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Resistance to chemotherapy is one of the major obstacles to effective treatment in acute myeloid leukemia (AML). The most
extensively studied protein involved in multidrug resistance (MDR) is the transmembrane glycoprotein P (P-gp), the product of
the multidrug resistance gene 1 (MDRI). MDR1/P-gp overexpression is frequently observed in hematological malignancies,
especially in acute leukemia, and has been reported to correlate with poor prognosis in acute myeloid leukemia (AML). The
aim of this study was to evaluate the level of MDRI gene expression in bone marrow and/or peripheral blood samples in 92
AML patients in relation to their prognosis. The analyzed group was stratified according to presence or absence of prognostically
favorable aberrations (PFAs), such as t(15;17) with PML/RAR fusion gene, t(8;21) with AMLI/ETO fusion gene or inv(16)/
t(16;16) with CBF/MYH 1 fusion gene. These prognostically favorable aberrations were detected by RT-PCR and/or standard
cytogenetic techniques. MDRI expression was detected by semiquantitative comparative RT-PCR using software-based evaluation.
The levels of MDRI expression in the bone marrow predicted induction of complete remission in the whole group of analyzed
patients (P = 0.032). They were significantly lower in PFA negative patients who achieved complete remission compared to
those who failed to achieve complete remission (P = 0.008). In PFA negative patients, MDRI expression was higher when
compared to PFA positive patients (P = 0.055). No such difference was found when analyzing peripheral blood samples. Our
experiments showed no impact of MDR 1 expression in bone marrow or peripheral blood cells on overall survival (P = 1.000 and
P = 0.903 respectively). In summary, the present study shows the prognostic impact of MDRI expression on induction of
complete remission in AML patients. We confirmed that MDR] overexpression is an unfavorable prognostic factor in AML,
which may help to stratify the risk rate of PFA negative patients. In future studies, quantitative detection of MDRI expression

might be a valuable tool to predict prognosis in this patient subset.
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Although the majority of patients with acute myeloid
leukemia (AML) achieve complete hematological remis-
sion with conventional induction chemotherapy, only few
patients are long term survivors and overall prognosis re-
mains poor [1, 2]. Resistance to chemotherapy is one of
the major obstacles to effective treatment in AML [3, 4].
One of the best characterized resistance mechanisms in
AML is drug extrusion mediated by P-glycoprotein (prod-
uct of MDRI gene), a 170 kDa member of ABC superfamily
of transport proteins [5, 6]. P-gp is able to pump many
xenobiotics out of the cell and contributes to resistance to
a variety of anticancer drugs, including anthracyclines,
mitoxanthrone, taxanes, epipodophyllotoxins and vinca
alkaloids [7, 8]. MDR1 gene expression is an independent
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unfavorable prognostic factor in AML and has been shown
to be associated with poor treatment outcomes in AML
patients, especially in elderly patients [9-15]. Whereas most
studies revealed a significant impact of MDR1/P-gp expres-
sion on complete remission rates, its prognostic value for
survival is still a matter of debate [16-19]. Many clinical
studies dealing with MDR1 expression have come up with
discrepant results mainly due to using disparate method-
ologies [7, 8, 17, 18-20]. The consensual recommendations
for MDR1/P-gp detection have been published by Marie et
al. [4, 21]. As MDRI1/P-gp is physiologically expressed in
some defined subsets of blood cells, mainly in CD34+ cells
[22-25], the ratio of MDR1 and an internal control should
be compared to a MDRI positive reference sample for
proper estimation of MDR1 expression [20, 21]. In PCR
analysis, B-actin should not be used as an internal control
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gene as it is too variable [21]. It has been shown that MDR1
expression is variable depending on FAB subtypes. Patients
with low risk cytogenetics with prognostically favorable
aberrations (PFAs), such as PML/RARa, AMLI/ETO or
CBFf/MYHI11, which result from t(15;17), t(8;21) and
inv(16)/t(16;16) translocations, respectively, have been re-
ported to have relatively low expression of P-gp compared
to the other cytogenetically-defined risk groups of AML
[4, 26]. Only in the case of promyelocytic leukemia, the
low levels of P-gp and also low activity of this protein have
been demonstrated [27]. This may provide the biological
basis for the high sensitivity of this leukemia subtype to
anthracyclines [27, 28]. AML with rearrangement of the
core binding factor (CBF) o or 8 subunit gene (i.e., AML
with t(8;21) with AMLI/ETO fusion transcript or inv(16)/
t(16;16) with CBF/MYH 1 fusion transcript) have overall
a favorable prognosis but relapses frequently occur even
in these patients [29, 30]. MDR1/P-gp overexpression and
hyperfunction were frequent in both subtypes of CBF-
AML. However, treatment failures in AMLI/ETO+ AML
were associated with CD56 expression and they were not
likely attributable to MDRI1/P-gp coexpression [31].

In this report, an alternative method of MDRI gene
quantitation is presented. A simple semiquantitative com-
parative RT-PCR evaluated by KODAK 1D software was
employed in a cohort of 92 patients with AML, stratified
according to presence or absence of prognostically favor-
able aberrations. We correlated the impact of the detected
levels of MDR1 with treatment outcome of these patients in
terms of achieving complete remission (CR) induction and
overall survival (OS). The results presented herein show that
the level of MDR1/P-gp expression is predictive for further
prognosis of AML patients, especially of those without
prognostically favorable aberrations.

Table 1. Sequences of primers

Patients and methods

Patients studied. A cohort of 92 pediatric and adult pa-
tients at diagnosis of AML according to WHO criteria [32]
was prospectively studied; each patient had given a written
informed consent to the study according to institutional guide-
lines. The majority of the patients was treated at the Institute
of Hematology and Blood Transfusion (IHBT), Prague; the
others came from 15 different hematology centers in the Czech
Republic and Slovakia. The cohort comprised of 47 males
and 45 females aged 0.45 — 78 (median 43.8) years. Accord-
ing to FAB classification of AML [33], 8 patients were
diagnosed as MO, 10 as M1, 19 as M2, 21 as M3, 15 as M4, 6
as M5, 1 as M7, 2 were RAEB-T, 1 was classified as
bifenotypic acute leukemia and 9 were not classified accord-
ing to FAB classification. The patients were treated according
to various protocols. The cooperating centers supplied data
concerning complete remission induction and OS.

Cell separation, RNA extraction and reverse transcription
(RT). Samples of 92 patients (24 from both the bone marrow
and peripheral blood, 32 from peripheral blood only and 36
from the bone marrow only) were tested. RNA was isolated
from Ficoll-Paque separated mononuclears using acid
guanidium thiocyanate-phenol-chloroform extraction [34].
Reverse transcription was performed using random hexamers,
the RT-mixture contained 1.75 pl of deionized water, 2 ul of
5x 1% Strand Buffer (Gibco BRL Life Technologies,
Gaithersburg, MD, USA), 1 ul of 100 mM dithiotreitol (Gibco
BRL), 0.5 ul of 10 mM dNTP (Promega, Madison, WI, USA),
0.25 pl of RNasin (40 U/ul; Promega) and 0.5 ul of RT Super
Script I (200 U/ul; Gibco BRL).

Semiquantitative comparative RT-PCR detection of MDR1
gene expression. PCR was performed with MDRI] and BCR
(breakpoint cluster region gene; an internal control gene) prim-

Gene Primer code* Length (bp) Primer sequence
M2#* 20 AgT gTA CgC CTT CTC CAT CA
PML/RARa M4#* 30 AgC TgC Tgg Agg CTg Tgg ACg CgC ggT ACC
R8 25 CAg AAC TgC TgC TCT ggg TCT CAA T
CBFB/MYHII prl 21 CAg gCA Agg TAT ATT TgA Agg
2M 23 CTC CTC TTC TCC TCA TTC TgC TC
AM 19 ACC TCA ggT TTg TCg gTC g
AMLI/ETO ET 24 gAA CTg ¢TT CTT ggA ¢CT CCT
ABL ABL-S 23 ggA CAg gCC CAT ggT ACC Agg Ag
(control gene) ABL-AS 20 CTC AgC CAg TAg CAT CTg AC
MDR-S 21 TAC AgTggA ATT ggT gCT ggg
MDRI1 MDR-AS 20 CCC AgT gAA AAA TeT TeC CA
BCR BCR-S 18 gAg Aag Agg gCg AAC AAg
(control gene) BCR-AS 20 CTC TgC TTA AAT CCA gTg gC

*For each gene (except for PML/RAR), one forward (upper line) and one reverse (lower line) primer was used [35, 36, 39, 40].
*##*For PML/RAR ¢ detection, 2 forward primers were used, M2 detecting transcript isoforms with berl and ber2 breakpoints of the PML gene, whereas M4 detected
transcripts with the ber3 breakpoint. R8 is the common reverse primer in both RT-PCR assays which employ the M2 and M4 forward primer, respectively [38].
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ers in one test tube for each patient’s sample. The master PCR
mix for one reaction contained 25 pl total volume (24 ul of
reagents and 1 pl of sample cDNA). The PCR cycler Trio
Thermoblock (Biometra, Goettingen, Germany) was used for
DNA amplification. The sequences of primers for MDRI and
BCR [35, 36] and amplification programs employed are shown
in detail in Tables 1 and 2. The drug-sensitive K-562 cell line
and its resistant subline with the MDRI gene overexpression
(kindly provided by Dr. J. Jelinek, IHBT Prague, Czechia)
were used for PCR reaction adjustment and as negative and
positive controls. 25 pl of each PCR product was evaluated
by 2 % agarose gel electrophoresis stained with ethidium bro-
mide and than analyzed by gel electrophoresis on a Power
PAC 300 (Biorad, CA, USA) and visualized on Mini-
Transluminator (Biorad). The Kodak Digital Science™ 1D
Image Analysing Software and Electrophoresis Documenta-
tion and Analysis System (Kodak EDAS; Eastman Kodak,
Scientific Imaging Systems, NY, USA) was used for the
semiquantitative detection and calculation of MDRI/BCR
expression. A digital photograph of ethidium bromide stained
agarose gel containing DNA mass standards (100bp DNA
Ladder [Promega]) was taken by Kodak Digital Science™
DC120 Zoom Digital Camera (Eastman Kodak) and then
evaluated by Kodak EDAS. PCR product bands of MDR1I and
BCR genes were software-evaluated, compared to a DNA mass
standard and subsequently quantified using isomolecular
weight lines and special mathematic functions [37]. The re-
sults are given as “relative MDR1 expression”, i.e. as a ratio
of MDRI and BCR expressions.

Molecular detection of the AML fusion genes. In all patients,
RT-PCR was used to detect presence of the prognostically fa-
vorable aberrations, i.e. PML/RAR [38], AMLI/ETO [39] or
CBF[/MYH]11 [40] fusion transcripts. All of them are regarded
as prognostically favorable aberrations. cDNA resulting from
RT (see above) was used for single-step PCR detecting the re-
spective genes of interest, using the ABL gene as quality control.
The total volume of PCR master mix for one reaction was 25 pl
(24 ul of reagents and 1 pl of sample cDNA). The PCR cycler
Trio Thermoblock (Biometra) was used for DNA amplifica-
tion. The sequences of primers and amplification programs
employed are shown in detail in Tables 1 and 2. PCR products
were evaluated by gel electrophoresis as described above.

Cytogenetic studies. 77 bone marrow samples were ana-
lyzed by standard cytogenetic techniques (G-banding). In 7
cases, no mitoses were obtained. Flourescence in situ hybrid-
ization (FISH) was employed in addition to verify RT-PCR
results in 17 cases. The t(8;21) fusion was detected by the
whole chromosomal painting (WCP) probe (Cambio, Cam-
bridge, UK); the two-color labelled translocation probe LSI
(Abott Vysis, Downers Grove, IL) was used for detection of
t(15;17) and inv(16)/t(16;16) fusions. Prognostic relevance of
the cytogenetic aberrations was evaluated according to
Grimwade et al. [41] within PFA negative patients. It allowed
us to discriminate between intermediate and unfavorable cy-
togenetic risk groups.
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Figure 1. A digital photograph of gel electrophoresis taken by Kodak
Digital Science DC120 Zoom Digital Camera. Samples of 8 randomly
chosen patients tested (columns 1-8). The upper row of bands represents
the control gene BCR (the breakpoint cluster gene) used as an internal
standard; the lower one represents MDR1 gene expression. A DNA mass
standard (100 bp DNA Ladder) is depicted at both sides of gel to enable
the evaluation by Kodak EDAS software.

Statistical analysis. For analysis of quantitative data, me-
dians were detected and a non-parametric two-tailed
Mann-Whitney test was performed. Overall survival was ana-
lyzed using the Kaplan-Mayer regression method and the
statistical significance was calculated using the Mantel-
Haenschel log-rank test. All analyses were performed at the
95% confidence interval and the P values were found using
the GraphPad Prism version 3.03 software (GraphPad Soft-
ware, San Diego, CA, USA).

Results

Detection of prognostically favorable aberrations. Of 92
patients tested, 25 patients carried a prognostically favorable

Table 2. Amplification programs

Number of cycles

Temperature Time CBFB/MYHII
(“C) PML/RARa ABL and MDRI/BCR
AMLI/ETO
95 9 min Initiation
95 45s
57 45 s 40 33 40 28
72 1 min
72 9 min Final extension
4 Cooling
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Figure 2. MDRI1 gene expression analysis. Semiquantitative comparative
RT-PCR was performed to detect expression of the MDRI and of the internal

g control BCR genes. The Kodak Digital Science 1D Image Analysing Software

16 and Electrophoresis Documentation and Analysis System (EDAS) was used

e . A for the calculation of the relative MDRI/BCR expression. Median values
S 14 P =0.352 are depicted, the P values are results of the non-parametric two-tailed Mann-
g 124 n=17 a = 14 Whitney test. Figure (a) compares relative MDR1/BCR expression in bone
S 10 R s marrow samples of patients with prognostically favorable aberrations
3 08 - A s fas (PFA+) and in all of the patients lacking them (PFA-). Figure (b) is a similar
E ’ ast —_— analysis of bone marrow samples, in which the PFA+ patients are compared
g 0.6 + Aaaant ‘:‘ only with a subset of PFA- patients with prognostically intermediate
o 04 A N cytogenetic findings. Figure (c) shows the results of peripheral blood sample
-E 0.2 - analysis in PFA+ vs all of the PFA- patients. Figures (d) and (e) show the
% impact of the relative MDRI/BCR expression ratios detected in (d) bone
e 00 A i marrow and (e) peripheral blood samples of all the patients achieving and
-0.2 not achieving complete remission (CR). Figures (f) and (g) show the impact
CR+ CR- of the relative MDRI/BCR expression ratios detected in (f) bone marrow

and (g) peripheral blood samples of PFA- patients achieving and not
achieving complete remission (CR).
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aberration. The majority of them — 21 patients out of 92 tested
— were PML/RARx positive in RT-PCR. Seven of them car-
ried the berl transcript subtype, 2 of them bcr2, 9 of them
bcr3 and 3 were not tested for the PML/RAR ¢ transcript sub-
type. Of 92 patients, 88 were tested for the presence of AMLI/
ETO and CBFP/MYH]1I fusion genes using RT-PCR. In one
patient, the AMLI/ETO gene fusion was detected and 3 pa-
tients were CBF3/MYH1I positive. Of 79 patients with
available molecular and/or cytogenetic and FISH data to as-
sign prognosis according to Grimwade et al. [41], 33 were
classified as prognostically intermediate and 19 as
prognostically unfavorable.

MDRI gene expression in bone marrow and peripheral
blood samples. The results of MDRI analysis were expressed
as “relative MDRI expression” (see above), calculated by
Kodak EDAS Software. An example of gel electropheresis as
taken by the Kodak EDAS camera (which was subsequently
evaluated by the Kodak EDAS Software) is given in Figure 1.
Due to differences in MDRI physiological expression in pe-
ripheral blood and bone marrow, both groups were analyzed
separately. 60 bone marrow samples were tested. Their mean
value of MDRI expression was 0.50 (median 0.60, range 0 —
1.21). 56 peripheral blood samples were tested. The mean value
of their MDRI expression was 0.62 (median 0.66, range 0 —
1.49).

MDRI expression analysis. The relative MDR1 expression
(i.e. the ratio of MDRI and control BCR gene expressions) in
the bone marrow was lower in patients with prognostically
favorable aberrations when compared to all of the patients
lacking these aberrations (P = 0.055; Figure 2a) and also when
compared to a subset of patients lacking the prognostically
favorable aberrations but having prognostically intermediate
cytogenetics (P = 0.058; Figure 2b). When the same com-
parison of MDRI expression was performed in peripheral
blood samples of patients with a prognostically favorable ab-
erration vs in all of the patients lacking them, no significant
difference was revealed (P = 0.531; Figure 2c). The only
AMLI/ETO positive case and all 3 CBF/MYHII positive
cases showed increased expression of MDRI gene above av-
erage (data not shown). Of 83 patients with available clinical
data, 45 achieved CR. The level of MDRI expression (i.e. the
ratio of MDRI and control BCR gene expressions) in the bone
marrow significantly influenced the induction of complete
remission in all AML patients tested (P = 0.032; Figure 2d).
No difference in MDRI expression was found when analyz-
ing the peripheral blood samples of AML patients who
achieved complete remission and who did not (P = 0.963;
Figure 2e). In the subgroup of patients without prognostically
favorable aberrations, MDRI expression in the bone marrow
was significantly lower in patients who achieved complete
remission compared to those who did not (P = 0.008; Figure
2f). In the same group of patients, MDRI expression in pe-
ripheral blood was not significantly different when patients
achieving and failing to achieve complete remission were
compared (P = 0.352; Figure 2g).
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Figure 3. The impact of MDR1 gene expression in the bone marrow (a)
and in peripheral blood (b) cells on overall survival. The cut-off value
of the MRDI1/BCR ratio for discriminating MDRI positive and MDRI1
negative patients was set at > 0.5. Survival curves were analyzed
according to the Kaplan-Mayer regression method and the P values
given are results of the Mantel-Haenschel log-rank test.

Overall survival and MDR1 expression. By 31* December
2000, overall survival data were available for 58 patients and/
or for 52 patients whose bone marrow and/or peripheral blood
samples, repectively, were analyzed for MDR1 expression. Of
these patients, 34 and 24, respectively, were still alive. When
evaluating overall survival in all AML patients, we have not
revealed any impact of MDRI expression. This applies for
bone marrow (P = 1.000; Figure 3a), as well as for peripheral
blood sample analysis (P = 0.903; Figure 3b). No correlation
has been found between MDRI expression and overall sur-
vival when analyzing bone marrow or peripheral blood
samples of patients lacking prognostically favorable aberra-
tions (data not shown).
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Discussion

The present study has demonstrated that semiquantitative
comparative detection of MDRI expression is fully efficient
for prognostic evaluations. The methodology presented herein
adds to the already wide spectrum of methods that can be
used for this purpose [7, 8, 16, 18-20]. The semiquantitative
comparative method can prove to be of value especially in
laboratories not equipped by real-time cyclers enabling fully
quantitative estimations. Our results confirm the prognostic
impact of MDR1/P-gp expression with regard to induction of
complete remission in patients with AML. In agreement with
hitherto published information about multidrug resistance, it
can be concluded that in patients with low level of MDRI
expression at diagnosis, induction of complete remission is
easier as their cells better respond to chemotherapy [9, 10,
12]. Also the results concerning overall survival (no signifi-
cant impact of MDR1 expression) are consistent with some of
the previously published data [4, 16, 17]. We confirmed that
patients with a prognostically favorable aberration have on
average lower MDRI expression and a more favorable treat-
ment outcome. The vast majority of the PFA+ patients in our
cohort had acute promyelocytic leukemia with the PML/RAR o
fusion gene. These patients are known to express only very
low levels of P-gp and respond well to anthracycline chemo-
therapy [27]. Quite surprisingly, the other patients with
a prognostically favorable aberrations, i.e. the four patients
with CBF-AML, showed MDRI hyperexpression. Neverthe-
less, 3 out of 4 of them achieved CR. This observation may
be in accord with the recent publication [31] showing that in
some CBF-AML patients, P-gp overexpression need not nec-
essarily be linked with inverse prognosis. The relative scarcity
of CBF-AML cases in our group of patients (4 of 92; 4.3%)
probably reflects the situation in relatively unselected patients.
We have previously found only 12 CBF/MYHII1+ cases
among 256 Czech patients analyzed (4.5%), which is nearly
3 times less than in the British AML studies. The higher per-
centage in the clinical trial may have represented patient
selection [44]. Similarly low percentages of AMLI/ETO+ cases
(approximately 4%) are found among unselected Czech pa-
tients (unpublished data).

P-gp expression and cytogenetic aberrations have been re-
ported to be the only independent predictors of treatment
outcome in multivariate analysis [9-15, 26]. Within the major
group of AML patients with a prognostically intermediate
cytogenetic result, prognosis may be highly variable. In this
subset of patients, prognostic stratification based on MDRI
expression might be of value. Indeed, the results of this study
confirmed that our method of MDRI evaluation allowed us to
further stratify the risk rate of these patients lacking
prognostically favorable aberrations according to their level
of MDRI expression. Besides MRD1/P-gp expression, there
are many other molecular markers which may be helpful in
refining prognosis of the intermediate-risk AML patients. In
the recent years, internal tandem duplications of the FLT3

gene, partial tandem duplications of the MLL gene, CEBP-
gene mutations or the BAALC gene overexpression were found
to subclassify prognosis in patients with normal karyotypes
[42]. Other genes involved in MDR, such as those encoding
lung resistance protein (LRP), breast cancer resistance pro-
tein (BCRP), multidrug resistance associated protein-1
(MRP1) and Wilms tumor gene (WT) can serve as indepen-
dent predictors of treatment outcome in patients with AML.
Co-expression of these genes and MDRI has also been pub-
lished [7, 11, 17, 18, 43].

As mentioned above in the “Results” section, only the levels
of MDRI in the bone marrow, but not in peripheral blood,
showed prognostic impact on induction of CR. This fact can be
explained, at least in part, by higher levels of MDRI/P-gp basal
expression in peripheral blood cells compared to the bone mar-
row cells, probably due to the presence of some well-defined
subsets of normal peripheral blood cells physiologically ex-
pressing relatively high amounts of MDRI1/P-gp (e.g.
Iymphocytes and NK cells) [22]. This may be the reason why
many investigators use to study MDR1/P-gp expression only in
isolated CD34+ progenitor cells. Alternatively, it has also been
suggested to remove the “MDRI naturally positive cells” be-
fore evaluating MDR1/P-gp expression [22-25]. Controversion
exists as to MDRI/P-gp expression in relapse of AML. Some
authors [45] have demonstrated increased P-gp expression in
relapsed cases. On the other hand, previous studies did not dem-
onstrate increased MDRI RNA levels in peripheral blasts of
relapsed AML patients [46].

Taken together, our results confirmed that semiquantitative
detection of MDRI gene expression may be used to predict
prognosis, which may be an advantage especially in patients
without prognostically favorable aberrations. We envision that
fully quantitative methods of evaluating MDRI expression
will be preferentially used for this purpose.

We are thankful to our co-operating centers for sending samples
from their patients. All of the samples of pediatric patients were sent
by Professors J. Stary and J. Trka (Dept. of Pediatric Hematology
and Oncology, 2™ Medical Faculty, Charles University, Prague 5).
This work was supported by the Research Project of the Czech
Ministry of Health 00237360001.

References

[11 BAUDARD M, BEAUCHAMP-NICOUD A, DELMER A,
et al. Has the prognosis of adult patients with acute myeloid
leukemia improved over years? A single institution experi-
ence of 784 consecutive patients over a 16-year period.
Leukemia 1999; 13: 1481-1490.

[2] MCKENNA SL, PADUA RA. Multidrug resistance in leu-
kaemia. Br J Haematol 1997; 96: 659-674.

[3] BOSCH I, CROOP J. P-glycoprotein multidrug resistance
and cancer. Biochim Biophys Acta 1996; 1288: F37-54.

[4] MARIE JP, ZHOU DC, GURBUXANI S, et al. MDR1/P-
glycoprotein in haematological neoplasms. Eur J Cancer 1996;
32A: 1034-1038.



MDRI GENE EXPRESSION AND PROGNOSIS IN AML

389

(5]

(6]

(71

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

JURANKA PF, ZASTAWNY RL, LING V. P-glycoprotein:
multidrug-resistance and a superfamily of membrane-asso-
ciated transport proteins. FASEB J 1989; 3: 2583-2592.
SHAPIRO AB, LING V. The mechanism of ATP-dependent
multidrug transport by P-glycoprotein. Acta Physiol Scand
Suppl 1998; 643: 227-234.

GALIMBERTI S, GUERRINI F, PALUMBO GA, et al. Eval-
uation of BCRP and MDR-1 co-expression by quantitative
molecular assessment in AML patients. Leuk Res 2004; 28:
367-372.

HOMOLYA L, HOLLO M, MULLER M, et al. A new meth-
od for a quantitative assessment of P-glycoprotein-related
multidrug resistance in tumour cells. Br J Cancer 1996; 73:
849-855.

LEITH CP, KOPECKY KJ, GODWIN J, MCCONNELL T,
SLOVAK ML et al. Acute myeloid leukemia in the elderly:
assessment of multidrug resistance (MDR1) and cytogenet-
ics distinguishes biologic subgroups with remarkably distinct
responses to standard chemotherapy. A Southwest Oncology
Group study. Blood 1997; 89: 3323-3329.

LIST AF. Multidrug resistance: clinical relevance in acute
leukemia. Oncology (Williston Park) 1993; 7: 23-28.
SCHAICH M, SOUCEK S, THIEDE C, et al. MDR1 and
MRP1 gene expression are independent predictors for treat-
ment outcome in adult acute myeloid leukaemia. Br
J Haematol 2005; 128: 324-332.

VAN DEN HEUVEL-EIBRINK MM, VAN DER HOLT B,
TE BOEKHORST PA, et al. MDR 1 expression is an inde-
pendent prognostic factor for response and survival in de novo
acute myeloid leukaemia. Br J Haematol 1997; 99: 76-83.
BUCHNER T, HIDDEMANN W, BERDEL W, et al. Acute
myeloid leukemia: treatment over 60. Rev Clin Exp Hematol
2002; 6: 46-59.

PINTO A, ZAGONEL V, FERRARA F. Acute myeloid leu-
kemia in the elderly: biology and therapeutic strategies. Crit
Rev Oncol Hematol 2001; 39: 275-287.

GARRIDO SM, COOPER JJ, APPELBAUM FR, et al. Blasts
from elderly acute myeloid leukemia patients are character-
ized by low levels of culture- and drug-induced apoptosis.
Leuk Res 2001; 25: 23-32.

WUCHTER C, LEONID K, RUPPERT V, et al. Clinical sig-
nificance of P-glycoprotein expression and function for response
to induction chemotherapy, relapse rate and overall survival in
acute leukemia. Haematologica 2000; 85: 711-721.

LEITH CP, KOPECKY KIJ, CHEN IM, et al. Frequency and
clinical significance of the expression of the multidrug resis-
tance proteins MDR1/P-glycoprotein, MRP1, and LRP in
acute myeloid leukemia: a Southwest Oncology Group study.
Blood 1999; 94: 1086—1099.

LOHRI A, VAN HILLE B, BACCHI M, et al. Five putative
drug resistance parameters (MDR1/P-glycoprotein, MDR-
associated protein, glutathione-S-transferase, bcl-2 and
topoisomerase Ilot) in 57 newly diagnosed acute myeloid leu-
kaemias. Eur J Haematol 1997; 59: 206-215.

MARIE JP, HUET S, FAUSSAT AM, et al. Multicentric eval-
uation of the MDR phenotype in leukemia. Leukemia 1997;
11: 1086-1094.

[20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

(33]

LEITH CP, CHEN IM, KOPECKY KI, et al. Correlation of
multidrug resistance (MDR1) protein expression with func-
tional dye/drug efflux in acute myeloid leukemia by
multiparameter flow cytometry: identification of discordant
MDR/efflux* and MDR1*/efflux" cases. Blood 1995; 86:
2329-2342.

MARIE JP, LEGRAND O, PERROT JY, et al. Measuring
multidrug resistance expression in human malignancies: elab-
oration of consensus recommendations. Semin Hematol 1997,
34: 63-71.

DRACH D, ZHAO S, DRACH J, et al. Subpopulations of
normal peripheral blood and bone marrow cells express
a functional multidrug resistant phenotype. Blood 1992; 80:
2729-2734.

SUAREZ L, VIDRIALES B, GARCIA-LARANA J, et al.
Multiparametric analysis of apoptotic and multidrug resis-
tance phenotypes according to the blast cell maturation stage
in elderly patients with acute myeloid leukemia. Haemato-
logica 2001; 86: 1287-1295.

VAN STIIN A, VAN DER POL MA, KOK A, et al. Differ-
ences between the CD34+ and CD34- blast compartments in
apoptosis resistance in acute myeloid leukemia. Haematolog-
ica 2003; 88: 497-508.

BASSO G, LANZA F, ORFAO A, et al. Clinical and biolog-
ical significance of CD34 expression in acute leukemia. J Biol
Regul Homeost Agents 2001; 15: 68-78.

LEGRAND O, ZOMPI S, PERROT JY, et al. P-glycoprotein
and multidrug resistance associated protein-1 activity in 132
acute myeloid leukemias according to FAB subtypes and cy-
togenetics risk groups. Haematologica 2004; 89: 34-41.
PAIETTA E, ANDERSEN J, RACEVSKIS J, et al. Signifi-
cantly lower P-glycoprotein expression in acute promyelocytic
leukemia than in other types of acute myeloid leukemia: im-
munological, molecular and functional analyses. Leukemia
1994; 8: 968-973.

DRACH D, ZHAO S, DRACH J, ANDREEFF M. Low inci-
dence of MDR1 expression in acute promyelocytic leukaemia.
Br J Haematol 1995; 90: 369-74.

DELAUNAY J, VEY N, LEBLANC T, et al. Prognosis of
inv(16)/t(16;16) acute myeloid leukemia (AML): a survey of
110 cases from the French AML Intergroup. Blood 2003; 102:
462-469.

NGUYEN S, LEBLANC T, FENAUX P, et al. A white blood
cell index as the main prognostic factor in t(8;21) acute mye-
loid leukemia (AML): a survey of 161 cases from the French
AML Intergroup. Blood 2002; 99: 3517-3523.
SUVANNASANKHA A, MINDERMAN H, O’'LOUGHLIN
KL, et al.. Expression of the neural cell adhesion molecule
CD56 is not associated with P-glycoprotein overexpression
in core-binding factor acute myeloid leukemia. Leuk Res
2004; 28: 449-455.

VARDIMAN JW, HARRIS NL, BRUNNING RD. The World
Health Organization (WHO) classification of the myeloid
neoplasms. Blood 2002; 100: 2292-2302.

BENNETT JM, CATOVSKY D, DANIEL MT, et al. Pro-
posals for the classification of the acute leukaemias. Br
J Haematol 1976; 33: 451-458.



390

Z. TRNKOVA, R. BEDRLIKOVA, J. MARKOVA, K. MICHALOVA, P. STOCKBAUER, J. SCHWARZ

[34]

(35]

[36]

(37]

(38]

[39]

[40]

CHOMCZYNSKI P, SACCHI N. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem 1987; 162: 156-159.

LOHRI A, VAN HILLE B, REUTER J, et al. mRNA expres-
sion, measured by quantitative reverse transcriptase
polymerase chain reaction, of five putative drug resistance
parameters, in normal and leukaemic peripheral blood and
bone marrow. Acta Haematol 1997; 98: 1-7.

WATZINGER F, LION T. Multiplex PCR for quality control
of template RNA/cDNA in RT-PCR assays. Leukemia 1998;
12: 1984-1993.

PIZZONIA J. Electrophoresis gel image processing and anal-
ysis using the KODAK 1D software. Biotechniques 2001;
30: 1316-1320.

BIONDI A, RAMBALDI A, PANDOLFI PP, et al. Molecu-
lar monitoring of the myl/retinoic acid receptor-alpha fusion
gene in acute promyelocytic leukemia by polymerase chain
reaction. Blood 1992; 80: 492-497.

SMETSERS TF, STEVENS EH, VAN DE LOCHT LT, et al.
Freezing of PCR master mixture retains full amplification
activity and facilitates PCR standardisation for molecular
diagnostics and real-time quantitative PCR. Leukemia 1998;
12: 1324-1325.

CLAXTON DF, LIU P, HSU HB, et al. Detection of fusion
transcripts generated by the inversion 16 chromosome in acute
myelogenous leukemia. Blood 1994; 83: 1750-1756.

[41]

(42]

[43]

[44]

[45]

[46]

GRIMWADE D, WALKER H, OLIVERF, et al. The impor-
tance of diagnostic cytogenetics on outcome in AML: analysis
of 1,612 patients entered into the MRC AML 10 trial. Blood
1998; 92: 2322-2333.

MROZEK K, BALDUS CD, MARCUCCI G, et al. Acute my-
eloid leukemia prognostic factors: from cytogenetics to chip.
Hematology (Eur Hematol Assn Educ Progr) 2005; 1: 116-122.
GALIMBERTI S, GUERRINI F, CARULLI G, et al. Signif-
icant co-expression of WT1 and MDRI1 genes in acute
myeloid leukemia patients at diagnosis. Eur J Haematol 2004;
72: 45-51.

TRNKOVA Z, PEKOVA S, BEDRLIKOVA R, et al. Type
J CBF[f/MYH]1 transcript in the M4eo subtype of acute my-
eloid leukemia. Hematology 2003, 8: 115-117.
TAKESHITA A, SHINJO K, OHNISHI K, OHNO R. Ex-
pression of multidrug resistance P-glycoprotein in myeloid
progenitor cells of different phenotype: comparison between
normal bone marrow and cells and leukaemia cells. Br
J Haematol 1996; 93: 18-21.

GRUBER A, ARESTROM I, ALBERTIONI F, et al. Multi-
drug resistance (Mdr1) gene expression in peripheral blasts
from patients with acute leukemia only rarely increases dur-
ing disease progression after combination chemotherapy. Leuk
Lymphoma 1995; 18: 435-442.



