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Abstract:

P-glycoprotein (P-gp), a membrane transporter encoded by MDR1 gene, influences pharmacokinetics of anti-cancer drugs and

contributes to multi-drug resistance phenotype in adult acute lymphoblastic leukemia (ALL). In this study, we explored prognostic

and functional role of single nucleotide polymorphism C3435T in MDR1 gene in 44 adult Caucasian patients with ALL. We found

that the outcome of chemotherapy as well as MDR1 gene expression, P-gp expression and P-gp activity in isolated ALL blast cells

were comparable among the patients carrying different MDR1 genotypes. Our results suggest that C3435T polymorphism in MDR1

gene is not a major prognosticator in adult ALL.
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Abbreviations: ABC – adenosine triphosphate-binding cas-

sette, ABCB1 – adenosine triphosphate-binding cassette sub-

family B transporter-1 gene, ALL – acute lymphoblastic leuke-

mia, CI – confidence interval, CR – complete remission,

MDR1 – multi-drug resistance-1 gene, OS – overall survival,

PALG – Polish Adult Leukaemia Group, PCR – polymerase

chain reaction, PE – phycoerythrin, P-gp – P-glycoprotein,

RFLP – restriction fragment length polymorphism, Rh123 – rho-

damine 123, RR – relative risk, RT – reverse transcription, SNP –

single nucleotide polymorphism, WBC – white blood cells

Introduction

Acute lymphoblastic leukemia (ALL) is a clonal dis-

ease of a lymphoblast that represents 20% of acute

leukemias in adults [19]. Current therapeutic ap-

proach to this malignancy is based on intensive,

multi-agent chemotherapy. However, the prognosis of

adult ALL remains poor. Despite high remission rate

after the initial treatment, relapses are very common,

and only 20–40% of patients achieve long-term sur-

vival [19]. Moreover, intensive chemotherapy is often

associated with significant side effects, especially in

older patients [15]. Therefore, unsatisfactory long-

term efficacy of chemotherapy and treatment toxicity

are major problems to be faced by the therapeutic de-

velopments in adult ALL [16, 19].

One promising possibility to optimize efficacy and

toxicity of cytotoxic treatment is a concept of the indi-

vidualized chemotherapy [3]. The term refers to the

individual drug choice and dose adjustment according

to pre-treatment analysis of natural genetic polymor-
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phisms affecting drug transport and metabolism [3].

In this context, the MDR1 (multi-drug resistance-1)

gene, known also as ABCB1 (adenosine triphosphate-

binding cassette subfamily B transporter-1), is one of

the most interesting candidates for pharmacogenetic

studies [12]. MDR1 encodes adenosine triphosphate-

binding cassette (ABC) transporter P-glycoprotein

(P-gp), with affinity to a wide range of commonly

used drugs including numerous anti-cancer agents [1].

P-gp activity is an important factor to determine P-gp

substrate drugs’ pharmacokinetics, due to wide expres-

sion of the protein in normal “barrier” tissues, such as

the gastrointestinal and renal epithelia [1]. Recently,

a number of single nucleotide polymorphisms (SNP)

have been identified in MDR1, including silent

C3435T polymorphism in exon 26 associated with the

altered expression and function of P-gp [8]. Lower ex-

pression and function of P-gp was observed in vivo in

the carriers of T-allele compared with the wild-type CC

homozygotes [8]. Many subsequent studies demon-

strated important functional, pharmacokinetic and prog-

nostic consequences of this SNP, although a number of

discrepant results were also reported [4_7, 12].

As far as we know, the clinical relevance of

C3435T MDR1 SNP in adult ALL has not been inves-

tigated yet. However, numerous drugs important for

chemotherapy of this malignancy, e.g. steroids, an-

thracyclines and Vinca alkaloids, are transported by

P-gp [1]. Moreover, the level of expression of

MDR1/P-gp in leukemic blasts is an established poor

prognostic factor in adult ALL [17]. Furthermore,

prognostic role of C3435T MDR1 SNP has been re-

cently reported in childhood ALL by our group [11],

and by others in adult acute myeloid leukemia [9].

Therefore, there is a strong rationale to evaluate the

significance of this polymorphism in adult ALL.

In this pharmacogenetic study, we addressed two

questions: 1) whether C3435T MDR1 polymorphism

influences prognosis of adult ALL in terms of achieve-

ment of complete remission (CR) and overall survival

(OS), and 2) whether identification of C3435T is useful

to predict P-gp expression/function in ALL cells.

Materials and Methods

Patients

Peripheral blood samples and/or bone marrow aspi-

rates were collected from consecutive 44 adult Cauca-

sian patients diagnosed with ALL in the Department

of Haematology of Medical University of £ódŸ, be-

tween June 2000 and January 2005. Established pre-

treatment prognostic factors were recorded at the time

of diagnosis [16]. Patients were treated according to

Polish Adult Leukemia Group (PALG) protocols for

adult ALL PALG 1999 and PALG 2001 [16], except

for patients with Burkitt’s ALL, who received alter-

nating cycles of CODOX-M /IVAC. The investigation

was in accordance with the principles of the Declara-

tion of Helsinki, and was approved by Ethical Com-

mittee of Medical University of £ódŸ. All participants

of the study gave their informed consent.

Genotyping of MDR1 SNP

MDR1 C3435T SNP was detected by polymerase

chain reaction-restriction fragment length polymor-

phism (PCR-RLFP) as previously described [10]. In

brief, the genomic DNA was isolated from peripheral

blood cells by standard method and amplified by

PCR. Then, the amplified DNA was digested with re-

strictase MboI (Fermantas, Vilnius, Lithuania). MDR1

genotypes were identified using electrophoresis of

products of DNA digestion.

Quantification of MDR1 gene expression

RNA isolated from peripheral blood cells according

to standard methodology was treated with DNase. Re-

action mixture contained 1 µl of RNA (2 µg/µl), 1 µl

of 10X buffer, 1 µl DNase (1 U/µl) and 8 µl of deion-

ized water. The prepared samples were incubated at

room temperature for 15 min. Then 1 µl of Stop Solu-

tion was added and samples were denatured at 70°C

for 10 min, then chilled on ice.

Next, RNA was transcribed into cDNA using En-

hanced Avian HS RT-PCR Kit (Sigma, USA). To

a thin-walled 200 µl PCR microcentrifuge tube placed

on ice, the following reagents were added: 5 µl of

RNA template (final concentration of 0.15 µg/µl),

1 µl of deoxynucleotide mix (500 µM each dNTP),

1 µl of anchored oligo (dT)23 and water to the final

volume of 10 µl. The tube was placed in the thermal

cycle at 70°C for 10 min. Then, the tube was cooled

on ice, and the following components were added:

6 µl of water, 2 µl of 10X buffer for AMV-RT, 1 µl of

RNase inhibitor (1 U/µl), 1 µl of Enhanced avian RT

(1 U/µl). The reaction tubes were incubated at 45°C

for 50 min.
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Subsequently, quantitative PCR was performed us-

ing iCycler (Bio-Rad, USA) and SYBR Green

JumpTM Start Tag ReadyMixTM (Sigma, USA) accord-

ing to manufacturer’s instruction. The MDR1 primers

and conditions used in this analysis were developed

by others [18]. The following reagents were added to

the proper tube for thermocycling: 25 µl of Jump Start

Tag Ready Mix, 0.5 µl of reference dye, 1 µl of for-

ward primer (final concentration of 0.2 µM), 1 µl of

reverse primer, 2 µl of magnesium chloride (final con-

centration of 25 mM), 5 µl of template cDNA, and

water to the final volume of 50 µl. Cycling parameters

were hot starting at 98°C for 5 min, followed by 2 min

of initial denaturation at 94°C, followed by 35 cycles

consisting of denaturation at 94°C, 1 min annealing at

54°C and 3 min extension at 72°C, followed by 7 min

of final extension at 72°C. SYBR Green fluorescent

dye bound selectively to double-stranded DNA. The

DNA level was monitored by measuring the increased

fluorescence through the PCR cycles and estimated at

the threshold cycle for analysis. Standard curve for

MDR1 determination (correlation coefficient of

0.996) was obtained by plotting known quantities of

genomic MDR1 DNA amplified in our previous study.

On this basis, the amount of MDR1 gene was nomi-

nated in ng/µl. Measurements for all samples were car-

ried out in duplicates.

P-gp expression

The expression of P-gp on isolated bone marrow or

peripheral blood mononuclear cells of ALL patients

was measured by flow cytometry as described else-

where [13]. Briefly, for each patient, one sample was

stained with phycoerythrin (PE)-conjugated anti-P-gp

UIC2 monoclonal antibody (Immunotech, Marseille,

France) and one with PE-conjugated isotype control

IgG2a antibody (Dako, Copenhagen, Denmark). The

result of the assay, i.e. P-gp expression, was expressed

as Kolmogorov-Smirnov statistics D-value of difference

in mean PE fluorescence between the two samples.

P-gp activity

P-gp activity on ALL cells was assessed using previ-

ously described functional assay based on inhibition

of efflux of fluorescent P-gp substrate rhodamine 123

(Rh123) (Sigma, USA) by P-gp inhibitor verapamil

[13]. In brief, for each patient two samples were

loaded with Rh123 and then let to efflux, in the pres-

ence or absence of verapamil. Next, the Rh123 fluores-

cence was measured in the two samples using flow cy-

tometry. P-gp activity was expressed as difference in the

mean Rh123 fluorescence between the two samples, ex-

pressed as Kolmogorov-Smirnov statistics D-value.

Statistical analysis

Data were analyzed using SPSS for Windows, release

11.01 (SPSS Inc., Chicago, IL, USA) statistical soft-

ware. The association of potential prognostic factors

including age at diagnosis, white blood cell (WBC)

count, gender, immunophenotype, karyotype, treat-

ment regimen, MDR1 gene expression, P-gp expres-

sion and P-gp activity with different MDR1 genotypes

was tested using analysis of variance or the Kruskall-

Wallis test. The independent prognostic impact of the

above parameters on the probability of achieving CR

after first induction course was analyzed by logistic

regression. Probabilities of OS were estimated using

the Kaplan-Meier method and compared between

groups by the log-rank test. A multivariate analysis

was performed using a Cox regression model includ-

ing all factors with p-value < 0.2 from the univariate

analysess. For all analyses p-values at the level of

0.05 were considered statistically significant.

Results

Prognostic impact of MDR1 polymorphism

In all 44 patients (23 males and 21 females; median

age of 40.6 years, range 18.0–76.5) included to the

study, genotyping of C3435T MDR1 SNP was suc-

cessful. We identified 10 (23%) carriers of wild-type

homozygous CC genotype, 21 (48%) patients with het-

erozygous CT genotype and 13 (29%) carriers of the

genotype homozygous for alternative T-allele. As shown

in Table 1, distribution of standard pre-treatment prog-

nostic factors as well as treatment type did not differ sig-

nificantly among carriers of different MDR1 genotypes.

Then, we estimated influence of potential prognos-

tic factors and C3435T MDR1 genotypes on outcome

of ALL therapy. In the investigated cohort 28(64%)

patients achieved CR after the first induction chemo-

therapy regimen. The median OS reached 14.7

months with 95% confidence intervals (CI) 1.8–27.6

months.
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We found that two factors, i.e. age > 30 years at di-

agnosis (p = 0.057) and WBC > 30 G/l (p = 0.077)

tended to be associated with shorter OS in univariate

survival analyses (Tab. 2). Such a tendency was not

observed regarding MDR1 genotypes or other investi-

gated variables (Tab. 2). To further assess the inde-

pendent impact of variables on survival, we included

age >30 years, WBC > 30 G/l and MDR1 genotypes in

multivariate Cox regression model. We found that age

>30 years and WBC > 30 G/l were significant predic-

tors of shorter OS. The relative risks (RR) of poor out-

come associated with these variables were as follows:

RR(95% CI) = 3.85(1.01–14.67), p = 0.048 for age

> 30 years, and RR(95% CI) = 3.55 (1.18–10.69),

p = 0.024 for WBC > 30 G/l. As anticipated by the uni-

variate analysis, MDR1 genotypes were not associated

with altered OS (p = 0.98) (Fig. 1). Interestingly, none

of the analyzed variables was an independent predictor

of CR achievement after the first chemotherapy regimen

as estimated by logistic regression (data not shown).

It can be assumed that we did not detect any sig-

nificant prognostic influence of C3435T MDR1 SNP

in terms of survival or response to the first chemother-

apy regimen in the analyzed adult ALL cohort.

Functional influence of MDR1 genotypes

To verify functional impact of C343T MDR1 SNP in

ALL cells, we investigated MDR1 gene expression,

P-gp protein expression and P-gp activity in mononu-
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Variable MDR1 genotype p

3435CC
n = 10

3435CT
n = 21

3435TT
n = 13

Age
median (range) 33.5 (21.2–62.4) 51.4 (18.1–76.5) 28.5 (18.0–74.3) 0.27

Sex
male
female

6
4

10
11

7
6

0.80

WBC
median (range) 24.1 (1.1–160.0) 4.9 (0.8–239.0) 11.2 (0.9–58.4) 0.19

Phenotype
pre-B and common
T-cell
Burkitt’s ALL

3
4
3

15
4
2

6
5
2

0.23

Karyotype
Ph+ or bcr-abl+
other or unknown

0
10

4
17

2
11

0.34

Tab. 2. ���������� ������� �	 	������ ���& ��������� ���������� ��"
���� �� �'������ �� ��'�� 2�� ��������

Variable Median survival
(months)

95% CI
(months)

p

WBC
< 30 G/l
> 30 G/l

25.42
11.54

3.8–47.1
2.2–20.8

0.057

Age
< 30 y
> 30 y

44.72
11.54

7.3–82.1
5.0–18.1

0.077

Sex
male
female

16.41
14.7

16.3–34.6
8.1–21.3

0.85

Phenotype
pre-B and c-ALL
T-cell
Burkitt ALL

12.3
44.72
10.39

7.4–17.1
18.4–44.8
5.7–15.1

0.46

Karyotype
Ph+ or bcr-abl +
other or unknown

11.54
25.42

8.8–14.3
6.6–44.2

0.26

Treatment
CODOX-M/IVAC
standard

16.41
7.33

4.2–28.6
1.8–12.9

0.80

MDR1 genotype
3435CC
3435CT
3435TT

14.70
14.37
44.72

0–30.51
10.0–18.8
0–110.0

0.58

MDR1 genotype
3435CC
3435CT/TT

14.70
25.42

0–30.5
2.1–48.7

0.56



clear cells isolated from bone marrow or peripheral

blood specimens obtained from 11 chemotherapy-

naive adult ALL patients. The mean percentage of

ALL blasts in mononuclear cell samples was 79 ±

16.3% as estimated by microscopic evaluation.

We observed distinct variations among tested pa-

tients in median MDR1 gene expression 6.42 ng/µl

(range: 1.51–15.30), median P-gp protein expression

0.1 (range 0.0–0.23) and median P-gp activity 0.33

(range 0.0–0.53). However, there were no significant

MDR1 genotype-related differences in respect to any

of these variables (Tab. 3).

Discussion

In this study, we have shown that C3435T transition

in MDR1 gene is not a major predictor of the treat-

ment outcome in adult patients with ALL. We found

that carriers of different MDR1 genotypes had similar

probability of CR achievement in response to the first

chemotherapy cycle and similar OS. Since the

number of patients included in this pilot report is rela-

tively low, our result need to be confirmed by a subse-

quent larger study. However, despite its limited size,

our cohort of 44 patients can be treated as representa-

tive for adults with ALL because two the most impor-

tant prognostic factors in this malignancy [19], i.e.

age and WBC at diagnosis, were independently asso-

ciated with patients’ survival (p = 0.048 and p = 0.024,

for age and WBC, respectively).

To the best of our knowledge, this is the first inves-

tigation that addressed impact of C3435T MDR1 SNP

in adult ALL. Interestingly, lack of predictive role of

this SNP observed here is in contrast with result of

our previous study on childhood ALL [11]. We re-

ported significant association of T-allele with longer

event-free survival (p = 0.007) and longer OS (p = 0.02)

in a cohort of 111 children with ALL [11]. It can be
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Variable MDR1 genotype p p*

3435CC
n = 2

3435CT
n = 8

3435TT
n = 3

MDR1 gene expression in ng/µl median
(range)

4.45
(1.51�7.40)

5.48
(2.49�15.30)

6.68
(6.42�6.94)

0.47 0.81

P-glycoprotein expression median
(range)

0.33
(0.33�0.34)

0.42
(0�0.53)

0.47
(0.21�0.52)

0.71 0.60

P-glycoprotein activity median
(range)

0.115
(0�0.23)

0.11
(0�0.13)

0.09
(0�0.10)

0.67 0.68

p = 0.024

WBC < 30 G/l

WBC > 30 G/l
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hypothesized that various disease-related and

treatment-related factors may contribute to these dis-

crepant findings. Despite the similar clinical presenta-

tion, the prognosis in adult ALL is dramatically worse

than in childhood ALL, as more than 80% of children

and few adult patients can be currently cured [15, 19].

Although not fully understood, this difference is at

least partially dependent on higher frequency of

poor-risk features in adult patients, e.g. presence of

Philadelphia chromosome [15]. Furthermore, chemo-

therapy administered for childhood ALL is usually

more intensive and prolonged that may enhance the

effect of C3435T SNP.

Our second finding indicates that genotyping of

C3435T MDR1 SNP does not allow to predict the

level of MDR1 expression, P-gp expression or P-gp

activity in leukemic blasts from chemotherapy-naive

adult ALL patients. This is in line with the results of

Efferth et al. [5], who measured MDR1 expression by

quantitative PCR in children with ALL. Interestingly,

these two observations are inconsistent with the initial

report that described functional significance of C3435T

SNP in normal duodenum [8]. Such mechanisms as

gene deletion or amplification may alter MDR1

genotype-phenotype relation in malignant cells [1, 12].

It should be underlined that, although the concept

of regulation of P-gp expression by C3435T SNP de-

scribed initially by Hoffmeyer et al. [8] was recog-

nized by the scientific community with much enthusi-

asm, many of subsequent studies produced contradic-

tory results [1, 2, 7, 12, 14]. Moreover, the mechanism

of possible functional effect of silent C3435T SNP is

still not known. Therefore, at present, it is highly

speculative whether isolated C3435T polymorphism

has any prognostic value that could be useful for indi-

vidualization of cancer chemotherapy. Interestingly,

C3435T was shown to be in co-segregation with other

polymorphic variants in MDR1 gene, e.g. missense

G2667T/A SNP, thus the discrepant results of numer-

ous studies could partially depend on the incomplete

linkage disequilibrium [20]. Altogether, it is possible

that analysis of MDR1 haplotypes would be more use-

ful to predict P-gp function than independent analyses

of C3435T SNP or other MDR1 polymorphisms [14].

In conclusion, the results of our pilot study do not

support the prognostic role of C3435T MDR1 SNP for

treatment outcome in adult ALL. Nevertheless, it can-

not be excluded that MDR1 gene haplotypes, espe-

cially if combined with another functional polymor-

phism in cytotoxic drugs’ metabolism, may be useful

for future individualization of ALL chemotherapy.
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