
for the quantification of apoptosis. To 
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further validate the modified assay 
we treated CHO cells with ceramide 
(140 μM) and co-stained the cells with 
annexin-V–FITC and TCTF. Since both 
assays detect apoptotic cells during 
PS externalization, it is expected that 
apoptotic cells should be positive for 
both annexin-V–FITC and TCTF. Cell 
staining for annexin-V–FITC was 
measured at 530/30 nm (FL1), while 
staining for TCTF was measured at 670 
nm (FL3). Figure 1C illustrates that 
the apoptotic cells are positive for both 
annexin-V–FITC and TCTF.

To demonstrate that the flow 
cytometry–based assay can be used 
to quantify apoptosis in a variety 
of cell lines including suspension 
cultures, various cell lines including 
Jurkat T, HeLa, and MG63 cells were 
treated with ceramide (140 μM), and 
apoptosis was quantified using the 
flow cytometry–based assay. Figure 2 
shows overlayed histograms of treated 
and untreated cells. The number of 
apoptotic cells detected by the flow 
cytometry–based assay for Jurkat T, 
HeLa, and MG63 cells were 75%, 74%

and 83%, respectively. This shows that 
the flow cytometry–based assay is 
versatile and the use of this bioassay is 
not restricted to anchorage-dependent 
cells, which is a limitation of the 
standard colorimetric method.

A useful application of the flow 
cytometry–based assay can be as a 
high-throughput bioassay to determine 
LD50 values based on the induction 
of apoptosis. Using an assay that 
measures apoptosis will be particularly 
valuable for anti-cancer drug screening 
since it is known that apoptosis plays 

Figure 2. The quantification of apoptosis in 
Jurkat T, HeLa, and MG63 cells by flow cy-
tometry. Jurkat T, HeLa, and MG63 cells were 
treated for 24 h with ceramide (140 μM). The 
cells were stained with 3, 4, 5, 6,-tetrachloro-2′, 
4′, 5′, 7′-tetraiodofluorescein (TCTF) and ana-
lyzed by flow cytometry. Shown here are over-
layed histograms of the relative fluorescence of 
the treated and untreated cells after staining.

Figure 1. Quantification of apoptosis in Chinese hamster ovary (CHO) cells by flow cytometry.
CHO cells were treated for 24 h with camptothecin, ceramide, and cisplatin. The cells were stained 
with either 3, 4, 5, 6,-tetrachloro-2′, 4′, 5′, 7′-tetraiodofluorescein (TCTF) or annexin-V–fluorescein 
isothiocyanate (FITC) and analyzed by flow cytometry. All treatments were performed in triplicate, and 
the number of apoptotic cells identified by the two assays is plotted on the bargraph (A). Also shown are 
overlayed histograms (B) of the relative fluorescence of the untreated control, camptothecin-, ceramide-, 
and cisplatin-treated cells. Cells were also co-stained with both annexin-V–FITC and TCTF. The dot 
plots (C) show the cell fluorescence measured by flow cytometry in FL1 (annexin-V–FITC) and FL3 
(TCTF). The numbers in the upper-right quadrant of the plots indicate the number of cells staining posi-
tive for both annexin-V−FITC and TCTF.
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a role in the cytotoxic effects of anti-
cancer drugs.

ACKNOWLEDGEMENTS

We thank the National Research 
Foundation (South Africa), Medical 
Research Council (South Africa), and 
Royal Society of London for financial 
support.

COMPETING INTERESTS 
STATEMENT

The authors declare no competing 
interests.

REFERENCES

1.  Bretscher, M.S. 1972. Asymmetrical lipid bi-
layer structure for biological membranes. Nat. 
New Biol. 236:11-12.

2.  Andree, H.A., C.P. Reutelingsperger, R.
Hauptmann, H.C. Hemker, W.T. Hermens, 
and G.M. Willems. 1990. Binding of vascu-
lar anticoagulant alpha (VAC alpha) to planar 
phospholipid bilayers. J. Biol. Chem. 265:4923-
4928.

3.  Koopman, G., C.P. Reutelingsperger, G.A.
Kuijten, R.M. Keehnen, S.T. Pals, and M.H.
van Oers. 1994. Annexin V for flow cytometric 
detection of phosphatidylserine expression on 
B cells undergoing apoptosis. Blood 84:1415-
1420.

4.  Hostanska, K., A. Suter, J. Melzer, and R.
Saller. 2007. Evaluation of cell death caused by 
an ethanolic extract of Serenoae repentis fruc-
tus (Prostasan) on human carcinoma cell lines. 
Anticancer Res. 27:873-881.

5.  Kikuno, N., N. Moriyama-Gonda, T. Yoshino,
T. Yoneda, S. Urakami, M. Terashima, M.
Yoshida, H. Kishi, et al. 2004. Blockade of 
paclitaxel-induced thymidine phosphorylase ex-
pression can accelerate apoptosis in human pros-
tate cancer cells. Cancer Res. 64:7526-7532.

6.  Joyce, D.E., L. Gelbert, A. Ciaccia, B. DeHoff, 
and B.W. Grinnell. 2001. Gene expression 
profile of antithrombotic protein c defines new 
mechanisms modulating inflammation and 
apoptosis. J. Biol. Chem. 276:11199-11203.

Received 14 November 2007; accepted 
June 6, 2008.

Address correspondence to Mervin Meyer, 
Department of Biotechnology, University of 
the Western Cape, Private Bag X17, Bellville 
7535, South Africa. e-mail: mmeyer@mail.
biotech.uwc.ac.za

To purchase reprints of this article, contact: 
Reprints@BioTechniques.com

or visit us at www.fujifi lmlifescienceusa.com

To learn more, call us at 1-866-902-3854

Scan Better with 
the FLA-7000.

Fujifi lm’s FLA-7000 is the better choice 
in imaging systems for fl uorescence and radioisotopic 
image analysis and gel documentation. With four 
easy-to-access fi lters and four different excitation 
laser beams, the FLA-7000 offers more fl exibility than
 any other system.

All this, plus the FLA-7000 can complete scans 85% 
faster than the competition, takes half the space, and 
costs half as much.

> Fluorescence Image Analysis 
> Radioisotopic Image Analysis 
> Gel Documentation

research discover publish

Do it Better with Fujifi lm’s 
Imaging Systems

Detection of micro RNAs 
by primer extension method.

Multiplexed fl uorescent 
protein SDS-PAGE.


