
Introduction

Many cytostatic drugs have been reported to induce
apoptosis in tumor cells both in vitro and in vivo (1,7,14).
This process is characterized by several molecular and bio-
chemical features such as up-regulation of pro-apoptotic
genes, activation of specific enzymes, degradation of sub-
cellular organelles and DNA fragmentation (4). Further-
more, dramatic changes in appearance of dying cells
include cell contraction and rounding, formation of spikes
and blebs and final cell fragmentation into apoptotic bodies
(3).

Plasma membrane blebbing is, perhaps, the most cha-
racteristic feature of apoptotic cells. However, its dynamics
as well as occurrence in different cells is not entirely explo-
red. Here we present pilot results of a detailed, morpholo-
gical analysis of apoptotic blebbing in several tumor cell
lines (Hep-2, Bowes, HT-29 and HL-60) treated with cyto-
static drugs etoposide or camptothecin. Time-lapse record-
ings and immunofluorescent staining of actin fibers show
that the timing and course of cytoskeletal changes and re-
sulting apoptotic blebbing differ not only in various cell li-
nes but also within them, with individual blebbing figures
being dependent on many factors.

Materials and methods

Cell lines and treatment with cytostatics
Human epitheloid cell line Hep2 (ECACC, No. –

86030501, Porton Down, England) was cultivated as stati-
onary monolayer in plastic tissue-culture dishes (Nunclon,

Danemark). Cells were grown in Dulbecco’s modified
Eagle’s medium (Gibco, Germany) supplemented with 10%
fetal serum (Gibco, Germany), 100 U/ml penicillin, and
100 µg/ml streptomycin.

Bowes human melanoma cell line (ATCC, No. CRL –
9607, Manassas, United States) was grown as adherent cell
culture in DMEM PAN (Gibco, Germany) supplemented
with 10% fetal bovine serum (Gibco, Germany), 100 U/ml
penicillin, and 100 µg/ml streptomycin.

Human colon adenocarcinoma HT-29 cells (ATCC,
No. HTB – 38 Manassas, United States) were maintained
in monolayer in Dulbecco’s modified Eagle’s medium
(Gibco, Germany) supplemented with 10% fetal serum
(Gibco, Germany), 100 U/ml penicillin, and 100 µg/ml
streptomycin.

Human promyelocytic leukemia HL-60 cells (ECACC,
No. – 85011431, Porton Down, England) were grown in
RPMI 1640 medium (Gibco, Germany) supplemented with
10% fetal calf serum (Gibco, Germany), 100 U/ml penicil-
lin, and 100 µg/ml streptomycin.

Etoposide (Vepesid inj., Bristol-Myers Squibb, U.S.A.)
was diluted from the original ampoules supplied by manu-
facturer in a serum-free DMEM to the tested concentration
of 10 µg/ml.

Camptothecin (Sigma-Aldrich, Czech Republic) was
dissolved to the stock concentration of 10 mg/ml in di-
methylsulfoxide (DMSO) (Sigma-Aldrich, Czech Republic)
and stored in a dark place at room temperature. The final
tested concentration of 10 µg/ml was obtained by diluting
the stock concentration in a serum-free DMEM.

Only mycoplasma-free cells were used for experiments.
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Time-lapse videomicroscopy
Cells were seeded into a 25 ml plastic tissue-culture

flask (Nunclon, Roskilde). After a 24h-cultivation period,
the cultivation medium was replaced with a medium conta-
ining tested chemical (etoposide or camptothecin). The cul-
ture flask was subsequently transferred to a 37 °C-heated
chamber and cells were examined continuously over the
24h period, using an inverted microscope Olympus IX-70
(Olympus Optical CO, Ltd., Tokyo) equipped with a long-
working-distance condenser, and a 20 X phase contrast
lens. For time-lapse recording, the microscope was equipped
with a Mitsubishi CCD-100E camera (Mitsubishi Cor-
poration, Tokyo) and connected to a Mitsubishi video re-
corder HS-S5600 (Mitsubishi Corporation, Tokyo). The
recording was performed in various modes under different
magnifications to allow general as well as detail-focused
analysis. The recorded sequences were converted to digi-
tized form by the software Adobe Premiere 6.0 (Adobe
Systems Incorporated, San Jose) and analyzed frame by
frame.

Visualization of F-actin and cell nucleus
Cells were seeded into modified cytospin chambers

(Hettich, Germany) and allowed to grow overnight at
37°C and 5% CO2 in an incubator. Next, they were treated
with cytostatics and at different time intervals analyzed.
Briefly, after fixation with 4% formaldehyde (Sigma-
Aldrich, Prague) solution and permeabilization with phos-
phate saline buffer with Triton X (Sigma-Aldrich, Prague),
TRITC-Phalloidin solution (Sigma-Aldrich, Prague) was
added and specimens were incubated at room temperature
for 30 min. Then the specimens were post-labeled with
DAPI, mounted into SlowFade® medium (Molecular
Probes, Inc. Eugene, U.S.A.) and examined under a fluo-
rescence microscope Nikon Eclipse E 400 (Nikon Corpo-
ration, Kanagawa, Japan) equipped with a digital color
matrix camera COOL 1300 (VDS, Vosskűhler, Germany).
Photographs were taken using the software LUCIA DI

Image Analysis System LIM (Laboratory Imaging Ltd.,
Prague, Czech Republic) and analyzed. All the experiments
were done in triplicate.

Statistics
All the experiments were repeated at least three times.

Statistical analysis was carried out with a statistical pro-
gram GraphPad Prism (GraphPad Software, Inc. San Diego,
U.S.A.). We used one-way Anova test with Dunnett’s post
test for multiple comparisons. Results were compared with
control samples, and means were considered significant if
P<0.05.

Results

Characteristics of membrane blebbing in Hep-2, Bowes,
HT-29 and HL-60 cells. Both etoposide and camptothecin in
a given concentration (10 µg/ml) induced cell blebbing and
subsequent cell death in all treated cell lines. Particular
temporal and spatial characteristics of this process are
shown in Tab. 1. In all cell lines, individual cells entered
into the blebbing stage always asynchronously, and their to-
tal blebbing time varied between 0.3–6h. There were signi-
ficant differences in the course of blebbing between cell
lines but also within them as in some cells a full scale of
up to 8 morphologically distinct stages were recognizable
whereas others displayed only a limited number of stages.
In addition, in Hep-2 and HL-60 cell lines, the entire cell
population behaved similarly whereas in Bowes and HT-29
cells, the course of blebbing depended on the stratification
of cultures, i.e. whether cells existed individually or in larger
multicellular clusters. Generally, blebbing started with an
increased ruffling activity of the cell membrane followed by
the formation of small blebs all over the cell surface. At this
stage, cells kept their adherence to the inner surface of cul-
tivation flask (with exception of HL-60 cell line). After
varying time intervals, cells lost adherence and formed
large membrane blebs (Fig. 1A-D). The number and the
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Apoptotic inducer 
Cell lines (µg/ml) D (h) PA (%) Ti (h) Tm (h) BS (n) BD (%) CHR (%)

ETO 10 CPT 10
Hep2 ✔ – 6 50 4 14 8 30 30
Bowes – ✔ 4* 65 10 16 4 70 40
HT-29 – ✔ 0.3 – 0.5 40 – 60 14 24 Up to 4* 10 10
HL-60 ✔ – 2 65 1 4 4 80 60

Values presented in this table were determined from frame by frame analysis of time-lapse recordings and from software
analysis of fluorescently labeled specimens. The following parameters were scored: D – average duration of blebbing in in-
dividual cells, PA – peak blebbing activity in treated cell population, Ti – time of induction of blebbing, Tm – time to ma-
ximal blebbing, BS – number of blebbing stages, BD – detachment of blebs and CHR – redistribution of chromatin into
shedded blebs
* depends on morphological stratification of treated culture

Tab. 1: Spatial and temporal characteristics of membrane blebbing in human cell lines after treatment with etoposide
(ETO) or camptothecin (CPT).
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Fig. 1: Apoptotic membrane blebbing in cell lines treated with cytostatics etoposide (ETO)  (10 µg/ml)or camptothecin
(CPT) (10 µg/ml). (A) Hep-2 – ETO (B) Bowes – CPT (C) HT-29 – CPT (D) HL-60 – ETO. Left column shows control
cells, right column apoptotic blebbing cells. Images represent digitalized printouts of video recordings. Phase contrast,
400x. Bar 50 µm.
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activity of these blebs showed an extraordinary variability
and changed constantly throughout the time. Gradually,
cells ceased to produce blebs and remained motionless, in
the end undergoing, in some cases, secondary necrosis.
Alternatively, blebs became rounded and cells started to
shed them, sometimes with enclosed portions of chromatin
– so called formation of apoptotic bodies. Of all tested cell
lines, HL-60 cell line showed the maximal shedding (80%)
and in approximately 60% of these shedding cells blebs con-
tained fragmented chromatin. The lowest shedding activity
was noted in HT-29 cells (10%) with roughly equal redistri-
bution of fragmented chromatin. In Bowes cell line, bleb
shedding occurred in a relatively large number of cells

(70%) while only up to 40% of them contained enclosed
chromatin. In Hep-2 cells, the detachment of blebs remained
constant (30%) as well as chromatin redistribution in them.

Figs. 2,3,4 and 5 depict the most characteristic stages of
blebbing in the individual cells of all treated cell lines as
they occurred in time.

Discussion

It is now established that apoptotic membrane blebbing
represents one of the most characteristic features of the exe-
cutory phase of cell death (2,). The presence of membrane
blebs has been reported in many experimental systems
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Fig. 2: Types of blebbing figures in Hep-2 cells treated with
10 µg/ml etoposide for 24h. (CON) Intact cell (A–G) Indi-
vidual blebbing cells. Immunofluorescent staining of F-ac-
tin and nucleus. Fluorescence, 600x. Bar 50 µm.
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Fig. 3: Types of blebbing figures in Bowes cells treated with
10 µg/ml camptothecin for 24h. (CON) Intact cell (A–G)
Individual blebbing cells. Immunofluorescent staining of
F-actin and nucleus. Fluorescence, 600x. Bar 50 µm.
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Fig. 4: Types of blebbing figures in HT-29 cells treated with
10 µg/ml camptothecin for 24h. (CON) Intact cells (A–G)
Individual blebbing cells. Immunofluorescent staining of
F-actin and nucleus. Fluorescence, 600x. Bar 50 µm.
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Fig. 5: Types of blebbing figures in HL-60s cells treated
with 10 µg/ml etoposide for 24h. (CON) Intact cell (A–G)
Individual blebbing cells. Immunofluorescent staining of
F-actin and nucleus. Fluorescence, 600x. Bar 50 µm.
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upon different treatment conditions (5,12). Still, despite re-
cent progress in our understanding of biochemical and mo-
lecular mechanisms underlying morphological changes
accompanying cell death, our knowledge of temporal and
spatial organization of these changes remains cursory.
Furthermore, existing studies are often limited to few model
systems and thorough morphological as well as molecular
comparisons between different cell types are lacking.

To gain more general and deeper insight into the course
of apoptotic blebbing, we carried out a pilot study compris-
ing a series of detailed analyses of blebbing in four different
human cell lines – Hep-2, Bowes, HT-29 and HL-60 treated
with topoisomerase I (camptothecin) and II (etoposide) in-
hibitors. The selection of these chemicals and their con-
centration were based on literature search and our previous
experiences with them (6,13).

The course and organization of blebbing were followed
using a frame by frame analysis of time-lapse recordings at
low (200x) and high (400–600x) magnifications. In addi-
tion, immunofluorescent staining of cytoskeleton in treated
cells was performed at regular intervals to visualize re-
arrangement of F-actin, which appears to be a crucial pro-
tein involved in formation of membrane blebs. Moreover,
the position of chromatin in the cells was visualized to de-
termine whether chromatin is redistributed into apoptotic
bodies.

The results of our study show a great variability in the
course and appearance of membrane blebbing between em-
ployed cell lines (Tab. 1 and Figs. 1,2,3,4 and 5). Further-
more, the similar variability was recorded within each cell
line too. The fact that treated cells entered the blebbing
stage asynchronously along with our observations that ap-
pearance and duration of this phenomenon also vary seems
to indicate that several factors are likely to influence it.
Among them, the phase of the cell cycle and the particular
intracellular signaling profile might be critical. Several aut-
hors have shown that membrane blebbing during execution
phase of apoptosis is associated with Rho-kinase signaling
and depends on the expression of the Rho-associated kina-
ses I (ROCK I) and II (ROCK II) and their cleavage by
caspases. These molecules as well as other kinases such as
p21–activated protein kinase-2 (PAK2) or LIM-kinases 1
and 2 (LIMK1 and LIMK2) regulate the expression pat-
terns of actin and actin-associated proteins. Changes in
these patterns have been reported to underlie actual blebb-
ing process (8,10,11). Since each apoptotic inducer potenti-
ally activates selected signaling pathways, it is reasonable to
believe that the resulting changes in actin-driven membrane
blebbing are bound to vary in different experimental sys-
tems upon various treatment conditions. Our results agree
with it and this has also been demonstrated in the study
where HL-60 cells were treated with two cytostatic drugs
operating through distinct mechanisms (3).

In natural environments, cells dying through apoptosis
form so called apoptotic bodies which are cleared by macro-
phages. Apoptotic bodies are defined as small cellular frag-

ments with enclosed chromatin (5). Nevertheless, in vitro,
apoptotic cells proceed often into secondary necrosis in the
absence of apoptotic bodies. In accordance with this sce-
nario, we found that detachment of membrane blebs in-
dicating the formation of apoptotic bodies occurred in
10–80% of treated cell populations. These detached blebs
were found to be chromatin positive from 10 to 60%. Thus
fragmentation of treated cells into structures similar to
apoptotic bodies occurred in some cells only and was cell
type dependent. This would indicate the independence of
membrane blebbing and the formation of cell bodies. The
similar results reported the authors who found that blebb-
ing of the plasma membrane occurs independently and is
not required for engulfment of apoptotic cells by macrop-
hages (9).

Conclusions

We found that in our experimental systems treatments
with cytostatic chemicals triggered membrane blebbing
whose dynamics and appearance differed. Variations re-
corded by time-lapse videomicroscopy and fluorescence
microscopy occurred both between cell populations and
within them. These variations may be due to several factors
such as the cell cycle distribution in treated cells, drug-de-
pendent activation of specific signaling pathways and the
expression of cytoskeleton-regulating proteins.
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