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Abstract:

Functional single nucleotide polymorphism (SNP) C3435T in exon 26 of the MDR1 (ABCB1) gene encoding the xenobiotic

transporter P-glycoprotein (P-gp, MDR1, ABCB1) may influence susceptibility to several diseases as well as clinical outcome of

treatment with P-gp substrates. Exposure to environmental chemicals is thought to be involved in the pathogenesis of B-cell chronic

lymphocytic leukemia (B-CLL) and P-gp-transported drugs are used in its treatment; however, little is known about the impact of the

C3435T MDR1 SNP in B-CLL. In this study, 110 Caucasian B-CLL patients and 201 healthy controls were genotyped for the MDR1

C3435T SNP. Additionally, P-gp activity was assessed in malignant lymphocytes of 22 untreated B-CLL patients. We observed

a higher frequency of carriers of at least one 3435T allele (3435CT and 3435TT genotypes) among B-CLL patients as compared to

normal individuals (76% vs. 63%, p = 0.027). The genotypes 3435CT and 3435TT were associated with B-CLL, (odds ratio = 1.8,

95% confidence interval = 1.1–3.0). Moreover, P-gp activity in B-CLL cells depended on MDR1 genotype, with the highest P-gp

activity in 3435CC homozygotes, intermediate in 3435CT heterozygotes and the lowest in 3435TT homozygotes (p = 0.042). P-gp

activity was also significantly lower in carriers of the T-allele (3435CT/TT genotype) as compared to the non-carriers (3435CC

genotype), (p = 0.029). Taken together, these data indicate that the MDR1 C3435T SNP may carry an increased risk of developing

B-CLL, possibly by virtue of decreased protection against P-gp-substrate carcinogens. The differences in P-gp activity in B-CLL

tumor cells related to MDR1 genotype may have implications to the response to chemotherapy with P-gp transported anticancer

agents.
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Abbreviations: ABC – adenosine triphosphate-binding cas-

sette, ABCB1 – adenosine triphosphate-binding cassette sub-

family B transporter – 1 gene, B-CLL – B-cell chronic lympho-

cytic leukemia, CI – confidence interval, LRP – lung resistance

protein, MDR1 – multidrug resistance-1 gene, MRP1 – mul-

tidrug resistance-associated protein-1, OR – odds ratio,

PBMCs – peripheral blood mononuclear cells, PCR –

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

P-glycoprotein, RFLP – restriction fragment length polymor-

phism, Rh123 – rhodamine 123, SNP – single nucleotide poly-

morphism, WBC – white blood cells

Introduction

B-cell chronic lymphocytic leukemia (B-CLL) repre-

sents the most common form of leukemia in Europe

and North America. B-CLL is characterized by pro-

gressive accumulation of distinct monoclonal

CD5+/CD19+/CD23+ B-lymphocytes which is mainly

due to their aberrant apoptosis [13]. The etiology of

B-CLL is poorly understood, though both genetic and

environmental factors appear to contribute to leuke-

mogenesis [17]. In regard to genetic predisposition,

an autosomal dominant mode of transmission was de-

scribed in some cases with a rare familial subset of

B-CLL [27]. However, such findings as association

with specific HLA haplotypes and racial differences

in incidence suggest that genetic background is also

important in a common, sporadic form of B-CLL [28].

Interestingly, Rawstron et al. found that a subclinical

clone of cells possessing the B-CLL immunopheno-

type, which can be regarded as a phenotypic surrogate

of genetic predisposition, was detectable in 3.5% of

normal Caucasians and in 13.5% of relatives of

B-CLL patients [33].

Considering environmental factors in the patho-

genesis of B-CLL, the disease is more frequent in ru-

ral areas which may reflect the involvement of agri-

cultural chemicals. Indeed, epidemiological studies in

farming communities associate B-CLL with sustained

exposure to pesticides [14, 31, 42]. Furthermore, an

increased incidence of B-CLL has been recently re-

ported amongst veterans exposed to phenoxy herbi-

cides used as defoliants during the Vietnam war [29].

Yuille et al. described association of B-CLL with

functional polymorphisms of glutathione S-

transferases M1, T1 and P1, which are involved in de-

toxification of carcinogens [44]. Therefore, it seems

probable that genetic alterations in other mechanisms

responsible for protection against carcinogens, espe-

cially pesticides, may be associated with susceptibil-

ity to sporadic B-CLL.

B-CLL presents a variable clinical course, though it

is incurable with current treatment options [13]. Al-

though a response is usually observed with initial

therapy, re-growth of the tumor occurs and clinical re-

sistance to treatment develops. B-CLL cells com-

monly express several transporter proteins involved in

multidrug resistance including P-glycoprotein (P-gp,

also known as MDR1 and ABCB1), multidrug

resistance-associated protein-1 (MRP1, ABCC1) and

lung resistance protein (LRP) [9]. A relatively high

level of P-gp expression, the classical mechanism of

multidrug resistance, appears to be an intrinsic feature

of B-CLL tumor cells. P-gp is detected in 48–100% of

samples from patients with B-CLL, though its bio-

logical and clinical significance remains unclear [9,

12, 38, 43]. Importantly, P-gp substrate drugs are rou-

tinely included in combination chemotherapy for re-

fractory and recurrent B-CLL [5, 40]. Less frequently,

such agents are also used in the first-line treatment of

this tumor [26, 34].

P-gp, encoded by the MDR1 (ABCB1) gene, is

a 170 kD membrane transporter belonging to the

adenosine triphosphate-binding cassette (ABC) super-

family [1]. Overexpression of P-gp in tumors confers

resistance to a wide range of important anticancer

agents including anthracyclines, vinca alkaloids and

epipodophyllotoxins by active extrusion of these

molecules from neoplastic cells. P-gp is also ex-

pressed in several normal barrier tissues, namely the

gastrointestinal epithelium, blood-brain barrier, pla-

centa and kidneys [1]. This characteristic localization

enables P-gp to regulate absorption, distribution and

elimination of a wide spectrum of xenobiotics. Addi-

tionally, the level of P-gp expression in normal tissues

has the potential to affect exposure to environmental

carcinogens including several classes of pesticides

demonstrated to be substrates of P-gp [3, 4, 24], and

to influence the pharmacokinetics of drugs trans-

ported by P-gp [35]. Recently, a number of single nu-

cleotide polymorphisms (SNPs) were identified in the

MDR1 gene locus, including a synonymous or silent

C to T transition at position 3435 in exon 26 that was

associated with altered expression and activity of

P-gp in the duodenum [16]. The finding of lower P-gp

expression and activity in 3435T allele carriers has

been confirmed by several studies in which other tis-

sues including peripheral blood mononuclear cells
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(PBMCs) and renal parenchyma were examined [11,

15, 36], although discrepant results have also been re-

ported [7, 18]. Further studies have shown substantial

variation in the C3435T MDR1 SNP allele frequency

and genotype distribution among different ethnic

populations [2, 22]. The molecular mechanism under-

lying the functional effect of C3435T MDR1 SNP has

been recently elucidated [41].

Taking these data together, the phenomenon of

polymorphisms in MDR1 with functional conse-

quences is expected to be of high clinical importance

due to the wide spectrum of drugs and toxins that are

P-gp substrates. Observations that B-CLL cells ex-

press P-gp, that pesticides are thought to be involved

in the pathogenesis of B-CLL and that P-gp-substrate

drugs are used in the treatment of this disease, give an

impetus to evaluate the impact of the C3435T MDR1

polymorphism in B-CLL.

Materials and Methods

Human subjects

Peripheral blood samples were collected from 110

Caucasian B-CLL patients (56 males and 54 females;

median age 66.4 years, range 39–88), who were ob-

served and/or treated in the Department of Hematol-

ogy, Medical University of £ódŸ, Poland, and from

201 control healthy individuals. All subjects came

from the £ódŸ region in central Poland, were white and

unrelated. The diagnosis of B-CLL was established

according to standard morphologic and immunophe-

notypic criteria [8]. The median white cell count of

included B-CLL patients was 47.9 G/l (range 7–357).

The clinical staging of patients was evaluated accord-

ing to Rai classification. There were 36 (33%) pa-

tients with stage 0, 19 (17%) patients with stage I, 14

(13%) patients with stage II, 12 (11%) patients with

stage III and 29 (26%) patients had stage IV. Addi-

tionally, the patients were classified as having pro-

gressive B-CLL if one or more of the following crite-

ria were met: III and IV Rai stage, lymphocytosis dou-

bling time shorter than one year, massive sple-

nomegaly, bulky adenopathy, recurrent disease-

related infections, weight loss more than 10% in

a six-month period, temperature 38°C related to the

disease, extreme fatigue; otherwise patients were clas-

sified as having stable disease. According to these cri-

teria 59 (54%) patients had progressive B-CLL and 51

(46%) patients had stable disease. The median

follow-up reached 3.5 years (range 0.8–19.5). The

control group consisted of blood donors at local blood

bank (91 males and 110 females; median age 33.4

years; range 17–58), geographically and ethnically

matched to the patients. The results of MDR1 geno-

typing of part of the control group were previously re-

ported [20]. The data concerning exposure to carcino-

gens in patients and controls were not available. The

investigation was in accordance with the principles of

the Declaration of Helsinki and was approved by the

Ethical Committee of Medical University of £ódŸ.

All subjects enrolled in the study gave informed con-

sent.

Cell lines

The human colorectal adenocarcinoma SW 620 cell

line and its P-gp overexpressing, doxorubicin selected

derivative SW 620 Ad300 were used as a reference

for testing P-gp activity [23]. Both cell lines were

maintained in RPMI 1640 medium supplemented

with 10% heat-inactivated fetal calf serum (FCS) with

addition of streptomycin at 50 µl/ml and penicillin at

50 IU/ml (Invitrogen Life Technologies, Carlsbad,

CA, USA), at 37°C, in an atmosphere of 5% CO2. SW

620 Ad300 cells were additionally maintained at 300

nM doxorubicin (Sigma-Aldrich, Poznañ, Poland).

Cells were cultured without doxorubicin for four

weeks prior to analysis.

Genotyping of C3435T MDR1 SNP

The C3435T MDR1 SNP was identified using PCR

restriction fragment length polymorphism as de-

scribed previously [20]. Briefly, genomic DNA was

isolated from peripheral blood cells by standard meth-

ods. The reaction mixture for PCR amplification con-

sisted of DNA template, 0.5 µM of each primer (TTg

ATg gCA,AAg AAA TAA AgC; CTT ACA TTA ggC

AgT gAC TCg), 10X PCR buffer, 1.5 mM MgCl2,

0.5 U of Tag DNA polymerase, 0.2 mM each dNTP.

PCR-grade water was added to a final volume of 20

µl. PCR amplification consisted of three steps: dena-

turation at 94°C for 90 s, annealing at 54°C for 60 s

and extension at 72°C for 90 s followed by 30 cycles.

A negative control was included in each experiment.

Amplified DNA fragments (206 bp) were cut by re-
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striction enzyme MboI (Fermentas, Vilnius, Lithua-

nia) for 16 h at 37°C. The genotypes were identified

by electrophoresis of DNA fragments generated after

digestion (two bands: 130 and 76 bp for 3435CC, one

band: 206 bp for 3435TT and three bands: 206bp,

130 bp and 76 bp for heterozygous 3435CT genotype).

P-gp activity assessment

P-gp activity in cultured cell lines and freshly isolated

PBMCs from B-CLL patients was investigated by

a flow cytometry assay as described previously [21],

and modified by using the more specific P-gp inhibi-

tor, valspodar (PSC 833) (kindly provided by Novar-

tis, Basel, Switzerland). In brief, P-gp activity was de-

termined based on fluorescent P-gp substrate rhodam-

ine 123 (Rh123) (Sigma, St. Louis, MO, USA) efflux

in the presence or absence of PSC 833. Before analy-

sis, the percentage of B-CLL tumor cells in samples

was measured using two-parameter flow cytometry

by staining with anti-CD5 and anti-CD19 antibodies

(Beckton Dickinson, Mountain View, CA). For P-gp

activity assessment, two separate tubes were used

each containing 2 × 106 cells/ml in RPMI 1640 me-

dium with 200 ng/ml Rh123, and with or without PSC

833 at concentration of 2 µM. Initially, cells were

loaded with Rh123 for 30 min at 37°C in an atmos-

phere of 5% CO2. After two washes, samples were re-

suspended in rhodamine-free RPMI and PSC 833 was

added to the sample previously containing this inhibi-

tor (final concentration of 2 µM). Then, the cells were

left to efflux for 60 min at 37°C in 5% CO2. After the

second incubation, Rh123 fluorescence was assessed

by flow cytometry and results were calculated as the

difference in mean fluorescence between the cells in-

cubated in the presence or absence of PSC 833.

Evaluation of P-gp expression

For detection of P-gp in SW 620 and SW 620 Ad300

cell lines, the monoclonal antibody MRK16 (Kamiya

Biomedical, Seattle, USA), which reacts with an

extracellular epitope of the protein, was used. The

cells were suspended in phosphate-buffered saline

(PBS) (Biomed, Lublin, Poland) at a concentration of

2 × 106 cells/ml and incubated for 15 min with 2% bo-

vine serum albumin (Sigma St. Louis, MO, USA).

Subsequently, the cells were resuspended in PBS and

incubated for 60 min at room temperature, in separate

tubes with MRK16 antibody or with appropriately

matched isotype control (mouse IgG2a) (Dako, Co-

penhagen, Denmark). The same protein concentration

of 10 µg/ml was used for staining with both antibod-

ies. The cells were then washed twice, resuspended in

fresh medium and incubated for 30 minutes with PE-

conjugated rabbit anti-mouse antibody (Dako, Copen-

hagen, Denmark) at concentration of 15 µg/ml. Fi-

nally, samples were washed, resuspended in PBS and

measured by flow cytometry. For each cell line, the

difference in PE fluorescence between the sample

stained with MRK16 antibody and the sample stained

with IgG2a antibody was determined as described be-

low.

Flow cytometry data acquisition and analysis

All analyses were performed using a FACSCalibur

flow cytometer (Becton Dickinson, Mountain View,

CA) equipped with a 488 nm argon laser and a stan-

dard set of emission filters and fluorescence detectors.

At least 10 000 events per sample were collected in

each measurement. Data were analyzed using

CellQuestPro (Becton Dickinson, Mountain View,

CA) computer software. P-gp expression was calcu-

lated as the difference in mean fluorescence between

the tested sample stained with MRK16 antibody and

the control sample stained with IgG2a antibody. P-gp

functional activity was calculated as the difference in

mean rhodamine fluorescence between the sample in-

cubated with PSC or incubated without PSC 833.

Samples were gated for the monoclonal cell popula-

tion according to forward and side scatter characteris-

tics. The results were expressed as D-values derived

from the Kolmogorov-Smirnov (K-S) statistic which

ranges from 0 to 1.

Statistical analysis

All statistical analyses were performed using

STATISTICA version 5.1 (StatSoft, Tulsa, OK) soft-

ware package. The �2 test was applied to determine

the significance of differences in allele and genotype

frequencies between cases and controls. An odds ratio

(OR) with 95% confidence interval (95% CI) was cal-

culated, when p < 0.05. A non-parametric ANOVA

Kruskall-Wallis test was carried out to evaluate differ-

ences among subgroups with different genotypes.

p < 0.05 was considered significant.

�����������	��� 
������ ����� ��� ������� 723

MDR1 C3435T SNP in CLL

��������� 	
�����
 �� 
��



Results

Genotyping of C3435T MDR1 polymorphism

In the first part of the study, we genotyped 110 pa-

tients with B-CLL and 201 normal control subjects at

nucleotide 3435 of the MDR1 gene to assess its poten-

tial association with B-CLL. Genotype distribution in

both control and B-CLL patient cohorts did not show

significant deviation from a Hardy-Weinberg distribu-

tion. The T-allele was detected more frequently in

B-CLL patients than in controls, though the difference

was not significant (0.49 vs. 0.41, p = 0.35). Interest-

ingly, we found that the frequency of carriers of at

least one T-allele at position 3435 of the MDR1 gene

(carriers of 3435TT and 3435CT genotype) was sig-

nificantly increased in B-CLL patients as compared to

normal subjects (76% vs. 63%), p = 0.037. The

3435TT and 3435CT genotypes were associated with

B-CLL, OR = 1.8, 95% CI = (1.1–3.0). A summary of

the genotyping results is shown in Table 1 and Figure 1.

Subsequently, we compared basic clinical parame-

ters including age at diagnosis, sex, stage, and stable

or progressive clinical course among patients with

different genotypes. No significant differences were

found in this analysis. Interestingly, mean age at diag-

nosis was nearly three years lower in the carriers of at

least one T-allele (3435TT or 3435CT genotypes)

than in patients homozygous for wild-type C-allele,

although this difference was not statically significant

(63.7 years vs. 66.4 years, p > 0.05).

P-gp activity in B-CLL

The second part of the work was undertaken to deter-

mine whether the difference in genotype distribution

between B-CLL patients and controls could be related

to altered transport activity of P-gp. Initially, P-gp ac-

tivity was analyzed in parallel with P-gp protein ex-

pression in SW 620 and SW 620 Ad300 cell lines in

order to validate the assay for use in clinical samples.

Four independent experiments for each method were

performed and showed low variability of the results.

D-values for P-gp activity measured as PSC833-

modulated efflux of Rh123 were increased in SW 620

Ad300 as compared to SW 620 cells (0.99 ± 0.01 vs.

0.54 ± 0.15, p < 0.001). P-gp protein expression

evaluated by staining with MRK-16 antibody was

also higher in SW620 Ad300 cells than in SW 620

cells (D = 0.98 ± 0.02 vs. D = 0.19 ± 0.09, p < 0.001).

These results confirmed up-regulation of P-gp trans-

port activity and P-gp expression in the drug-selected

cell line.

Next, we evaluated P-gp activity in freshly isolated

PBMCs from B-CLL patients belonging to the previ-

ously genotyped cohort. This analysis included exclu-

sively chemotherapy-naive patients to avoid potential

up-regulation of P-gp in response to chemotherapeu-

tic agents. All of the 22 patients who were

chemotherapy-naive at the time of this analysis and

agreed to donate blood samples were included. Ini-

tially, the CD5+/CD19+ immunophenotype, charac-

teristic of B-CLL, was evaluated by flow cytometry.

We found that the samples contained a high propor-

tion of B-CLL tumor cells (94.1% ± 4.2, range:

88%–98%). Subsequently, P-gp activity was assessed
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Position 3435
of MDR1

B-CLL
n = 110

Controls
n = 201

p OR (95%CI)*

Genotype

CC 27 (24%) 74 (37%) 0.08� –

CT 59 (54%) 88 (44%)

TT 24 (22%) 39 (19%)

CC 27 (24%) 74 (37%) 0.027 1.8 (1.1–3.0)

T-carriers
(CT/TT)

83 (76%) 127 (63%)

Allele

C 0.51 0.59 0.35 –

T 0.49 0.41
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and compared among the carriers of different MDR1

3435 genotypes. In this comparison, significant dif-

ferences between genotypes were detected (Fig. 2).

We found the highest P-gp activity in the carriers of

the 3435CC genotype (D = 0.53 ± 0.12, n = 6), fol-

lowed by intermediate activity in 3435CT heterozy-

gous subjects (D = 0.38 ± 0.26, n = 10) and the lowest

activity in the carriers of 3435TT genotype (D = 0.22

± 0.14, n = 6), (p = 0.042). The most significant dif-

ference was observed between individuals homozy-

gous for wild-type 3435C allele and individuals ho-

mozygous for variant 3435T allele (p = 0.0064). Since

carriers of variant T-allele (3435CT and 3435TT

genotype carriers) were found to be at increased risk

of B-CLL, we compared P-gp activity in these sub-

jects to the carriers of 3435CC genotype. Interest-

ingly, P-gp activity was significantly lower in the car-

riers of the T-allele than in individuals with the

3435CC configuration (D = 0.53 ± 0.12 vs. D = 0.32

± 0.23, p = 0.029) (Fig. 2).

Discussion

The phenomenon of functional polymorphism in the

MDR1 gene encoding P-gp is of tremendous clinical

interest due to the involvement of this widely ex-

pressed transporter in protection against environ-

mental toxins, pharmacokinetics of commonly used

drugs and multidrug resistance [1]. In this study, we

found an increased prevalence of the carriers of the

variant MDR1 3435T-allele (3435TT and 3435CT

genotypes) in B-CLL patients (p = 0.027), suggesting

that increased risk of B-CLL may be associated with

these genotypes. We also detected a significant

genotype-phenotype correlation between the MDR1

C3435T SNP and P-gp activity in B-CLL tumor cells,

with the highest P-gp activity in carriers of the

3435CC genotype, intermediate in 3435CT carriers

and the lowest in 3435TT carriers (p = 0.042). It was

previously shown that prolonged exposure to pesti-

cides was a potential risk factor for B-CLL [14, 29,

31, 42]. Moreover, several studies proved that numer-

ous pesticides were transported by P-gp [3, 4, 24].

Therefore, coupling of lower P-gp transport activity

in carriers of the 3435CT/TT genotypes (p = 0.029)

with increased prevalence of the same 3435CT/TT

genotypes (p = 0.027) in B-CLL, leads us to the hy-

pothesis that the susceptibility to B-CLL may be

a consequence of higher sensitivity of B-CLL cell pre-

cursors to P-gp-transported carcinogens.

It cannot be resolved at present whether the

genotype-phenotype correlation found in B-CLL cells

is present in the unknown lymphocyte population

from which B-CLL originates [13]. However, two re-

cent reports of a decreased P-gp expression and P-gp

activity in normal lymphocytes from carriers of the

3435T allele seem to support our data. Hitzl et al. ob-

served that P-gp activity and MDR1 mRNA expres-

sion in peripheral blood CD56+ NK cells was the

highest in 3435CC carriers, intermediate in 3435CT

carriers and the lowest in 3435TT carriers [15].

A similar relationship was observed regarding MDR1

mRNA transcript levels and P-gp protein expression

in peripheral blood leukocytes from 59 HIV-infected

patients [11]. Furthermore, an increased intestinal up-

take and decreased renal elimination of P-gp-

dependent carcinogens may contribute to higher sys-

temic pesticide exposure due to lower P-gp expres-

sion in gastrointestinal and renal epithelia found in

3435T allele carriers [16, 37]. Interestingly, the

C3435T MDR1 polymorphism has been associated

with a predisposition to other toxin-related diseases

including renal tumors, pediatric acute lymphoblastic

leukemia, ulcerative colitis and Parkinson’s disease

[19, 25, 36, 37]. We also observed that 3435TT/CT

carriers were almost three years younger at diagnosis

than 3435CC carriers, although this difference was

not statistically significant. Consistent with this trend,
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lower age at diagnosis was described in 3435T-allele

carriers amongst patients with acute myeloid leuke-

mia and Parkinson’s disease [10, 37]. Therefore, it

can be hypothesized that decreased activity of P-gp in

carriers of 3435T allele may lead to increased expo-

sure to toxins and thus to early onset of the disease.

Altogether, we speculate that the MDR1 C3435T

polymorphism may constitute one of the links be-

tween environmental and genetic factors in the patho-

genesis of B-CLL.

It should be noted, however, that genotype-

associated risk detected in this pilot study involving

a limited number of subjects with B-CLL was rela-

tively low and the statistically significant difference

was only seen for genotypes and not for alleles.

Moreover, generally in accordance with other reports

on Caucasians, the frequency of C-allele carriers in

our control group (0.59) was relatively elevated [2].

Another study which estimated the frequency of

MDR1 C3435T SNP in normal healthy individuals

from Poland revealed the proportion of C-allele carri-

ers of 0.47 [22]. It should be noted that the cohorts de-

scribed in these two reports came from different re-

gions of Poland. Our study included individuals from

Lodz area in Central Poland, and Kurzawski et al.

[22] genotyped individuals from West Pomerania re-

gion. Although the precise data on subjects’ ethnicity

were not available, a possible explanation for the ob-

served difference is the high proportion of people of

Jewish origin known to live in the area analyzed in

our study. It was reported that frequency of the 3435C

allele is significantly higher in subjects of Jewish eth-

nicity (0.64) as compared to white non-Jewish indi-

viduals (0.45) [6]. Furthermore, although our observa-

tion on CC > CT > TT relation of P-gp activity with

MDR1 genotypes corroborates the results obtained by

others [11, 15, 16, 37], a number of discrepant results

have also been reported, and the functional impact of

the C3435T MDR1 SNP remains a point of contro-

versy [7, 30, 32]. Interestingly, in a recent report

Wang and colleagues have presented a rational expla-

nation for the functional effect of MDR1 C3435T

[40]. The authors have found lower mRNA stability in

the carriers of the variant 3435T allele that is probably

caused by altered mRNA secondary structure. Moreo-

ver, this functional effect of MDR1 C3435T has not

been dependent on linkage disequilibrium with two

other MDR1 SNPs: C1236T and G2677T/A [22, 41].

Taking this all into account, our hypothesis that the

C3435T SNP is linked to a predisposition to B-CLL

needs to be verified by larger studies analyzing sub-

jects’ exposure to carcinogens.

The observation that P-gp activity in untreated B-

CLL cells is genetically determined by the C3435T

SNP raises the possibility of predicting their sensitiv-

ity to P-gp-transported cytotoxic drugs. P-gp is the

most common multidrug resistance transporter in B-

CLL, though prognostic significance of its expression

in terms of response and survival is largely unknown

[9]. It was, however, reported that expression of P-gp

in B-CLL cells correlates with in vitro resistance to

doxorubicin and vincristine [38], and that levels of

P-gp are decreased in B-CLL tumor cells from pa-

tients responding to cytotoxic therapy [39, 43]. Al-

though drugs used for initial treatment of B-CLL (i.e.

alkylating agents or purine analogs) are not substrates

of P-gp, various combination chemotherapy regimens

containing agents transported by P-gp (i.e. mitoxan-

trone, doxorubicin, vincristine or prednisone) are rou-

tinely used for treatment of recurrent and resistant dis-

ease [5, 40] and are tested in up-front therapy of B-

CLL [26, 34]. Moreover, two recent reports have

shown the prognostic relevance of C3435T SNP in

chemotherapy with P-gp dependent drugs for acute

leukemia [18, 19]. Taken together, these data suggest

that the C3435T MDR1 SNP may be considered as

a genetic variation that may eventually be useful in in-

dividualized chemotherapy of B-CLL and currently

present a challenge for future drug development.

In conclusion, we show here that a silent polymor-

phism at position 3435 of the MDR1 gene is associ-

ated with a predisposition to B-CLL and determines

P-gp activity in chemotherapy-naive B-CLL tumor

cells. Our finding of genotype-related differences in

P-gp activity in B-CLL tumor cells may have implica-

tions for response to chemotherapy with P-gp trans-

ported anticancer agents.

Acknowledgment:

,&�� ���� &�� )��� �'������� ) ������ 	��� �&� 0���� ���������

	�� 0������	�� 2������&� C���*���� ������ 7� �%#( $:# �/8D

������� ��������� �	 ����� ������ 7#%!"$%B"�8 ��� E�'������� 	��

����������� �	 ����������� ��� ,&����� C���*���� ������5

References:

1. Ambdukar SV, Dey S, Hrycyna CA, Ramachandra M,

Pastan I, Gottesman MM: Biochemical, cellular, and

726 �����������	��� 
������ ����� ��� �������



pharmacological aspects of the multidrug transporter.

Annu Rev Pharmacol Toxicol, 1999, 39, 361–398.

2. Ameyaw MM, Regateiro F, Li T, Liu X, Tariq M, Mo-

barek A, Thornton N et al.: MDR1 pharmacogenetics:

frequency of the C3435T mutation in exon 26 is signifi-

cantly influenced by ethnicity. Pharmacogenetics, 2001,

11, 217–221.

3. Bain LJ, LeBlanc: Interaction of structurally diverse pes-

ticides with the human MDR1 gene product P-glycoprotein.

Toxicol Appl Pharmacol, 1996, 141, 288–298.

4. Bain LJ, McLachlan JB, LeBlanc GA: Structure-activity

relationships for xenobiotic transport substrates and in-

hibitory ligands of P-glycoprotein. Environ Health Per-

spect, 1997, 105, 812–818.

5. Bosch F, Ferrer A, Lopez-Guillermo A, Gine E, Bello-

sillo B, Villamor N, Colomer D et al.: For the GELCAB

(Grup per l’Estudi dels Limfomes a Catalunya i Balears).

Fludarabine, cyclophosphamide and mitoxantrone in the

treatment of resistant or relapsed chronic lymphocytic

leukemia. Br J Haematol, 2002, 119, 976–984.

6. Brant SR, Panhuysen CI, Nicolae D, Reddy DM, Bonen

DK, Karaliukas R, Zhang L et al.: MDR1 Ala893 poly-

morphism is associated with inflammatory bowel dis-

ease. Am J Hum Genet, 2003, 73, 1282–1292.

7. Calado RT, Falcao RP, Garcia AB, Gabellini SM, Zago

MA, Franco RF: Influence of functional MDR1 gene

polymorphisms on P-glycoprotein activity in CD34+ he-

matopoietic stem cells. Haematologica, 2002, 87, 564–568.

8. Chronic lymphocytic leukemia: recommendations for di-

agnosis, staging, and response criteria. International

Workshop on Chronic Lymphocytic Leukemia. Ann In-

tern Med, 1989, 110, 236–238.

9. Consoli U, Santonocito A, Stagno F, Fiumara P, Privitera

A, Parisi G, Giustolisi GM et al.: Multidrug resistance

mechanisms in chronic lymphocytic leukemia. Br J Hae-

matol, 2002, 116, 774–780.

10. Drozdzik M, Bialecka M, Mysliwiec K, Honczarenko K,

Stankiewicz J, Sych Z: Polymorphism in the P-

glycoprotein drug transporter MDR1 gene: a possible

link between environmental and genetic factors in Park-

inson’s disease. Pharmacogenetics, 2003, 13, 259–263.

11. Fellay J, Marzolini C, Meaden ER, Back DJ, Buclin T,

Chave JP, Decosterd LA et al.: Response to antiretroviral

treatment in HIV-1-infected individuals with allelic vari-

ants of the multidrug resistance transporter 1: a pharma-

cogenetics study. Lancet, 2002, 359, 30–36.

12. Friedenberg WR, Spencer SK, Musser C, Hogan TF,

Rodvold KA, Rushing DA, Mazza JJ et al.: Multi-drug

resistance in chronic lymphocytic leukemia. Leuk Lym-

phoma, 1999, 34, 171–178.

13. Hamblin TJ: Achieving optimal outcomes in chronic

lymphocytic leukemia. Drugs, 2001, 61, 593–611.

14. Hatzissabas I, Krueger GR, Medina JR, Bedoya VA, Pa-

padakis T: Environmental pollution and malignant lym-

phomas: a tentative contribution to geographic pathol-

ogy. Anticancer Res, 1993, 13, 411–417.

15. Hitzl M, Drescher S, van der Kuip H, Schaffeler E,

Fischer J, Schwab M, Eichelbaum M et al.: The C3435T

mutation in the human MDR1 gene is associated with al-

tered efflux of the P-glycoprotein substrate rhodamine

123 from CD56+ natural killer cells. Pharmacogenetics,

2001, 11, 293–298.

16. Hoffmeyer S, Burk O, von Richter O, Arnold HP, Brock-

moller J, Johne A, Cascorbi I et al.: Functional polymor-

phisms of the human multidrug resistance gene: multiple

sequence variations and correlation of one allele with

P-glycoprotein expression and activity in vivo. Proc Natl

Acad Sci USA, 2000, 97, 3473–3478.

17. Houlston RS, Catovsky D, Yuille MR: Genetic suscepti-

bility to chronic lymphocytic leukemia. Leukemia, 2002,

16, 1008–1014.

18. Illmer T, Shuler US, Thiede C, Schwarz UI, Kim RB,

Gothard S, Freund D et al.: MDR1 gene polymorphisms

affect therapy outcome in acute myeloid leukemia

patients. Cancer Res, 2002, 62, 4955–4962.

19. Jamroziak K, Mlynarski W, Balcerczak E, Mistygacz M,

Trelinska J, Mirowski M, Bodalski J et al.: Functional

C3435T polymorphism of MDR1 gene: an impact on ge-

netic susceptibility and clinical outcome of childhood

acute lymphoblastic leukemia. Eur J Hematol, 2004, 72,

314–321.

20. Jamroziak K, Balcerczak E, Mlynarski W, Mirowski M,

Robak T: Distribution of allelic variants of functional

C3435T polymorphism of drug transporter MDR1 gene

in a sample of Polish population. Pol J Pharmacol, 2002,

54, 495–500.

21. Jamroziak K, Smolewski P, Cebula B, Szmigielska-

Kaplon A, Darzynkiewicz Z, Robak T: Relation of

P-glycoprotein expression with spontaneous in vitro

apoptosis in B-cell chronic lymphocytic leukemia. Neo-

plasma, 2004, 51, 181–187.

22. Kurzawski M, Pawlik A, Gornik W, Drozdzik M: Fre-

quency of common MDR1 gene variants in a Polish

population. Pharmacol Rep, 2006, 58, 35–40.

23. Lai GM, Chen YN, Mickley LA, Fojo AT, Bates SE:

P-glycoprotein expression and schedule dependence of

adriamycin cytotoxicity in human colon carcinoma cell

lines. Int J Cancer, 1991, 49, 696–703.

24. Lanning CL, Fine RL, Sachs CW, Rao US, Corcoran JJ,

Abou-Donia MB: Chlorpyrifos oxon interacts with mam-

malian multidrug resistance protein, P-glycoprotein.

J Toxicol Environ Health, 1996, 47, 395–407.

25. Lee CG, Tang K, Cheung YB, Wong LP, Tan C, Shen H,

Zhao Y et al.: MDR1, the blood-brain barrier transporter,

is associated with Parkinson’s disease in ethnic Chinese.

J Med Genet, 2004, 41, e60.

26. Leporrier M, Chevret S, Cazin B, Boudjerra N, Feugier

P, Desablens B, Rapp MJ et al.: French Cooperative

Group on Chronic Lymphocytic Leukemia. Randomized

comparison of fludarabine, CAP, and ChOP in 938 previ-

ously untreated stage B and C chronic lymphocytic leu-

kemia patients. Blood, 2001, 98, 2319–2325.

27. Lynch HT, Weisenburger DD, Quinn-Laquer B, Watson

P, Lynch JF, Sanger WG: Hereditary chronic lympho-

cytic leukemia: an extended family study and literature

review. Am J Med Genet, 2002, 115, 113–117.

28. Machulla HK, Muller LP, Schaaf A, Kujat G, Schoner-

marck U, Langner J: Association of chronic lymphocytic

leukemia with specific alleles of the

HLA-DR4:DR53:DQ8 haplotype in German patients. Int

J Cancer, 2001, 92, 203–207.

�����������	��� 
������ ����� ��� ������� 727

MDR1 C3435T SNP in CLL

��������� 	
�����
 �� 
��



29. Marwick C: Link between Agent Orange and chronic

lymphocytic leukemia. BMJ, 2003, 326, 242.

30. Morita N, Yasumori T, Nakayama K: Human MDR1

polymorphism: G2677T/A and C3435T have no effect on

MDR1 transport activities. Biochem Pharmacol, 2003,

65,1843–1852.

31. Nanni O, Amadori D, Lugaresi C, Falcini F, Scarpi E,

Saragoni A, Buiatti E: Chronic lymphocytic leukemias

and non-Hodgkin’s lymphomas by histological type in

farming-animal breeding-workers: a population case-

control study based on priori exposure matrices. Occup

Environ Med, 1996, 53, 652–657.

32. Oselin K, Gerloff T, Mrozikiewicz PM, Pahkla R, Roots

I: MDR1 polymorphisms G2677T in exon 21 and

C3435T in exon 26 fail to affect rhodamine 123 efflux in

peripheral blood lymphocytes. Fundam Clin Pharmacol,

2003, 17, 463–469.

33. Rawstron AC, Yuille MR, Fuller J, Cullen M, Kennedy

B, Richards SJ: Inherited predisposition to CLL is detect-

able as subclinical monoclonal B-lymphocyte expansion.

Blood, 2002, 100, 2289–2290.

34. Robak T, Blonski JZ, Kasznicki M, Gora-Tybor I,

Dwilewicz-Trojaczek J, Boguradzki P, Konopka L et al.:

Cladribine combined with cyclophosphamide and mitox-

antrone as front-line therapy in chronic lymphocytic leu-

kemia. Leukemia, 2001, 15, 1510–1516.

35. Schinkel AH, Wagenaar E, van Deemter L, Mol CA,

Borst P: Absence of the mdr1a P-glycoprotein in mice

affects tissue distribution and pharmacokinetics of dex-

amethasone, digoxin, and cyclosporin A. J Clin Invest,

1995, 96, 1698–1705.

36. Schwab M, Schaeffeler E, Marx C, Fromm MF, Kaskas

B, Metzler J, Stange E et al.: Association between the

C3435T MDR1 gene polymorphism and susceptibility

for ulcerative colitis. Gastroenterology, 2003, 124, 26–33.

37. Siegsmund M, Brinkmann U, Schaffeler E, Weirich G,

Schwab M, Eichelbaum M, Fritz P et al.: Association of

the P-glycoprotein transporter MDR1 (C3435T) poly-

morphism with the susceptibility to renal epithelial tu-

mors. J Am Soc Nephrol, 2002, 13, 1847–1854.

38. Sparrow RL, Hall FJ, Siregar H, Van der Weyden MB:

Common expression of the multidrug resistance marker

P-glycoprotein in B-cell chronic lymphocytic leukemia

and correlation with in vitro drug resistance. Leuk Res,

1993, 17, 941–947.

39. Svoboda-Beusan I, Kusec R, Bendelja K, Tudoric-

Ghemo I, Jaksic B, Pejsa V, Rabatic S et al.: The rele-

vance of multidrug resistance-associated P-glycoprotein

expression in the treatment response of B-cell chronic

lymphocytic leukemia. Haematologica, 2000, 85, 1261–1267.

40. Tsimberidou AM, Kantarjian HM, Cortes J, Thomas DA,

Faderl S, Garcia-Manero G, Verstovesk S et al.: Frac-

tionated cyclophosphamide, vincristine, liposomal

daunorubicin, and dexamethasone plus rituximab and

granulocyte-macrophage-colony stimulating factor

(GM-CSF) alternating with methotrexate and cytarabine

plus rituximab and GM-CSF in patients with Richter

syndrome or fludarabine-refractory chronic lymphocytic

leukemia. Cancer, 2003, 97, 1711–1720.

41. Wang D, Johnson AD, Papp AC, Kroetz DL, Sadee W:

Multidrug resistance polypeptide 1 (MDR1, ABCB1)

variant 3435C > T affects mRNA stability. Pharmacoge-

net Genomics, 2005,15, 693–704.

42. Waterhouse D, Carman WJ, Schottenfeld D, Gridley G,

McLean S: Cancer incidence in the rural community of

Tecumseh, Michigan: a pattern of increased lymphopoie-

tic neoplasms. Cancer, 1996, 77, 763–770.

43. Webb M, Brun M, McNiven M, Le Couteur D, Craft P:

MDR1 and MRP expression in chronic B-cell lymphop-

rolifartive disorders. Br J Haematol, 1998, 102, 710–717.

44. Yuille M, Condie A, Hudson C, Kote-Jarai Z, Stone E,

Eeles R, Matutes E et al.: Relationship between glu-

tathione S-transferase M1, T1, and P1 polymorphisms

and chronic lymphocytic leukemia. Blood, 2002, 99,

4216–4218.

Received:

January 9, 2006; in revised form: July 24, 2006.

728 �����������	��� 
������ ����� ��� �������


	587	REVIEW Œ Interactions of excitatory amino acid receptor antagonists with antiepileptic drugs in three basic models of experimental epilepsy.
	Katarzyna Wojtal, Kinga K. Borowicz, Barbara B³aszczyk, Stanis³aw J. Czuczwar

	599	REVIEW Œ Prodrugs and soft drugs.
	Andrzej Stañczak, Anna Ferra

	614	REVIEW Œ Update on the management of polycystic ovary syndrome.
	Robert Krysiak, Bogus³aw Okopieñ, Anna Gdula-Dymek, Zbigniew Stanis³aw Herman

	626	Effect of BD 1047, a sigma1 receptor antagonist, in the animal models predictive of antipsychotic activity.
	Gra¿yna Skuza, Zofia Rogó¿

	636	Inhibition of restraint-induced neuroendocrine and serotonergic responses by buspirone in rats.
	Noreen Samad, Tahira Perveen, Saida Haider, Mohammad A. Haleem, Darakhshan J. Haleem

	643	Adenosine receptor antagonists intensify the benzodiazepine withdrawal signs in mice.
	Joanna Listos, Danuta Malec, Sylwia Fidecka

	652	Acute exposure to caffeine decreases the anticonvulsant action of ethosuximide, but not that of clonazepam, phenobarbital and valproate against pentetrazole-induced seizures in mice.
	Jarogniew J. £uszczki, Marek Zuchora, Katarzyna M. Sawicka, Justyna Koziñska, Stanislaw J. Czuczwar

	660	7-Nitroindazole enhances dose-dependently the anticonvulsant activities of conventional antiepileptic drugs in the mouse maximal electroshock-induced seizure model.
	Jarogniew J. £uszczki. Anna Sacharuk, Anna Wojciechowska, Marta M. Andres-Mach, Monika Dudra-Jastrzebska, Mohamed Mohamed, Katarzyna M. Sawicka, Justyna Kozinska, Stanislaw J. Czuczwar

	672	Effect of intraarticular tramadol administration in the rat model of knee joint inflammation.
	Jaros³aw Garlicki, Magdalena Dorazil-Dudzik, Jerzy Wordliczek, Barbara Przew³ocka

	680	Vinpocetine and piracetam exert antinociceptive effect in visceral pain model in mice.
	Omar M.E. Abdel Salam

	692	Role of adrenal gland hormones in antiinflammatory effect of calcium channel blockers.
	Halis Suleyman, Zekai Halici, Ahmet Hacimuftuoglu, Fatma Gocer

	700	Imidazoline receptors in relaxation of acetylcholine-constricted isolated rat jejunum.
	Wioletta Kaliszan, Jacek Petrusewicz, Roman Kaliszan

	711	Influence of amlodipine and atenolol on lipopolysaccharide (LPS)-induced serum concentrations of TNF-a, IL-1b, IL-6 in spontaneously hypertensive rats (SHR).
	Dariusz Andrzejczak, Dorota Górska, El¿bieta Czarnecka

	720	MDR1 (ABCB1) gene polymorphism C3435T is associated with P-glycoprotein activity in B-cell chronic lymphocytic leukemia.
	Krzysztof Jamroziak, Ewa Balcerczak, Piotr Smolewski, Robert W. Robey, Barbara Cebula, Mariusz Panczyk, Monika Kowalczyk, Anna Szmigielska-Kap³on, Marek Mirowski, Susan E. Bates, Tadeusz Robak

	729	Extralipid effects of micronized fenofibrate in dyslipidemic patients.
	Bogus³aw Okopieñ, Maciej Haberka, Andrzej Madej, Dariusz Belowski, Krzysztof £abuzek, Robert Krysiak, Marek Zieliñski, Marcin Basiak, Zbigniew S. Herman

	736	Comparison of the influence of halothane and isoflurane on airway transepithelial potential difference.
	Piotr Smuszkiewicz, Leon Drobnik, Jan Mieszkowski, Artur Konikowski, Iga Ho³yñska, Piotr Kaczorowski, Tomasz Tyrakowski

	SHORT COMMUNICATIONS
	746	Immobility stress induces depression-like behavior in the forced swim test in mice: effect of magnesium and imipramine.
	Ewa Poleszak, Piotr Wla�, Ewa Kêdzierska, Dorota Nieoczym, El¿bieta Wyska, Joanna Szymura-Oleksiak, Sylwia Fidecka, Maria Radziwoñ-Zaleska, Gabriel Nowak


	753	Medium supplementation with zinc enables detection of imipramine-induced adaptation in glycine/NMDA receptors labeled with [3H]L-689,560.
	Ma³gorzata Dyba³a, Dorota Maci¹g, Agnieszka Cichy, Lucyna Pomierny-Chamio³o, Anna Partyka, Tadeusz Librowski, Gabriel Nowak

	758	Antidepressant-like effects of baclofen and LY367385 in the forced swim test in rats.
	Halina Car, Ró¿a J. Wiœniewska

	765	Mebeverine influences sodium ion transport in the distal colon.
	Tomasz Tyrakowski, Natalia M³odzik-Danielewicz, Weronika Kurek, Anna Szaflarska-Pop³awska, Mieczys³awa Czerwionka-Szaflarska, Andrzej Kapa³a, Ewa Kopczyñska, Iga Ho³yñska, Piotr Kaczorowski

	770	Cerebral oligemic hypoxia and MK-801 treatment: effect on alternation behavior in mice.
	Lucyna Jó�wiak, Krzysztof £ukawski, Maria Sieklucka-Dziuba
	774	Note to Contributors


	content
	cont
	contents_3'2005

