
Introduction

The multidrug resistance of cancer cells is usually con-
sidered as one of the most important problems complicating
chemotherapy (1). It seems that the multidrug resistance is
a more common type of the resistance to cytostatics (10)
and is the mostly studied topic of the cancer research in the
last three decades (13). 

The chemoresistance is often associated with the pre-
sence of proteins decreasing the intracellular drug concentra-
tion such as P-gp, MRP, and LRP proteins. P-gp (P-glyco-
protein) and MRP (multidrug resistance associated protein)
belong to the ABC (ATP-binding cassette) transporter pro-
teins which are present in cell membranes. They act as the
pumps changing the drug concentration in the cell. LRP
(lung resistance protein) is a member of human vault pro-
tein family and participates in the drug sequestration into
the cell vesicles (1,13). 

The changes in apoptotic process which disable the cell
death, as it is usual in the treatment with cytostatics, is
another important issue in the area of chemoresistance
(15). The key role in the apoptosis plays the cystein pro-
teases – caspases system which has about 10 enzymes inter-
acting with other apopotic factors and being active in the
proteolytic cascade which ends with the degradation of all
life important cell structures such as DNA, intracellular en-
zymes, and structural proteins (5). Bcl-2, Bax and other

similar proteins play an important role in the apoptotic pro-
cess (21). They have either proapoptotic (Bax, Bad, Bak, Bik,
Bid, Hrk, Bcl-XS) or antiapoptotic (Bcl-2, Bcl-XL, Mcl-1,
A1/BFL-1, Bcl-W) effects. The overexpression of the anti-
apoptotic members of the Bcl-2 protein family often induce
chemoresistance due to the apoptosis disability (14).

There are three key points of the apoptosis towards which
many cell processes and methods of apoptosis evaluation
are related. They are: the chromatin condensation (DNA
fragmentation detected with the TUNEL test), the mito-
chondria membrane potential breakdown, and plasma
membrane changes (fosfatidylserin detection by the anne-
xin test) (19). Caspases and Bcl-2 protein family members
are also often examined in many studies. The leukemic cells
cultivation with cytostatics help to predict the effectivness
of the treatment (4).

Material and methods

Patients
Thirty five patients with AML, 16 men and 19 women

with an average age 62 years, were enrolled in this study.
This study was approved by the institutional ethical com-
mittee. Written consent of every patient was obtained. We
cooperated with the Hematology Department of the Faculty
Hospital in Hradec Králové and other hematology depart-
ments in our region. 
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Samples 
Samples of the heparinized peripheral blood and bone

marrow were used for the analysis. Mononuclear cells se-
parated by the density gradient centrifugation (Lympho-
prepTM, Nyegaard & Co. A/S) were used for the indirect
immunofluorescence. 

Detection of “multidrug resistance associated“ proteins
P-gp protein was detected by the direct immunofluores-
cence with UIC2–PE monoclonal antibody (Immunotech).
Another P-gp detection was performed by indirect immuno-
fluorescence with MRK16 monoclonal antibody (Kamiya
Biomedical Company). Before MRP, LRP, Bcl-2 and Bax
protein labeling permeabilization by IntraPrepTM Per-
meabilization Reagent (Immunotech) was performed. MRP
protein was detected with MRPr1 monoclonal antibody
(Monosan) by indirect immunofluorescence, LRP protein
was detected with LRP-56 monoclonal antibody (Mono-
san) by indirect immunofluorescence, Bcl-2 protein was de-
tected with Bcl-2/100 monoclonal antibody (PharMingen)
by direct immunofluorescence and Bax protein was de-
tected with 4F1 monoclonal antibody (Immunotech) by in-
direct immunofluorescence. Secondary labeling was carry
out by PE-conjugated antibody (F(ab‘)2 anti IgG, Immu-
notech).

Evaluation and controls
The flow cytometry analysis was performed using

Epics®XL (Beckman Coulter Company) equipment. The
P-gp, MRP, LRP, Bcl-2 and Bax protein expression was me-
asured according to the mean fluorescence intensity (MFI)
of the gated cell population. The statistical analysis was re-
alized with help of the NCSS 6.0.21 (1996) and STATIS-
TICA 99 softwares. 

In vitro experiments with clinical samples
Mononuclear cells of some patients were incubated in

RPMI 1640 medium supplemented with the 10% fetal calf
serum, gentamicin, and doxorubicin (1 µg/ml, Sigma) at
37 °C and 5% CO2 in 1 x 106/ml cell concentration. Each
sample had three parallels – control, 22 hours, and 46 hours.

Detection of apoptotic cells
Annexin V – FITC test (Immunotech). It enables the di-

stinguishing of three cell types: living cells (annexin V-/pro-
pidium iodidie (PI)-), apoptotic cells (annexin V+/PI-), and
lately apoptotic – secondary necrotic cells (annexin V+/PI+).

Caspase 8 detection. The cell suspension (5 x 105/ml)
was permeabilized by IntraPrepTM Permeabilization Rea-
gent (Immunotech) and subsequently incubated with 5F7
monoclonal antibody (Immunotech). Cells were labeled by
the freshly diluted (1:20) secondary antibody conjugated
with fluorescein isothiocyanate (anti-IgG, Biotest AG).

TUNEL test (TdT – mediated dUTP nick end labell-
ing). The cell suspension (5 x 105/ml) was fixed by 5,5% for-
maldehyde (Sigma) in PBS and permeabilized by 0,5%
TWEEN 20 (Sigma) in PBS. The reaction mixture con-

taining TdT buffer, FITC – conjugated dUTPs, and TdT
(MEBSTAIN Apoptosis kit Direct, Immunotech) was in-
cubated with permeabilized cells at 37 °C for 60 minutes. In
the control sample TdT was omitted in the reaction mixture.

Results

1. Comparison of in vitro experiments results
The statistical analysis (ANOVA – Bonferroni test)

showed following trends: The annexin test proved that
number of apoptotic cells, secondary necrotic cells, and all
dead cells increased in 22 hours of cultivation with doxo-
rubicin. In the second interval – 46 hours – the increase in
the dead cells continued but without the statistical signi-
ficance. The caspase 8 detection did not prove the statisticaly
significant change in the number of living cells after 22 hours
of cultivation. In the 46 hours interval the number of apopto-
tic cells positive in caspase 8 even significantly decreased.
The TUNEL test indicated increase of apototic cells in both
intervals but without the statistical significance (Fig. 1).

2. Relation between CD34 expression and in vitro apoptosis 
The analysis of CD34 expression and in vitro apoptosis

showed certain trends but without the statistical significance.
CD34+ blasts tended to be more resistant to the apoptosis
induction. That was suggested by both annexin test and
TUNEL test.
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Fig. 1: TUNEL test detecting apoptotic AML cells after in
vitro doxorubicin cultivation. The apoptotic cells percent-
age: control: 12%, 22hours: 42%, 46hours: 87%.



3. Relation between clinical parameters and in vitro
apoptosis

The statistically significant or nearly significant positive
correlation between the age of patients and the caspase 8
expression (p=0,054), between white blood cell count and
the reaction in TUNEL test (p=0,005), and furthermore
between the blast percentage in blood and the reaction in
TUNEL test (p=0,005) in a 22–hour interval were found.
In a 46–hour interval the positive correlation between the
blast percentage in bone marrow and the number of apopto-
tic cells in annexin test (p=0,037), and furthermore the
nearly significant negative correlation between age of pa-
tients and the number of both apoptotic and lately apopto-
tic/secondary necrotic cells (p=0,054) were found (Fig. 2).

4. Relation between multidrug resistance markers expres-
sion and clinical parameters

The significant or nearly significant positive correlation
between the P-gp expression detected by MRK16 monoclo-

nal antibody and blast percentage in blood (p=0,015), be-
tween the LRP expression and age of patients (p=0,062)
(Fig. 3), between the Bcl-2 expression and blast percentage
in blood (p=0,041), and between the Bcl-2 expression and
blast percentage in bone marrow (p=0,016) were found.

5. Relation between multidrug resistance markers
The statistically significant positive correlation between

the MRP and Bax expression (p=0,006), and furthermore,
between the LRP and Bax expression (p=0,034) were found
(Fig. 4).

Discussion 

We used cultivation tests of AML cells with doxorubi-
cin for in vitro simulation of the cytostatic activity in leu-
kemic cells. In most of the samples number of apoptotic
cells rapidly increased after 22 hours of cultivation with
cytostatics (measured with annexin test); however, during
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Fig. 2: Negative correlation between the age of AML pa-
tients and the number of apoptotic AML cells in annexin
test after 46-hour cultivation with doxorubicin.

Fig. 3: Positive correlation between age of AML patients
and the LRP protein expression.

Fig. 4: Positive correlations between the Bax and MRP proteins expressions and between the Bax and LRP proteins ex-
pressions in AML patients. 



the next interval the changes were not statistically signifi-
cant. Both other tests performed, either caspase 8 or TU-
NEL test, did not prove an increase in number of apoptotic
cells in the cell culture. The results of caspase 8 test were
even totally in contrary. Although, it is possible that caspase
8 play not a role in apoptosis of these blasts. According to
Filipits et al. AML may be considered as the model for the
study of the resistance to cytostatics (6). It has been already
published that the spontaneous apoptosis of AML cells
shows a significant correlation to the induction chemo-
therapy response (21). Although, from the analysis of the
reaction of the myeloid cells in the culture, it was found that
the lack of antiapoptotic cytokines can increase in vitro sen-
sitivity to daunorubicin and thus make false positive results
(4).

When analyzing the cultivation tests results, we managed
to focus also on the blast phenotype. Because the number
of samples was too small and in other markers less nume-
rous, we can only presume a certain correlation to CD34
marker. In consistence with the studies published, it was in-
dicated with TUNEL test and annexin test that CD34+ cells
are more resistant to induction of apoptosis, though no sta-
tistical significance was reached. The similar results were
published by Suarez et al. who presented that the unmature
CD34+ AML blasts show higher Bcl-2 levels on the contrary
to the mature CD 34– AML blasts in their work (16).

We gathered also some clinical data and we were in-
terested in their significance to the in vitro blast apoptosis.
Negative correlation between an age of patients and reaction
in annexin test after 46 hours was found. This correlation
leads us to the assumption that with the growing age of pa-
tients the resistance to apoptosis in AML increases and the
prognosis is thus getting worse. Some other correlations
having positive significance are still unexplained.

In some patients we tried to find the relation between
some multidrug resistance markers and some clinical and
laboratory data. These data are often used as the positive or
negative prognostic markers. We found the weak positive
correlation between the Bcl-2 presence and blast percent-
age in both, blood and bone marrow, and the stronger po-
sitive correlation between the P-gp protein expression and
blast percentage in blood. To a certain extent, the positive
correlation between LRP phenotype presence and age of
patients was showed. This result is in accordance with the
conclusion of the Legrand et al. study and the Filipits et al.
study, where it was proved that the level of LRP expression
correlates with negative prognostic markers in AML such
as age and karyotype (6) but there was not detected any
correlation with other markers such as white blood cell
count (9). On the contrary with this Burnett et al. found
that LRP expression in AML patients is associated with
the high white blood cell count and that it also correlates
with favourable cytogenetics. They also published that the
chemoresistance itself is less often seen in young patients
(2). The studies on the P-gp protein discovered that the
P-gp expression is prognostically much more established in

the group of AML patients who are over 55 years old (20)
and in the older patients the P-gp expression is also more
frequent (11). The so called “good karyotype“ in AML is
more often associated with the P-gp- and LRP- cases (12).
This tendency was confirmed by Del Poeta et al. who proved
the dependance of CD34, TdT and P-gp expression on the
cytogenetic abnormalities and poor prognosis of AML (3).
The tendency to decrease with the growing age of patients
with AML was found in MRP protein (2).

The statistical analysis of multidrug resistance markers
in AML proved the significant positive correlations between
the MRP and Bax expression and also between the LRP
and Bax expression. List et al. described the coexpression
of P-gp and LRP in 31% of the AML cases and this co-
expression was found as a strong negative prognostic factor
in AML (18). Another correlation was found in the un-
mature AML cases between the P-gp and Bcl-2 expression
(21). The analysis of P-gp, MRP, Bcl-2, mutant p53 and
hsp27 in AML revealed that coexpression of any of the two
markers from this category correlates with the poor pro-
gnosis (8).

The new possibilities open for the future in this area given
especially by the new discoveries in the study of apoptosis
and also multidrug resistance as well. There are a lot of the-
rapeutic applications rising from the activation of apoptosis
in the leukemic cells. Great hope is put into the peptids
imitating proapoptotic effect of BH3 domains of the Bcl-2
family proteins and apoptosis inductors which are able di-
rectly activate caspases (15, 17). Molecular discoveries in
the multidrug resistance area revealed many transport pro-
tein genes, new membrane pump modulators, apoptosis
activators, new laboratory possibilities such as fluorescent
substrates, monoclonal antibodies and new technical inven-
tions (13). To date, we have not been successful in over-
coming leukemic-cell drug resistance in a clinically significant
way for the majority of AML patients. It seems that it is
neccessary to target more than one mechanism responsible
for the multidrug resistance (7).

Conclusions

The laboratory methodology to multidrug resistance
markers detection was introduced. Some relations between
multidrug resistance markers playing role in acute myeloid
leukemia patients prognosis were suggested.
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