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Abstract

In cells undergoing apoptosis, the characteristic “ladder” pattern of DNA fragments
is observed on agarose gel electrophoresis. Such a pattern of DNA degradation gener-
ally serves as a criterion for the apoptosis. However, on agarose gel electrophoresis it

is difficult to accurately quantify DNA fragmentation.

Therefore, quantification of

DNA fragmentation is determined by flow cytometry, DNA fragmentation assay etc. In

this paper we improved the methods for the analysis of apoptosis by flow cytometry. As

a result, we can obtain much information (quantification of apoptosis and cell cycle

analysis etc.) from a single sample (1~3X10°cells) with the improved methods. The

sample is treated with phosphate-citrate buffer. These methods are very simple and

convenient.
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Fig. 1. Agarose gel electrophoresis of DNA extracted from HL—60 cells treated with various

concentrations of hydrogen peroxide.

HL —60 cells were incubated with various concentrations of hydrogen peroxide for
the time indicated. DNA was isolated and subjected to electrophoresis on 2%
agarose gel as described in Materials and Methods.



N

40 L - BRER - BAEM - |0 '

WX DN, TORR, Fig.1iKRdT &5 0.05
mM Pl L&A, Bk 2 K< DNA Ol Fr{Lss
BEINI, FRINS0KETRBVWT, TRV
I R Lic o W T b BE S hir (Fig. 2o
£7z, 0.1mM LV EBEOLMFICBVTIE, FiTk s
o—YRDEENEE S AR W L (data not
shown)o & - TA%IE, FicEBR(L/ASE 0. 05mM, 3
RRDEHTHL-60Ic7 £ F— v 2 2FBES B &
e l7,

2. FCM @47 —#miaE s

a. %/ —VEE LI-#EEO PBS (=) #EFICDONT
koFoba—-icBWT, &/ - VEEROD

PBS (—) 88> W TR BARRIR &4 DFBIR IS0,

Phase-contrast microscopy
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Fig. 2.
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Fluorescence microscopy

Typical morphological changes of HL —60 cells.

HL —60 cells were treated with 0.05mM hydrogen peroxide for
3 h. Morphological changes were determined by phase-contrast
microscopy and fluorescence microscopy as described in
Materials and Methods. a) : no treatment, b) : 0.05mM hydrogen

peroxide.
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Fig. 3.

Typical DNA fluorescence flow cytometric profiles.

DNA content was determined by FACS Calibur as described in
Materials and Methods.
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The effect of PBS (—) treatment after fixation of cells with ethanol on DNA

HL —60 cells were treated with 0.05mM hydrogen peroxide for 3h. DNA content

was determined by FACS Calibur as described in Materials and Methods.

a) : no

treatment, no PBS (—) wash, b) : 0.05mM hydrogen peroxide, no PBS (—) wash,

c) : 0.05bmM hydrogen peroxide, PBS(—) wash X1, d) :

peroxide, PBS (—) washXx2.

0.05mM hydrogen
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HL —60 cells were treated with 0.05mM hydrogen peroxide for 3h. DNA content
was determined by FACS Calibur as described in Materials and Methods. a) : no
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Flow cytometric DNA fluorescence of Pl-stained HL —60

HL —60 cells were treated with 0.05mM hydrogen peroxide for 3h. DNA content
was determined by FACS Calibur as described in Materials and Methods. a) : no
treatment, b) : 0.05mM hydrogen peroxide.
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Fig.7. Improved method for analysis of apoptosis by flow cytometry.

HL —60 cells were treated with 0.0omM hydrogen peroxide for 3h. DNA content
was determined by FACS Calibur as described in Materials and Methods. a) : no
treatment, b) :0.05mM hydrogen peroxide.
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Fig.8. Quantification of DNA fragmentation in HL —60 cells treated with 0.05mM hydrogen

peroxide.

Quantification of DNA fragmentation was determined by flow cytometry (a), and DNA
fragmentation assay (b) as described in Materials and Methods.
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