
haematologica vol. 87(5):may 2002

Association of specific cytogenetic
aberrations with mdr1 gene
expression in adult myeloid leukemia
and its implication for treatment
outcome

MARKUS SCHAICH, EDITH HARBICH-BRUTSCHER,
ULRICH PASCHEBERG, BRIGITTE MOHR, SILKE SOUCEK,
GERHARD EHNINGER, THOMAS ILLMER

Department of Medicine I, University Hospital C.G. Carus,
Dresden, Germany on behalf of the SHG AML96 study group

Cytogenetics

research paper

haematologica 2002; 87:455-464
http://www.haematologica.ws/2002_05/455.htm

Correspondence: Markus Schaich, MD, Medizinische Klinik und Polik-
linik I, Universitätsklinikum C.G. Carus, Fetscherstr. 74, 01307 Dres-
den, Germany. Phone: international +49.351.4584190. Fax: interna-
tional +49.351.4585362. E-mail: schaich@mk1.med.tu-dresden.de

Background and Objectives. Cytogenetics and mdr1
expression are established prognostic factors for treat-
ment outcome in adult acute myeloid leukemia (AML).
The association, however, between specific cytogenetic
aberrations and mdr1 expression has not yet been exam-
ined in a large cohort of patients.

Design and Methods. We therefore looked for mdr1 gene
expression at diagnosis within specific cytogenetic aber-
rations in 331 previously untreated adult patients with de
novo or secondary AML (not including t(15;17)) entered
into the German SHG AML96 treatment trial.

Results. The proportion of mdr1 positive blast probes
was significantly higher in patients with aberrant kary-
otypes than in those with normal karyotypes (39% vs.
15%; p<0.001). Looking at specific cytogenetic aberra-
tions significantly more mdr1 positive AML patients were
found within t(8;21), +8, +21, del(7q), del(5q), -7,
abn(3q) and multiple aberrations. In contrast, no patient
with inv(16) was positive for mdr1. Only 26% of mdr1
positive patients with aberrant karyotypes achieved com-
plete remission (CR) whereas 54% of the mdr1 negative
counterparts did so (p=0.002). Furthermore, within
abn(11q), +21, +22, -5 or abn(3q) no mdr1 positive
patient reached CR, whereas the mdr1 negative coun-
terparts had CR rates comparable to the CR rate of
patients with a normal karyotype. This was most impres-
sive in mdr1 negative patients with multiple aberrations
achieving a CR rate of 63% (p=0.019). In the multivari-
ate analysis age, disease status and mdr1 expression
were the strongest independent predictors for induction
treatment failure.

Interpretation and Conclusions. The correlation
described here between mdr1 gene expression and some
cytogenetic aberrations might explain the prognostic
divergence of such cytogenetic aberrations in different
AML treatment trials due to the amount of mdr-drugs
used within the protocols.
©2002, Ferrata Storti Foundation
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The outcome of adult patients with acute
myeloid leukemia (AML) shows a great vari-
ability which might reflect the broad hetero-

geneity found in this type of disease. Therefore,
prognostic factors are needed to identify high or
low risk patients who might benefit from more or
less intensified treatment strategies. It is well
established that the major risk factor in AML is
the patient’s age. Patients older than 55 years have
a significantly worse prognosis than do younger
patients.1

Moreover, cytogenetic analysis has developed as
a powerful prognostic tool. Bloomfield et al.2 sug-
gested that cytogenetic changes such as t(15;17),
inv(16) or t(8;21) reflect abnormalities with a good
prognosis. In contrast, chromosomal changes
involving deletions of parts of the chromosome 5
[del(5q)], loss of chromosome 7 [-7], and complex
cytogenetic aberrations are associated with a
poorer response to anti-leukemic therapy. Fur-
thermore, they defined a subgroup of patients with
an intermediate outcome according to the appear-
ance of a normal karyotype in the blast sample.2
The MRC study group extended this cytogenetic
intermediate risk group and found that patients
carrying cytogenetic aberrations such as 11q23
abnormalities, trisomies 8, 21, and 22, and deletion
of the chromosomal parts 9q and 7q also have an
intermediate prognosis.3 In contrast, the SWOG
coded patients with 7q-, abn9q, 11q, 20q, 21q, 17p,
t(6;9) and t(9;22) as unfavorable aberrations.4
Thus, there are quite a few discrepancies concern-
ing which kind of aberrations should be considered
as high or intermediate risk.

Mdr1 expression is another well established risk
factor for treatment failure in AML patients and
has been shown to be associated with complete
remission (CR)-failure after induction therapy.5-7

There is growing evidence that mdr1 expression
might be mainly correlated with certain unfavor-
able karyotypes in AML.8,9



As the mdr1 gene is located at 7q21.1,10 espe-
cially aberrations involving chromosome 7 were
correlated with enhanced mdr1 expression in cell
line models.11-13 Recently, an upregulation of mdr1
at the transcriptional level was found for AML
patients with –7/7q-.14 In addition one survey
found a positive correlation between the favorable
karyotype t(8;21) and mdr1 expression in pediatric
AML.15

Therefore, we looked at a large cohort of AML
patients, investigating their mdr1 expression with-
in specific cytogenetic aberrations. We focused on
the question of whether there are other distinct
aberrations beside chromosome 7 and t(8;21)
which are correlated with mdr1 expression. Fur-
thermore, we evaluated the correlation between
mdr1 expression and response to induction treat-
ment within carriers of these aberrations.

Design and Methods

Patients
Three hundred and thirty-one adult patients with

de novo or secondary AML were studied. All of them
were included between February 1996 and February
2000 and treated within the German multi-center
treatment trial of the SHG AML96 study group. The
patients’ characteristics are listed in Table 1.
Patients diagnosed with AML of the subtype FAB-
M3 were not included and were treated within oth-
er European trials.

The treatment schedule of the SHG AML96 trial
has been previously published.16

Briefly, double induction therapy was stratified
according to age. Patients ≤ 60 years old received
one course of MAV (mitoxantrone 10 mg/m2 days
4-8, cytosine arabinoside 100 mg/m2 days 1-8, VP-
16 100 mg/m2 days 4-8) and a second course of
MAMAC (cytosine arabinoside 2×1,000 mg/m2 days
1-5, m-amsacrine 100 mg/m2 days 1-5).

Patients over 60 years old were treated with two
courses of DA (daunorubicin 45 mg/m2 days 3-5,
cytosine arabinoside 100 mg/m2 days 1-7).

Complete remission (CR) was defined as the pres-
ence of < 5% of blast cells in a standardized bone
marrow puncture after the second course of induc-
tion therapy. Only patients with a fully regenerated
peripheral blood count were considered to be in CR.

Post-remission therapy for individuals ≤ 60 years
old was priority-based and adapted according to
cytogenetic risk.16 The study was approved by the
ethics committee of the University of Dresden. Each
patient gave written informed consent.

The control group for drug resistance gene expres-
sion consisted of 12 healthy bone marrow donors.

Sample handling
Bone marrow or peripheral blood samples were

taken at diagnosis. Samples were divided for rou-
tine analysis (determination of FAB-type, blast
count), cytogenetics, and immunocytochemical
analysis. One part of the sample was frozen in liq-
uid nitrogen. At the time of RNA extraction sam-
ples were thawed according to routine protocols.
Probes containing fewer than 80% of myeloblasts
were referred to CD-3 depletion. We performed
depletion using CD-3-coated dynabeads (Dynal,
Hamburg, Germany) according to the manufactur-
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Table 1. AML patient and disease characteristics by mdr1
gene expression (n=331).

All patients Mdr1— patients Mdr1+ patients p value#

(n=331) (n=248) (n=83)

Age [years]

Median 56 54 58 _

Range 15-78 15-78 19-77 _

Disease status [n]

De novo 276 212 64 _

Secondary 55 36 19 _

WBC [Gpt/l]
Median 26.3 33.5 10.9 <0.001

Range 0.8–380.0 0.9–380.0 0.8–224.3 _

Blast count in BM [%]
Median 66 70 59 0.004

Range 30 – 99 30-99 30-93 _

CD34 [%]
Positive 47 41 87 <0.001
Negative 53 59 13 _

LDH [mmol/sL]
Median 15.8 17.9 12.5 <0.001

Range 4.3–149.3 4.4-113.7 4.3-149.3 _

FAB class [n]

M0 15 8 7 _

M1 74 52 22 _

M2 105 68 37 _

M4 58 50 8 0.004
M5a 49 47 2 0.001
M5b 20 19 1 0.026

M6 5 1 4 _

M7 5 3 2 _

#p values reflect significant differences between mdr1-positive and –negative
patients. p values of non-parametric variables were obtained by two-tailed
Mann-Whitney U-test, of parametric variables by two-tailed Fisher’s exact test,
and FAB subtypes were compared to FAB class M2 in a logistic regression
analysis.



er’s recommendations. CD-3 positive cells could be
eliminated with a sensitivity of 98% (data not
shown).

mRNA extraction and c-DNA synthesis
RNA extraction and cDNA synthesis were carried

out as described previously.17

Reverse transcription polymerase chain
reaction for mdr1 gene expression

Polymerase chain reaction (PCR) analysis was
done as previously described.16 Briefly, a final vol-
ume of 50 µL was used containing 1× reaction
buffer (Perkin Elmer-Applied Biosystems, Weiter-
stadt, Germany), 2.0 µM MgCl2, 15 pmol of each
primer, 200 µM each dNTP kit (Pharmacia, Freiburg,
Germany), and 1.5 U AmpliTaqGold-Polymerase
(Perkin Elmer-Applied Biosystems, Weiterstadt,
Germany). GAPDH primers were obtained from
Clontech (Heidelberg, Germany). Mdr1 oligonu-
cleotides were used as previously described.18 The
primer pair was tested in cycle kinetic analysis in
order to assure amplification in the exponential
range of PCR (data not shown). All PCR reactions
were run at least twice.

GAPDH and mdr1 PCR reaction products were
ethanol-precipitated and subsequently loaded on a
5% polyacrylamide gel. After electrophoresis the
gel was ethidium bromide stained and evaluated
using the BioDoc II video documentation system
(Biometra, Göttingen, Germany). Densitometric
analysis was done with the ScanPackTM 3.0 soft-
ware (Biometra, Göttingen, Germany). The area
under the curve was evaluated for each amplified
gene product. Relative amounts of resistance gene
expression were determined by division with the
observed value of GAPDH. The accuracy of PCR
amplification was controlled using CCRF-VCR100
as the positive reference cell line.19

The mean value of the relative mdr1 expression
intensities of 12 bone marrow probes of healthy
donors was approximately 0.019 compared to the
corresponding GAPDH expression intensities. Thus
the threshold of mdr1 positivity for the patients’
blast probes was set at 0.02 to rule out that cont-
aminating mdr1 positive normal bone marrow cells
besides T-cells may lead to false positive samples.
All AML blast probes displaying a relative mdr1
expression of ≥ 0.02 of the corresponding GAPDH
level were therefore regarded as positive. The
probes of the control group were T-cell-depleted,
were handled exactly as the probes of the study
population, and consisted of previously taken bone
marrow aspirates.

Flow cytometry
For the discrimination of CD34+ cells, CD34 mon-

oclonal antibody QBEnd10 (Coulter-Immunotech
Diagnostics, Hamburg, Germany) was used accord-
ing to previously published protocols.20 CD34 pos-
itivity was defined as ≥ 20% CD34 positive blast
cells within the examined blast samples.

Cytogenetics
Chromosome analyses were done in all 331 AML

patients studied and were performed on metaphas-
es from direct preparations, as well as from 24h
and 48 h cultures of bone marrow and/or periph-
eral blood samples as described previously.21 The
cytogenetic preparation and G-banding were done
following routine laboratory procedures.

Cytogenetic risk groups were defined as follows:
high risk: -5/del(5q), -7/del(7q), hypodiploid kary-
otypes (besides 45,X,-Y or –X), inv(3q), abnl12p,
abnl11q,+11, +13, +21, +22, t(6;9); t(9;22); t(9;11);
t(3;3), multiple aberrations; intermediate risk:
patients without a low risk or high risk constella-
tion; low risk: t(8;21) and t(8;21) combined with
other aberrations.

Statistical analysis
Basic statistical data such as mean values, stan-

dard deviations and frequencies were obtained
using the SPSS software package. Differences in
mdr1 gene expression between the analyzed cyto-
genetic subgroups and univariate analyses of the
correlation between experimental findings and
response to induction therapy were evaluated by a
two-tailed Fisher’s exact test. Multivariate analy-
ses of the correlation between experimental or
clinical parameters and therapy response were
done by stepwise logistic regression. Multivariate
analyses of the correlation between experimental
or clinical parameters and survival were done using
Cox regression models.

Overall and disease-free survival analyses were
performed using the Kaplan-Meier method and
survival curves were compared using the log-rank
test.

Results

Patients’ characteristics and cytogenetics
All 331 AML patients with a median age of 56

years (range 18-78) had evaluable chromosome
analyses. De novo AML was diagnosed in 276
patients and secondary AML in 55 others. The dis-
tribution of FAB subtypes, white blood cell counts
(WBC), blast-counts and lactate dehydrogenase
(LDH) levels are shown in Table 1.

Aberrant karyotypes [not including t(15;17)] were
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found in 135 (41%) of the AML patients, whereas
196 (59%) patients had a normal karyotype.

Two hundred and twenty-seven patients had no
numerical abnormalities. Aneuploidy was found in
104 samples with 39 displaying a hypodiploid kary-
otype, 39 a hyperdiploid karyotype and 26 others
an aneuploid karyotypes.

The frequencies of the most common cytogenet-
ic aberrations in the 331 AML patients at diagno-
sis are shown in Table 2. The distribution of most
of the abnormalities was well comparable to the
distribution found by Grimwade et al.3 However,
we discovered that 12% of patients had multiple
aberrations (i.e. 3 or more detected aberrations)
whereas 6% of patients within the MRC trial had
multiple aberrations but in this latter trial the cut-
off level was 5 or more detected aberrations.

Mdr1 gene expression
Correlations between mdr1 gene expression and

AML patients’ disease characteristics are shown in
Table 1.

Eighty-three of the 331 (25%) patients showed
relative mdr1 gene expression levels higher than or
equal to the threshold level of 0.02 and were con-
sidered to be mdr1 positive. Of these positive
patients 26 had low (0.02-0.029), 15 moderate
(0.03-0.039) and 42 high (≥0.04) levels of mdr1
gene expression. Patients older than the median
age of 56 years were more often mdr1 positive than
younger patients (31% vs. 19%; p=0.01).

Mdr1 positive patients had significantly lower
peripheral WBCs (p<0.001) and blast counts in the
bone marrow (p=0.004). Furthermore, LDH levels
were significantly lower in these patients (p<0.001).

CD34 expression correlated strongly with mdr1
gene expression: 87% of mdr1+ AML patients
expressed CD34 on their blasts whereas only 41%
of their mdr1

_
counterparts expressed CD34

(p<0.001). No correlation was found between CD34
expression and age (p=0.88).

The frequency of mdr1 expression was signifi-
cantly lower in monocytic FAB subtypes M4
(p=0.004), M5a (p=0.001) and M5b (p=0.026) than
in FAB subtype M2.

In the multivariate analysis CD34 expression
(p<0.001) and low leukocyte count in the periph-
eral blood (p<0.005) were independently predictive
of mdr1 expression.

Mdr1-expression frequency within specific
cytogenetic aberrations

We observed a higher incidence of mdr1+ blast
samples in patients with aberrant karyotypes com-
pared to in patients with normal karyotypes (39%

vs. 15%; p<0.001).
Breaking this down to specific cytogenetic aber-

rations, mdr1 expression was significantly more
frequent in AML patients with t(8;21), +8, +21,
del(7q), -7, del(5q), abn(3q) or multiple aberrations
compared to in patients with a normal karyotype
(Table 2). Interestingly, 4/9 mdr1 positive blast
probes with t(8;21) were CD56 positive compared
to 1/9 mdr1 negative probes with the same aber-
ration.

Lower mdr1 expression frequencies were seen in
patients with inv(16) and abn(11q). Only one out of
15 patients with abn(11q), including three patients
with t(9;11), and none out of 7 patients with
inv(16) was positive for mdr1 expression (Table 2).

Influence of mdr1 expression on treatment
response of AML patients with specific
cytogenetic aberrations

The total CR rate was 54% for patients with nor-
mal karyotypes. The CR rates were higher in
patients displaying t(8;21) and inv(16), being 94%
and 86%, respectively. Lower CR rates were found
in patients with +8, +21, +22, abn(12p), del(7q), -
5, del(5q), -7, abn(3q) and other monosomies.

Overall 56% of mdr1-negative patients com-
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Table 2. Mdr1 gene expression by specific cytogenetic aber-
rations in AML patients.

Aberration All patients Mdr1+ patients p value#

n1(%) n (%)

Overall 331 (100%) 83 (25%)

Normal karyotype 196 (59%) 30 (15%)
Aberrant karyotype 135 (41%) 53 (39%) <0.001

t(8;21) 18 (5%) 9 (50%) 0.001
inv(16) 7 (2%) 0 (0%)
+8 22 (7%) 9 (41%) 0.007
abn11q 15 (5%) 1 (7%)
+21 8 (2%) 4 (50%) 0.028
+22 6 (2%) 2 (33%)
abn12p 7 (2%) 2 (29%)
del(7q) 14 (4%) 7(50%) 0.004
-5 9 (3%) 3 (33%)
del(5q) 11 (3%) 6 (55%) 0.004
-7 22 (7%) 12 (55%) <0.001
abn(3q) 3 (1%) 3 (100%) 0.004
Other monosomies2 19 (6%) 6 (32%)
Multiple aberrations 39 (12%) 15 (39%) 0.002
Other aberrations 79 (24%) 25 (32%) 0.004

1All patients with a specific aberration are considered, irrespective of the pres-
ence of additional cytogenetic changes. Therefore numbers of the specific aberra-
tions do not add up to 135; #p-values reflect significant differences in mdr1 gene
expression between normal karyotype and the specific cytogenetic aberrations
calculated by two-tailed Fisher’s exact test; 2other monosomies include other not
mentioned hypodiploid karyotypes, except 45,X,-Y or -X.
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pared to 31% of mdr1-positive patients reached
CR criteria (p<0.001) (Table 3). The influence of
mdr1 expression was more pronounced in AML
patients with aberrant karyotypes with a CR rate of
only 26% (p=0.002) in mdr1-positive patients
whereas in patients with normal karyotypes mdr1
expression showed no correlation with response to
induction therapy. This was mainly due to resistant
disease. Thirty percent of mdr1+ patients with aber-
rant karyotypes, compared to 14% of their mdr1
negative counterparts, did not respond to the first
induction therapy (p<0.04). Early death rate, how-
ever, was not significantly different between the
two groups (9% vs. 17%; p=0.18).

Looking into specific cytogenetic aberrations, no
mdr1-positive patient with abn(11q), abn(3q),+21,
+22, -5, or other monosomies reached CR (Table 3).

Low CR rates in mdr1-positive patients were also
found in patients with +8, del(7q), del(5q), -7, mul-
tiple aberrations or the summarized group of oth-
er aberrations (Table 3).

In contrast, within the patients with del(5q),
del(7q), +22, -5, -7, other monosomies or multiple
aberrations, those who were negative for mdr1
gene expression had CR rates that were compara-
ble to the CR rate in patients with normal karyo-
types. This was most impressive for mdr1-negative
patients with multiple aberrations who had a CR

rate of 63% (p=0.019).
In the multivariate analysis the strongest pre-

dictors for induction treatment failure were age
(p<0.001), mdr1 gene expression (p<0.001) and
disease status (p=0.001) (Table 4). High-risk cyto-
genetics did not prove to be an independent pre-
dictor for induction treatment failure (p=0.85). This
was also true when the high-risk cytogenetic group
was coded according to the MRC trial3 (p=0.27)
(data not shown).

Low-risk cytogenetics, however, were an inde-
pendent positive prognostic factor for achieving
CR (p=0.002).

Independent prognostic factors for overall sur-
vival were age, disease status and low-risk cyto-
genetics, whereas high- and low-risk cytogenetics
predicted disease-free survival in the multivariate
analysis (Table 5).

As disease status is one of the strongest predic-
tors of overall survival and secondary AML may
have a different biological behavior anyway, sur-
vival was plotted for secondary and de novo AML
separately. Overall survival was worse in mdr1-pos-
itive secondary AML patients compared to in their
mdr1-negative counterparts (p=0.03), whereas
there was no significant difference in overall sur-
vival between patients with mdr1-positive and
negative de novo AML (Figure 1). No influence of

Table 3. CR rates of AML patients with specific aberrations by mdr1 gene expression.

Aberration Total CR-rates % Patients in CR of mdr1+ patients n/n [%] Patients in CR of mdr1– patients n/n [%] p values#

Overall 50 26/83 (31%) 137/248 (56%) <0.001

Normal karyotype 54 12/30 (40%) 93/166 (56%)

Aberrant karyotype 43 14/53 (26%) 44/82 (54%) 0.002
t(8;21) 94 8/9 (89%) 9/9 (100%)
inv(16) 86 No mdr1 pos. patient 6/7 (86%)
+8 27 1/9 (11%) 5/13 (39%)
abn11q 67 0/1 (0%) 10/14 (71%)
+21 13 0/4 (0%) 1/4(25%)
+22 33 0/2 (0%) 2/4 (50%)
abn12p 29 1 /2 (50%) 1 /5 (20%)
del(7q) 36 1/7 (14%) 4/7 (57%)
-5 33 0/3 (0%) 3/6 (50%)
del(5q) 27 1/6 (17%) 2/5 (40%)
-7 36 3/12 (25%) 5/10 (50%)
abn(3q) 0 0/3 (0%) No mdr1 neg. pat.

Other monosomies1 37 0/6 (0%) 7/13 (54%) 0.044

Multiple aberrations 46 3/15 (20%) 15/24 (63%) 0.019

Other aberrations 47 7/25 (28%) 30/54 (56%) 0.030

#p values reflect significant differences between the CR rate of mdr1 negative and the CR rate of mdr1 positive patients within the specific cytogenetic aberrations calculated
by two-tailed Fisher’s exact test; 1other monosomies include other not mentioned hypodiploid karyotypes, except 45,X,-Y or -X.
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mdr1 expression on disease-free survival could be
found in either group of patients (Figure 2).

Discussion
Diagnostic cytogenetics is regarded as one of the

most valuable prognostic factors for remission
induction and survival in AML patients. However,
there are still discrepancies about the value of cer-
tain cytogenetic abnormalities.3,4 As other prog-
nostic markers, such as mdr1 expression, have been
shown to influence remission induction and sur-
vival in AML,7 the expression of resistance genes
might alter the influence of cytogenetics on remis-
sion induction. Therefore, we looked for mdr1
expression within specific cytogenetic aberrations
of a large cohort of previously untreated adult
patients with AML. Flow cytometry and function-
al tests are thought to be the most valid and prac-
tical methods to determine mdr1 expression in
AML blast samples, especially if they are used in

Table 4. Correlation with response to induction therapy (CR-
rate) in all AML patients (n=331): multivariate analysis.

Stepwise forward logistic regression

RP 95% CI p-value

Age 0.30 0.18-0.51 <0.001
Disease status 0.29 0.14-0.60 0.001
Mdr1 expression 0.30 0.16-0.55 <0.001
Low risk cytogenetics 28.54 3.45-236.26 0.002
High risk cytogenetics − − 0.85

*cytogenetic risk groups were defined according to the protocol of the SHG
AML96 study group with t(8;21) as low risk and -5/del(5q), -7/del(7q),
hypodiploid karyotypes (excluded 45,X,-Y or –X), inv(3q), abnl12p, abnl11q,+11,
+13, +21, +22, t(6;9); t(9;22); t(9;11); t(3;3), multiple aberrations as high risk
cytogenetics. CR, complete remission; RP, relative probability of reaching CR; CI,
confidence interval.

Table 5. Prognostic factors for survival in all AML patients: multivariate analysis.

Stepwise forward cox regression

Overall survival (n=331) Disease-free survival (n=163)
RP 95% CI p-value RP 95% CI p-value

Age 1.03 1.01-1.04 <0.001 − − 0.15
Disease status 1.61 1.13-2.29 0.009 − − 0.87
Mdr1 expression − − 0.07 − − 0.24
Low risk cytogenetics 0.38 0.16-0.94 0.04 0.26 0.09-0.73 0.01
High risk cytogenetics − − 0.13 2.05 1.13-3.72 0.02

*cytogenetic risk groups were defined according to the protocol of the SHG AML96 study group with t(8;21) as low risk and -5/del(5q), -7/del(7q), hypodiploid karyotypes
(excluded 45,X,-Y or –X), inv(3q), abnl12p, abnl11q,+11, +13, +21, +22, t(6;9); t(9;22); t(9;11); t(3;3), multiple aberrations as high risk cytogenetics; RP, relative probability
of event; CI, confidence interval

Figure 1. Overall survival of de novo (A) and secondary (B)
AML patients by mdr1 expression (mdr1 positive patients:
dotted line; mdr1 negative patients: solid line). Patients
with an allogeneic stem cell transplantation were censored
at the time of transplantation.



combination.22,23 However, in our hands24 and in
accordance with the literature25,26 mdr1 mRNA
expression determined by RT-PCR is a sensitive
method and well comparable to flow cytometry or
functional tests. Furthermore, CD3 depletion of the
samples to rule out T-cell contamination as the
main source of normal mdr1-positive cells further
increases the reliability of the method. Thus, as
material access was restricted in the presented
multi-center study, RT-PCR was a reliable and fea-
sible method.

In our survey AML patients with aberrant kary-
otypes showed a greater extent of mdr1 over-
expression compared to patients with normal kary-
otype. This finding could be explained by a survey
of Knutsen et al.27 In cell lines and patients with
drug-refractory ALL they showed that random

chromosomal rearrangements could activate mdr1
by fusing it to other genes. Especially within so-
called unfavorable cytogenetic aberrations, such
as abn(3q), del(5q), del(7q), –7 or multiple aberra-
tions, we found a significantly higher proportion of
mdr1 positive patients. This is in accordance with
the findings of Wüchter et al.,23 who showed that
AML patients with unfavorable cytogenetics were
more often P-glycoprotein (P-gp)-positive than
patients with intermediate/favorable cytogenetics.
Samdani et al.8 also found P-gp expression to be
more frequent in AML patients with unfavorable
cytogenetics. However, both studies examined
small numbers of patients.

Leith et al.7 reported a trend towards correlation
between high-risk cytogenetics and mdr1 expres-
sion in a survey of 352 AML patients aged 17 to 69
years using flow-cytometry (p=0.09). However, only
81 patients had evaluable cytogenetics, with 23
patients being in the unfavorable group. In our sur-
vey we looked for mdr1 expression within specific
cytogenetic aberrations and found that some of
the aberrations coded as unfavorable by the SWOG,
such as –5 or abn(11q), were not correlated with
mdr1 in our study. This might be another reason for
lack of significance in the study by Leith et al.7 The
use of different methods and threshold levels may
further influence correlation analyses between
mdr1 expression and cytogenetics. Furthermore,
patient selection plays an important role, as in
another paper the same group showed that the fre-
quency of mdr1 expression is much higher in old-
er AML patients.28

As the mdr1 gene is located on the long arm of
chromosome 7 at position 7q21.1,10 structural and
numerical aberrations of chromosome 7 were of
special interest for differential mdr1 expression.
Whereas duplications and additions to chromo-
some 7 were correlated to the mdr1 phenotype12,13

in cell lines, we found that del(7q) and –7 were
also associated with mdr1 gene expression in AML
patients. Recently, an upregulation of mdr1 mRNA
was seen in 19 AML patients with –7 or del(7q).14

The reason for this is still unclear. One can specu-
late that most patients with –7/del(7q) harbor
additional aberrations activating mdr1 gene
expression.

Interestingly, +8 and +21 karyotypes correlated
with mdr1 gene expression in our survey, in which
+8 is regarded as an intermediate-risk aberration
and +21 as a high-risk one. The MRC coded both
+8 and +21 as intermediate risk,3 whereas the
SWOG classified +21 as an aberration with
unknown cytogenetic risk.4 In contrast, others con-
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Figure 2. Disease-free survival of de novo (A) and secondary
(B) AML patients by mdr1 expression (mdr1 positive
patients: dotted line; mdr1 negative patients: solid line).
Patients with an allogeneic stem cell transplantation were
censored at the time of transplantation.
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sider +8 as unfavorable.8 In fact, we found low
remission rates for both +8 and +21, which might
be due to the higher frequency of mdr1 expres-
sion: no mdr1-positive patient with +21 and only
one with +8 achieved CR criteria.

Furthermore, half of our examined eighteen AML
patients with the favorable t(8;21) were positive for
mdr1. In the literature mdr1 correlated strongly
with t(8;21) in pediatric AML, whereas this corre-
lation was not found in 11 adult t(8;21) cases.15

Recently, Lutterbach et al.29 substantiated this lat-
ter finding as they demonstrated that the fusion-
protein AML1/ETO inhibits mdr1 expression via
repression of the mdr1 promoter. Nevertheless, har-
boring of additional aberrations might be the rea-
son for mdr1 positivity within our subgroup of AML
patients with t(8;21). In fact most of the mdr1 pos-
itive t(8;21) cases had additional aberrations, such
as del(9q), del(7q) or del(6q) (data not shown). Thus,
transcriptional repression might be counteracted
by gene activation associated with genetic insta-
bility. However, mdr1 expression does not influence
remission induction in patients with t(8;21) as 94%
of such patients reached CR.

In contrast, no patient with inv(16) was positive
for mdr1 expression, which was in accordance with
the findings of Samdani et al.8

Mdr1 expression predicted treatment failure in
most patients with intermediate-risk and unfavor-
able cytogenetic aberrations, whereas mdr1 nega-
tive patients had remission rates comparable to
those with a normal karyotype. For example,
patients with multiple aberrations, who were gen-
erally considered at high-risk of treatment failure,
had a 63% CR rate, if they were mdr1 negative. This
finding was confirmed by the multivariate analy-
sis, in which unfavorable cytogenetic risk was not
an independent prognostic factor for induction
treatment failure, whereas mdr1 expression was
highly significant. This might be due to the unse-
lected cohort of patients examined in this study, in
which age and disease status were the strongest
independent predictors of treatment failure. If one
looks at selected patients younger than 60 years
with de novo AML, high-risk cytogenetics proves
to be an independent prognostic factor besides
mdr1 expression (data not shown). To rule out a
major influence of our coding of the high-risk cyto-
genetic group, the same analysis was done using
the MRC coding. Again high-risk cytogenetics lost
significance. Similar findings were made by
Hunault et al.30 In their survey of 110 AML patients
cytogenetic analysis maintained its prognostic val-
ue only in mdr1-negative patients. An additive

negative prognostic effect for mdr1 expression in
AML patients with unfavorable cytogenetics has
been described by others.9,31

In accordance with Leith et al.7 mdr1 expression
seems not to be an independent prognostic factor
for overall or disease-free survival in all examined
AML patients in our survey as once again age, dis-
ease status or cytogenetics were much stronger
determinants. However, within distinct subgroups,
such as secondary AML, overall survival of mdr1
positive patients is worse than that of mdr1 neg-
ative patients. This is also true for de novo AML
patients harboring specific cytogenetic aberrations,
such as t(8;21), +8 or multiple aberrations (data not
shown). As the numbers of patients in the latter
subgroups are relatively low, these findings need
further prospective evaluation within intergroup
studies.

In conclusion, our data indicate that the expres-
sion of mdr1 resistance gene is different between
specific cytogenetic aberrations in AML. In some
unfavorable aberrations mdr1 expression might be
the important determinant of induction treatment
failure. In patients with aberrations, such as +8,
+21 or del(7q), without a consensus on whether
they should be coded as intermediate or unfavor-
able cytogenetic risk, a high mdr1 expression rate
was seen. This could be an explanation for the dif-
ferent classification of these patients, since induc-
tion treatment outcome might depend on the
amount of mdr-drugs used within the different
induction regimens.

Contributions and Acknowledgments
MS and TI were the principal authors. They were

primarily responsible for the work, from conception
to submitted manuscript. The remaining authors
qualified for authorship according to the World
Association of Medical Editors (WAME) criteria and
have taken specific responsibility for the following
parts of the content: EHB, substantial parts of the
molecular studies; UP and BM, cytogenetic analyses;
SS, statistical analyses; GE, substantial contribu-
tions to conception, design and interpretation of
data. Order of authorship: authors are listed accord-
ing to a criterion of decreasing individual contribu-
tion to the work, with one exception: the last author
had a major role as a principal author with major
responsibility for the whole work as outlined above.

We thank the following other members of the
German SHG AML96 study group who entered their
patients into the trial:

W.E. Aulitzky (Robert-Bosch-KH Stuttgart), H.
Bodenstein (Klinikum Minden), M. Burk (Klinikum



Cytogenetics and mdr1 gene expression in AML 463

haematologica vol. 87(5):may 2002

Stadt Hanau), M.R. Clemens (Mutterhaus d. Borro-
maerinnen Trier), H. Dürk (St. Marien-Hospital
Hamm), R. Engberding (Stadtkrankenhaus Wolfs-
burg), E. Faßhauer (St. Elisabeth-KH Halle), A.A.
Fauser (Klinik f. Hämatologie/Onkologie und KMT
Idar-Oberstein), S. Fetscher (Städt. Klinikum
Lübeck), F. Fiedler (Klinikum Chemnitz gGmbH), T.
Geer (Diakonie-KH Schwäbisch-Hall), M. Gramatz-
ki (Universitätsklinikum Erlangen), H.-H. Heidtmann
(St.Joseph-Hospital Bremerhaven), F. Hirsch
(Kreiskrankenhaus Offenburg), A. D. Ho (Univer-
sitätsklinikum Heidelberg), H.G. Höffkes (Klinikum
Fulda), D. Huhn (Virchow-Klinikum Berlin), J. Kaes-
berger (Diakonissen-KH Stuttgart), G. Köchling
(Kreiskrankenhaus Leer), R. Kolloch (Kranke-
nanstalten Gilead gGmbH Bielefeld), R. Kuse (Allg.
KH St. Georg Hamburg), J. Labenz (Ev. Jung-Still-
ing-KH Siegen), H. Link (Westpfalzklinikum GmbH
Kaiserslautern), F. Marquard (Allgemeines KH Celle),
A. Neubauer (Klinikum d. Philipps-Universität Mar-
burg), K.-H. Pflüger (Evang. Diakonissenanstalt Bre-
men), H. Pohlmann (Städtisches KH München-Har-
laching), J.G. Saal (Malteser Krankenhaus Flens-
burg), M. Sandmann (Klinikum St. Antonius Wup-
pertal), K.-P. Schalk (St. Vincent-KH Limburg/Lahn),
H. Schmidt (Kreiskrankenhaus Hameln), R. Schw-
ertfeger (Deutsche Klinik f. Diagnostik GmbH Wies-
baden), B. Seeber (Klinikum Offenbach), T. Wagner
(Universitätsklinikum Lübeck), H. Wandt (Städtis-
ches Klinikum Nürnberg), M. Wilhelm (Klinikum d.
Universität Würzburg).

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlap-

ping with previous papers.

Funding
The study was partly supported by grants from the

Deutsche Krebshilfe and the German “Kompeten-
znetzwerk akute und chronische Leukämien”.

References

1. Bennett JM, Young ML, Andersen JW, Cassileth PA, Tall-
man MS, Paietta E, et al. Long-term survival in acute
myeloid leukemia: the Eastern Cooperative Oncology
Group experience. Cancer 1997; 80 Suppl 11:2205-9.

2. Bloomfield CD, Lawrence D, Byrd JC, Carroll A, Pettenati
MJ, Tantravahi R, et al. Frequency of prolonged remission
duration after high-dose cytarabine intensification in
acute myeloid leukemia varies by cytogenetic subtype.
Cancer Res 1998; 58:4173-9.

3. Grimwade D, Walker H, Oliver F, Wheatley K, Harrison C,
Harrison G, et al. The importance of diagnostic cytoge-
netics on outcome in AML: analysis of 1,612 patients

entered into the MRC AML 10 trial. The Medical Research
Council Adult and Children's Leukaemia Working Parties.
Blood 1998; 92:2322-33.

4. Slovak ML, Kopecky KJ, Cassileth PA, Harrington DH, Theil
KS, Mohamed A, et al. Karyotypic analysis predicts out-
come of preremission and postremission therapy in adult
acute myeloid leukemia: a Southwest Oncology
Group/Eastern Cooperative Oncology Group Study. Blood
2000; 96:4075-83.

5. Campos L, Guyotat D, Archimbaud E, Calmard-Oriol P,
Tsuruo T, Troncy J, et al. Clinical significance of multidrug
resistance P-glycoprotein expression on acute nonlym-
phoblastic leukemia cells at diagnosis. Blood 1992;
79:473-6.

6. List AF. Role of multidrug resistance and its pharmaco-
logical modulation in acute myeloid leukemia. Leukemia
1996; 10:937-42.

7. Leith CP, Kopecky KJ, Chen IM, Eijdems L, Slovak ML,
McConnell TS, et al. 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; 94:1086-99.

8. Samdani A, Vijapurkar U, Grimm MA, Spier CS, Grogan
TM, Glinsmann-Gibson BJ, et al. Cytogenetics and P-gly-
coprotein (PGP) are independent predictors of treatment
outcome in acute myeloid leukemia (AML). Leuk Res
1996; 20:175-80.

9. Mazzella FM, Kowal-Vern A, Shrit MA, Rector JT,
Cotelingam JD, Schumacher HR. Effects of multidrug
resistance gene expression in acute erythroleukemia.
Mod Pathol 2000; 13:407-13.

10. Fojo A, Lebo R, Shimizu N, Chin JE, Roninson IB, Merlino
GT, et al. Localization of multidrug resistance-associat-
ed DNA sequences to human chromosome 7. Somat Cell
Mol Genet 1986; 12:415-20.

11. Nieuwint AW, Baas F, Wiegant J, Joenje H. Cytogenetic
alterations associated with P-glycoprotein- and non-P-
glycoprotein-mediated multidrug resistance in SW-1573
human lung tumor cell lines. Cancer Res 1992; 52:4361-
71.

12. de Silva MG, Kantharidis P, Scherer SW, Rayeroux K,
Campbell L, Tsui LC, et al. Physical mapping of a tandem
duplication on the long arm of chromosome 7 associat-
ed with a multidrug resistant phenotype. Cancer Genet
Cytogenet 1999; 110:28-33.

13. Ganapathi R, Hoeltge G, Casey G, Grabowski D, Neelon R,
Ford J. Acquisition of doxorubicin resistance in human
leukemia HL-60 cells is reproducibly associated with
7q21 chromosomal anomalies. Cancer Genet Cytogenet
1996; 86:116-9.

14. van den Heuvel-Eibrink MM, Wiemer EA, de Boevere MJ,
Slater RM, Smit EM, van Noesel MM, et al. MDR1 expres-
sion in poor-risk acute myeloid leukemia with partial or
complete monosomy 7. Leukemia 2001; 15:398-405.

15. Pearson L, Leith CP, Duncan MH, Chen IM, McConnell T,
Trinkaus K, et al. Multidrug resistance-1 (MDR1) expres-
sion and functional dye/drug efflux is highly correlated
with the t(8;21) chromosomal translocation in pediatric
acute myeloid leukemia. Leukemia 1996; 10:1274-82.

16. Schaich M, Ritter M, Illmer T, Lisske P, Thiede C, Schakel
U, et al. Mutations in ras proto-oncogenes are associat-
ed with lower mdr1 gene expression in adult acute
myeloid leukaemia. Br J Haematol 2001; 112:300-7.

17. Schmidt M, Nagel S, Proba J, Thiede C, Ritter M, Waring



M. Schaich et al.464

haematologica vol. 87(5):may 2002

JF, et al. Lack of interferon consensus sequence binding
protein (ICSBP) transcripts in human myeloid leukemias.
Blood 1998; 91:22-9.

18. Beck J, Handgretinger R, Klingebiel T, Dopfer R, Schaich
M, Ehninger G, et al. Expression of PKC isozyme and
MDR-associated genes in primary and relapsed state
AML. Leukemia 1996; 10:426-33.

19. Schaich M, Neu S, Beck J, Gekeler V, Schuler U, Ehninger
G. A novel method for direct and fluorescence indepen-
dent determination of drug efflux out of leukemic blast
cells. Leuk Res 1998; 21:933-40.

20. Gramatzki M, Ludwig WD, Burger R, Moos P, Rohwer P,
Grunert C, et al. Antibodies TC-12 ("unique") and TH-111
(CD96) characterize T-cell acute lymphoblastic leukemia
and a subgroup of acute myeloid leukemia. Exp Hematol
1998; 26:1209-14.

21. Mohr B, Bornhauser M, Thiede C, Schakel U, Schaich M,
Illmer T, et al. Comparison of spectral karyotyping and
conventional cytogenetics in 39 patients with acute
myeloid leukemia and myelodysplastic syndrome.
Leukemia 2000; 14:1031-8.

22. Filipits M, Suchomel RW, Lechner K, Pirker R. Immuno-
cytochemical detection of the multidrug resistance-asso-
ciated protein and P-glycoprotein in acute myeloid
leukemia: impact of antibodies, sample source and dis-
ease status. Leukemia 1997; 11:1073-7.

23. Wüchter C, Karawajew L, Ruppert V, Buchner T, Schoch
C, Haferlach T, et al. Clinical significance of CD95, Bcl-2
and Bax expression and CD95 function in adult de novo
acute myeloid leukemia in context of P-glycoprotein
function, maturation stage, and cytogenetics. Leukemia
1999; 13:1943-53.

24. Illmer T, Schaich M, Oelschlagel U, Nowak R, Renner U,
Ziegs B, et al. A new PCR MIMIC strategy to quantify low
mdr1 mRNA levels in drug resistant cell lines and AML
blast samples. Leuk Res 1999; 23:653-63.

25. Pall G, Spitaler M, Hofmann J, Thaler J, Ludescher C. Mul-
tidrug resistance in acute leukemia: a comparison of dif-
ferent diagnostic methods. Leukemia 1997; 11:1067-72.

26. Marie JP, Huet S, Faussat AM, Perrot JY, Chevillard S,
Barbu V, et al. Multicentric evaluation of the MDR phe-
notype in leukemia. French Network of the Drug Resis-
tance Intergroup, and Drug Resistance Network of Assis-
tance Publique-Hôpitaux de Paris. Leukemia 1997;
11:1086-94.

27. Knutsen T, Mickley LA, Ried T, Green ED, du Manoir S,
Schrock E, et al. Cytogenetic and molecular characteri-
zation of random chromosomal rearrangements activat-
ing the drug resistance gene, MDR1/P-glycoprotein, in
drug-selected cell lines and patients with drug refracto-
ry ALL. Genes Chromosomes Cancer 1998; 23:44-54.

28. Leith CP, Kopecky KJ, Godwin J, McConnell T, Slovak ML,
Chen IM, et al. Acute myeloid leukemia in the elderly:

assessment of multidrug resistance (MDR1) and cytoge-
netics distinguishes biologic subgroups with remarkably
distinct responses to standard chemotherapy. A South-
west Oncology Group study. Blood 1997; 89:3323-9.

29. Lutterbach B, Sun D, Schuetz J, Hiebert SW. The MYND
motif is required for repression of basal transcription
from the multidrug resistance 1 promoter by the t(8;21)
fusion protein. Mol Cell Biol 1998; 18:3604-11.

30. Hunault M, Zhou D, Delmer A, Ramond S, Viguie F, Cadiou
M, et al. Multidrug resistance gene expression in acute
myeloid leukemia: major prognosis significance for in
vivo drug resistance to induction treatment. Ann Hema-
tol 1997; 74:65-71.

31. Del Poeta G, Venditti A, Stasi R, Aronica G, Cox MC, Buc-
cisano F, et al. P-glycoprotein and terminal transferase
expression identify prognostic subsets within cytogenet-
ic risk classes in acute myeloid leukemia. Leuk Res 1999;
23:451-65.

PEER REVIEW OUTCOMES

Manuscript processing
This manuscript was peer-reviewed by two external ref-
erees and by Dr. Elihu Estey, who acted as an Associ-
ate Editor. The final decision to accept this paper for
publication was taken jointly by Dr. Estey and the Edi-
tors. Manuscript received November 27, 2001; accept-
ed March 13, 2002.

What is already known on this topic
It is recognized that MDR1 positivity is associated with
resistance to therapy in AML. This paper reports on the
frequency of MDR1 expression according to karyotype,
another highly important prognostic
factor in AML.

What this study adds
Perhaps the most clinically interesting observation is
that, within certain cytogenetic groups, MDR1 status
adds prognostic information. Thus MDR status can be
used to reduce the prognostic heterogeneity within these
groups.

Potential implications for clinical practice
As a result, physicians can, and should, use patient's
MDR status in deciding whether to offer standard or
investigational therapy.
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