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Abstract
Background. Early occurrence of the multidrug resistance (MDR) in de novo acute myeloid leukaemia (AML)
may contribute to the treatment failure.
Objectives. Prospective investigatiom of the clinical significance of the MDR proteins overexpression and their
functional augmenting, in the context of other AML prognostic factors, such as age, immunophenotype and cyto−
genetic profile.
Materials and Methods. The authors examined expression of MDR proteins (ABC transporters: MDR1, MRP1,
MDR3, BCRP) and others (LRP and GSTπ) and performed MDR functional assay in peripheral blood blasts of 25
patients with de novo AML at diagnosis and after the first chemotherapy cycle consisting of a 3 + 7 combination
of DNR/Ara−C. Multidrug resistance proteins presence and their functional activity (fluorescent dye efflux) were
estimated by flow cytometry.
Results. Thirteen out of the 25 AML patients (52%) attained a complete remission (CR) with induction treatment,
one had partial remission (PR) and eleven did not achieve remission. Out of eleven AML patients without CR, two
died in aplasia and nine were classified as an early death due to disease progression. All AML patients who
achieved remission were younger than 55 years. Among eleven AML patients without remission nine expressed
CD34; 6 of them had intermediate and 5 unfavourable cytogenetic profile. In 10 out of 25 AML patients (40%)
overexpression of MDR was shown at diagnosis, and was irreversible in 9 of them and their clinical outcome was
poor (6 did not achieve CR, 1 had PR and one who obtained CR relapsed), whereas one patient who reversed
achieved CR. The functional MDR1 assay showed the decreased Rh123 efflux, both at diagnosis and after the first
chemotherapy cycle in 12 AML patients (48%) and it influenced patients outcome in a similar manner as MDR1
expression. At diagnosis other MDR proteins were also elevated in some AML patients: GSTπ in 19 (76%), LRP
in 9 (36%), MRP in 4 (16%) and MDR3 in 2 (8%). In 7 AML patients (20%), both at diagnosis and after the first
chemotherapy cycle the co−expression of MDR1 with MRP, LRP, GSTπ and Rh123 efflux impaired (3 patients),
with LRP, GSTπ and Rh123 efflux impaired (1 patient) or with GSTπ and Rh123 efflux impaired (2 patients)
resulted in 6/7 AML patients in chemotherapy resistance, and the remaining one who achieved remission was
young and had favourable cytogenetic profile.
Conclusions. In view of the results obtained, the advanced age, unfavourable cytogenetic profile, overexpression
of MDR1 at diagnosis and co−expression of other MDR proteins together with their functional activity contribute
to the treatment failure in de novo AML (Adv Clin Exp Med 2005, 14, 6, 1151–1160).
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Although treatment with cytosine arabinoside
(Ara−C) and daunorubicin induces complete
remission (CR) in about 65% of adults with de
novo AML [1–3], many of those who respond to
initial treatment relapse within 1–2 years after
diagnosis [4]. The main mechanisms implicated in
the pathogenesis of chemotherapy refractoriness
are: resistance due to the changes in apoptotic
pathways [5], and resistance due to the presence of
ATP−dependent membrane efflux pumps (ABC
transporter proteins) such as P – glycoprotein
(MDR1) [6–9], multidrug resistance protein 1
(MRP1) or breast cancer resistance protein
(BCRP) [10]. From among other proteins involved
in nuclear−cytoplasmatic transport, which are not
ABC transporters, the most important is lung re−
sistance related protein (LRP) [11, 12]. However,
individual AML patients may have combined
overexpression of MDR1 (Pgp), MRP1 and/or
LRP [11, 13 14].

The aim of this study was to investigate
prospectively the prognostic value of the appear−
ance of MDR transporter proteins: MDR1, MRP,
MDR3, and BCRP, as well as LRP and the isoen−
zyme GST (GSTπ), together with their functional
drug transporting activity, in blasts from patients
with de novo AML and after the first course of

chemotherapy. The results were evaluated consid−
ering the patients cytogenetic profiles, and other
clinical and laboratory parameters in relation to
the disease course, to determine the role of mul−
tidrug resistance in predicting clinical outcome.

Material and Methods

Twenty−five patients (14 females and 11 ma−
les, aged from 20 to 74, median age 47.4 years)
with de novo acute myeloid leukaemia (AML) were
analyzed. All patients were diagnosed and treated
in the Department of Haematology Wroclaw
Medical University (from 2002–March 2005).
Morphological classification was performed on
May−Grünwald−Giemsa stained bone marrow
smears according to the French−American−British
(FAB) criteria [15]. Among 25 AML patients there
were following FAB subtypes: 2 MO (8%), 2 M1
(8%), 11 M2 (44%), 8 M4 (32%) and 2 M5a (8%).
Chemotherapy consisted of daunorubicin (DNR
45 mg/m2, i.v., days 1–3) and cytosine arabinoside
(Ara−C, 200 mg/m2, i.v., days 1–7). Complete
remission status was defined according to the cri−
teria of the CALGB [15]. The clinical characteris−
tics of patients are listed in Tables 1 and 2.

M. PODOLAK−DAWIDZIAK et al.1152

Streszczenie
Wprowadzenie. Wczesne pojawienie się oporności wielolekowej (MDR) u chorych na ostrą białaczkę szpikową
(o.b.s.) de novo może przyczyniać się do niepowodzenia leczenia.
Cel pracy. Prospektywna ocena klinicznego znaczenia wzrostu poziomu ekspresji białek MDR i ich zwiększonej
aktywności w relacji do innych czynników prognostycznych w o.b.s., takich jak: wiek, immunofenotyp i profil cy−
togenetyczny.
Materiał i metody. Zbadano poziom ekspresji białek MDR (białka transportowe ABC: MDR1, MRP1, MDR3,
BCRP) i innych (LRP i GSTπ) oraz wykonano czynnościowy test MDR u 25 chorych na o.b.s. de novo w czasie
rozpoznania i po pierwszym cyklu chemioterapii (cykl 3 + 7 DNR/Ara−C). Oznaczanie obecności i funkcji białek
MDR wykonano metodami cytometrii przepływowej.
Wyniki. U trzynastu z 25 chorych na o.b.s. (52%) nastąpiła całkowita remisja (CR) po leczeniu indukcyjnym, u 1
remisja częściowa (PR), a u 11 chorych nie stwierdzono remisji. Wszyscy chorzy na o.b.s., którzy uzyskali CR mie−
li mniej niż 55 lat, a CR była stabilna u 3 chorych w wieku poniżej 48 lat. Spośród 11 chorych na o.b.s., którzy nie
osiągnęli CR 5 miało niekorzystny, a 6 – pośredni profil cytogenetyczny. U 10 z 25 chorych na o.b.s. (40%) zwięk−
szona ekspresja MDR1 występowała w czasie rozpoznania, była nieodwracalna u 9 z nich i wpływała niekorzyst−
nie na wynik leczenia (6 nie uzyskało CR, 1 miał PR, a u 1, który osiągnął CR, nastąpił nawrót choroby), podczas
gdy chory, u którego nie stwierdzono ekspresji MDR1, po chemioterapii uzyskał CR. W teście czynnościowym
MDR1 zwiększony wypływ Rh123 obserwowano zarówno w czasie rozpoznania, jak i po pierwszym cyklu che−
mioterapii u 12 chorych na o.b.s. (48%), co korelowało z wynikami terapii w sposób podobny jak obecność MDR1.
W czasie rozpoznania u niektórych chorych stwierdzono również zwiększoną ekspresję innych białek MDR: GSTπ
u 19 (76%), LRP u 9 (36%), MRP u 4 (16%) i MDR3 u 2 (8%). U 7 chorych na o.b.s. (28%) w czasie rozpozna−
nia oraz po pierwszym cyklu chemioterapii występowała koekspresja MDR1 z MRP, LRP, GSTπ (3 chorych)
i zwiększony wypływ Rh123; z LRP, GSTπ(1 chory) oraz z GSTπ(2 chorych), co skutkowało u 6/7 chorych opor−
nością na chemioterapię, a jeden chory, który uzyskał remisję był młody i miał korzystny profil cytogenetyczny.
Wnioski. W świetle uzyskanych wyników starszy wiek, niekorzystny profil cytogenetyczny oraz zwiększona eks−
presja MDR1, w czasie rozpoznania ostrej białaczki szpikowej de novo oraz koekspresja kilku (co najmniej dwu)
białek oporności wielolekowej są czynnikami związanymi ze zmniejszonym prawdopodobieństwem CR. Znacze−
nie testu czynnościowego MDR1 dla przewidywania uzyskania całkowitej remisji w o.b.s. wydaje się porówny−
walne z oznaczaniem poziomu białka MDR1 (Adv Clin Exp Med 2005, 14, 6, 1151–1160).

Słowa kluczowe: ostra białaczka szpikowa, białka oporności wielolekowej, cytogenetyka, skuteczność chemioterapii.



Diagnosis of AML was made on bone marrow
(BM) and peripheral blood smears routinely
obtained and evaluated according to the revised
French−American−British (FAB) criteria [16], and
the diagnosis of AML−M0 was made following the
guidelines proposed by the same group [17].
CD34 and other myeloid surface markers (e.g.
CD13, CD14, CD33, CD117, HLA−DR) were ana−
lyzed by flow cytometry. Cytogenetic analysis of
the AML blasts was performed at diagnosis on
aspirated BM cells cultured and harvested at stan−
dard conditions. At least 15 GTG−banded
metaphases were analyzed from each patient fol−
lowing the recommendations of the International
System for Human Cytogenetic Nomenclature
(ISCN) [18] (tables 1 and 3). Risk groups were
defined as follows: I – favourable, low risk: t(8;21)
and inv(16); II – neutral, intermediate risk:
patients with normal karyotype or without low or
high risk−specific abnormalities; III – unfavour−
able, high risk: –5/del(5q), –7/del(7q), abn 12p,
abn 11q, +11, +13, +21, +22, t(6;9), t(9;11), t(3;3),
hypodiploid karyotypes or more than three inde−
pendent aberrations [19].

In 25 AML patients examination was per−
formed twice: at diagnosis and two days after the
first course of chemotherapy (3 + 7 combination of
DNR/Ara−C).

The expression of multidrug resistance pro−
teins: MDR1, MDR3, MRP1, BCRP LRP and
GSTπwas evaluated by flow cytometry in periph−
eral blood blasts, using specific fluorescent
labeled monoclonal antibodies: anti−MDR1, anti−
MDR3 (both Chemicon, CA, USA), anti−MRP1
(Sigma, MI,  USA), anti−LRP, anti−BCRP (both
Transduction Laboratories, CA, USA) and anti−
GSTπ (Chemicon, CA, USA). Properly matched,
according to the AML subtype, specific mono−
clonal antibodies; anti−CD13, anti−CD33 or anti−
CD34 were used simultaneously, in the same test,
to discriminate leukaemic and normal cells. The
sample was classified as a positive when the mean
geometric canal of fluorescence intensity (FI) was
at least 1.5−fold higher (+) than that of the negative
(isotypic antibody) control. When the mean chan−
nel of fluorescence was between 2–3−fold higher
than the control, the sample was classified as (++)
and when the fluorescence intensity was more than
3−fold higher than the control – the sample was
classified as (+++).

MDR1 and MRP1 transporter ABC proteins
function was examined by measuring the efflux of
the fluorescent dye Rh 123 (0.5 µg/mL, rhodamine
123, Sigma) by flow cytometry analysis [20], with
leukaemic blasts gated with AML cell−specific
antibodies. The transporter protein activity was
estimated as positive, when Rh 123 efflux resulted

in 2−fold (+), 3−fold (++) or more than 3−fold
decrease in the mean geometric number of channel
of fluorescence−1 (FL−1).

Results

Thirteen out of the 25 AML patients (52%)
attained a complete remission (CR) with induction
treatment, 1 had partial remission (PR) and 11 did
not achieve remission. Out of 11 patients without
CR aged from 20 to 74 (median 55.9), 2 died in
aplasia and 9 were classified as an early death due
to disease progression. Their cytogenetic profile
was intermediate in 6 and unfavourable in 5 pa−
tients. Time to remission (TTR) lasted from 4 to 11
weeks (mean 6.8 weeks) and disease free time var−
ied from 4 to 40 months (mean 12.3 months).

All AML patients with CR were younger than
55 years and 8 of them, with stable CR were
48 years old or younger (range of age 25 to
48 years, median 38.4). It must be underlined that
none of 5 patients older than 60 years reached CR,
3 of them with intermediate (No 4, No 8, No 11)
and 2 (no 10, No 19) with unfavourable cytoge−
netic profile (Table 1). Eight out of 13 AML
patients have stable CR, and five relapsed and
died. The patients who achieved stable CR were
M0 – 1, M1 – 1, M2 – 4, M4 – 2.

Out of the 25 AML patients, 3 (12%) had
favourable chromosomal abnormalities, 15 (60%)
cytogenetics of intermediate prognosis and
7 (28%) cytogenetics of unfavourable prognosis
(tables 1 and 2). Two patients (No 6 and 18) had
t(8;21), 1 patient (No 25) had inv (16). In the cyto−
genetic group of intermediate prognosis, 11 had
normal karyotypes, 3 patients had trisomy 8. Two
patients had chromosome monosomy 7, one
patient – monosomy 5, and 6 – complex cytoge−
netic abnormalities.

In AML patients without CR, 9/12 expressed
CD34 whereas in the group with CR 4/13
expressed CD34.

Results of MDR proteins expression and their
functional activity evaluation are summarized in
Table 4 and Figure 1. Overexpression of MDR1
was shown at diagnosis in 10 out of 25 AML
patients (40%), and in 9 of them MDR1 remained
overexpressed after first course of chemotherapy,
whereas 1 patient reversed and achieved CR (No 3).
Among 9 patients, in whom MDR1 remained
overexpressed after first chemotherapy cycle:
6 patients did not achieve remission, and out of the
remaining 3, two achieved CR, but one of them
relapsed and died (No 17), the second received
allo−BMT and had a stable CR (No 25) and the
third had PR (No 12). Among 6 MDR1 positive
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patients without remission, 3 had intermediate
(No 4, No 8, No 15) and 3 (No 2, No 19, No 23)
unfavourable cytogenetic profile. Patients with
intermediate cytogenetic profiles were older (56,
62 and 74 years, respectively) than those with
unfavourable profile (20, 39 and 69 years, respec−
tively). Out of three AML patients who were
MDR1 negative at diagnosis and became positive
after the first chemotherapy cycle one had no
remission (No 5) and the remaining two (No 14
and 24) achieved CR, but then relapsed and died.

Twelve out of 25 AML patients were MDR1 neg−
ative both at diagnosis and after first cycle of
chemotherapy. Eight of them achieved CR, which
was stable in 5 cases (No 7, 9, 13, 21 and 22). Four
out of 5 MDR1 negative patients with stable CR
had intermediate, and only one (No 22) had an
unfavourable cytogenetic profile.

MRP was elevated at diagnosis in four AML
patients (16%), in one (No 12) it reversed after
induction chemotherapy and among the remaining
3 patients who were MRP positive after first
chemotherapy cycle, 2 did not obtain remission
(No 8, No 23), but 1 got CR (No 25). Their cyto−
genetic profiles were as follows: intermediate (No
8 and 12), unfavourable (No 23) and favourable
(No 25).

The combined overexpression of MDR1 and
MRP1 was found in 6 patients (24%); two of them
had CR (No 3 and No 25), one had PR (No 12) and
three had no remission (No 2, No 8 and No 23).

LRP expression was found at diagnosis in 9
out of 25 AML patients (36%). After first
chemotherapy cycle it remained overexpressed in
8 cases and in 1 case reversed (No 3). Out of 8
LRP patients positive both at diagnosis and after
first cycle of chemotherapy, 4 had no remission,
1 had a partial remission (No 12) and 3 achieved
CR, which remained stable in 2 of them (No 9 and
No 25) but one patient (No 14) relapsed after two
months.

MDR3 was present at diagnosis, and remained
overexpressed after first chemotherapy cycle, in
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Table 2. Clinical characteristics of 25 de novo AML
patients

Tabela 2. Charakterystyka kliniczna 25 chorych z de
novo o.b.s.

Data Median Range
(Dane) (Średnia) (Zakres)

± SD

Age – years 47.4 ± 14.6 20–74
(Wiek – lata)

Haemoglobin 9.08 ± 1.39 6.7–13.5
(Hemoglobina)
g/dl

Erythrocytes 2.88 ± 0.54 2.04–4.03
(Erytrocyty)
T/l

Leucocytes 50.46 ± 55.63 1.2–185.0
(Leukocyty)
G/l

Peripheral blasts 61.4 ± 28.1 10–98
(Odsetek blastów 
we krwi obwodowej)
%

Peripheral blasts 41.03 ± 53.06 1.3–173.9
(Liczba blastów we 
krwi obwodowej)
G/l

Platelets 71.2 ± 80.07 4.0–352.0
(Płytki krwi)
G/l

CD34 expression 16/25
(Ekspresja CD34)

FAB classification n %
(Klasyfikacja FAB)

M0 2 8
M1 2 8
M2 11 44
M4 8 32
M5a 2 8

Karyotype
(Kariotyp)

Favourable 3
(Korzystny)
Intermediate 15
(Pośredni)
Unfavourable 7
(Niekorzystny)

Table 3. Cytogenetic analysis of 25 patients with de novo
AML

Tabela 3. Analiza cytogenetyczna 25 chorych z de novo
o.b.s.

Cytogenetic Karyotype classification n %
group criteria*
(Grupa cyto− (Kryteria klasyfikacji
genetyczna) kariotypu)*

Favourable t(8;21), inv(16) 3 12
(Korzystny)

Intermediate normal karyotype or with 15 60
(Pośredni) < 3 aberrations other than

unfavourable or 
favourable ones 

Unfavourable 5/del(5q), −7/del (7q), 7 28
(Niekorzystny) t(6;9), polyploid

complex karyotype 
(with ≥ 3 independent 
aberrations) 

* According to (ICSN) but taking into account only aber−
rations present in analyzed patients.

* Zgodnie z (ICSN), lecz biorąc pod uwagę jedynie aber−
racje obecne u omawianych chorych.
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Table 4. MDR proteins before (A) and after (B) 1st cycle of chemotherapy in 25 AML patients

Tabela 4. Białka MDR przed (A) i po (B) 1. cyklu chemioterapii u 25 chorych na o.b.s.

No Age Gender FAB A/B ABC transporters Functional assay** MDR proteins
(Nr) (Wiek) (Płeć) (Białka transportowe ABC) (Test czynnościowy) (Białka MDR)

MDR1* MRP* MDR3* BCRP* LRP* GSTπ*

1 35 F M5 A – – – – – – ++
(K) B – + + – – ++ +++

2 20 F M0 A + + – + + + +
(K) B + – – + + + +

3 38 M M1 A + + ++ + + ++ ++
B – – + – – – –

4 62 M M4 A + – – – + + +
B ++ – – + + + +

5 53 F M2 A – – – – – – –
(K) B ++ ++ + – +/– ++ +++

6 48 M M2 A – – – – – – –
B – – – – – – –

7 38 F M4 A – – – – – – ++
(K) B – – – – – – +

8 74 F M4 A + + – – ++ + ++
(K) B + + – – ++ ++ ++

9 45 F M2 A – – – – + + +
(K) B – – – + + + +

10 69 M M4 A – – – – – – +
B – – – – – – –

11 70 M M4 A – – – – – – +
B – – – – – + +

12 32 M M2 A + + – – + + +
B + – – – + + +

13 42 F M2 A – – – – – – ++
(K) B – – – – – – +

14 52 M M5a A – – – – ++ + ++
B ++ – – – ++ + +

15 56 M M2 A + – – – + – +
B + – – – + + +

16 44 M M1 A – – – – – – +
B – – – – – – –

17 51 F M2 A + – – – – –/+ +
(K) B + – – – – –/+ +

18 25 F M2 A – – – – – – –
(K) B – – – – – – +

19 69 F M4 A + – – – +++ – +
(K) B + – + – ++ + +

20 59 M M2 A – – – – – – –
B – – – – – – –

21 48 F M2 A – – – – + – –
(K) B – – – – + – –

22 46 F M0 A – – – – – – +
(K) B – – – + – – +

23 39 F M2 A + ++ – – + + ++
(K) B + ++ – – + + +++

24 44 M M4 A – – – – – – –
B + – – – – – –

25 25 F M4 A ++ + + – +++ ++ +
(K) B ++ + + – + ++ +



2 patients (No 3, No 25), but it seemed not to influ−
ence their chemotherapy outcome, as their both
achieved CR. After the first cycle of chemotherapy
MDR3 was found in 3 patients (No 1, No 5 and
No 19): 2 of them had no remission and 1 (No 1)
relapsed.

Elevated BCPR was found at diagnosis in 2
patients; after chemotherapy it was reversed in
case No 3 (CR) and remained overexpressed in the
second one – No 2 (NR).

GSTπ was elevated at diagnosis in 19/25
AML patients and persisted in 16/18 after first
chemotherapy cycle. Out of 3 patients in whom
GSTπ reversed after induction therapy, 1
achieved CR (No 3) and out of 16 in whom it
remained elevated, 7 had had no remission, 1 had
PR and 10 had CR, but 3 of them relapsed early
(No 1, 14 and 17).

Increased Rh123 efflux both at diagnosis and
after the first chemotherapy cycle, was observed in
12 AML patients (48%); 6 of them had no remis−
sion, 1 had PR (No 11). After induction therapy, in
4/5 of patients with CR, the Rh123 efflux
remained elevated; three of them had stable CR

(No 9, No 21 and No 25) and one relapsed early
(No 14). One patient, in whose blasts Rh123 efflux
was reversed after the first chemotherapy cycle,
achieved a stable CR (No 3).

Out of 7 AML patients with the co−expression
of: MDR1 with MRP, LRP, GSTπand high Rh123
efflux (No 2, No 8, No 23); LRP, GSTπand Rh123
high efflux (No 4); GSTπ and Rh123 high efflux
(No 15, No 19), at diagnosis and after the first
chemotherapy cycle, 6 patients did not achieve
CR; 3 of them had unfavourable and 3 intermedi−
ate cytogenetic profile.

The exception was a patient (No 25, with
AML M4, 25−year−old woman) with favourable
cytogenetic profile, who, in spite of the co−expres−
sion of MDR1, MRP, LRP, MDR3, GSTπ and
increased Rh123 efflux at diagnosis and after the
first chemotherapy cycle, obtained stable CR.
Another patient (No 3 with AML M1, 38−year−old
man), with intermediate cytogenetic profile, also
had co−expression of MDR1 with MRP, LRP,
MDR3, BCRP, GSTπ and increased Rh123 efflux
at diagnosis, but reversed after the first cycle of
chemotherapy, and he also achieved stable CR.
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* Protein expression was assessed by flow cytometry as +, ++, or +++ when increase in mean channel of fluorescence
intensity in tested sample as compared to control, was 1.5–2 times, 2–3 times, or higher than 3 times, respectively.
** Rh 123 efflux was assessed as +, ++, or +++ when decrease in mean channel of fluorescence intensity in tested group as
compared to control, was 2 times, 3 times, or higher than 3 times, respectively.

* Ekspresję białek przyjmowano jako +, ++, lub +++, gdy średni kanał intensywności fluorescencji w badanej próbce 
w porównaniu do grupy kontrolnej był wyższy, odpowiednio: 1,5–2 razy, 2–3 razy lub ponad 3 razy.
** Wypływ Rh123 oceniano jako +, ++, lub +++, gdy średni kanał intensywności fluorescencji w badanej próbce w porów−
naniu do grupy kontrolnej był niższy, odpowiednio: 1,5–2 razy, 2–3 razy lub ponad 3 razy.

Fig. 1. Remission rate in AML patients whose blasts: a – expressed and not expressed MDR1 protein, estimated with
anti−MDR1 monoclonal antibody; b – demonstrating the functional activity (Rh123 fluorescent dye efflux) of mul−
tidrug resistance transporter proteins (MDR1 and MRP), both measured by flow cytometry. CR – complete remis−
sion; NR – remission not achieved

Ryc. 1. Częstość remisji u chorych na o.b.s., których blasty: a – wykazywały ekspresję białka MDR1 oznaczanego za
pomocą monoklonalnego przeciwciała anty−MDR1, oraz b – wykazywały aktywność białek transportowych (MDR1
i MRP1) mierzoną testem czynnościowym z zastosowaniem fluorescencyjnego barwnika Rh123. Obydwa oznaczenia
wykonano metodami cytometrii przepływowej. CR – całkowita remisja; NR – brak remisji
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Discussion

In this prospective study of patients with de
novo AML the prognostic value of expression and
function of the MDR−transporter proteins: MDR1
(Pgp), MRP1, MDR3, BCRP, LRP and GSTπ, was
assessed in the context of clinical and laboratory
features.

Thirteen out of the 25 AML patients (52%)
attained a complete remission (CR) with induction
treatment, one had partial remission (PR) and
eleven did not achieved remission. Out of eleven
AML patients without CR two died in aplasia and
nine were classified as an early death due to the
disease progression.

All (13) AML patients with CR were younger
than 55 years and 8 of them, in whom CR was sta−
ble, were 48 years old or younger. Described
results are in agreement with those obtained by
many other groups. Schoch et al. [21] analyzed
1225 AML patients, and found that up to 49 years,
the age has no major impact on prognosis, but in
patients 50 years old or older, the influence of age
on outcome increases.

Older age of patients with unfavourable cyto−
genetic profile limits achievement of CR, as none
of described 5 patients older than 60 years, with
intermediate (3 patients) or unfavourable (2 patients)
cytogenetic profile, achieved CR. Three patients
with favourable cytogenetic profile achieved CR,
and out of 7 AML patients with unfavourable cyto−
genetic data, 4 had no remission and out of 3 with
CR, 1 had an early relapse, and the remaining 2
patients were relatively young (25 and 46 years
old, respectively) and did not express MDR1.

Presented results confirm that overexpression
of MDR1 in AML patients at diagnosis (10/25;
40%) and its persistence after induction therapy
(9/25) indicate for bad prognosis (6 patients did
not achieved remission, 1 had PR and 3 had CR,
but one of them had an early relapse). The cytoge−
netic profile in MDR1 positive AML without
remission was intermediate in 3 and unfavourable
in another 3 patients. Filipits et al. [22] described
similar results, evaluating an association of MDR1
expression with a poor response to chemotherapy.
In 111 patients with de novo AML, with low, inter−
mediate and high MDR1 expression, the CR rates
were 77%, 68% and 38%, respectively. Pirker et
al. [23] observed that increased levels of MDR1
mRNA in blast cells at diagnosis correlated with
unfavourable treatment outcome in 63 AML
patients. Presented observations are in agreement
with results of many other studies, showing that
MDR1 overexpression predicts lower CR rates
(22, 24, 25, 26) shortening of overall survival (OS)
[3] or short disease−free survival (DFS) [27].

A SWOG trial showed correlation of Pgp expres−
sion with poor treatment outcome, but not with OS
or relapse−free survival (RFS) [28].

Out of 3 AML patients who were MDR1 nega−
tive at diagnosis and became positive after the first
cycle of induction chemotherapy, the appearance of
MDR1 expression seems to have some prognostic
value, as neither of them achieved stable CR.

In presented study the MRP1 overexpression at
diagnosis de novo AML was present in 16% cases,
similarly to those (10%) observed in other studies
[29, 30]. An evaluation at the mRNA level done by
Schaich et al. [31] indicated that MRP1 predicts for
OS or DFS only in patients with intermediate cyto−
genetic parameters. In the case of presented MRP1
positive patients, 2 of them out of 3 who did not
obtained CR, had intermediate cytogenetic profile.
However, in the study of Tsimberidou et al. [32] and
also other groups, there was no correlation found
between MRP1 overexpression and CR rates [25,
28, 29, 33], OS or DFS [25, 28, 33]. Although
MRP1−mediated mechanisms may have indepen−
dent prognostic value in de novo AML, its low over−
expression frequency makes its importance ques−
tionable.

The co−expression of MDR1 and MRP1 was
found in 6/25 AML patients (24%) and only two of
them achieved CR. This finding is in agreement with
the results of Legrand et al. [29], as they have shown
that the combined activity of MRP1 and MDR1 is a
more significant prognostic factor for poor outcome,
measured by CR, RFS and OS duration, as com−
pared to the MDR1 overexpression alone. Van der
Kolk et al. [34] demonstrated that although MRP1
activity is not an independent prognostic factor for
CR achievement, patients with both high MDR1 and
MRP1 activity showed lower CR rate than patients
with low MDR1 and MRP1 activities.

In our study LRP was elevated at diagnosis in
9 out of 25 AML patients (36%), and 3 of them
obtained CR. In other studies LRP expression was
observed in 35–50% of AML patients and has been
reported by many groups to be an adverse prog−
nostic factor [12, 13, 22, 25]. But other authors
failed to show any correlations between LRP over−
expression and CR rate or OS [31, 32, 35].

Presented data are not sufficient to estimate
the clinical significance of MDR3 and BCRP over−
expression. MDR3 was elevated in 2 cases only,
and did not seem to influence the treatment out−
come as both these patients achieved CR. BCRP
was also increased in 2 patients, one of them
obtained CR and the second did not. The impor−
tance of BCRP expression in AML is still contro−
versial. Relatively high expression of BCRP was
observed in approximately 30% of high−risk group
AML patients, and did not correlate with MDR1
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expression, suggesting that BCRP may prompt
resistance to therapeutic agents at the absence of
MDR1 [36]. Benderra et al. [37] analyzed the
expression of BCRP and MDR1 in 149 AML
patients, and found that BCRP was a prognostic
factor for CR achievement (43% in BCRP positive
patients versus 69% in BCRP negative patients),
the 4−year disease−free survival (12% vs. 33%) and
4−year overall survival (19% vs. 38%). It revealed
that AML patients, expressing both BCRP and
MDR1, had the poorest prognosis.

The multidrug transporter proteins functional
assay seems to have a prognostic value for CR
achievement. Increased efflux of Rh123 was pre−
sent in 11/25 AML (44%) and among those patients
CR achieved only one (who reversed after induction
chemotherapy); 6 patients had no remission at all.

GSTπ was elevated at diagnosis in 18/25
AML patients and remained overexpressed in
16/18 after first chemotherapy cycle; 7 of them
were chemotherapy resistant and remaining 3 had
CR, but followed by an early relapse.

Six out of 7 AML patients with the co−expres−
sion of functionally active MDR1 with other mul−
tidrug resistance proteins at the diagnosis and after
the first chemotherapy cycle, had no remission;
three of them had unfavourable and three interme−
diate cytogenetic profile. Exceptions were two
patients, who obtained stable CR, but both of them
were young (25 and 38 years old) and one of them
had intermediate cytogenetic profile and the
favourable with inv(16). Similarly to results
obtained by Zwaan [38], 2 our AML patients with
t (8;21) (No 6 and 18) but without overexpression
of MDR proteins, both achieved CR.

It can be concluded that older age (no one over
sixty achieved CR), cytogenetic profile (out of 7
patients with unfavourable cytogenetic abnormali−
ties, 5 did not achieve CR), and MDR1 overex−
pression, or co−expression of several (at least two)
multidrug resistance proteins at diagnosis, are the
factors associated with an adverse prognosis and
lower CR probability in AML patients.

Clinical relevance of multidrug resistance proteins expression in patients with de novo AML 1159

References
[1] Yates JW, Glidewell O, Wiernik PH, Cooper MR, Steinberg D, Dosik H: Cytosine arabinoside with daunoru−

bicin or adriamycin for therapy of acute myelocytic leukemia: A CALGB study. Blood 1982, 60, 454–462.
[2] Mayer JR, Davis RB, Schiffer CA, Berg DT, Powell BL, Schulman P: Third intensive postremission

chemotherapy in adults with acute myeloid leukemia. N Engl J Med 1994, 331, 896–903.
[3] van den Heuvel−Eibrink MM, Van der Holt B, te Borkhorst PAW, Pieters R, Schoester M, Lowenberg B:

MDR1 expression is an independent prognostic factor for response and survival in de novo acute myeloid
leukemia. Br J Haematol 1997, 99, 76–83.

[4] Manoharan A: Acute myeloblastic leukaemia in the elderly: biology, prognostic factors and treatment. Int J Hemat.
1998, 68, 235–243.

[5] Makin G, Hickman J: Apoptosis and cancer chemotherapy. Cell Tissue Res 2000, 301, 143–152.
[6] van den Heuvel−Eibrink MM, Sonneveld P, Pieters R: The prognostic significance of membrane transport−asso−

ciated multidrug resistance (MDR) proteins in leukemia. Int J Clin Pharmacol Ther 2000, 38, 94–110.
[7] Simon SM, Schindler M: Cell biological mechanisms of multidrug resistance in tumors. Proc Natl Acad Sci USA

1994, 91, 3497–3504.
[8] Duś D, Podolak−Dawidziak M: Multidrug resistance mechanisms in acute leukaemias. Adv Clin Exp Med 2005,

14, 407–414.
[9] Lenart K, Szyda A, Kiełbiński M, Duś D, Podolak−Dawidziak M: Clinical effects of multidrug resistance in neo−

plasms (Kliniczne skutki oporności wielolekowej w nowotworach). Onkologia w Praktyce Klinicznej 2005, 1, 18–26.
[10] van der Pol MA, Broxterman HJ, Pater JM, Feller N, Maas M, Weijers GWD: Function of the ABC trans−

porters, P−glycoprotein, multidrug resistance protein and breast cancer resistance protein, in minimal residual dis−
ease in acute myeloid leukemia. Haematologica 2003, 88, 134–147.

[11] Scheper RJ, Broxterman HJ, Scheffer GL, Kaaijk P, Dalton WS, van Heijningen TH: Overexpression of
a M (r) 110, 000 vesicular protein in non−P−glycoprotein−mediated multidrug resistance. Cancer Res 1993, 53,
1475–1479.

[12] Hart SM, Ganeshaguru K, Scheper RJ, Prentice HG, Hoffbrand AV, Mehta AB: Expression of the human
major vault protein LRP in acute myeloid leukemia. Exp Hemat 1997, 25, 1227–1232.

[13] List AF, Spier CS, Grogan TM, Johnson C, Roe DJ, Greer JP: Overexpression of the major vault transporter
protein lung−resistance protein predicts outcome in acute myeloid leukemia. Blood 1996, 87, 2464–2469.

[14] Podolak−Dawidziak M, Duś D, Kiełbiński M, Paprocka M, Kuliszkiewicz−Janus M, Kuliczkowski KP: The
clinical significance of the multidrug resistance proteins expression in patients with acute myeloid leukaemia. 46th

Annual Meeting Am Soc Hemat, Dec 4–7 2004, San Diego, USA, Blood 2004, 186b, abstract 4411.
[15] Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA, Gralnick HR & Sultan C: Proposal revised

criteria for classification of myeloid leukemia: a report of the French−American−British Cooperative Group. An
Intern Med 1985, 103, 620–625.

[16] Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DA, Gralnick HR: Proposals for the classification
of the acute leukaemias. French−American−British (FAB) co−operative group. Br J Haematol 1976, 33, 451–458.



[17] Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton AG, Gralnick HR, Sultan C: Proposal for the
recognition of minimally differentiated acute myeloid leukemia (AML−M0). Br J Haematol 1991, 78, 325–329.

[18] ISCN: An International System for Human Cytogenetic nomenclature. Basel, Switzerland, Karger, 1995.
[19] Thiede C, Steudel C, Mohr B, Schaich M, Schakel U, Platzbecker U et al.: Analysis of FLT3−activating muta−

tions in 979 patients with acute myelogenous leukemia: association with FAB subtypes and identification of sub−
groups with poor prognosis. Blood 1999, 99, 4326–4335.

[20] Petriz J, Garcia−Lopez J: Flow cytometric analysis of P−glycoprotein function using rhodamine 123. Leukemia
1997, 11, 1124–1130.

[21] Filipits M, Stranzl T, Pohl G, Heinzl H, Jager U, Geissler K: Drug resistance factors in acute myeloid leukemia:
a comparative analysis. Leukemia 2000, 14, 68–76.

[22] Schoch C, Kern W, Schnittger S, Büchner T, Hiddemann W, Heferlach T: The influence of age on prognosis
of de novo acute myeloid leukemia differs according to cytogenetic subgroups. Haematologica 2004, 89,
1082–1090.

[23] Pirker R, Wallner J, Geissler K: MDR1 gene expression and treatment outcome in acute myeloid leukemia.
J Natl Cancer Inst 1991, 83, 708–712.

[24] Campos L, Guyotat D, Archimbaud E, Calmard−Oriol P, Tsuruo T, Troncy J: Clinical significance of multi−
drug resistance P−glycoprotein expression on acute nonlymphoblastic leukemia cells at diagnosis. Blood 1992, 79,
473–476.

[25] Leith CP, Kopecky KJ, Godwin J, McConnell T, Slovak ML, Chen I M: Acute myeloid leukemia in the elder−
ly: assessment of multidrug resistance (MDR1) and cytogenetic distinguishes biologic subgroups with remarkably
distinct responses to standard chemotherapy. A Southwest Oncology Group study. Blood 1997, 89, 3323–3329.

[26] Hunault M, Zhou D, Delmer A, Ramond S, Viguie F, Cadiou M: Multidrug resistance gene expression in acute
myeloid leukemia: major prognosis significance for in vivo drug resistance to induction treatment. Ann Hematol
1997, 74, 65–71.

[27] Lamy T, Goasguen JE, Mordelet E, Grulois I, Dauriac C, Drenou B: P−glycoprotein (P−170) and CD34
expression in adult acute myeloid leukemia (AML). Leukemia 1994, 8, 1879–1883.

[28] Leith CP, Kopecky KJ, Chen I M, Eijdems L, Slovak ML, McConnell TS: Frequency and clinical significance
of the expression of the multidrug resistance proteins MDR1/P−glycoprotein, MRP1, and LRP in acute myeloid
leukemia: a Southwest Oncology Group study. Blood 1999, 94, 1086–1099.

[29] Legrand O, Simonin G, Beauchamp−Nicoud A, Zittoun R, Marie JP: Simultaneous activity of MRP1 and Pgp
is correlated with in vitro resistance to daunorubicin and with in vivo resistance in adult acute myeloid leukemia.
Blood 1999, 94, 1046–1056.

[30] Zhou DC, Zittoun R, Marie JP: Expression of multidrug resistance−associated protein (MRP) and multidrug
resistance (MDR1) genes in acute myeloid leukemia. Leukemia 1995, 9, 1661–1666.

[31] Schaich M, Illmer T, Harbich E, Soucek S, Koch R, Neubauer A: MRP resistance gene expression as inde−
pendent prognostic factor in adult AML patients ≤ 60 years with intermediate group cytogenetics. 41st Annual
Meeting Am Soc Hemat, Dec 4–7 1999, New Orleans, USA, abstract.

[32] Tsimberidou A−M, Paterakis G, Androutsos G, Anagnostopoulos N, Galanopoulos A, Kalmantis T: Leuk
Res 2002, 26, 143–154.

[33] Filipits M, Suchomel RW, Zochbauer S, Brunner R, Lechner K, Pirker R: Multidrug resistance−associated
protein in acute myeloid leukemia: no impact on treatment outcome. Clin Cancer Res 1997, 3, 1419–1425.

[34] van der Kolk DM, de Vries EGE, van Putten WLJ, Verdonck LF, Ossenkoppele GJ, Verhoef GEG, Vellenga E:
P−glycoprotein and multidrug resistance protein activities in relation to treatment outcome in acute myeloid
leukemia. Clin Cancer Res 2000, 6, 3205–3214.

[35] Michieli M, Damiani D, Ermacora A, Masolini P, Raspadori D, Visani G: P−glycoprotein, lung resistance−
−related protein and multidrug resistance associated protein in de novo acute non−lymphocytic leukaemias: bio−
logical and clinical implications. Br J Haematol 1999, 104, 328–335.

[36] Ross DD, Karp JE, Chen TT, Doyle LA: Expression of breast cancer resistance protein in blast cells from
patients with acute leukemia. Blood 2000, 96, 365–368.

[37] Benderra Z, Faussat AM, Sayada L, Perrot JY, Chaoui D: Breast cancer resistance protein and P−glycoprotein
in 149 adult acute myeloid leukemias. Clin Cancer Res 2004, 10, 7896–7902.

[38] Zwaan CM, Kaspers GJ, Pieters R: Different drug resistance in childhood acute myeloid leukemia is related to
chromosomal abnormalities. Blood 2002, 100, 3352–3360.

Address for correspondence:
Maria Podolak−Dawidziak
Department of Haematology, 
Blood Neoplasmas and Bone Marrow Transplantation
Wroclaw Medical University
Pasteura 4
50−367 Wrocław
Poland
e−mail: 1111@hemat.am.wroc.pl

M. PODOLAK−DAWIDZIAK et al.1160

Received: 06.06.2005
Revised: 18.07.2005
Accepted: 18.07.2005

Praca wpłynęła do Redakcji: 06.06.20055 r.
Po recenzji: 18.07.2005 r.
Zaakceptowano do druku: 18.07.2005 r.


	Title page / Strona tytułowa

