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Blocking apoptotic death in lymphoid cells seems
to represent the integral component of lymphomoge-
nesis. Study of peculiar features of apoptosis in malig-
nant lymphoid cells of different origin as well as analy-
sis of the possibilities of its modulation are of para-
mount importance [1�4].

Recently the data suggesting the role of the disturbances
in functions of genes regulating apoptosis in the develop-
ment of cancer have been obtained [5]. These data put
forward a new concept of carcinogenesis and lymphomo-
genesis mechanisms involving suppression of apoptosis
[6, 7]. Induction of apoptosis could represent an important
means allowing us to control the populations of cancer cells
which could be useful for the improvement of the treatment
of leukemia and malignant lymphoma.

Recent research efforts have been focusing upon
the search of different factors being able to modulate

apoptosis in tumor cells. One could suggest that this
approach seams to be the most advantageous in ma-
lignant lymphomas where apoptosis deregulation is one
of the key factors [8].

A special attention is currently given to the chemi-
cally induced apoptosis taking into consideration that
the difference in the susceptibility of malignant cells to
the induction of apoptosis by different anticancer drugs
could be the decisive factor for treatment efficacy [9].

DNA topoisomerase II inhibitors represent a group
of widely used potent cytotoxic drugs known as indu-
cers of the apoptosis in cells of different genesis. These
inhibitors are able to cause gene rearrangements and
to alter the functions of the genes in tumor cells due to
site-specific recombinations [10]. Apoptosis induced by
DNA topoisomerase II inhibitors is mediated by Fas-
independent pathways [11] which are far from being
elucidated. At present etoposide, DNA topoisomerase
II inhibitor, is included in several schemes of combined
chemotherapy of leukemias and lymphomas. While
human lymphomas are predominantly of B-cell origin
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most studies involving etoposide-induced apoptosis
have been focusing on T-cell transplantable lines, the
latter being highly susceptible to the induction of such
a kind of apoptosis [12]. In the present study we have
analyzed the peculiar features of etoposide-induced
apoptosis and differential susceptibility to its induction
in B-cell as well as T-cell leukemia cell lines.

The possibility of being modulated is one of the prin-
cipal characteristics of apoptosis which could be ad-
vantageous in working out new strategies of chemo-
therapy in the treatment of leukemia and lymphoma.
Retinoids represent a group of promising therapeutic
agents affecting differentiation and growth of malignant
cells, the data on retinoids as differentiation factors for
transplantable leukemia B-cell lines being of particular
importance [13]. This interest in retinoids has been re-
inforced due to the recent data on direct apoptosis-
inducing activities of these substances especially in
malignant lymphoma cell lines [14]. Meanwhile the role
of retinoids as factors modulating apoptosis induced
by chemotherapeutic agents including DNA topo-
isomerase II inhibitors has not yet been investigated.
Analysis of the possibilities of apoptosis modulation by
retinoic acid�containing preparations was another ob-
jective of our study.

MATERIALS AND METHODS
Human B-cell lymphoma line Namalwa and T-cell

leukemia line CEM were used in the study. The cells
were maintained as suspension cultures in RPMI-1640
medium supplemented with 10% fetal calf serum. The
cultures were passaged every 3�4 days immediately
upon reaching maximum cell density.

DNA topoisomerase II inhibitor etoposide (Vepeside,
Brystol-Myers Squibb SpA, Italy) was employed for
apoptosis induction. In most experiments cells were
treated with etoposide in log-phase of the culture
growth. Intermediate stock dilutions of etoposide were
prepared in dimethyl sulphoxide with further dilutions in
complete medium being prepared immediately before
each experiment. The doses and the time of the treat-
ment varied according to the tasks of each experiment.

All-trans retinoic acid (Sigma, USA) was employed
as the micellar system with stock solution containing
0.5 mM retinoic acid, 10% ethanol, 1 µM α-tocopherol
acetate, 0.1 µM sodium selenite and 1% mixture of bi-
phylic plant lipids.

Cell viability was determined by trypan blue exclu-
sion. Cell morphology was assessed in cytospin pre-
parations upon MGG staining.

Specific changes in cells upon action of apoptosis
inducers were studied also by staining cell in suspen-
sion with Hoechst 33342 (Sigma, USA). Cells were
washed twice in PBS and incubated with Hoechst so-
lution (final concentration 0.4 µg/ml) prepared in PBS
with 1% BSA 15 min at 37oC. Stained cells were thor-
oughly washed three times with PBS containing 1%
BSA, fixed in 4% paraformaldehide. The fixed sam-
ples were then observed under a fluorescence mi-
croscope.

Cell DNA was isolated by modified technique of
Hermann et al. [15]. Cells were washed in PBS and
cell pellet was lysed in buffer containing 50 mM Tris-
HCl pH 7.5, 20 mM EDTA and 1% NP-40. Lysate was
centrifuged at 1500 g. Pellet was extracted with the
same buffer. Upon centrifugation combined superna-
tants were treated with 1% SDS, incubated 2 h with
RNAse (5 µg/ml) at 56oC and then 24 h with proteinase
K (2.5 µg/ml) at 42oC. DNA was precipitated with etha-
nol in the presence of ammonium acetate and dissolved
in TE buffer. DNA samples were analyzed by electro-
phoresis in 1% agarose gel. The gels were photo-
graphed upon staining with ethidium bromide.

Identification of apoptotic cells by flow cytometry was
performed by modified technique described by Gou-
geon et al. [16]. Cell samples upon washing in PBS
were fixed with 70% ethanol. Cell pellets were gently
resuspended in hypotonic fluorochrome solution
(50 µg/ml propidium iodide in 0.1% sodium citrate and
0.1% Triton X-100). The cell suspension was incuba-
ted overnight at 4°C. Flow cytometry of cells was per-
formed in FACScan flow cytometer (Becton Dickinson,
USA) to determine propidium iodide fluorescence of in-
dividual nuclei.

RESULTS
Upon incubation with etoposide of B-cell line as well

as T-cell line used in the study the typical apoptotic
features have been observed with fragmentation and
further pyknosis of the nuclei, protrusions of the cell
surface, cell shrinkage and decreasing cytoplasm vo-
lume and cell size. These apoptotic changes having
been evident within 20�100 µM range of etoposide con-
centrations were much more abundant in CEM cells.
Moreover in CEM cells the final stages of the apoptosis
were clearly discernible (Fig. 1, a) while in Namalwa
cells the final stages of nuclear fragmentation were rath-
er rare (Fig. 1, c). At the same time few extracellular
structures containing nuclear material were discernible
in cytospin preparations of apoptotic CEM cells while
in preparations of apoptotic Namalwa cells these apo-
ptotic bodies were practically absent. Meanwhile the
different stages of apoptosis could be observable in both
cell lines with accompanying mitotic figures, the latter
sometimes being anomalous.

The susceptibility of B-cell and T-cell lines to eto-
poside-induced apoptosis has been shown to be quite
different judging by the dose dependence of cell death
assessed by trypan blue exclusion and maximum per-
centage of apoptotic cells with typical features of apop-
tosis. The dose-dependence of the drug cytoxicity in
CEM and Namalwa cell lines upon 4 h and 18 h incu-
bation within the cytotoxic concentration range (maxi-
mal dose � 300 µM) is given in Fig. 2. Cell death at the
highest etoposide concentration used amounted to 90%
for CEM cells and 48% for Namalwa cells upon 18 h
incubation while upon 4 h incubation the proportion of
cells permeable to trypan blue was much lower. Mean-
while the apoptotic percentage did not increase signi-
ficantly upon prolongation of incubation time from 4 to
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18 h constituting about 7% in B lymphoblasts compar-
ing to 30% in T lymphoblasts within the 20-80 µM dose
range. Moreover in case of Â-cell line exceeding of the
above mentioned optimal etoposide doses upon 18 h
incubation resulted in relative decrease of apoptotic cells
and corresponding increase of the cells with features
of toxic insult exhibiting coarse mesh-like chromatin
structure with accompanying vacuolization of cytoplasm
and nuclei (Fig. 1, b).

of Namalwa cells upon etoposide treatment in doses
optimal for apoptosis induction revealed the fluorescent
clumps of different size characteristic of nuclear DNA
fragmentation and chromatin condensation within the
injured cells (Fig. 3). Apoptotic alterations visualized by
Hoechst staining in Namalwa cell preparations were de-
tected in less than 5% of cells (contrary to less than 0.5%
in control samples), their percentage being practically
unchangeable within 20�80 µM dose range of the drug.

Internucleosomal DNA fragmentation characteristic
of apoptosis was further analyzed by agarose gel elec-
trophoresis of DNA isolated upon the treatment of cells
with etoposide in different experimental conditions. The
results of electrophoretic separation of different DNA

Fig. 1. Morphology of CEM cells (a) and Namalwa cells (b, c)
following treatment with etoposide for 18 h. Drug concentra-
tion � 60 µM (a, c) or 200 µM (b)

The specific apoptotic nature of cell alterations ob-
servable in stained cytospin preparations of etoposide-
treated B-cell was further corroborated by the analysis
of Hoechst stained cell preparations. Hoechst staining

Fig. 2. Cytotoxicity of etoposide for CEM (a) and Namalwa (b)
cells as determined by trypan blue exclusion assay in 4 h or 18 h
since the beginning of the treatment

Fig. 3. Hoechst staining of Namalwa cells following treatment
with 80 µM etoposide for 18 h

a

b

c
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samples are given in Fig. 4. Upon 18 h treatment with
80 µM etoposide specific DNA ladder was clearly visi-
ble only in DNA samples of CEM cells with about 65%
of trypan blue permeable cells in such a population
(lane 4) while the same conditions of the treatment have
not allowed us to visualize the DNA ladder in the case
of Namalwa cells (lane 2). Preincubation of Namalwa
cells in serum-free medium within 3 h prior to etopo-
side treatment has not resulted in visualization of DNA
ladder (lane 3). Neither could DNA fragmentation be
detected in DNA samples isolated from naturally dying
population of Namalwa cells subjected to starvation
without changing the medium (lane 7).

term effects even in this maximal content of retinoic
acid used in the study except for decreasing growth
rate and some features of lipid dystrophy. Meanwhile
upon prolonged cultivation for several weeks all these
features became more evident. Nevertheless, treatment
of Namalwa and CEM cell lines with retinoic acid con-
taining mixture did not resulted in apoptotic changes of
these cells (data not shown). Preincubation of Namal-

Fig. 4. Analysis of etoposide-induced internucleosomal DNA
degradation in different modes of the treatment of CEM and
Namalwa cells by agarose gel electrophoresis:
1 � untreated Namalwa cells; 2 � Namalwa cells exposed for
18 h to 80 µM etoposide;  3 � Namalwa cells preincubated for
3 h in cell-free medium followed by 18 h treatment with 80 µM
etoposide; 4 � CEM cells exposed for 18 h to 80 µM etoposide;
5 � CEM cells exposed for 18 h to dexamethasone; 6 � un-
treated CEM cells; 7 � naturally dying Namalwa cells (1 week of
starvation)

1        2        3       4        5        6      7

Fig. 5. Flow cytometric analysis of malignant lymphoid cells fol-
lowing 40 µM etoposide treatment for 18 h. DNA content is based
on propidium iodide fluorescence intensity:
a � Namalwa cells; b � Namalwa cells preincubated with ret-
inoic acid containing mixture (1 week); ñ � CEM cells

Analysis of etoposide-treated cells by flow cyto-
metry indicated appearance of rather broad heteroge-
neous peak corresponding to hypodiploid DNA content
being easily discriminable from narrow integral peak of
nuclei with normal diploid DNA content (Fig. 5). This
peak of hypodiploid nuclei upon 18 h of etoposide treat-
ment was relatively small in etoposide-treated Nama-
lwa cells as compared to etoposide-treated CEM cells
(Fig. 5, Table).

To further analyze the possibility of apoptosis mod-
ulation in cell lines under study Namalwa and CEM cells
were attempted to be incubated in the presence of re-
tinoic acid containing mixture. Maximal final concen-
tration of retinoic acid in culture medium amounted to
5 µM. Both cell lines did not show significant toxic short-
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wa cells with 5 µM retinoic acid for 1 week followed by
etoposide treatment did not seem to change signifi-
cantly percentage of apoptotic cells judging by the mor-
phological analysis of stained preparations. However
flow cytometry of corresponding sample revealed sig-
nificant augmentation of the percentage covered by the
peak of nuclei with less than G1 DNA content (Fig. 5, b,
Table).

DISCUSSION
Etoposide is one of the most widely used chemo-

therapeutic drug with apoptosis-inducing properties.
The first stages of etoposide-induced apoptosis are
known to be mediated by DNA-topoisomerase II inter-
actions with the drug however the details of further
mechanisms resulting in the final stages of the apop-
tosis in this case are far from being elucidated. Several
authors earlier gave the evidence of different apoptotic
response following treatment of lymphoid and myelo-
genous leukemia cell lines with DNA topoisomerase II
inhibitors [17], kinetics of the apoptotic response being
shown to differ in etoposide treated cell lines of diffe-
rent genesis [18]. Significant differences in apoptotic
response following incubation with etoposide have been
observed even in different cell lines of the same T-cell
lineage [12]. Here we present the evidence of different
susceptibility to etoposide-induced apoptotic response
in B- and T-cell lines of leukemic origin. In the model
under study T-cell line CEM turned out to be much
more susceptible to the induction of apoptosis by eto-
poside than B-cell line Namalwa. Meanwhile reverse
relations between susceptibility of T- and B-cells to
apoptosis induction by etoposide are known for other
models particularly for viral-transformed lymphoma cell
lines [19]. It is rather difficult to explain all these diffe-
rent patterns in etoposide-induced apoptotic response
in the cells of different genesis even within cell lines of
lymphoid origin.

Combined morphological and flow cytometric study
with accompanying assay of Hoechst staining suggest
the specific apoptotic nature of the alteration being ob-
served in Namalwa cells upon etoposide treatment while
according to our data apoptotic percentage in this case
turned out to be rather small. Again the delayed deve-
lopment of the permeability for trypan blue in etopo-
side-exposed Namalwa cells analogous to that in CEM
cells seems to be in favor of the apoptotic mechanisms
of cell death in the case under study taken together
with other known criteria of apoptosis [12]. At the same

time we have not detected DNA ladders upon agarose
gel electrophoresis of DNA preparations isolated from
etoposide-treated Namalwa cells even in case of short-
time preincubation in serum-free medium. Meanwhile
such a treatment was shown to be effective in the in-
crease of the susceptibility to apoptosis induction in
several experimental models [20]. Neither could apop-
totic features be detected in Namalwa cells subjected
to prolonged starvation. It is still uncertain whether the
absence of DNA ladders in all these cases is due to
rather small percentage of apoptotic cells in Namalwa
cell preparations not exceeding the limits of detection
by gel electrophoresis technique. Alternatively the pos-
sibility of apoptosis without DNA ladder pattern in sev-
eral experimental systems also exists [21].

Analysis of the different aspects of apoptosis is im-
portant not only from theoretical point of view since re-
cent data suggest close relationships between apop-
totic cell response and chemotherapeutic drug suscep-
tibility especially in cases of the resistance of tumor cells
to chemotherapy [22, 23]. Therefore analysis of apop-
tosis could be of practical value to assess tumor cell
susceptibility to various chemotherapeutic agents as
well as development of drug resistance. Some discrep-
ancy exists in the literature concerning the apoptotic
percentage detected by different techniques. Some
authors believe that this percentage does not vary with
the techniques employed [12], nevertheless in several
experimental systems, particularly in biopsy specimens
of lymphoma cells different techniques are reported to
give different results concerning the percentage of ap-
optotic cells [24]. According to our findings flow cyto-
metry seemed to give systematically larger apoptotic
percentage as compared to cytomorphological study
or Hoechst staining which was especially advantageous
in case of relatively small number of apoptotic cells.

The presence of BHRF1 protein, EBV homologue
of Bcl-2, is known to confer relative resistance to apop-
tosis induced by different cytotoxic agents [25]. Anoth-
er EBV protein LMP-1 also contributes to the resis-
tance to apoptosis by induction of antiapoptotic genes
[26]. Meanwhile etoposide is considered as one of the
chemotherapeutic agents suitable for the treatment of
Burkitt�s lymphoma and several other EBV-associated
pathologies [27]. The reasons of differential suscepti-
bility of various EBV-associated lymphoma B-cell lines
to the induction of apoptosis by topoisomerase II inhibi-
tors are still far from being finally elucidated [28]. Nev-
ertheless the prospects of attaining increased apopto-
sis percentage upon preincubation of the cells under
study with retinoic acid containing mixtures could be
regarded as rather encouraging taking into consider-
ation the recent data of apoptosis modulating as well
as apoptosis inducing activities of retinoids in various
malignant lymphoma B-cell lines, both EBV-positive
and EBV-negative ones [14, 29]. The mechanisms of
such activities of retinoids in malignant lymphoid B- as
well T-cell lines are not known. The study of the ef-
fects of retinoids upon the structure of several apopto-
sis-associated genes is in progress now.

Table. Percentage of apoptotic cells according to flow cytometry data in
Namalwa and CEM cells upon etoposide treatment

Cells Mode of the treatment Percentage of  cells with
less than G1 DNA content

Namalwa Control 1,4
Namalwa 40 µM etoposide 18 h 13.3
Namalwa 40 µM etoposide 18 h

following 1 week pretreatment
with retinoic acid containing

mixture

40.2

CEM 40 µM etoposide 18 h 70.4
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