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Abstract

Introduction
Apoptosis is a normal physiological phenomenon put forward by Kerr \[1]. It plays an important role in
embryonic development, maintenance of tissue homeostasis and pathology, and therefore has become a
hotspot of activity in biomedical �elds. To date, many methods to detect apoptosis have sprung up,
including morphological identi�cation, DNA ladder observation and DNA content and cell cycle analysis.
However, these methods differ in treatment and are performed independently, consuming more time. As
degraded low-molecular-weight DNA is exuded out of apoptotic cells after �xation with ethanol, DNA dyed
with �uorescein will form an apoptosis curve \(sub-diploid curve) because its contents are less than that
of G1 phase \[2]. The quantity of phosphate-citric acid buffer \(0.2M, pH7.8) can effectively control the
amount of the extracted DNA, and the exuded DNA can be used for DNA ladder detection through gel
electrophoresis, while the residual cells can be analyzed with a �ow cytometer \[3,4]. Here I have
uploaded an integrative procedure through which a relatively satisfactory result can be obtained
following a single stage of cell culture and transient cell treatment, then detection with different
instruments. This shortens experiment time. The protocols are as follows \[5-7]:

Reagents
HEPES \(Amresco), RPMI 1640 \(HyClone), Penicillin-Streptomycin \(Penicillin 10,000 units/ml,
Streptomycin 10,000 µg/ml) \(Invitrogen), Fetal bovine serum \(FBS) \(Sijiqing Co. Hangzhou, China),
Trypsin \(HyClone), Propidium iodide \(Sigma), RNase A \(Sina-American Biotechnology Co.) and
Proteinase K \(Merck). Any cancer cell line and any apoptosis-inducing drug can be chosen according to
the experimenter’s convenience.

Equipment
Incubator, �uorescence microscope, electrophoresis apparatus, �ow cytometer and MULTYCYCLE
analysis software.

Procedure
1  **Cell Culture and Induction of Apoptosis** Culture cancer cells in RPMI 1640 supplemented with 10%

FBS, 10mM HEPES plus penicillin-streptomycin \(100 IU/ml penicillin, 100 µg/ml streptomycin). Induce
apoptosis with an apoptosis-inducing drug for 24h. Culture control group cells in medium without drug at
104-6/ml in a �at-bottom plate \(Costar). 2  **Cell Collection and �xation** Trypsinize cancer cells 1-
2×107 with 1 ml 0.25% trypsin at 37℃ for 2-3 min until cells detach completely from the �at-bottom. Add
0.5%FBS-RPMI 1640 medium to terminate trypsinization and pipette gently to disrupt cell clumps into
single cells. Transfer into an eppendorf tube, spin at 1000 rpm for 5min and discard the supernatant.
Wash the cell pellet with 1×PBS at 1000 rpm for 5min×2, resuspend cells into single cell status with a
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little 1×PBS \(20µl), then add 2ml 70% ethanol and place at -20℃ overnight to �x cells. 3  Centrifuge at
1000 rpm for 10 min; discard the supernatant to remove ethanol thoroughly. 4  Resuspend cells with
0.5ml 1×PBS, transfer into a micro-eppendorf tube, spin at 1500 rpm for 10 min and discard the
supernatant. 5  Add 40µl 0.2M phosphate-citric acid buffer \(pH7.8) to each tube respectively and stand
at room temperature for at least 30min with intermitten shaking. 6  Spin at 1000 rpm for 10 min,
transfer the supernatant to new micro-eppendorf tubes and incubate the cell pellets on ice for
�uorescence observation and for �ow cytometric analysis. 7  Add 3µl 0.25% NP40 and 3µl RNase A
solution 1mg/ml to the supernatant, vortex the mixture thoroughly and incubate at 37℃ for 30min. 8
Add again 3µl Proteinase K 1mg/ml to the mixture vortex thoroughly and incubate at 37℃ for 30min.
9  Mix each 16µl reaction solution thoroughly with 2µl 6×DNA loading buffer and resolve the DNA

ladder on a 0.8% 1×TAE agarose gel after electrophoresis at constant voltage 2 V/cm for 2h. Visualize by
UV light after standard ethidium bromide staining. 10  Resuspend the cell pellets in step 6 with 0.5ml
1×PBS, add 10µl Proteinase K \(1mg/ml), vortex gently and stand at room temperature for 30min. Wash
with 1ml 1×PBS by spinning at 1000 rpm for 5min×2, resuspend again with 20µl 1×PBS into single cells
after discarding the supernatant and then add 300µl DNA staining solution \(containing 150µg/ml PI,
20U/ml RNase A). Incubate at room temperature for 30min. 11  Place a drop of the above single cell
suspension on a air-drying glass slide, then place a glass coverslip over the cells to reduce light
diffraction and observe cells using a �uorescence microscope equipped with a G.B �lter, using the
40×objective. The remaining cell suspension can be used for �ow cytometry, and the ratio of apoptotic
cells analyzed with MULTYCYCLE software.

Timing
Four days total. \(2 overnight incubations, 1 overnight cell �xation and 1 day with 2-3 hours hands-on
time)

Critical Steps
\(1) Don’t trypsinize cells for too long when collecting them. \(2) Rotation speed should be no more than
1500 rpm during centrifugation. \(3) Before �xation with ethanol, cells should be resuspended into single
cell suspension with a small amount of 1×PBS. \(4) Pipetting the �nal cell suspension through a nylon
mono�lament mesh screen with Ф44 micrometer openings immediately prior to analysis on the �ow
cytometer is highly recommended to remove large multi-cellular aggregates common in ethanol-�xed
preparations, so as to ensure cells �ow through the cytometer in a single line.

Anticipated Results
Through only cell culturing once, and one transient cell treatment, experimental materials to identify cell
apoptosis with different instruments can be obtained, allowing simultaneous detection of morphology,
biochemistry, cell cycle and DNA content. Unity of quantitative analysis and qualitative analysis can also
be realized, which not only shortens the experiment time, reducing working time from 9 to 4 days, but also
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gets relatively satisfactory results. Known methods to identify cellular apoptosis are characteristic of
detection of targets of morphology, biochemistry and DNA content etc. Fluorescence microscopy needs
cells to be seeded on coverslips and culturing until monolayers form. Its main shortcomings lie in the
fussy steps in culturing cells on coverslips and the inferior picture quality resulting from cell-cell junction.
As the most classical and dependable method to identify cell apoptosis, it is only qualitative and not easy
to quantify the ratio of apoptotic cells. In classical electrophoresis detection DNA is extracted with
phenol-chloroform-isopentanol or phenol-chloroform and then precipitated with cold ethanol and sodium
acetate after lysis buffer treatment, which is time-consuming and needs many centrifugation steps.
Furthermore, phenol and chloroform are toxic, and too much centrifugation can shear DNA so as to
decrease the experimental accuracy. Although pre-embedding cells with low-melting-point agarose and
then performing pulse alternative �eld gel electrophoresis can avoid shearing DNA, time and expenditure
on experiments will increase, moreover all these can only belong to qualitative analysis, at most semi-
quantitative. Flow cytometric analysis, however, is simple, rapid, quantitative and multi-parametric. Three
independent experiments consume too much time, and experimental materials are not from the same
group, so it is very hard to ensure the identity and veracity of results of former and latter experiments.
Herein, the cells are pre�xed in 70% cold ethanol, DNA is extracted with 0.2 M phosphate-citrate buffer at
pH 7.8, then centrifuged at 1000rpm for 5~10 min so as to extract relative low-molecular-weight DNA into
the buffer thoroughly, and then the supernatant is sequentially treated with RNase A and proteinase K and
then subjected to electrophoresis directly. The cell pellets are dyed with propidium iodide, and a little
amount is used for slide preparation and observation under a �uorescence microscope. The remaining
cells are for �ow cytometer analysis. Such one-station operation makes simultaneous detection of three
targets come true. The advantages of this procedure are as follows:\(1) The cells pre�xed with 70% cold
ethanol may be stored for several weeks or more before analysis without any signi�cant DNA
degradation. Moreover, treatment with ethanol also inactivates several pathogens and prevents cells from
autolysis, thereby increasing the safety of sample handling; \(2) This procedure permits the
electrophoresis analysis of DNA extracted from the very same cell population that is subjected to
measurements by �ow cytometer to estimate DNA ploidy, the cell cycle distribution of non-apoptotic cells,
the percentage of apoptotic cells, or other parameters. In other words, cells cultured once can be used to
detect multi-targets only through a single transient treatment, which can shorten experimental time;\(3) It
simpli�es the fussy steps of culturing cells on coverslips when morphological characteristics are detected
under �uorescence microscope; \(4) The procedure to extract relative low-molecular-weight DNA is simple
and rapid, and uses no phenol, chloroform or other toxic reagents so as to reduce DNA damage by
phenol-chloroform and the inconvenience of pulse �eld gel electrophoresis; \(5) Treatment with 0.2 M
phosphate-citrate buffer at pH 7.8 makes the degraded, low-molecular-weight DNA fragments from
apoptotic cells ooze out of the cells completely, increasing the sensitivity and speci�city of �ow
cytometer analysis; \(6)The procedure can ensure the identity of experimental materials, enhancing the
consistency and reliability of experimental results. In short, the procedure successfully uses the very
same cell population to analyze the degraded DNA ladder of apoptotic cells, observe the morphological
characteristics of apoptotic cells and determine the percentage of apoptotic cells. This is just as “one



Page 5/5

stone hits three birds”. As a sort of improvement on classical methods, researchers can select this
procedure according to their different purposes and respective conditions.
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