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Preface

Detection of apoptotic cell death in cells and tissues has
become of crucial importance in many fields of modern
Biology, including studies of embryonic development,
degenerative diseases, and Cancer Biology. The need for
reliable methods to evaluate death of cells, especially
in clinical and experimental Oncology, has led to the
development of several techniques. Most of these methods
take advantage of properties of dying cells that are more
or less specific for the apoptotic process. However,
considerable debate exists over the interpretation of some
of these methods and their usefulness in all settings.
There are many ways of detecting apoptosis and the
methods used in the laboratories are mainly based
on the identification of apoptotic cell populations by
epifluorescence microscopy, flow cytometry and DNA-
laddering assay. Here we discuss some of the practical
utility of such techniques according to our experience.

Georgina Hernandez Flores

Luis Felipe Jave Suarez
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At present, it is well-known that anticancer treatment
(chemotherapy and/or radiotherapy) can induce cell death
by either of two major mechanisms: necrosis or apoptosis
[1]. Necrosis is the death of cells through external damage,
usually mediated by destruction of the plasma membrane or
the biochemical supports of its integrity. The necrotic cell
exhibits a swollen morphology and lysis of plasma membrane,
releasing cytoplasmic components into the surrounding tissue
spaces. This release of necrotic debris attracts inflammatory
cells, leading to the tissue destruction characteristic of
nflammation. The death of single cells by this mechanism
night be resolvable in some tissues, but a large number of
cells dying by necrosis usually results in inflammation and
subsequent repair and scarring, leading to compromise and
permanent alteration of tissue architecture. Necrosis can occur

in a matter of seconds [2].

The other major form of cell death is based on the concept
of programmed cell death or apoptosis. Apoptosis can be

defined as “gene-directed cellular self-destruction”.
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APoPtotic cell death

Apoptotic cells can be recognized by a characteristic
pattern of morphological, biochemical and molecular changes.
These changes can be broadly assigned to three stages: An early
stage, characterized by decreased cell size (cell dehydration),
altered cell membrane, large (50 kilobase) DNA strand breaks
and an increase in cellular calcium levels; an intermediate
stage of apoptosis that show DNA cleavage into 180-200 base
pairs (bp) fragments, which give the characteristic “laddering”
on a DNA agarose gel, further decrease in cell size, alterations
in plasma membrane symmetry, decreased pH and finally
a late stage of apoptosis where typically are present loss of

membrane function and apoptotic bodies [3,4].

1.1 Apoptotic nuclear morphology

An early observation in relation to apoptosis is that cells
undergoing apoptosis showed dramatic and characteristic
changes in nuclear shape and organization. Probably, the
typical change in nuclear morphology is the most precise
indicator of the involvement of apoptosis in the death of a

cell. Nevertheless, some authors have observed that nuclear
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segmentation is not essentially required for other aspects of
apoptosis. To be precise, cells that have been enucleated still
undergo the other changes associated with apoptosis [5]. This
highlights the fact that the cytosolic events play an important
role in the effector systems of the apoptotic machinery.
Conversely, in nucleated cells, the change in nuclear
morphology is still an early and relatively unequivocal
hallmark of apoptosis. This nuclear shape change occurs at
an early point in the series of apoptotic morphological events,

usually soon after the beginning of surface blebbing [2].

1.2 DNA ladder pattern

Additionally to changes in nuclear morphology, fragmentation

f DNA characterizes apoptosis as well. It was understood
that these two events are correlated. However, there is no
convincing evidence to suppose that they are correlated. When
I'NA extracted from apoptotic cells is analyzed using agarose
gcl electrophoresis, a characteristic internucleosomal “ladder”
of DNA fragments is observed. Although apoptotic DNA

consists in short fragment lengths of 180-200 bp, larger DNA
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fragments have also been seen at earlier times in apoptotic
cell cultures [6,7]. This DNA laddering pattern has been used
as a hallmark of apoptotic detection. However, many authors
assume that apoptosis must be relatively synchronous for
this analysis, a synchrony that it is not always present. Those
authors, suppose that the internucleosomal breaks in DNA
may occur after or during DNA extraction procedures because
of the potential fragility of caspase treated DNA in removing
other components of chromatin structure [2]. Furthermore, the
detection of strand breaks may be so sensitive that only a small
number of apoptotic cells may be needed in a population to
produce a detectable signal. That is, the entry of the majority of
cells into apoptosis might occur at a much later time point than
the first detection of “ladders.” Even so, these observations led
to the development of in situ assays for the presence of single
strand or double-strand breaks in DNA. The interpretation
and application of these methods have been somewhat
controversial. Regardless of the specific methods used,
the change in nuclear morphology frequently does not
coincide with the appearance of detectable strand breaks in

every cell [2].

Fig. 1.~ Electrophoretic analysis of L5178-Y
lymphoma cell DNA. Lane 1, DNA molecular
weight marker with 100 bp incremental
fragmentation as the positive control; lane 2,
lymphoma cells from tumor-bearing mice treated
with doxorubicin (5mg/kg) show a DNA ladder
pattern; lane 3, lymphoma cells from tumor-bearing
mice treated with doxorubicin (2.5mg/kg) show
no DNA ladder pattern; lane 4, Iymphoma cells
without treatment as the negative control.

In relation to this area under discussion, in the field of
clinical and experimental oncology, it is recognized that many
‘hemotherapeutic agents and radiotherapy have genotoxic
ffects either in cancer cells and/or in normal cells [8,9]. These
nticancer therapies exert their cytotoxic action through some
ommon pathways to induce damage in the DNA. However,

in our experience we determined that it is necessary to obtain
apoptotic indices 2 50% to visualize DNA laddering pattern
(Mig. 1), in vivo and/or in wvitro models, when cells under
treatment are evaluated by fluorescence microscopy studies
[6]. Moreover, we have observed that apoptosis is present in
the late stages in an important number of these cells. Therefore,
we may deduce that DNA fragmentation is a very late event in

this process. Also, we have observed a considerable correlation
6
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between the results of fluorescence microscopy studies,
DNA laddering analysis and survival studies in a lymphoma
bearing-mice model [10]. These data show that fluorescence
microscopy and DNA laddering assay together represent
reliable methods with high specificity to study apoptosis
induction in cancer cells. In any case, more in vivo and survival
studies are necessary to corroborate the biological importance

of these findings.

1.3 The importance of mitochondria in cell death

Since mitochondria play important roles in cell death pathways,
these organelles are potentially key targets for therapeutic
intervention [8,10]. It is well known that chemotherapy
and/or radiotherapy induce mitochondrial dysfunction and
failure leading to apoptotic and necrotic cell death. Despite
apoptosis and necrosis are two forms of cell death with
clearly distinguishing morphological and biochemical features
[11], there are reports suggesting, however, that apoptosis
and necrosis have some common steps. BCL-2 and caspase

inhibitors had been believed to specifically inhibit apoptosis,

APoPtosis

but preventive effects of BCL-2 on necrosis were also proved
by the demonstration that BCL-2 and its relative, BCL-xtL,
nhibit necrotic cell death induced by oxygen depletion,
respiratory chain inhibitors such as KCN and actinomycin A,
or by glutathione depletion [12,13].

Necrotic cell death can be also retarded by caspase
nhibitors, including tetrapeptide inhibitors and a serpin,
“rmA, derived from cowpox virus [14]. Moreover, the
ritochondrial permeability transition (MPT) represents a

pathway that is shared both in apoptosis and necrosis [15,16].
There is a general agreement that apoptosis, in contrast to
recrosis, it is an active, energy-requiring process. Richter et al.
(1996) were the first to propose that the cellular ATP level is an
important determining factor for cell death, either by apoptosis
or necrosis. They hypothesized that a cell stays alive as long as a
certain ATP level is maintained. When ATP falls below this level
apoptosis ensues, provided that enough ATP is still available
for energy-requiring apoptotic processes such as enzymatic
hydrolysis of macromolecules, nuclear condensation, and
bleb formation. Only low ATP concentrations can switch an

apoptotic death towards a necrotic fate [17].
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Fluorescent dyes are a vital component of the fluorescence
microscopy systems because they allow for specific and
sensitive determination of the localization of molecules (i.e.,
proteins and DNA) within the cell. Simply, fluorescent dyes
are themselves molecules that are able to absorb light of one
wavelength and then emit light of another, longer wavelength.
For fluorescence microscopy, these dyes are usually bound
to the cellular molecule under study. By illuminating a dye-
abeled specimen with light matching the excitation spectrum
of the dye, and then collecting the emitted light, it is possible
o visualize only the location of the dye molecules (providing
specificity). The use of a vertical illuminator and dichroic
mirrors offers some advantages over fluorescence microscopy
using transmitted illumination [18]. Practically all fluorescence
ricroscopes use the objective lens to perform two functions:
a) Focus the illumination (excitation) light on the sample. In
order to excite fluorescent species in a sample, the optics of a
fliorescent microscope must focus the illumination (excitation)
lisht on the sample to a greater extent than is achieved using

the simple condenser lens system found in the illumination
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light path of a conventional microscope; b) Collect the emitted
fluorescence. This type of excitation-emission configuration,
in which both the excitation and emission light travel through
the objective, is called epifluorescence. The key to the optics
in an epifluorescence microscope is the separation of the
illumination (excitation) light from the fluorescence emission
emanating from the sample. In order to obtain either an image
of the emission without excessive background illumination,
or a measurement of the fluorescence emission without
background “noise”, the optical elements used to separate

these two light components must be very efficient [19,20].
2.1 Fluorescent dyes for cell viability assessment

Acridine orange, ethidium bromide, and propidium iodide are
among the most used fluorescent dyes to analyze cell culture
viability. In fact, they respectively show specificity for apoptotic,
living, and late apoptosis/necrosis states. In our laboratory,
we commonly use double or triple dye combinations in both

fluorescence microscopy and flow cytometry assays [7,16,21].

APOPtosis

2.1.1 Acridine orange

Acridine orange, is a specific stain for the two types of
wcleic acid. With this stain, DNA in the nuclei gives a
green fluorescence; RNA in the cytoplasm fluoresces brown,
reddish-brown, orange or bright red, depending upon
whether small or large amounts of RNA are present. This
specific histochemical reaction is a manifestation of the fact
that RNA is closely associated with protein synthesis of the
cell. Non dividing or rarely dividing cells, containing little
or nothing RNA, show a green to brown fluorescence, while
cells dividing at physiological rates contain moderate amounts
of RNA and give a reddish brown fluorescence. Malignant
cells, which have a very high content of RNA for protein
synthesis during rapid formation of daughter cells, fluoresce
bright orange to flaming red. Malignant cells, whether they

happen in the respiratory, digestive, urinary or female genital

tract, body fluid or other material, are characterized by bright

orarge to flaming red fluorescence of the cytoplasm and often
by greenish-yellow hyperchromatic nuclei. In some chronic

i flan -
nflammatory conditions, samples of respiratory material and
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body fluids may contain epithelial cells and macrophages
which have an increased red fluorescence of the cytoplasm.
In cells suffering chronic and acute inflammatory processes
may similarly exhibit red fluorescence. It is thought, that
a long-standing irritation stimulates the cells to proliferate
at rates faster than normal and therefore they contain more
RNA. Regardless of their increased fluorescence, such cells
can be distinguished from malignant cells by their normal
morphological features. Since acridine orange is a dye which
quantitatively demonstrates the amount of RNA in all cells,
any increase in the amount of RNA in normal cells will also be
shown by the dye. Except for changes in nucleic acid content,
there is little cytochemical difference between normal and
malignant cells. Hence, it is not feasible to develop a specific

stain for cancer cells [22].

2.1.2 Ethidium bromide

Ethidium bromide is a well-known and widely used
fluorescent dye in biotechnology research. It is a mutagenic

compound which intercalates double-stranded DNA and

13
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NA. The fluorescence of ethidium bromide increases 21-fold
ipon binding to double-stranded RNA, 25-fold on binding
louble-stranded DNA (although histones block binding of
>thidium bromide to DNA). Ethidium bromide has been used
n a number of fluorimetric assays for nucleic acids. It has
been shown to bind to single-stranded DNA (although not
as strongly) and triple-stranded DNA. Because of the binding
to DNA, ethidium bromide is a powerful inhibitor of DNA

polymerase [23].

2.1.3 Propidium iodide

Propidium iodide binds to DNA by intercalating between
the bases with little or no sequence preference and with
a stoichiometry of one dye per 4-5 base pairs of DNA.
Propidium iodide also binds to RNA, necessitating treatment
with nucleases to distinguish between RNA and DNA staining.
Once the dye is bound to nucleic acids, its fluorescence is
enhanced 20- to 30-fold, the fluorescence excitation maximum
is shifted 3040 nm to the red and the fluorescence emission

maximum is shifted ~15 nm to the blue. Propidium iodide

14
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is appropriate for fluorescence microscopy, confocal laser
scanning microscopy, flow cytometry and fluorometry.
Propidium iodide is membrane impermeant and generally
excluded from viable cells. Therefore, propidium iodide is
commonly used for identifying dead cells in a population and

as a counterstain in multicolor fluorescent techniques [24,25].

2.2 Assessment of cellular death

In our laboratory, we commonly utilized a stain mixture
composed by both acridine orange and ethidium bromide
(100 ug/mL each suspended in phosphate buffer saline) to
assessment of apoptotic, live and necrotic indices. Acridine
orange intercalates into DNA and makes it appear green. It
also binds to RNA, but because it cannot intercalate, the RNA
stains red-orange. Thus a stained cell will have a green nucleus
and may have red orange-cytoplasm. Acridine orange is used
to determine how many cells within a giving cell population
have undergone apoptosis, but it can not differentiated
between viable and nonviable cells. To do this, the above-

mentioned mixture of acridine orange and ethidium bromide

15
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is needed. The differential uptake of these two dyes allows the

dentification of viable and nonviable cells (Fig. 2) . With this

nethod, we are able to measure the following cellular states

8,10]:

e Live cells with normal nuclei, bright green chromatin
and organized structure (LN).

* Apoptotic cells with highly condensed or fragmented
bright green-yellow chromatin (A).

e Dead cells with normal nuclei, bright red chromatin and
organized structure (DN).

* Dead cells with apoptotic nuclei, and bright orange

chromatin that was highly condensed and fragmented (DA).

Indices of these cellular states can be calculated as follows:

Apoptotic index (Al)

Al= 100 (—LDA
LN+A+DN+DA

Live cell index (LCI)
LCI= 100 (A—
LN+A+DN+DA
Necrotic cell index (NCI)

NCI = 100 (—M—
LN+A+DN+DA

ON



Epiﬂuorcsccncc microscop3

We are agreement with other authors, that this method
used to evaluate Al has a high degree of reproducibility and
a sufficient sensitivity to clearly detect statistical differences
between diverse cell populations, whether in vitro and/or in

vivo models [8,10,26].

Fig. 2.~ Epifluorescence microscopy with
acridine orange/ethidium bromide stains.
(a) L-5178Y cells from tumor-bearing mice
treated with doxorubicin were scored as
follows: A= apoptotic cell (normal-arrow),
DN-= dead cell with normal nuclei or necrotic
cell (rhomb-arrow) and, dead cell with
apoptotic nuclei (oval-arrow). (b) Cultured
U937 cells treated with doxorubicin, note
the dramatic decrease in the cell size and
the morphological characteristic changes in
cell shape of the apoptotic cell (left side) in
comparison with a live cell (right side).

2.3 Mitochondrial monitoring

Disruption of mitochondrial membrane potential (AWm) is
one of the earliest intracellular events that occur following
induction of apoptosis. Currently, available kits provide a
simple, fluorescent based method for differentiating between

healthy and apoptotic cells by detecting the changes in the

i7
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nitochondrial transmembrane potential (Fig.3). Usually,
hese methods use a cationic dye (i.e. MitoCapture™
lihexyloxacarbocyanine iodide, DiOC,) that fluoresces

lifferently in healthy or in apoptotic cell populations. With
he MitoCapture™ assay, we can recognize the following two
ellular states [8,16]:
o Live cells (LC), dye accumulates and polymerizes in the
mitochondria, giving a bright red fluorescence.
e Apoptotic cells (AC), dye cannot aggregate in
the mitochondria because of the lost mitochondrial
transmembrane potential and thus remains in the

cytoplasm in its monomeric form, fluorescing green.

Fig. 3.- U937 human monocytic leukemia cell line treated with
d9x9rubicin. A fluorescent-based method (MitoCapture™) for
distinguishing between healthy and apoptotic cells by detecting the
changes in the mitochondrial membrane potential was used. Live cell
(left side) and apoptotic cell (right side).

18
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The fluorescent signals can be easily detected by
fluorescence microscopy using a band-pass filter. Indices of

these cellular states can be calculated as follows:

Mitochondrial apoptotic index (MAI)

_ AC
MAI= 100 (15 5c )

Mitochondrial live cell index (MLCI)

= LC
MLCI = 100 (LC+AC

Flow cytometry

Pablo Cesar Ortiz Lazareno
José Manuel Lerma Diaz
Sergio Gutiérrez Tagle
Alejandro Bravo Cuellar

Mario Gabriel Guevara Barraza
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Flow cytometry is a technique used for measuring parameters
in cells, such as size, complexity, and other characteristics
including expression of cell surface receptors, intracellular
molecules, and phosphorylation states. We can count and
isolate since microscopic particles until cells suspended in a
stream of fluid [27-31].

A flow cytometer consists of fluidic, optic, and electronic
systems. The fluidic system is responsible of moving a particle
or cell through all the system, from the injection site of the
sample to the point of examination by the laser and subsequent
removal to waste container or collection during the cell
separation (sorting) [32-37].

The optic system consists of an excitation complex
composed of laser, optic wires, and lens. In addition, there is
a collection system made up of a photomultiplier tube (PMT),
bandpass filters, longpass filters, optical cables and lens. The
electronic system converts analogical signals to digital ones;
these signals are capable of being stored in a computer. Several

laser types are available that can be used in flow cytometers;
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these include helium-neon, argon, and helium-cadmium

[34,38-40]

3.1 Flow cytometry basic principles

When the laser collides with the individual particles or cells
this interaction create light dispersion and fluorescence signals
[41-43].

Dispersion signals result from the interaction of laser light
with a particle or cell that produces a change of direction in all
directions of space. In flow cytometry, there are measured two
fractions from this dispersion:

Forward Scatter (FSC) is a measure relationated with the
size of the particle or cell, is a parameter measuring light
scattered less than 10° angle when a particle or cell passes
through the laser beam [44-47].

The Side Scatter (SSC) is a measure related with the
complexity or granularity of the internal structure of the
particle or cell (nuclei, organelles), and the light scattered at

a 90° angle when a cell passes through the laser beam [45,48-
50].

22
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Fluorescent signals result from the interaction of laser
beam with a fluorochrome, the later is a molecule with the
rroperty to absorb light in a specific wavelength and emit light
at a longer wavelength. Flow cytometers detect fluorescence at
1 90° angle from the exciting light beam. Some fluorochromes
are conjugated to antibodies, this allows us to measure
several keystone parameters in cells such as expression of cell
surface receptors, intracellular molecules, enzymatic activity,
transcription factors, cell cycle, Cell.,proliferation, apoptosis
end loss of the mitochondrial membrane potential (Am)
among others [51-62]. A list of different fluorochromes that can
be used in flow cytometry are shown in Table 1.

Applications for flow cytometry and cell sorting are
becoming increasingly important in clinical diagnosis and
biology research. Phenotypic surface markers, physiological
responses, functional expression -of intracéﬂu]ar products
and cell apoptotic status are attribiI’céé”that can be measured
independently or 31multaneously by ﬂow cyt?metry using

SN L
different fluorochrome- con]ugated antlbodles It is important
to note that depending on the performance of the cytometer

(o S|

we can use from one to up to seven different ﬂuorochromes
it [V s f
) 07 i l'l S
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reaching a very high level of specificity [63,64].

Table 1.- Fluorochromes that can be used in flow cytometry

Fluorochrome Ex (nm) Em (nm)
7-AAD 546 647
Acridine Orange 503 530/640
Alexa Fluor 430 430 545
Alexa Fluor 488 494 517
Alexa Fluor 532 530 555
Alexa Fluor 680 679 702
Allophycocyanin (APC) 650 660
APC-Cy7 conjugates 650, 755 767
Cy2 489 506
Cy3 (512); 550 570; (615)
Cy3.5 581 596; (640)
Cy5 (625); 650 670
Cy5.5 675 694
Ethidium Bromide 493 620
Fluorescein 495 519
Hoechst 33258 345 478
Hoechst 33342 343 483
PE-Cy5 conjugates 480; 565; 650 670
PE-Cy7 conjugates 480; 565; 743 767
PerCP 490 675
Propidium Iodide (PI) 536 617
R-Phycoerythrin (PE) 480; 565 578
SYTOX Green 504 523
SYTOX Orange 547 570
Texas Red 589 615
X-Rhodamine 570 576

Ex = Excitation spectrum; Em = Emission spectrum.

3.2 Flow cytometry and apoptosis

Apoptosis is an interesting phenomenon that can be studied

by flow cytometry. During the apoptotic process, there are

24
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cell permeability and membrane integrity changes, both in
early and late apoptotic states that can be detected with this
technology.

Cell death can be analyzed by flow cytometry by observing
changes in size and granularity. Cells in the early stage of

ipoptosis suffer a decrease in their forward light scatter, while

hose in late apoptosis decrease in their side scatter as seen in

Figure 4.

1023

1023

Control -

Live Cells

Side Scatter

1023 1023

Forward Scatter

Fig 4.- Light scattering properties of apoptotic cells. The figure shows a
representative example of the light scattering properties of apoptotic cells;
U937 cells were exposed for 16 h to 2 uM of proteasome inhibitor MG132.

Itis well known that in early apoptotic stages the plasmatic
membrane involves externalization of phosphatidylserine
(P5) residues. These can be detected directly using annexin-
V labeled with fluorescein isothicyanate (FITC) or with

other fluorochrome directed against the phosphatidylserine

25
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residues. For the detection of the late apoptotic states, dyes
such as propidium iodide (PI) are suggested. PIbinds to double
stranded nucleic acids by intercalating in the double helix and
analyzed by flow cytometry [67-69]. PI cell death is illustrated
with a red coloration, while live cells do not capture the dye.
Such analysis always allows us to know the percentages of cells
that are live, dead and their respective apoptotic populations

(early and late) [70-72].

. S SUSS— o - .
a &  Control MG132+Pentoxifylline |
Q = :
- |
° %
2 S Live Cells |
£ /
3 .
3 = > - .
g .. o= R Apoptosis !
. Se % !
a - I . -
10" 10’ 10’ 10 16t 10 10 10 0 10
Annexin-V-FITC

4
A - ~ > Nne,.;
nnex,'n_v"—:l}“ > 9x,n~kp,7_
C [y

Fig. 5.~ Representative example of apoptosis in K562 cells treated with
pentoxifylline and MG132. The figure shows a representative example of apoptosis
in K562 cells, which were treated for 24h with 8 mM pentoxifylline and 1 uM MG132.
(a) Density plot: We'can observed cells alive in the lower left, cells in the upper rigth
are in apoptosis. (b) We show the same experiment in 3D plot.
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In Figure 5 a representative example with K562 cells is
shown. The leukemic cells were treated with pentoxifylline
and proteasome inhibitor (MG132) for 24h, and apoptosis was
measured by flow cytometry using annexin-V-FITC/IP [10]. We
represent the same data in density plot (a), and 3D plot (b).

The natural toxin called gossypol is a polyphenol
aldehyde found in cotton seeds which can induce apoptosis

both in normal and tumor cells. In Figure 6, an example of

Control Gossypol 30 zM + C9 Inhibitor

Gossypol 30 M

18.1

Count

Annexin-V FITC

Fig. 6.- Apogtosis in monocytes from peripheral blood of healthy volunteers
pretreated with caspase inhibitor-9 before gossypol treatment. The cells were
exposed for 15 min to caspase-9 inhibitor, then monocytes were exposed for 15 min

t0 10 and 30 uM of gossypol and apoptosis was measured by flow cytomery using
annexin-V-FITC.

27
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enzymatic activity determined by flow cytometry is shown; we
illustrate peripheral blood monocytes from normal volunteers
pretreated with caspase inhibitor-9 before gossypol treatment.

Apoptosis was measured by flow cytometry using annexin-V-

FITC (Fig. 6).

1023

MG132+Doxon-lbiéiy'.; i

1023

Control .

Side Scatter

10° o*

Annexin-V-FITC

Fig. 7.- Apoptosis in U937 cells treated with doxorubicin and proteasome inhibitor
MG132. U937 cells were exposed for 16 h to 2 pM MG132 and 1 pM doxorubicin after
that apoptosis was measured by flow cytomery using annexin-V-FITC.

In Figure 7 we show U937 cells treated with doxorubicin,
an antitumor agent of the anthracycline family and proteasome
inhibitor MG132, apoptosis was measured by flow cytometry
using annexin-V-FITC.

We can measure the Aym by flow cytometry using different
fluorochromes or dyes like rhodamine, DiOC,, 5,5°,6,6'tetrach

lorol,1’,3,3 -tetraethylbenzimidazolcarbocyanine iodide (JC-
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1). In Figure 8, we show human peripheral blood monocytes
treated with gossypol, subsequently the loss of the AYym was

measured by flow cytometry using DiOC, [73-77].

1

Control
IR
g Fig. 8.- Loss of the Aym in monocytes
3 treated with i
gossypol. The figure
o] §hows a representative example. Cells
in vitro were exposed for 15 min to
e W .3 . gossypol, then, we measured apoptosis
iog, Rly flow cytometry using DiOC,.
ormal cells bright green, cells with
Gossypol 50 xM loss of the Aym show decreased the

intensity of the bright for DiOC,. We
observed 97.5 % of monocytes after

gossypol treatment show a disruption
of the Aym.

97.5%
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Since its introduction, flow cytometric assays have been
widely used for the evaluation of apoptosis in different
experimental models. It is based on the principle that apoptotic
cells, among other typical features, are characterized by
DNA fragmentation and, consequently, loss of nuclear DNA
content. Use of a fluorochrome, such as propidium iodide, that
is capable of binding and labeling DNA, makes it possible to
obtain a rapid and precise evaluation of cellular DNA content
by flow cytometric analysis. This technique is a quick, easy
but not very specific method of detecting apoptosis, although
it can give valuable clues to what exactly is happening in a
population of cells, apoptosis of cells in late S phase or from
G2 may be missed [78]. One of the membrane changes in the
early/intermediate stages of apoptosis is the translocation
of phosphatidylserine from the inner of the cell membrane
to the outside. It is possible to detect phosphatidylserine by
1sing FITC-labeled annexin-V, which is a Ca™ dependent
phospholipid-binding protein. By combining staining of
annexin-V-FITC with propidium iodide, we can obtain a
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comparable profile in vitro models to the acridine orange/
ethidium bromide method, where live cells are negative for
both dyes, dead cells are positive for both, while apoptotic cells
are positive only for annexin-V-FITC. The advantage of this
method is that it can be used on an analytical flow cytometer
but it is more applicable to suspension cells. In our experience,
fluorescence microscopy together with DNA leadering pattern
give good results in survival studies, although they are not
automated methods.
It is documented, that phosphatidilserine may be a
reversible marker of apoptosis, since there is evidence that
DNA repair is activated early in p53-induced apoptosis
and may be involved in its reversibility. Furthermore, it has
been confirmed that early p53-induced apoptotic cells can
be rescued from the apoptotic program, and DNA repair
can modulate that cell death process [79]. During apoptosis
induced by various stimuli, cytochrome ¢ is released from
mitochondria into the cytosol where it participates in caspase
activation. This process has been proposed to be an irreversible
consequence of mitochondrial permeability transition pore

opening, which leads to mitochondrial swelling and rupture
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of the outer mitochondrial membrane. However, there is
evidence demonstrating that nervous growth factor (NGF)-
deprived sympathetic neurons protected from apoptosis
by caspase inhibitors possess mitochondria which, though
depleted of cytochrome ¢ and reduced in size, remained
structurally intact as viewed by electron microscopy. After
re-exposure of neurons to NGF, mitochondria recovered their
normal size and their cytochrome c content, by a process
requiring de novo protein synthesis. These data suggest that
depletion of cytochrome ¢ from mitochondria is a controlled
process compatible with function recovery [80]. This may be an
inconvenience if we decide to utilize mitochondrial monitoring
assays. The major advantage of the fluorescence method is that
it enables an untrained observer to readily ascertain whether a
sample contains cells which exhibit a green or red fluorescence
and hence may be viable or non-viable cells, respectively. The
technician then can be easily trained to discriminate the cells
which show typical morphological features of apoptosis. In
addition, categorizing the cells by live, necrotic and apoptotic
cell populations, the observer can note ultimely when either

a toxic or inappropriate therapeutic effects appear. A second
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advantage is that the solutions used in this technique keep
indefinitely. A third advantage is that a fluorescence lamp
with a high pressure mercury burner and proper filters,
which can be attached to any laboratory microscope, is the
only equipment required for the microscopy. Such equipment
is available at major optical and scientific instruments firms
and represents an economical and efficient procedure. Thus,
microscopic examination of acridin orange/ethidium bromide
stained cells can be recommended as a reliable methods.
Finally, it is important to stress that flow cytometry is a very
versatile and economic method that allows a comprehensive
study of apoptosis in each of its stages and pathways.

Each technique possesses variable levels of specificity and
sensibility and they are dependent of the biological features
of the cells, the type of apoptotic stimulus, the amount of
cells undergoing apoptosis at the moment of the apoptosis
evaluation, and the progression of apoptosis from early to late

stages in the cell populations.
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