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SUMMARY the functional state of mitochondria, by analysing
cytofluorometrically the dissipation of the inner
In this study we investigated the relationshitmembrane potentiab®m).
between the reorganisation of actin cytoskeleton ar
the changes at cell surface level (i.e. PS exposu
and blebbing) in two neoplastic cell lines duringiINTRODUCTION
apoptosis: Chang liver cells (adherent culture) an

promyelocytic HL-60 cells (suspension culture), apoptosis, or programmed cell death, is a funda-
treated with the podophyllot_oxin derivative VP16. mental process of cell loss in the development and
The morphological analysis, performed by meanijssye homeostasis of multicellular organisms
of conventional fluorescence microscopy and CoNnwwllie, 1995): moreover, apoptosis enables them
focal laser scanning microscopy, on Chang cell;; “aliminate cells that are damaged or have
showed that onset and progress of the two procesyq .o me superfluous (Ellit al, 1991). Failure of

gtsreirse f{sbyer]rghUnglsse:s:sgsi(;tgc];“\?\/litﬁIstﬁseszrgﬁyl/y Igcells to undergo appropriate apoptotic cell death is
exposure on the cell surface. Moreover, the aCCl:EVOZSS) ;;;\Jige%g;:ergarw Z}hi?] Ifoe %ﬁgr:gdl;?;d
mulation of actin at cortical level appeared strong 9 ' '

ly associated with an intense labelling for Annexir €ancer (Thompson, 1995). .
V and, in some cases, especially in the areas Cell death by apoptosis is a tightly regulated

membrane blebbing. The double staining for actiiPfocess that requires coordinated modifications of
and PS exposure, quantitatively analysed by ﬂo\‘cell_ar_chltgcture. Apoptotic basic steps are general-
cytometry in HL-60 cells after different treatment ly similar in all cell systems where they have been
times, demonstrated that the decrease of Annexstudied and include cell shrinkage, chromatin con-
V binding in the late stages of apoptosis is assocdensation, nuclear fragmentation, and packaging of
ated with the strong reduction of actin labellingthe nuclear fragments into apoptotic bodies (Wyllie

probably also due to a proteolytic cleavage. Theset al, 1980) that are quickly phagocytosed by

events were also partially related to variations oneighbouring cells (Keret al, 1972; Dini, 2000).
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Other aspects of an apoptotic cell include changemembrane, could cause féifent cell alterations
in phospholipid asymmetry at plasma membran(Bujaet al, 1993).
level with consequent phosphatidylserine expo Actin microfilaments can also have a particular
sure, membrane blebbing, cytoskeletalgaoiza  role in the dynamics of plasma membrane and-cyto
tion and breakdown, decrease in adhesion arplasm modifications related to the formation and
intercellular contacts. Some of these structurzthe release of blebs, and during cytoplasm cleavage
modifications can be related to biochemicalwith formation of apoptotic bodies (Kulkarni and
changes that include a controlled proteolysis oMcCulloch, 1994; Bonannet al, 2000).
cellular proteins by the cysteine proteases of th In the present stugythe reoganisation of the
caspase family (Alnemret al, 1996) that are microfilament network, during the apoptotic pro
important mediators of apoptotic cell death (Mar gression, was morphologically evaluated by-con
tin and Green, 1995; Kumar and Lavin, 1996). ventional and confocal fluorescence microscopy
The consequence of caspase activation is ttin the adherent Chang hepatoma cell line treated
cleavage of several gets located in both cyto with etoposide (VP16)The actin reaganization
plasm and nucleushe cleavage activity is respon has been related, in the same cell, to the cell sur
sible for some typical apoptotic expressions such éface exposure of phosphatidylserine and blebbing.
DNA fragmentation (Livet al, 1997; Enaret al, = These parameters have been quantified by flow
1998) and membrane blebbing (Kothaketaal, cytometry also in the promyelocytic cell line HL-
1997; Rudel and Bokoch, 1997). 60 treated with/P16 at diferent times (5, 12 and
The cellular tegets for caspases include in fact24 h) and cultured as stationary suspension.
several individual proteins as diverse as Digpair Moreover in this latter cell model a study of
enzymes poly(ADP-ribose) polymeras@&fP: for  mitochondrial transmembrane potentidl'{m)
a review see Scovassi et al., 1998), the main struchas been assessed following, in théedént treat
tural components of the nuclear lamina (lamins) anment conditions, the uptake of the cationic
cytoskeletal components such as intermediate filelipophilic dye JC-1.This analysis has been per
ments, microfilaments and some regulators of actiformed in order to correlate the changes of plasma
network (Brancoliniet al, 1997). membrane and microfilaments with the metabolic
Changes in the cytoskeletaganization have been activity of the cells.
described to occur during apoptosis iriefiént bie
logical situations (\Wllie et al, 1980; ljiri and Pot
ten, 1987). RecentlyTinnemanset al. (1995) MATERIALS AND METHODS
showed that in apoptotic cells cytokeratin filament:
aggregate in the early stage of the process, while Cell cultures and teatment
a later stage the cytokeratin is degraded. Oth¢ Chang liver cells (derived from a human hepatic
Authors (Pittmaret al, 1994; Irelanckt al, 1997) carcinoma) were grown as monolayer culture in
showed that reganization of microtubules might RPMI 1640 supplemented with 10% fetal calf
be an integral part of the apoptotic process anserum (FCS)The cell cultures were maintained at
induced apoptosis results in proteolytic cleavage ¢37°C in humid atmosphere (95% air/5% §.O
fodrin (Martinet al, 1995). It is also reported that HL-60 cells, a human promyelocytic cell line,
during the early stage of apoptosis actin mMR&A  were grown as stationary suspension in RPMI 1640
els decrease, followed by the proteolytic cleavage (supplemented with 15% FCShe cell cultures
F-actin network (Guénadt al, 1997). were maintained at 3C in humid atmosphere
Evidences of a relationship between membran(95% air/5% CQ at a density of 1 xE@ells/ml.
lipid asymmetry and cytoskeletal alterations were¢ Apoptosis was induced by treating exponentially
found during the platelet procoagulant activity growing Chang cells with 50M VP16 and incu
suggesting the involvement of the cytoskeleton itbating the culture for 24 NP16 was dissolved in
the maintenance of membrane lipid asymmetrydimethylsulfoxide (DMSO); the final DMSO cen
Other experimental data demonstrated that disintccentration in the culture medium was 0.2%.
gration of cytoskeletal filaments, which normally As far as HL-60 cultures were concernedpR0
stabilise and modulate the function of the plasm VP16 was added to the culture medium and, at
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various periods of time (5, 12, 24 h), the cells wermin at room temperaturét the end of the incu

harvested by centrifugation. bation, the samples were centrifuged and then
resuspended in cold Binding Bef After cen
trifugation, the cells were fixed with 3%

FLUORESCENCE MICROSCOPY paraformaldheyde in Binding Blef for 15 min at
room temperature and, after further washing; per
Annexin V/Phalloidin co-labelling meabilized with 0.2%friton X-100 for 15 min.

In order to detect phosphatidylserine (PS) expcAfter centrifugation, the cells were incubated in
sure, Chang liver cells, grown on coverslips, aftethe presence ofRITC-conjugated phalloidin (2
washing in PBS, were incubated in the presence ug/ml) for 45 min in the darkifter washing, the
Annexin V-FITC (0.5ug/ml) for 15 min at room samples were maintained atC4 until the mea
temperatureAt the end of the incubation and after surements performed by means of a Cytoron
washing in Binding Buer (50 mM HEPES, 750 Absolute (Ortho) flow cytofluorometer equipped
mM NacCl, 12.5 mM CaG] 5 mM MgCh, 20%  with Argon laser Xexc 488 nm).

BSA, pH 7.4) at 4C, the cells were fixed in 3%

paraformaldehyde in Binding Blef for 30 min at Evaluation of mitochondrial activity-mass

room temperatureAfter washing in Binding  HL-60 cells (5 x 1@cells/each condition), after
Buffer, the cells were permeabilized with 0.2%treatment with 2@uM VP16 for 5, 12 and 24 h, were
Triton X-100 and then submitted to the cytochemincubated in the presence of the cationic lipophilic
ical labelling of actin microfilamentsThe cells probe JC-1 (1{ig/ml) for 10 min in the darlét the
were incubated in the presenceT®ITC-conju  end of the incubation time, the cells were washed in
gated phalloidin (2ug/ml) for 45 min in humid serum-free culture medium and then analysed using
chamber at room temperature. a CytoronAbsolute (Ortho) flow cytofluorometer

After washing in Binding Bdér and DNAfluo-  equipped wittArgon laser Xexc 488 nm).
rochromization with Hoechst 33342 (@/ml) for
10 min, the coverslips were mounted with 90%Scanning electon microscopy
glycerol in PBS and observed in epifluorescenct Some specimens of Chang cell cultures were

with a NIKON Eclipse 600 microscope. fixed in 3% paraformaldheyde in PBS containing 1
mM CaCtand 1 mM MgC. After the double flu
Confocal laserscanning microscopy (CLSM) orescent staining for actin and DNA, the samples

Cells on glass slides were analysed using thwere washed in PBS, dehydrated in graded ace
LSM 5 Pascal confocal scanning module (Zeisstons, critical-point dried in Cf gold-coated by
Germany) equipped with a Helion/Neon laseisputtering and examined with a ZEISS DSM 962
(Aexc 543 nm) mounted on akxiovert 100M  scanning electron microscope operating at 20 KV
microscope (Zeiss-Germany)Yo evaluate the
changes of actin fiber topologgells were optical
ly sectioned at 0.dm. The scans were recorded in RESULTS
photon counting mode.
F-Actin analysis and relationship with PS expe
sure in Chang cells

FLOW CYTOMETRY The fluorescence labelling of actin, performed on
Chang cells, showed specific sequential changes
Evaluation of Annexin V/Phalloidin positivity of the microfilament network during apoptosis

HL-60 cells (1 x 10cells/ml) were incubated for progression, detectable on the basis of cell shape,
5, 12 and 24 h at 3T in the presence of 20M  AnnexinV labelling and nuclear morphology after
VP16 in complete mediunmAfter the treatment, DNA fluorochromization.
the cells were pelleted by centrifugation (100 x ¢ The distribution patterns of actin cytoskeleton in
for 10 min) and resuspended in serum-free culturtheVP16-induced apoptotic cells were similar to the
medium.The cell suspensions, aftdnnexinV-  staining patterns observed in spontaneously eccur
FITC (0.5pug/ml) addition, were incubated for 15 ring apoptoses in the control cultures (Fig. 1la-a’).
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Fig. 1 —Conventional fluorescence microscopy of apoptotic Chang cells submitted to a double staining for actin (phalloidin-
TRITC) and DNA(Hoechst 33342) labelling. Pa, a’) Same microscopic field of control culture observed in two spectral condi
tions for actin network (a) and nuclear (a’) examination. Note the well-defined stress fibers (a) of normal cells in cotparison

the apoptotic cell (arrowheads) focused to underline the karyorrhexis (a’). b-b’) Same microscopic field, after the atilture tre
ment, showing the actin arrangement as perinuclear ring (arrows) in early apoptotic cells; the arrowheads label the weak actin
staining (b) of a karyorrhetic apoptosis (b’). ¢, d) Presence of actin ring in the membrane blebs (arrows); in the adpanced apo
tosis (arrowhead) no blebbing is detectable. Original magnification: x 1000.

After VP16 treatment (5QM/24 h), in some cells evident in the whole cell body (Fig. 3 a, Bhe
the reduction/dis@anisation of stress fibers was simultaneous fluorochromization winnexinV-
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periphery of the cell. Moreovempoptosis was
associated with the cell rounding and subsequent
detachment from the growth substrate and to the
formation of blebs on the cell surface (Fig. 1 c, d).

In general, it was possible to demonstrate a
remarkable lower labelling of actin in the
advanced stages of apoptosis (karyorrhexis) (Fig.
1 b-b’, ¢) with persistence in the sites of cell-con
tact (focal adhesion) to the substrate of well-
organised stress fibers (Fig. 2 A}.this stage the
perinuclear actin ring and the cell surface blebs
were no longer found.

In figure 3 diferent morphological aspects of
apoptotic cells are showithey indicatethe rela
tionship betweermnnexin V binding and actin
redistribution during the degenerative pheneme
non. In figure 3 c-capoptotic cells that lose their
contacts with the growth substrate are represented,
a strong positivity foAnnexinV is evident espe
cially in some areas of the cell surface. In other
cells, possibly representing later stages of apopto
sis, the PS exposure was related to a marked stor
age of actin at the cell periphery (Fig. 3 d-d")f-f
In addition, it was shown that thenexinV bind-
ing occurred especially in spotted areas of the plas
ma membrane that could represent points of possi
ble formation and release of blebs (Fig. 3 e-¢’).

_ . Tridimensional distribution analysis of actin

e ; i fibers in apoptotic cells
Fig. 2 —Persistence of actin, ganised in stress fiber form, in ~ The study performed by confocal microscopy
the sites of cell contacts (focal adhesion) to the growth subygg particularly interesting during cell rounding

strate during an advanced stage (karyorrhexis) of a Chan ; ; )
apoptotic cell. The specimen, stained with phalloidin- dnd disappearing of cell-substrate contaCiese

TRITC/Hoechst 33342, after the analysis in quorescencé:hangeS were found to be associated with apopto
microscopy of actin (a) was processed for scanning electrogis induced on adherent culture (VP16-treated

microscopy observation (bJhe arrowheads point the flat Chang cells) and were often related to blebbing

focal adhesions; into_the rounded cell body (cir_cl_e Iabelling)_,ph(:)nomena of the cell surface (Fig. 4).
the nucleus appears in fragmented form (a). Original magnifi . . . .
cation: x 1000 (a); x 4000 (b). The analysis of the first optical sections showed

the presence of anganization of actin in stress

fibers in defined cellular areas, due to the presence
FITC, localized in defined areas of the cell surfaceof focal adhesions (Fig. 4 a-d). Optical sections
seems to indicate that these cells represent eaireferred to higher cell levels displayed a remark
stages of apoptosis. able actin concentration at cell periphexgsociat

During the progression of apoptosis, besides thed with cell surface areas involved in bleb forma

disappearance of the stress fibers, it was possittion (Fig. 4 e-k).
to show an accumulation of actin in a ring-like The top levels were characterised by a lower
structure surrounding the nucleus, before nucledabelling of actin in the cortical area; moreqver
fragmentation (Fig. 1 b-b’)This situation was this aspect appeared to be related to the release of
related to an appreciable protein staining, at thblebs from the cell surface (Fig. 4 I-0).
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Fig. 4 —Gallery of laser scan images of an apoptotic Chang cell (phalloidin-TRITC staining) with rounding morphology and
detaching from the growth substraide optical sections (04 thickness) shownear the substrate (a-c), the presence of actin

in form of stress fibers related to the persistence of adhesive contacts (see also figure 2). In the following opticdhsections
actin filaments are accumulated in the cortical regions of the cell and in surface blebs, in form of dense spherical network.
Original magnification: x 630.

Flow cytometry evaluation of actin expession treatment, 48% after 24 h treatment) with the apop
and PS exposue in double-stained HL-60 cells  togenic drugThis aspect was also evident by the
In order to quantify actin content changes and thanalysis of the cytograms relative to the bivariate
exposure of phosphatidylserine on the cell surfacifluorescence (Fig. 5), in which a progressive
we performed multivariate flow cytometric mea decrease of phalloidin/AnnexiN positive ele
surements on double stained (phalloidin-ments was present (see Q2 area of figurd s
TRITC/AnnexinV-FITC) HL-60 cells after 2@M  was correlated to the increase of cells with weak
VP16 treatment for diérent times (Fig. 5). signals of fluorescence for both labelling, indica
As far asAnnexin V binding is concerned, this tive of altered elements, incapableAsinexinV
assay revealed that the treatment wituRDVP16  binding and with highly degraded actin (see QO
for 5h (Fig. 5) induced approximately 80% of cellsarea in figure 5 h).
with PS exposurelhe global analysis of the fluo  As far as actin quantitative aspects are concerned,
rescence histograms showed a progressive +edithe analysis of fluorescence histograms (Fig. 5 a, b,
tion of cells positive for such fluorochromization ¢, d) indicated thalVP16 treatment elongation
during the progression of treatment (68% after 12 induces a progressive increase of cells with weak

Fig. 3 —Conventional fluorescence microscopy of apoptotic Chang cells stained for the co-labelling of actin (phalloidin-TRITC),
DNA (Hoechst 33342) and PS exposure (AnnaxiRlITC). a) Early apoptotic cell showing the reduction of actin stress fibers
(red fluorescence) associated with PS exposure (green-yellow fluorescent spots); b, c-cAfmeRarV binding to an apop

totic cell characterised by a scarce presence of actin filaments; d)defrdistence oAnnexinV labelling in presence of actin
residues in the cortical area; e-e’) release of membrane blebs poshiveexinV labelling. Original magnification: x1000.
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staining for this proteinThis aspect seems to be membrane phospholipid asymmetry and a possi
related to the fluorescence microscopy observible relationship between these two phenomena in
tions, relative to the disappearance of actin networtwo human tumor cell lines: in Chang cell adher
in the late stages of apoptosis of Chang cells-trezent culture, mostly from the morphocytochemical

ed with 50uM VP16 (Fig. 1 b-b’, c; Fig. 2). point of view and in the HL-60 cell suspension
culture, also with quantitative assays.

Flow cytometry evaluation of mitochondrial In Chang cell cultures, the treatment WwtR16

activity induced a remarkable incidence of apoptotic cells

During the apoptotic progression of HL-60 cells,after 24 h treatment, resulting in dramatic changes
the mitochondrial activity was estimated using theof the microfilament actin component.
fluorochromatic cationic dye JC-1, as a probe fo The morphological analysis showed that when an
monitoring by flow cytometry the changes of theadherent cell undgoes apoptotic degeneration
inner transmembrane potentidh¥m). Actually  vitro, specific sequential changes occuraictin
this fluorescent carbocianine dye emits an orangmicrofilament network. Concomitantly with the
fluorescence when mitochondria are highly activeactin reoganization at both the perinuclear region
but in condition of low mitochondrial function, the and cytoplasm periphery in collapsed form (Kulka
fluorescence becomes green and can be relatedrni and McCulloch, 1994), the cell looses its -con
the chondrioma mass. tacts with the neighbouring cells, detaches from

In the untreated cells, two subpopulationsthe growth substrate, by disassembling the stress
emeged from the cytograms (Fig. 6)he first, fibers and, finally reoganising its actin residual.
with a major siz€about 70% of cells), was char The simultaneous staining of PS exposure; per
acterised by high values &f¥m (orange fluores formed by usingAnnexin V-FITC, indicates that
cence); the second one, of a smaller size, was chithis molecular aspect is related to cytoskeletal net
acterised by low values @fW’m (increased green work modifications: in fact, the stress fiber disor
fluorescence and decreased orange fluorescenceganisation and the actin redistribution at the cell

After 5 h treatment witivVP16, it was possible to periphery are events that occur concomitantly with
show a marked reduction (34% of positive cells) othe early PS translocation. Moreoviiis possible
orange fluorescence signals (Fig. 6 Bhis late to hypothesise that these phenomena are not only
aspect can be related to the prevalence of cells structurally but also functionally related, with an
the early stages of apoptosis (strongly positive tinvolvement of the disconnection between
AnnexinV). A further decrease of orange fluores cytoskeleton and plasma membrane, as a possible
cence signals appeared evident with the exposuconsequence of actin redistribution as well as
time to the drug: 24% and 22% of positive cells changes on the regulatory proteins (e.g. proteolysis
respectively after 12 h and 24 h. of a-actinin and vinculin) of the microfilament

In regard to the green fluorescence emission, it wesystem (Brancolinet al, 1997).
possible to note that théP16 stimulation at various The accumulation of actin at the cortical region,
times causes the appearance of low signal thobserved in several cells, can be related to the
remains substantially constant during the treatmerdynamic phenomena of the plasma membrane
This fact seems to indicate that during apoptosis (blebbing), which occur in the early stages of apop
partial depletion could also occur in the mitochon tosis. Huotet al (1998) and Bonannet al. (2000)
drial mass. Moreoverthe lowest intensities of showedthat the inhibition of actin polymerisation
orange and green fluorescence as a whalg be results in the blockade of the surface blebbing phe
also attributed to the presence of apoptotic bodiesnomenon. On the basis of our date actin accu

mulation below the plasma membrane could be

then related to changes of plasma membrane-asym
DISCUSSION metry as well as bleb formation, probably by the

interaction with myosin (Millet al, 1998). More

In this study we examined the structural rgar  over, the contraction of the cortical thin filament
nization of the actin cytoskeleton component-dur (actin/myosin) ring may produce centripetal forces
ing apoptosisWe have also considered the loss oresponsible for cytoplasm condensation and round
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ing up of the apoptotic cellhe successive event expression of actin and plasma membrane asym
could be the release of blebs composed by cemetry changes in HL-60 cells, the analysis of both
membrane areas in which the outer PS appears pfluorescence histograms and cytograms allows us
ticularly accumulatedThis mechanism could be to obtain information that partially confirm the
responsible for the loss of this cell surface signemorphological analysis of the microfilaments and
involved in the identification of early apoptotic cell PS exposure performed on the Chang cells.
by the scavenger system (Savill, 1997). PS exposure is a transient event with an expres
The apoptotic phenomenon progression over thsion peak during the early stages of apoptosis, lat
early stages causes, beyond the progressive losser the cells tend to lose this signhoptosis pre
stress fibers, an accumulation of the protein at thgression is also related to a progressive decrease
perinuclear regioriVhen the nuclear degeneration of actin expression: this could be the consequence
does not coincide with the karyorrhexis, the actirof both a lower synthesis of this protein and an
is omanised in a ring-like structure surroundingincrease of proteolytic activity
the nucleusThis fact suggests that the accuraula These two concurrent apoptotic events appeared
tion of the actin at the nuclear periphery could btespecially evident in the flow measurements-rela
an important co-factor for the chromatin hyper tive to 24 hVP16 treatment, in which an accumu
condensation, in association with other mechzlation of cells negative foAnnexin V-FITC and
nisms (e.g. osmotic piknosis). phalloidin-TRITC could represent late stages of
The modifications at nuclear level involve otherapoptotic degeneration.
cell components as well as lamins, one of the be In the same experimental model, the functienali
ter-characterised tgets for caspaseshey consti  ty of chondrioma has been evaluated cytofluoro
tute the main structural components of the laminmetrically by means of the supravital fluorochro
underlying the nuclear envelopéipoptosis matic probe JC-1.
induced by diferent stimulation results in the pro  Recently a number of evidences showed a role
teolytic cleavage of lamins to facilitate the nucleaiof the mitochondria in transducing pro-apoptotic
collapse and cleavage that characteriseerdifit  stimuli; furthermore, these ganelles can be cen
models of apoptosis (Raa al, 1996). sidered as important sensors of cellular damage
From this point of viewthe morphological and (Susinet. al, 1999; Green and Reed, 1998).
biochemical changes occurring at nucleayto Our cytofluorometric data indicate that the treat
plasmic and plasma membrane level are consideriment conditions that induce the prevalence of ear
by someAuthors as events connected in a singldy stages of apoptosis (higher percentage of
program, in which the caspase activation and thAnnexinV positive cells) cause a dramatic reduc
proteolysis of diferent cell substrates represent etion of the orange fluorescence frequency values,
final common way leading to cell death, even as expression of mitochondrial transmembrane
though, by means of mitochondrial inhibitors, it haselectric potential £¥m) dissipation.These data
been possible to demonstrate the existence of a dseem to support the view of the apoptotic -phe
coupling between plasma membrane modificationnomenon dynamics that considers PS exposure
and other apoptotic changes (Zhuatal, 1998). and dissipation oA%¥m concomitant phenomena.
Nevertheless, the complex rganization of the In fact, at the moment, although it is becoming
cell structure that occurs during apoptosis seems clearer that mitochondria play an important role in
be related to a specific cleavage ofatifnt regula  programmed cell death, especially on the evidence
tors of the microfilament system (Brancolgtial, that the release of pro-apoptotic factors from the
1997).The cell fragmentation requires a cytoskeletamitochondria can initiate the caspase cascade,
rearrangement, the fusion between opposite- cytithere is much conflicting data concerning the role
plasmic portions of the plasma membrane, a massi'of mitochondria upstream of this event (Camilleri-
redistribution of the plasma membrane phosphcBroetet al, 1998).
lipids and finally a localised collapse of the mem The further analysis of the orange fluorescence
brane asymmetyyvhich occurs during PS exposure. histograms shows that the extensioVBfl6 treat
As far as our flow cytometric data are concernecment induces a further decrease of high fluores
referring to the correlation between quantitativecence signals, after 12 h as well as after 24 h-treat
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ment. This trend is also deductible by cytogram
analysis, in which it is shown a progressive accu
mulation of cell subpopulations with weak, or Jow
orange fluorescence signals, related to the-tree
ment progression.hese subpopulations could rep

resent cells in diérent stages of apoptosis.

The analysis of thegreen fluorescence his
tograms showed, after 5 h treatment, the appee
ance of weak fluorescent signals, whose frequenc
does not increaseuring the prolonged treatment
conditions.This fact would indicate that during the
early stages of apoptosis a decrease also in teri
of mitochondrial mass could occiMoreover the
lowest intensities of the orange and green fluores
cence as a whole may be also attributed to the pre
ence of apoptotic bodies.

Moreover it must be considered that the low-val
ue of green fluorescence can be also attributed
the fluorochrome trend to spread from the cel
because of the various membrane permeabilit
alterations. Furthermore, the drastic loss of th
orange fluorescence with the apoptosis progre:
sion can be partly compensated for a relativ
increase of the green fluorescence.

The complex findings presented in this paper suf
port the conclusions that some changes of cell-mer
brane (PS exposure, surface blebbing), cytoskeletc
(actin rearrangement and loss) and chondriom
(mitochondrial transmembrane electric potentia
dissipation) are common features of apoptosi
induced in conditions of suspension or monolaye
cell growth.
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