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Summary

Purpose: B cell chronic lymphocytic leukemia (B-CLL)
is an neoplastic disorder characterized by alterations in the
pathways of programmed cell death (apoptosis). Deregula-
tion of apoptosis pathways also contributes to chemoresis-
tance of B-CLL cells. Therefore, it is not surprising that in-
duction and acceleration of apoptosis represent key point in
novel B-CLL therapeutic protocols. The present study was
designed to investigate the effects of two natural products,
Immunarc forte and Korbazol on the in vitro survival of leu-
kemic cells.

Methods: Peripheral blood mononuclear cells (PBMC)
from 20 B-CLL patients and 20 healthy donors were used for
cytotoxicity studies. Cytotoxic activity of the tested products
were assessed by the MTT colorimetric assay and the type of
cell death was determined by flow cytometry.

Results: We found that Korbazol was selectively cyto-
toxic against B-CLL cells, but the cytotoxic activity of Im-

Introduction

Apoptosis, also called programmed cell death,
has been introduced on the basis of observations that
cells which die during development also have a charac-
teristic set of structural changes notably different from
necrosis. However, these characteristics may be ob-
served on cells that die in different conditions: Natural
killer (NK) cells, dendritic cells or T cells cytotoxicity
[1-3]; negative selection of immune cells in the thymus
[4]; normal cellular turnover in tissues [5,6]; in tumors
and normal tissues when they are exposed to low doses
of ionizing radiation [7,8]; chemotherapeutics [9,10]
and even hypoxia [11,12]. Apoptosis essentially repre-

munarc forte was much weaker. Of note, synergy was shown
between these two drugs, and this effect was also selective,
without affecting the normal mononuclear cells. According
to Annexin-V binding, Korbazol and Immunarc forte induced
apoptotic type of cell death in B-CLL cells. Moreover, treat-
ment with Korbazol, but not with Immunarc forte, decreased
spontaneous apoptosis in cultured normal polymorphonu-
clear cells.

Conclusion: Our findings imply that Korbazol is as
potential therapeutic agent that induces apoptosis of B-CLL
cells. The resistance of normal mononuclear cells and anti-
apoptotic effects on normal polymorphonuclear cells, as well
as its ability to synergize with Immunarc forte, warrants fur-
ther investigation and supports their therapeutic application
in the treatment of B-CLL.

Key words: apoptosis, chronic lymphocytic leukemia, im-
munarc forte, korbazol, natural products

sents controlled breakdown of cells. Today, we know
that apoptosis is involved in many physiological pro-
cesses and that there is hardly any disease whose patho-
genesis can be explained without apoptosis. Generally,
there are diseases with too little apoptosis and diseases
with too much apoptosis. For example, autoimmune
diseases are characterized by impaired apoptosis of T
lymphocytes, whereas cancer could be looked upon as
a disease where the net increase in tumor burden is the
sum of an increased growth rate and a decreased apop-
totic rate.

Programmed cell death plays a central role in the
selection and differentiation of lymphoid cells [4,6], as
well as in regulating the size of the mature lymphocyt-
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ic population [5]. Imbalances in genetic mechanisms
that either promote or block physiological cell death
can slow or even stop normal cell turnover resulting
in progressive accumulation of the malignant clone. A
large amount of evidence indicates that malignancies
ofthe lymphoid tissue could be caused by deregulation
of'apoptosis [13-16]. B-CLL represents a typical exam-
ple of malignancy caused by failed programmed cell
death. B-CLL originates from the clonal expansion of
long-lived B-lymphoid cells, most of which are in G/
G phase [17-19]. The high level of bel-2 expression,
generally observed in B-CLL, has been implicated in
the deregulation of apoptosis in the leukemic cells, as
well as a loss of functional p53 and mitochondrial de-
fects [20-24]. There is also evidence that c-myc onco-
gene, implicated both in the induction and prevention
of apoptosis, can be relevant for dysfunction of apop-
totic events in B-CLL [25,26].

Therefore, induction and acceleration of apopto-
sis become major aims in novel B-CLL therapeutic pro-
tocols. Although characterized by an extended lifespan
in vivo [27], B-CLL cells spontaneously die in vitro
[28,29] and in response to stimuli such as chlorambu-
cil and other cytotoxic drugs, steroids, calcium iono-
phore, and purine nucleoside analogs [30-32]. Protein
kinase C phosphorylation may prevent apoptosis [33],
whereas cytokines prevent (IL-4, IL-9, interferon-y
and -a) or induce (IL-5 and IL-10) apoptosis of B-CLL
cells [34-38].

Although initially responsive to a number of
chemotherapeutic drugs, B-CLL cells rapidly develop
drug resistance and ultimately cause treatment failure,
regardless of the drugs used [39-44]. In this regard, B-
CLL remains an incurable disease and therefore it is not
surprising that there is still substantial interest in iden-
tifying new drugs that induce B-CLL apoptosis with
greater selectivity.

We report herein the induction of apoptosis in B-
CLL cells cultured with the natural product Korbazol
and the recruitment of its action with another natural
product, Immunarc forte. The DNA cleavage pattern,

733

Annexin-V binding, effect of inhibitors, and synergy
between these two products are discussed, and the clin-
ical implications of these observations are addressed.

Methods

Patients and samples

Peripheral blood was obtained from untreated B-
CLL patients referred to the CLL out-patient clinic at
Kragujevac University Hospital. The local Ethics Com-
mittee approved the study and prior to initiation written
informed consent was obtained from all subjects ac-
cording to the Declaration of Helsinki. Diagnosis and
staging were based on standard clinical, morphologic
and immunophenotyping criteria.

PBMC from 20 B-CLL patients and from 20
healthy donors were isolated from heparinized blood
samples by centrifugation over a Histopaque 1077 layer
(Sigma, Germany) at a density of 1.077 g/ml. The sepa-
rated cells were washed 3 times in RPMI 1640 culture
medium (20 mM Hepes, Sigma, Germany) and finally
suspended in the supplemented culture medium RPMI
1640 (10% autologous serum, 2 mM L-glutamine, 100
[U/ml penicillin G and 100 pg/ml streptomycin, all from
Sigma, Germany). Cell number and viability were de-
termined using Trypan blue and Acridine orange/Ethidi-
um bromide staining (all from Sigma, Germany). Fresh-
ly isolated cells were used for cytotoxicity studies.

Test compounds

Immunarc forte and Korbazol (all from Biofarm
Group, Serbia) are natural products registered as dietary
supplements (Department of Preventive Medicine,
MMA, Belgrade, Serbia: Immunarc forte N435/04,
Korbazol HA108/05; Table 1). To produce the extract,
3.2g of Korbazol were dissolved in 10 ml of ddH,0/5%
DMSO (Merck) and filtered through nitrocellulose sy-
ringe filters (Millipore, USA). The sterile extract was

Table 1. Composition of Immunarc forte and Korbazol

Immunarc forte (capsule)

Korbazol (250 g)

Phaeophycea digitata Khorbi (Brown Seaweed) 2.0 mg

Echinacea purpurea pulvis 90.0 mg
Germanium - 132 (Ge 132) 1.5 mg
Nicotinic acid (B3) 8.0 mg

Retinol (A) 80.0 IUs

Pyridoxine hydrochloride (B6) 1.0 mg
Tocopherol adsorbate (E) 20.0 IUs
Ascorbic acid (C) 12.0 mg

Guarana (liquid extract) 1.19 ml
Propolis (dry extract) 595.24 mg
Pollen P2 1071.43 mg
Zeolit4761.9 mg

Echinacea purpurea 1190.48 mg
Honeyad 250 g
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stored at -20° C. Immunarc forte was dissolved in water
(10 mg/ml ddH,0) to produce stock solution.

Cytotoxicity

The assay was performed in 96-well flat-bot-
tom microtiter plates. PBMC from B-CLL patients
or healthy donors were seeded into the microwells
(4x10°/200 pl/well) in culture medium with or with-
out various concentrations of Immunarc forte (30, 60,
120, 250, 500 and 1000 pg/ml) or decreasing dilutions
of Korbazol extract (1:256, 1:128, 1:64, 1:32, 1:16 and
1:8). Cells were incubated for up to 48 h at 37° C in an
atmosphere of 5% CO, and absolute humidity. Eight
wells per plate with B-CLL cells and normal PBMC cul-
tured in 200 pl of standard medium with corresponding
concentration of DMSO were used as control. Cultured
cell viability was determined by assaying the reduction
of MTT to formazan. In brief, after incubation of cells,
media were removed and MTT (0.5 mg/1 ml of PBS)
was added to each well. The cells were then incubated
at 37° C for 4h, and DMSO (100 pl/well) was added to
dissolve the formazan crystals. Absorbance was mea-
sured at 550 nm with a multiplate reader (Zenith 3100,
Anthos Labtec Instruments GmbH, Austria).

Analysis of cell death

After cultivation with Korbazol (extract dilution
1: 8) or Immunarc forte (1000 pg/ml), cells were har-
vested by centrifugation, suspended in RPMI 1640 cul-
ture medium and aliquoted for flow cytometry as well
as for electrophoresis.

Flow cytometry

The apoptotic and viable cells were detected us-
ing Annexin-V-FITC/7-AAD kit (Beckman Coulter,
USA) according to the manufacturer’s instructions.
Annexin-V binding detects relocation of membrane
phosphatidyl serine from the intracellular surface to
the extracellular surface, which is a hallmark of apop-
tosis. Flow cytometric analysis of labeled cells was per-
formed by FACS Caliber flow cytometry (Becton Dick-
inson, Mountain View, CA). Analysis of the percentage
of viable cells or Annexin-V positive cells (apoptotic
cells) was calculated using software package CellQuest
software (Becton Dickinson, USA).

DNA fragmentation: Analysis using agarose gel elec-
trophoresis

This procedure is based on the internucleosomal

DNA cleavage, one of the most important biochemical
hallmarks for the apoptotic mode of cell death. Specif-
ically, when DNA extracted from apoptotic cells was
analyzed using gel electrophoresis, a characteristic in-
ternucleosomal “ladder” of DNA fragments was found.
DNA fragmentation was analyzed by the gel electro-
phoresis method. Briefly, cells were lysed with 1% so-
dium dodecyl sulfate (SDS) in TE buffer (10 mM Tris,
pH 8.0, 0.5 mM EDTA and 1% SDS) and digested by
proteinase K (100 pg/ml; Oncogene, Germany) for 4h
at 56° C. Samples were extracted with phenol and chlo-
roform and the DNA was precipitated with a 1/10 vol-
ume of 3M sodium acetate and an equal volume of eth-
anol. DNA was pelleted at 13,000 % g and resuspended
in TE buffer and 10 pg/ml of DNase free RNase (On-
cogene, Germany) for 30 min at 37° C. DNA samples
were analyzed on 2% agarose gel (Agarose, Eurogen-
tec, Belgium) in TAE buffer (0.04M Tris-acetate, 2mM
EDTA) by electrophoresis at 50V for 120 min. The
DNA was stained with ethidium bromide (EB) (0.5 ng/
ml) and visualized with 312 nm UV light.

Statistical analyses

Statistical analyses were performed using com-
mercially available software (SPSS version 13.0; SPSS
Inc., Chicago, IL). The distributions of data were evalu-
ated for normality using Kolmogorov-Smirnov test and
then retested with x> test. Comparison of quantitative
parametric data between two study groups was done
using unpaired t-test. With nonparametric data and two
study groups Mann-Whitney test was used. Data were
analyzed by Kruskal-Wallis test in case of more than
two groups and nonparametric data. One-way ANOVA
was performed in case of more than two groups and
parametric data. When this test indicated significant
differences, the Bonferroni test was used to identify in-
tergroup differences. A p-value <0.05, from two-sided
tests, was considered statistically significant.

Results

Flow cytometry

To characterize the type of cell death induced by
Korbazol and Immunarc forte, treated and untreated cells
were labeled with Annexin-V-FITC and assayed on flow
cytometer. Whereas 23% of untreated cells were Anex-
ine-V positive (Figure 1A), due to spontaneous apopto-
sis after cultivating B-CLL lymphocytes in vitro, 36% of
Annexin-V-positive cells were recorded after treatment
with Immunarc forte (Figure 1B) and 85% after treat-



ment with Korbazol (Figure 1C). These results explicitly
revealed that both Korbazol and Immunarc forte induced
apoptotic type of cell death in B-CLL lymphocytes.

A
133 - (10000) [D AND D] FL1 Log - ADC
X
10° 102 10°
FITC
B
75 (10000) [D AND D] FL1 Log - ADC
] X
100 10° 102 10°
FITC
c (10000) [D AND D] FL1 Log - ADC
170

100 107 102
FITC

Figure 1. Flow cytometric analysis of Annexin-V FITC staining.
CLL cells were incubated for 48h without the tested compounds (A)
or with 1000 pg/ml Immunarc forte (B) and Korbazol extract dilu-
tion 1:8 (C). The percent of apoptotic and viable cells were deter-
mined by analysis of Annexin-V-FITC binding on flow cytometer.

735

DNA fragmentation: Analysis using agarose gel elec-
trophoresis

To determine whether morphological changes
observed in B-CLL cells treated with the tested com-
pounds were in agreement with chromatin degrada-
tion, DNA extracted from apoptotic cells was electro-
phoresed on 2% agarose gel. Despite several cases in-
vestigated, Korbazol did not induce any visible ladder
formation in B-CLL cells. Yet, a substantial amount of
high-molecular-weight DNA was present in samples
treated with higher doses (Photo 1).

Korbazol and Immunarc forte are selectively cytotoxic
toward B-CLL cells

Our investigation was aimed to determine poten-
tial the cytotoxic effects of Immunarc forte and Korba-
zol on B-CLL mononuclear cells. As shown in Figure
2A, we found that normal PBMC were resistant to Im-
munarc forte at all tested concentrations. Next, we ob-
served that Immunarc forte had weak cytotoxic effect
on B-CLL mononuclear cells (8% cytotoxicity at 500
pug/ml, 13.0% cytotoxicity at 1000 pg/ml).

B-CLL cells were also sensitive to Korbazol and

Photo 1. DNA electrophoresis of Korbazol-treated CLL cells.
Lane A: 100 bp molecular weight marker. Lane B: CLL cells ex-
posed to Korbazol extract dilution 1:8.
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this drug was considerably cytotoxic and showed po-
tent proapoptotic effects on B-CLL cells. This property
was dose-dependent (increases in concentration mark-
edly induced apoptosis with concomitant decrease of
viable cells). Korbazol demonstrated significant cyto-
toxic effects (Kruskal-Wallis, p<0.001), starting with
lower doses (extract dilution 1:128), with maximal
cytotoxicity at higher doses: 36.0% at dilution 1:16
(Bonferroni test, p<0.001) and 74.2% at dilution 1:8
(Bonferroni test, p<0.001). Nevertheless, control PB-
MC were substantially less sensitive to Korbazol and
only the highest concentration of the tested compound
showed weakly cytotoxic effects (6.0% at 1:8) (Figure
2B). This finding was confirmed using an additional 40
B-CLL patients (data not shown).

These results unequivocally demonstrated that
Korbazol effectively and very selectively induced
apoptosis in leukemic cells. To confirm selective ef-
fects of Korbazol we compared quantitative parametric
data between two study groups (CLL cells and normal
PBMC) by application of unpaired t-test and the dif-
ferences were highly significant (dilution 1:16, t-test;
p=0.016; dilution 1:8, t-test; p<<0.001).
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Figure 2. Selective toxicity of Immunarc forte and Korbazol to-
ward CLL cells. CLL cells and normal PBMC were incubated for
48h with the indicated concentration of Immunarc forte (A) or
dilutions of Korbazol extract (B). Cell death was determined by
MTT assay. Data are shown as percentages of cytotoxicity. Values
represent the mean (+SD) of triplicate samples from 20 different
experiments.

Immunarc forte and Korbazol are synergistic in B-CLL
apoptosis

To examine whether the tested compounds have
synergistic effect, B-CLL cells were incubated with op-
timal and suboptimal concentrations of Immunarc forte
and Korbazol and apoptosis was quantified. The synergis-
tic action of these two compounds was constantly dem-
onstrated within a broad range of concentrations (Figure
3). The ability of Immunarc forte to exert great impact
on the cytotoxic activity of Korbazol was most clearly
evident in a situation when low doses of Immunarc forte,
inefficient to induce apoptosis in B-CLL cells, were com-
bined with different doses of Korbazol. Very high levels
of B-CLL cells apoptosis (~ 70%) was reached when low
dose Immunarc forte (0.12 mg/ml) were used in combi-
nation with Korbazol at extract-dilution 1:16, while the
same results were obtained with Korbazol alone at 2-fold
higher concentration. The difference between the com-
bined vs. single use was statistically significant (One way
ANOVA, p=0.006). Moreover, the same combinations
had little effect on apoptosis of normal PBMC in identi-
cal culture conditions (data not shown).

Effect of synthesis inhibitor on Korbazol-induced B-
CLL apoptosis

To assess whether the apoptotic activity of Korba-
zol is under the control of active metabolism, B-CLL cells
were incubated with cycloheximide at concentrations pre-
viously shown to be inhibitory to protein synthesis in the
human mononuclear cells. Preincubation for 1h or even
48h coincubation with cycloheximide failed to prevent
Korbazol-induced apoptosis in B-CLL cells. Moreover,
using drug-free cultures we demonstrated that cyclohex-
imide in fact enhanced/induced rather than abrogated
spontaneous apoptosis in B-CLL cells (Figure 4). These

If 0.12 mg/mi
K 1:64
If 0.12 mg/ml + K 1:64

If 0.12 mg/ml
K1:16
If0.12 mg/ml + K 1:16

If 0.12 mg/ml
K1:8
If0.12 mg/ml + K 1:8

0 20 40 60 80
Percent of apoptotic cells

100

Figure 3. Synergism of Immunarc forte and Korbazol in CLL apop-
tosis. CLL cells were incubated for 48h with Immunarc forte (If)
(0.12 mg/ml) and increasing doses of Korbazol (K) (extract dilutions
1:64, 1:16 and 1:8) as indicated in the Figure. Percentages of apop-
totic cells are the mean (+SD) from 6 different experiments.



results clearly demonstrate that induction of apoptosis
by Korbazol does not require de novo protein synthe-
sis, raising the possibility that this compound uses some
kind of pre-existing death machinery.

Korbazol, but not Immunarc forte, decreases spon-
taneous apoptosis in cultured polymorphonuclear
leukocytes

Contrary to mononuclear cells, peripheral blood-
derived polymorphonuclear leukocytes (PMN) do not
survive more than 24-48 h in vitro without the addi-
tion of survival-promoting cytokines. This physiolog-
ical apoptosis is markedly expressed in cultured PMN
which are rapidly undergoing apoptosis, as soon as af-
ter 24 h of incubation in vitro, when more than 80% of
cultured PMN show morphological signs of apoptosis.
Thereafter, we investigated the effects of Immunarc
forte and Korbazol on spontaneous apoptosis of cul-
tured normal PMN leukocytes.

The percent of apoptotic PMN cultured in medi-
um without the tested products was more than 90% of
the total cells. Immunarc forte did not alter spontaneous
apoptosis of PMN. Treatment with this compound failed
to either protect or induce PMN apoptosis (Figure 5A).
On the contrary, the response of PMN to Korbazol was
quite different, since this compound decreased sponta-
neous apoptosis in cultured PMN, demonstrating mild

CHX 0.5 pg/ml
K 1:16
K 1:16 + CHX 0.5 pg/ml

CHX 2.5 pg/ml
K1:16
K 1:16 + CHX 2.5 pg/ml

CHX 10 pg/ml
K 1:16
K 1:16 + CHX 10 pg/ml

CHX 0.5 pg/ml
K1:8
K 1:8 + CHX 0.5 pg/ml

CHX 2.5 ug/ml
K18
K 1:8 + CHX 2.5 pg/ml

CHX 10 pg/ml
K1:8
K 1:8 + CHX 10 pg/ml

0 20 40 60 80 100
Percent of apoptotic cells

1
120

Figure 4. Effect of protein synthesis inhibitor on Korbazol-in-
duced CLL apoptosis. Suspensions of CLL cells were incubated
for 48h with Korbazol extract (K) dilutions 1:16 and 1:8 in the
presence or absence of increasing doses of cycloheximide (CHX)
(0.5,2.5 and 10 pg/ml). Data are shown as percentages of apoptot-
ic cells detected in cultures. Results represent means (+SD) from
triplicate samples from 4 experiments.
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antiapoptotic effect. Whereas viability of PMN cultured
for 48 h without the tested compounds was only 6.2%, in
the presence of Korbazol viability increased up to 3-fold.
The highest increase in viability of PMN was observed
at Korbazol extract dilution 1:64 and 1:32 (18.6 and
19.9%, respectively) (Figure 5B). The protective effect
was dose-dependent. However, at the highest concentra-
tion (dilution 1:16 and 1:8), this effect decreased.

Discussion

In the present work we examined the apoptotic
effects of two different natural products using B-CLL
cells and normal mononuclear and polymorphonuclear
cells as targets. B-CLL is the most common leukemia in
adults and is characterized by accumulation of lympho-
cytes, most likely as a consequence of their longer sur-
vival compared with normal mononuclear leukocytes
[45]. CLL is a typical example of malignancy caused
by a failure in cell death mechanisms rather than escape
from the proliferative control mechanisms. This may be
explained, at least in part, by the high levels of the anti-
apoptotic protein Bcl-2 found in most B-CLL cells and
an associated low expression of the proapoptotic protein
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Korbazol extract dilutions
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Figure 5. Effects of Immunarc forte and Korbazol on spontane-
ous apoptosis in polymorphonuclear leukocytes. Normal polymor-
phonuclear leukocytes were cultured in medium without the tested
products, or with different doses of Immunarc forte (A) or Korba-
zol (B). Data are shown as percentages of viable cells. Values rep-
resent the mean (+SD) of duplicate samples from 10 CLL cases.
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Bax, loss of functional p53, mitochondrial defects and
prosurvival cytokines in the microenvironment [46,47].
Moreover, accumulation of mutations in apoptosis pro-
grams may result in limited benefit of chemotherapeu-
tic drugs and the development of multidrug resistance
[48]. As such, novel therapeutic interventions and nov-
el molecular targets for the induction of apoptosis are
required. There is an increasing interest in the possible
use of natural products for malignant diseases since re-
cent studies have shown an impressive array of tumor
inhibitory compounds of plant origin [49].

The results of the present study show that the nat-
ural product Korbazol strongly and selectively induc-
es apoptotic killing of CLL cells. The dose-response
of apoptosis induction illustrates the marked sensitiv-
ity of CLL cells to this agent. However, whereas CLL
cells were sensitive to Korbazol, normal mononuclear
cells were significantly less sensitive. On the contrary,
Korbazol decreased spontaneous apoptosis in cultured
normal polymorphonuclear cells and in that way dem-
onstrated protective, antiapoptotic effect.

Immunarc forte induced lower apoptotic response
in B-CLL cells compared with Korbazol, but these two
compounds synergized in inducing the killing of a sig-
nificant proportion of B-CLL isolates. However, higher
degrees of synergy were observed using low dose Im-
munarc forte with Korbazol. For example, whereas di-
lutions 1:8 and 1:16 of Korbazol extract were required
to achieve ~70% and ~30% killing of the B-CLL cells,
the same level of death was obtained with Korbazol ex-
tract dilutions 1:32 and 1:64 when combined with 0.12
mg/ml Immunarc forte, giving a dose reduction index
of2 and 4, respectively. Therefore, co-administration of
Immunarc forte may allow substantial reductions in the
doses of the cytotoxic drugs required to achieve substan-
tial cell killing. The combined use of several chemother-
apeutic drugs is advantageous, because each can have a
somewhat different range of toxic side effects, and sev-
eral relatively minor side effects are more tolerable than
a single major toxicity.

Furthermore, our study showed that Korbazol-
induced apoptosis is not dependent on de novo protein
expression. However, the primary mechanism of ac-
tion and the cellular targets of this agent are under in-
vestigation. Some unpublished data suggest that free
radicals may be responsible for the observed cytotoxic
activity of the tested compounds. Still, in this study we
couldn’t uncover any changes in nitrogen reactive spe-
cies production by B-CLL cells after treatment with
Immunarc forte or Korbazol (data not shown). In rela-
tion to drug composition and preliminary findings, we
hypothesized that the probable mechanism of action
may be associated with elevations in cytosolic Ca®"

and opening of mitochondrial permeability transition
(PT) pores leading to release of cytochrome-C and oth-
er proapoptotic molecules [50-52].

In conclusion, the studies reported here identi-
fy Korbazol as potential therapeutic agent that induc-
es apoptosis of B-CLL cells. The resistance of normal
mononuclear cells and antiapoptotic effects on normal
polymorphonuclear cells, as well as its ability to syner-
gize with Immunarc forte, suggest that further evaluation
may result in therapeutic application of Korbazol in the
treatment of B-CLL. Furthermore, the selectivity of Kor-
bazol may provide the basis for new treatment programs
against a broad spectrum of human malignancies.

Acknowledgements

This work was partially supported by the grant
1637 from the Ministry of Science, Republic of Serbia.
We thank Dr. Biljana Milicic for statistical expertise. We
also thank Milan Milojevic for administrative, technical
and logistic assistance.

References

1. Vujanovic NL, Nagashima S, Herberman RB, Whiteside TL.
Nonsecretory apoptotic killing by human NK cells. J Immu-
nol 1996; 157: 1117-1126.

2. Berke G. The CTL’s kiss of death. Cell 1995; 81:9-12.

3. Janjic BM, Lu G, Pimenov A et al. Innate direct anticancer ef-
fector function of human immature dendritic cells. I. Involve-
ment of an apoptosis-inducing pathway. J Immunol 2002;
168: 1823-1830.

4. Smith CA, Williams GT, Kingston R et al. Antibodies to CD3/
T-cell receptor complex induce death by apoptosis in imma-
ture T-cells in thymic culture. Nature 1989; 337: 181-184.

5. Strasser A. Life and death during lymphocyte development
and function: evidence for two distinct killing mechanisms.
Curr Opin Immunol 1995; 7: 228-234.

6. Nieman PE, Thomas SJ, Loring G. Induction of apoptosis dur-
ing normal and neoplastic B-cell development in the bursa of
Fabricius. Proc Natl Acad Sci USA 1991; 88: 5857-5861.

7. Sellins KS, Cohen JJ. Gene induction by gamma-irradiation
leads to DNA fragmentation in lymphocytes. J Immunol
1987; 139: 3199-3206.

8. Story MD, Stephens LC, Tomasovic SP, Meyn RE. A role for
calcium in regulating apoptosis in rat thymocytes irradiated in
vitro. Int J Radiat Oncol Biol Phys 1992; 61:243-251.

9. Debatin KM, Poncet D, Kroemer G. Chemotherapy. Target-
ing the mitochondrial cell death pathway. Oncogene 2002;
21: 8786-8803.

10. Martin SJ, Green DR. Apoptosis as a goal of cancer therapy.
Curr Opin Oncol 1994; 6: 616-621.

11.  Greijer AE, van der Wall E. The role of hypoxia inducible
factor 1 (HIF-1) in hypoxia induced apoptosis. J Clin Pathol
2004; 57:1009-1014.

12. RivaC, Chauvin C, Pison C, Leverve X. Cellular physiology
and molecular events in hypoxia-induced apoptosis. Antican-



13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

cer Res 1998; 18:4729-4736.

DiBacco A, Keeshan K, McKenna SL, Cotter TG. Molecular
abnormalities in chronic myeloid leukemia: deregulation of
cell growth and apoptosis. Oncologist 2000; 5: 405-415.
Ghysdael J, Tran Quang C, Deiner EM et al. Erythroid cell
development and leukemic transformation: interplay between
signal transduction, cell cycle control and oncogenes. Pathol
Biol (Paris) 2000; 48: 211-226.

Parker JE, Mufti GJ, Rasool F et al. The role of apoptosis,
proliferation, and the Bcl-2-related proteins in the myelodys-
plastic syndromes and acute myeloid leukemia secondary to
MDS. Blood 2000; 96: 3932-3938.

Testa U, Riccioni R. Deregulation of apoptosis in acute my-
eloid leukemia. Haematologica 2007; 92: 81-94.

Chiorazzi N, Rai KR, Ferrarini M. Chronic lymphocytic leu-
kemia. N Engl J Med 2005; 352: 804-815.

Sanchez-Beato M, Sanchez-Aguilera A, Piris MA. Cell cycle de-
regulation in B-cell lymphomas. Blood 2003; 101: 1220-1235.
Wolowiec D, Ciszak L, Kosmaczewska A et al. Cell cycle reg-
ulatory proteins and apoptosis in B-cell chronic lymphocytic
leukemia. Haematologica 2001; 86: 1296-1304.

Aviram A, Rabizadeh E, Zimra Y et al. Expression of bcl-2
and bax in cells isolated from B-chronic lymphocytic leuke-
mia patients at different stages of the disease. Eur ] Haematol
2001; 64: 80-84.

Dohner H, Fischer K, Bentz M et al. P53 gene deletion predicts
for poor survival and non-response to therapy with purine ana-
logs in chronic B-cell leukemias. Blood 1995; 85: 1580-1589.
Carew JS, Huang P. Mitochondrial defects in cancer. Mol
Cancer 2002; 1: 9 (http://www.ncbi.nlm.nih.gov/pubmed/
12513701).

Thomas A, Pepper C, Hoy T, Bentley P. Bcl-2 and bax expres-
sion and chlorambucil-induced apoptosis in the T-cells and
leukaemic B-cells of untreated B-cell chronic lymphocytic
leukaemia patients. Leuk Res 2000; 24: 813-821.
Prokocimer M, Rotter V. Structure and function of p53 in nor-
mal cells and their aberration in cancer cells: Projection on the
hematologic cell lineages. Blood 1994; 84: 2391-2411.
Lotem J, Sachs L. Regulation by Bcl-2, c-myc and p53 of
susceptibility to induction of apoptosis by heat shock and
cancer chemotherapy compounds in differentiation compe-
tent and defective myeloid leukemic cells. Cell Growth Dif-
fer 1993;4:41-47.

Chi VD. c-Myc target genes involved in cell growth, apopto-
sis, and metabolism. Mol Cell Biol 1999; 19: 1-11.

Reed JC, Kitada S. Apoptosis dysregulation in chronic lympho-
cytic leukemia. In: Cheson BD (Ed): Chronic lymphoid leuke-
mias. Marcel Dekker Inc., New York, 2001, pp 111-126.
Russell J, Collins LA, Verschuer BV et al. Spontaneous pro-
grammed death (apoptosis) of B-chronic lymphocytic leu-
kaemia cells following their culture in vitro. Br J Haematol
2008; 71: 343-350.

Djurdjevic P, Zelen I, Ristic P, Baskic D, Popovic S, Arseni-
jevic N. Role of decreased production of interleukin-10 and
interferon-gamma in spontaneous apoptosis of B-chronic
lymphocytic leukemia lymphocytes in vitro. Arch Med Res
2009;40: 357-363.

Jones DT, Addison E, North JM et al. Geldanamycin and her-
bimycin A induce apoptotic killing of B chronic lymphocytic
leukemia cells and augment the cells’ sensitivity to cytotoxic
drugs. Blood 2004; 103: 1855-1861.

Mentz F, Mossalayi MD, Ouaaz F et al. Theophylline syner-
gizes with chlorambucil in inducing apoptosis of B-chronic
lymphocytic leukemia cells. Blood 1996; 88:2172-2182.
Knox KA, Gordon J. Protein tyrosine phosphorylation is man-

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

739

datory for CD40O-mediated rescue of germinal center B cells
from apoptosis. Eur J Immunol 1993; 23: 2578-2584.
Renauld JC, Vink A, Louahed J, Van Snick J. Interleukin-9 is
a major anti-apoptotic factor for thymic lymphomas. Blood
1995; 85: 1300-1305.

Fluckiger AC, Durand I, Banchereau J. Interleukin 10 induces
apoptotic cell death of B-chronic lymphocytic leukemia cells.
JExp Med 1994; 179: 91-99.

Mainou-Fowler T, Craig VA, Copplestone JA et al. Interleu-
kin-5 (IL-5) increases spontaneous apoptosis of B-cell chronic
lymphocytic leukemia cells in vitro independently of bel-2 ex-
pression and is inhibited by IL-4. Blood 1994; 84: 2297-2304.
Jewell AP, Worman CP, Lydyard PM et al. Interferon-alpha up-
regulates bcl-2 expression and protects B-CLL cells from apop-
tosis in vitro and in vivo. Br J Haematol 2008; 88: 268-274.
Chaouchi N, Wallon C, Taieb J et al. Interferon a-mediated
prevention of in vitro apoptosis of chronic lymphocytic leu-
kemia B cells: role of bel-2 and c-myc. Clin Immunol Immu-
nopathol 1994; 73: 197-204.

Pu QQ, Bezwoda WR. Interleukin-4 prevents spontaneous
in vitro apoptosis in chronic lymphatic leukaemia but sensi-
tizes B-CLL cells to melphalan cytotoxicity. Br J] Haematol
2003;98:413-417.

Wattel E, Preudhomme C, Hecquet B et al. pS3 mutations are
associated with resistance to chemotherapy and short survival
in hematologic malignancies. Blood 1994; 84: 3148-3157.
Dohner H, Fischer K, Bentz M et al. p53 gene deletion predicts
for poor survival and non-response to therapy with purine ana-
logs in chronic B-cell leukemias. Blood 1995; 85: 1580-1589.
Carew JS, Zhou Y, Albitar M et al. Mitochondrial DNA muta-
tions in primary leukemia cells after chemotherapy: clinical
significance and therapeutic implications. Leukemia 2003;
17:1437-1447.

Pepper C, Thomas A, Hidalgo de Quintana J et al. Pleiotropic
drug resistance in B-cell chronic lymphocytic leukaemia: the role
of Bcl-2 family dysregulation. Leuk Res 1999; 23: 1007-1014.
Klein A, Miera O, Bauer O et al. Chemosensitivity of B cell
chronic lymphocytic leukemia and correlated expression of
proteins regulating apoptosis, cell cycle and DNA repair. Leu-
kemia 2000; 14: 40-46.

Andrew RP, Elizabeth CM, John CC. Homotypic interactions
protect chronic lymphocytic leukaemia cells from spontane-
ous death in vitro. Leukemia Res 2001;25: 1003-1012.
Bentley DP, Pepper CJ. The apoptotic pathway: a target for
therapy in chronic lymphocytic leukemia. Hematol Oncol
2000; 18: 87-98.

Hamblin TJ, Oscier DG. Chronic lymphocytic leukaemia: the
nature of the leukaemic cell. Blood Rev 1997; 11: 119-128.
Deaglio S, Malavasi F. Chronic lymphocytic leukemia mi-
croenvironment: shifting the balance from apoptosis to pro-
liferation. Haematologica 2009; 94: 752-756.

Grandjean F, Bremaud L, Robert J, Ratinaud MH. Alterations
in the expression of cytochrome-c oxidase subunits in doxo-
rubicin-resistant leukemia K562 cells. Biochem Pharmacol
2002; 63: 823-831.

Olle D. Cancer drug treatments from natural products. Nat
Rev Cancer 2002; 2: 143-148.

Hajnoczky G, Davies E, Madesh M. Calcium signaling and
apoptosis. Biochem Biophys Res Comm 2003; 304: 445-454.
Daugas E, Nochy D, Ravagnan L et al. Apoptosis-inducing
factor (AIF): a ubiquitous mitochondrial oxidoreductase in-
volved in apoptosis. FEBS Lett 2000; 476: 118-123.

van Loo G, Saelens X, van Gurp M et al. The role of mito-
chondrial factors in apoptosis: a Russian roulette with more
than one bullet. Cell Death Differ 2002; 9: 1031-1042.



