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P-glycoprotein (P-gp), the protein product of MDR1 gene, is an impor-
tant factor regulating the bioavailability of many therapeutics. Recently, the
C3435T polymorphism of MDR1 was correlated to altered expression and
function of P-gp in normal tissues. In this study, polymerase chain reaction –
restriction fragment length polymorphism (PCR-RFLP) assay was applied to
assess C3435T MDR1 polymorphism in 122 healthy individuals of Slavic
origin from the population of central Poland (£ódŸ and surrounding areas).
The detected genotype variant frequencies were as follows: CC in 42%, CT
in 41%, and TT in 17% of the tested subjects (C-allele frequency was 0.62).
The frequency of the C-allele is similar to Japanese population and signi-
ficantly higher than in Caucasians from Western Europe. The results of this
study give basis for large-scale C3435T MDR1 genotype-phenotype correla-
tion investigations in Polish population that may be useful to individualize
therapy of cancer, HIV-1 infection and some other diseases.
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Abbreviations: ABC – adenosine triphosphate-
binding cassette, MDR1 – multidrug resistance-1,
PCR-RFLP – polymerase chain reaction – restric-
tion fragment length polymorphism, P-gp – P-gly-
coprotein, SNP – single nucleotide polymorphism

INTRODUCTION

P-glycoprotein (P-gp), the protein product of
MDR1 gene, is a 170kD protein that was first iden-
tified in a cancer cell line [11]. P-gp belongs to
adenosine triphosphate-binding cassette (ABC) su-
perfamily of membrane transporters involved in ac-
tive transport of a wide spectrum of substrates
through lipid bilayers. The overexpression of P-gp
in malignant cells plays a major role in phenome-
non called multidrug resistance, decreasing the in-
tracellular concentration of anticancer drugs. P-gp
determines resistance to a number of common anti-
neoplastic agents including anthracyclines, Vinca
alkaloids and taxanes [1]. The overexpression of
P-gp in neoplastic cells was linked to worse treat-
ment outcome and prognosis in a number of tu-
mors, e.g. acute myeloid leukemia. [14].

However, P-gp is also expressed in some nor-
mal tissues and is supposed to regulate access of
toxic compounds to cells. High level of P-gp ex-
pression was observed in luminal surface of epithe-
lial cells of lower gastrointestinal tract, luminal sur-
face of endothelial cells in blood-brain barrier, biliary
canalicular membrane of hepatocytes, brush-border
membrane of renal proximal tubules and placenta
[1]. Therefore, P-gp can influence uptake of a drug
from gastrointestinal tract, its distribution and
elimination by excretion into urine or bile as well
as penetration to the brain and fetus [1]. Interest-
ingly, knock-out mice with one or both of mdr
genes existing in mice (mdr1 and mdr1b) disrupted
are viable but have abnormal pharmacokinetics of
P-gp substrates [19]. Since wide range of clinically
useful drugs including antibiotics (e.g. cefazolin,
cefotetan), cardiac stimulants (e.g. digoxin), immu-
nosuppressants (cyclosporine A), antiarrhythmics
(e.g. calcium channel blockers like verapamil, dil-
tiazem), antidepressants (e.g. triflupertazine) or
HIV-1 protease inhibitors (e.g. nelfinavir, ritonavir)
belongs to P-gp substrates, P-gp expression and ac-
tivity is of high clinical relevance [1, 17].

Numerous studies have shown that mutagenesis
in transmembrane or nucleotide binding domains

of P-gp may influence binding and transport capa-
cities of this protein. Recently, several single nu-
cleotide polymorphisms (SNPs) of MDR1 were
identified with some resulting in protein amino
acid sequence change [5,8,9]. Surprisingly, silent
SNP in a position 3435 (exon 26) correlated with
altered expression and function of P-gp. Individu-
als homozygous for T allele had more than two-
fold lower P-gp expression in duodenum and de-
creased P-gp activity measured as oral bioavailabil-
ity of digoxin compared to CC genotype carriers
[8]. In another study, C3435T MDR1 polymor-
phism was associated with the altered efflux of rho-
damine 123, a known P-gp substrate, from CD56+
natural killer cells [7]. These findings suggest that
MDR1 C3435T polymorphism may influence treat-
ment with P-gp-dependent drugs [3].

Taken together, these data suggest that evalua-
tion of the MDR1 functional variants distribution
may become a valuable tool to individualize phar-
macotherapy. A large-scale genotyping study of
C3435T MDR1 polymorphism carried out in 461
white subjects of German origin showed half indi-
viduals heterozygous and almost equal frequencies
of subjects homozygous for wild-type C and T-mu-
tant alleles [4]. However, when 1280 subjects from
ten distinct world populations were surveyed for
this polymorphism, it became apparent that allele
distribution is significantly influenced by ethnicity
[2]. Marked differences were seen especially be-
tween African and Caucasian/Asian populations.

As far as we know, to date the C3435T MDR1
polymorphism has not been assessed in Polish Cau-
casians nor in any population of Slavic origin.
Therefore, we evaluated the MDR1 genotype at po-
sition 3435 by PCR-RFLP assay in 122 healthy
subjects from the population of central Poland. The
results give basis for clinical investigation on the
significance of MDR1 genotype variants in the
therapy of cancer, HIV and some other diseases
treated with P-gp-dependent drugs in Polish popu-
lation.

MATERIALS and METHODS

Subjects

A total of 122 (58 men and 64 women) unre-
lated healthy subjects from £ódŸ region in central
Poland were enrolled with median age of 17.8
years (quartile range 16.2-23.1 years). All subjects
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were of Slavic origin. The investigation was in ac-
cordance with the principles of the Declaration of
Helsinki, and the appropriate ethical committee ap-
proved the study. A written informed consent was
given by every subject.

DNA isolation

0.5 ml of freshly withdrawn blood with EDTA
was subjected to DNA isolation using nuclei lysis
and proteinase K digestion according to Kawasaki
protocol [12]. The purity and concentration of DNA
samples were estimated spectrophotometrically.

PCR-RFLP

The reaction mixture for PCR amplification
consisted of DNA template, 0.5 �M of each primer
(TTg ATg gCA,AAg AAA TAA AgC; CTT ACA
TTA ggC AgT gAC TCg), 10X PCR buffer, 1.5 mM
MgCl�, 0.5 U of Tag DNA polymerase, 0.2 mM
each dNTP. The primer design was based on pub-
lished sequences for genotyping procedure of MDR1
polymorphism using genomic DNA [21]. PCR-grade
water was added to a final volume of 20 �l. PCR
amplification consisted of an initial denaturation
for 2 min at 94°C followed by 30 cycles of denatu-
ration at 94°C for 90 s, annealing at 54°C for 60 s
and extension at 72°C for 90 s. The terminal exten-
sion was performed at 72°C for 7 min. DNA frag-
ments were cut by restriction enzyme MboI (Fer-
mantas) for 16 h at 37°C. DNA fragments genera-
ted after digestion were separated on 2% agarose
gel and visualized with ethidium bromide. Electro-
phoretic pattern showed two bands (130 and 76 bp)
for homozygous wild-type C-allele, one band (206
bp) for homozygous mutant T-allele and three
bands (206, 130 and 76 bp) for heterozygous CT
genotype.

Statistical analysis

Statistical significance of the observed geno-
type frequencies compared to genotype frequencies
expected according to Hardy-Weinberg rule was
evaluated. The differences in allele or genotype fre-
quencies between Polish Caucasian population
analyzed in this study and populations of different
ethnicity described by others were assessed using
chi-square test with Yates’ correction; p < 0.05 was
considered as statistically significant.

RESULTS

In this study, the C3435T MDR1 genotype
assessment by PCR-RFLP was done in 122 tested
individuals. The CC genotype was found in 51
(41.8%) subjects, the heterozygous CT genotype in
50 (41.0%) subjects and there were 21 (17.2%)
subjects homozygous for mutant T-allele. Analysis
of MDR1 gene polymorphism is presented in Fi-
gure 1 where CC, CT and TT genotype variants can
be seen.

The observed genotype frequency distribution
did not show significant deviation from Hardy-
Weinberg equilibrium. The comparison of the re-
sults from this study with the published results of
other C3435T MDR1 genotyping studies in popula-
tions of different ethnicity is presented in Table 1.
We found high frequency of C-allele (0.62) linked
to high expression of P-gp in Polish population of
Slavic origin. The C allele frequency of the studied
polymorphism is similar to Japanese population
(0.61) and quite higher than in Caucasians from
Western Europe (German Caucasians 0.52; UK
Caucasians 0.48). Statistical analysis did not reveal
any differences in C3435T MDR1 allele frequencies
between Polish and Japanese populations. How-
ever, statistically significant differences with other
populations (Ghanaian and Kenyan p < 103$, Portu-
guese Caucasian p = 0.0001, UK Caucasian p =
0.0006 and German Caucasian p < 103$ or p = 0.01)
were observed (Tab. 1).

DISCUSSION

Pharmacogenetics investigates the association
between genotype and ability to metabolize xeno-
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Fig. 1. Electrophoresis patterns for MDR1 C3435T polymor-
phism evaluated by PCR-RFLP based assay. 6 – water; 3 – ho-
mozygous for wild-type C-allele; 4 – homozygous for mutant
T-allele; 1, 2, 5 – heterozygous CT genotype; 7 – uncut)



biotics. Laboratory testing of common polymor-
phisms affecting activity of transporters and en-
zymes involved in metabolism of a given drug may
be useful to reduce toxicity and to increase efficacy
of the therapeutic by individual dosage adjustment
[15].

This study addressed the distribution of alleles
of C3435T MDR1 gene SNP in a sample of Polish
population of Slavic origin. The MDR1 gene en-
codes P-gp, an ABC transporter that is an important
factor in multidrug resistance and bioavailability of
many widely used medications. The C3435T silent
polymorphism of MDR1 was associated with al-
tered P-gp function and expression in tissues. The
decreased P-gp expression and decreased ability to
transport digoxin and in the duodenum was associ-
ated with the mutant T-allele.

C3435T MDR1 gene polymorphism was found
to be common but allele frequency distribution
showed significant ethnic variations (Tab. 1). In
this study, the C allele frequency of the polymor-

phism is similar to Japanese population and quite
higher than in Caucasians from Western Europe.
Genotypes distribution showed genetic stability
and no distortion from Hardy-Weinberg rule, which
suggests representative sampling for Polish origin.
Widely reported ethnical differences in C3435T
MDR1 allele frequencies were seen especially
between African and Caucasian/Asian populations
with domination of C allele in the latter. There is
a hypothesis that much higher frequencies of the
CC genotype in West Africans compared with white
and Japanese populations are due to an advantage
offered by this genotype against gastrointestinal
tract infections [18]. P-gp plays also a role in de-
fense against viral infections, therefore higher ex-
pression linked to C allele could be the result of se-
lective pressure in the regions where gastroenteritis
cause substantial infant morbidity and mortality.

Although not directly addressed in this study,
the question how C3435T MDR1 gene polymor-
phism can influence the function and expression of
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Table 1. C3435T MDR1 allele frequencies in the Polish population compared to results in populations of different ethnicities from
previously published reports. * Differences in C3435T MDR1 allele frequencies between population in this study and other popula-
tions measured by chi-squared test with Yates’ correction for 1 degree of freedom

Study [reference] Population studied
Allele frequencies Genotype frequencies

p-level*
C T CC CT TT

This study Polish Caucasian
(n = 122) 0.62 0.38 0.42 0.41 0.17 –

Hoffmeyer et al., 2000 [8] German Caucasian
(n = 188) 0.52 0.48 0.27 0.48 0.24 0.01

Cascorbi et al., 2001 [4] German Caucasian
(n = 461) 0.46 0.54 0.21 0.50 0.29 < 10��

Ameyaw et al., 2001 [2] Portuguese Caucasian
(n = 100) 0.43 0.57 0.22 0.42 0.36 0.0001

Ameyaw et al., 2001 [2] UK Caucasian
(n = 190) 0.48 0.42 0.24 0.48 0.28 0.0006

Tanabe et al., 2001 [21] Japanese
(n = 48) 0.51 0.49 0.29 0.44 0.27 NS

Sakaeda et al., 2001 [17] Japanese
(n = 114) 0.61 0.39 0.35 0.53 0.12 NS

Ameyaw et al., 2001 [2] Ghanaian
(n = 206) 0.83 0.17 0.67 0.34 0.00 < 10��

Ameyaw et al., 2001 [2] Kenyan
(n = 80) 0.83 0.17 0.70 0.26 0.04 < 10��



P-gp is worth discussing. The C3435T MDR1 is si-
lent SNP and does not result in amino acid se-
quence change. It may result from linkage to other
polymorphic sites in MDR1 gene affecting amino
acid residue. One such candidate is an SNP at posi-
tion 2677 that co-segregated with C3435T in some
studies [13]. A wild type G-allele can be replaced
either by T or by A-allele that results in sequence
change from Ala to Ser or Thr, respectively. How-
ever, other SNP sites cannot be discovered to date
in any potential promoter/enhancer regions in the
MDR1 locus. It is also likely that C3435T transition
impacts posttranscriptional modifications or is linked
to a sequence important for mRNA processing.

There is some discrepancy concerning the rela-
tion between MDR1 genotype in position 3435 and
P-gp expression, function and plasma concentra-
tions of various substrates of P-gp. The TT geno-
type carriers had low P-gp expression in the duode-
num and high plasma concentrations of digoxin [8].
The MDR1 3435 TT homozygosity is associated
with low P-gp expression in CD56 natural-killer
cells. The same was shown for P-gp expression in
human placenta [21]. On the other hand, the MDR1
3435 TT genotype (in the context of a C1236T,
G2677T haplotype) has been described in associa-
tion with high P-gp expression in vitro and low
plasma concentrations of the fexofenadine [13].
Moreover, there is an association between TT
genotype in position 3435 and low expression of
the MDR1 RNA and P-gp in mononuclear cells iso-
lated from peripheral blood and with low plasma
concentrations of nelfinavir and efavirenz [6]. In
contrast to these findings, no correlation between
MDR1 3435 genotype and the cyclosporine A dose
required to maintain therapeutic levels, dose-
adjusted CsA concentrations and incidence of acute
rejection in a group of stable renal transplant pa-
tients was detected [22].

Recent reports indicate that MDR1 C3435T poly-
morphism may be of clinical relevance. An asso-
ciation between MDR1 C3435T polymorphism and
CNS relapse in childhood acute lymphoblastic leu-
kemia (ALL) was reported [20]. There was 7-fold
risk reduction of CNS relapse observed in the group
of patients with intermediate or high risk of treat-
ment failure for patients with the TT or CT geno-
type. This observation is consistent with our preli-
minary data of increased frequency of C-allele car-
riers among children with ALL who relapsed [10].
In another study, MDR1 C3435T polymorphism

was shown to determine immune recovery after an-
tiretroviral treatment of HIV infection with HIV
protease inhibitors [6]. Patients with the MDR1 TT
genotype had the greater rise in CD4-cell count
than CT and CC genotype carriers 6 months after
starting the treatment.

Therefore, testing C3435T polymorphism may
gain increasing significance in the future as a tool
to individualize pharmacotherapy. The clinical ap-
plication of genotyping studies demand the metho-
dology that would be rapid, simple and cost-
effective. To perform our analysis, we developed
PCR-RLFP assay as easy-to-use and relatively in-
expensive method to detect known mutations.
Among other possibilities of clinical detecting of
SNPs, there are direct sequencing or oligonucleo-
tide hybridization and dot blot analysis with spe-
cific probes. An attractive alternative to the men-
tioned approaches is detection of C3435T MDR1
polymorphism with fluorogenic hybridization probes
[16]. This method is time-saving but demands light
cycler that is still not standard equipment in major-
ity of clinical laboratories.

In conclusion, for the first time we tested distri-
bution of C3435T MDR1 genotype variants in Pol-
ish population of Slavic origin. The results of this
study could serve as a basis for large scale correla-
tion studies on relevance of C3435T genotype in
therapy of HIV infection, cancer and other diseases
in Polish population that are treated with drugs be-
longing to P-gp substrates.
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