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Abstract. There exists a marked inter-individual vari-
ability of P-glycoprotein expression and activity, which
can be of clinical importance due to the large number of
drugs that are substrates for the transporter. Previously
identified polymorphisms in the MDRI gene belong to
important factors causing this phenomenon. Our aim
was to investigate the frequency of major functional
SNPs of the MDR1 gene coding for P-glycoprotein in the
Czech population. DNA was isolated from whole blood
of 189 healthy, young and unrelated subjects (99 females
and 90 males, aged from 23 to 28 years). The genotypes
of polymorphic positions C3435T, G2677T/A, C1236T
and T-76A were determined by PCR-RFLP. Observed
allelic frequencies were 56.5%, 46.0%, 0.53%, 44.5%
and 37.6% for the alleles 3435T, 2677T, 2677A, 1236T
and -76A, respectively. We have found 64 subjects
homozygous for 3435T, 42 for 2677T, 40 for 1236T and
31 for -76A alleles. The allelic distribution complies well
with Hardy-Weinberg equilibrium. Allelic frequencies
of functionally important MDRI variants are in the
Czech population similar to that of other Caucasian
populations.

Introduction

P-glycoprotein (Pgp) is a large transmembrane pro-
tein of 170 kD that functions as an energy-dependent
drug-transport pump transporting a variety of com-
pounds extracellularly. It belongs to the large ATP-
binding cassette transporter family and is defined as
ABCBI. Pgp is composed of 1280 amino acids forming
two analogous halves with 43% sequence homology.
Two domains interact to form a functional transporter;
each part is composed of six transmembrane o.-helices
and a nucleotide binding domain (NBD) (Fig. 1). NBD
is a highly conservative area within the ABC trans-
porter family that is involved in binding of ATP and
hydrolysis of ATP to release energy, which is utilized
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for active uphill transport. The shape of Pgp reminds
a cylinder with a maximal height of 8 nm and 10 nm in
diameter (Higgins et al., 1997; Rosenberg et al., 1997).

Pgp is a product of the human multidrug resistance 1
(MDRI) gene that is localized in chromosome 7 band
p21-21. MDRI spans 28 exons and cDNA consists of
3843 base pairs (Cascorbi et al., 2001). A number of vari-
ations have been found in the sequence of nucleotides.
Pgp is widely expressed in tumour cells, but also on the
apical surface of epithelial cells of the intestine, biliary
canalicular membrane of hepatocytes, on the luminal
surface of the capillary cells forming the blood brain bar-
rier, in brush border membranes of proximal tubules in
the kidney, in the adrenal cortex and in placenta. This
transporter plays a significant role in disposition of
drugs, i. e. absorption, distribution, and excretion and
might be involved in secretion of steroids (Kerb et al.,
2001; Sakaeda et al., 2002; Leonard et al., 2003).

The substrate specificity of the P-glycoprotein is
extremely wide. The typical substrates — frequently
used drugs are shown in Table 1. It also exports a num-
ber of chemically unrelated hydrophobic, amphipathic
xenobiotics extracellularly.

Thanks to its localization, function and overlapping
substrate specificity with cytochrome P450 Pgp can be
considered both as a facilitator of direct elimination of
the compounds from the body and a as synergistic part
of the enzyme detoxification system. Pgp decreases the
load of xenobiotics to intracellularly located metabolic
enzymes and thus helps prevent saturation of the
enzyme pathways, and it also provides protection from
forming possibly toxic metabolites. Therefore, any sit-
uation leading to either decreased or increased activity
of Pgp including functional genetic polymorphisms
may alter either the distribution and elimination of the
drugs or their metabolic fate (Kerb et al., 2001).

A clinically relevant example of overexpression and
high function of Pgp in cancer cells is one of the mech-
anisms of multidrug resistance to therapy, which fre-
quently leads to therapeutic failure. Cross-resistance to
several agents, even those the patients were never
exposed to, is a consequence of the transporter wide
substrate specifity (Leonard et al., 2003).

More than fifty single nucleotide polymorphisms
(SNPs) have been reported in the MDR1 gene (Ishikawa
et al., 2004). The effect of most of these polymorphisms
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Fig. 1. Schematically depicted primary structure of P-glycoprotein. Arrows represent known SNPs and their relation to

the structure of the protein

Table 1. Substrates of P-glycoprotein

Anticancer drugs
Actinomycin
Docetaxel
Doxorubicin
Daunorubicin
Epirubicin
Etoposide
Irinotecan
Mitomycin C
Mitoxantron
Paclitaxel (Taxol)
Tamoxifen
Teniposide
Topotecan
Vinblastine
Vincristine
Vindesine

Cardiotonics antiarrhythmics
Digoxin

Digitoxin

Chinidin

Amiodarone

HIV protease inhibitors
Amprenavir

Indinavir

Nelfinavir

Saquinavir

Ritonavir

Imunosupressants
Cyclosporin A
Tacrolimus
Rapamycin

Steroids

Aldosterone
Dexamethasone
Estradiol
Hydrocortisone

Antiemetics

Domperidone
Ondansetron

Hypolipidemics
Atorvastatin
Lovastatin

Antibiotics
Erythromycin
Levofloxacin
Sparfloxacin

B blockers

Celioprolol
Talinolol

Calcium channel blockers and
metabolites

Diltiazem

Mibefradil

Verapamil

N-dealkylverapamil
N-dealkynorverapamil

H1-antihistamines

Fexofenadine
Terfenadine

H2-antihistamines
Cimetidine
Ranitidine

Opiates
Morphine
Loperamide

Others
Amitriptyline
Colchicine
Debrisoquine
Emetine
Fenytoin
Losartan
Rifampin
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on the Pgp function or their clinical impact is in most
cases unknown, but some of the SNPs are known to be
of functional relevance and can also alter the pharmaco-
kinetics of substrate drugs. Notably, the C3435T poly-
morphism in exon 26 and polymorphism G2677T/A in
exon 21 have been studied repeatedly. Digoxin, the most
extensively studied substrate drug of Pgp, displays geno-
type-dependent pharmacokinetics, both at the steady
state and after single administration. The plasma levels
of this compound are significantly higher in homozygous
3435TT carriers in comparison with 3435CC subjects
(Hoffmeyer et al., 2000). Similarly, fexofenadine expo-
sure has been shown to be higher in individuals carrying
variant alleles in positions 3435 and 2677. However,
some other studies gave contradictory results indicating
no effect of these polymorphisms in the positions 3435
and 2677 on fexofenadine pharmacokinetics (Kim et al.,
2001; Cavaco et al., 2003). Due to this controversy about
the clinical consequences, detection of these SNPs has
not yet been introduced into routine practice but already
represents an inevitable procedure during early phases of
new drug development.

The aim of our work was to assess the frequency of
the major known variant alleles and genotype distribu-
tion of C3435T, G2677T/A, C1236T and T-76A poly-
morphisms in the Czech population.

Material and Methods
Subjects

A randomly selected sample of 189 unrelated healthy
volunteers from the Czech population were enrolled in
the study (90 males and 99 females, aged from 23 to 28
years). All subjects gave their written informed consent.
The investigation was performed in accordance with

the principles of the Declaration of Helsinki and with
the approval of the local ethics committee.

Venous blood containing EDTA (7 ml) was collected
and DNA was isolated by a standard phenol-chloroform
method (Cascorbi et al. 2001).

The genotypes were determined using a modified
analysis by Cascorbi et al. (2001). DNA amplification
was done in a MyCycle thermocycler (BioRad Laborato-
ries, Hercules, CA). The reaction mixture consisted of 60
ng of DNA template, 8 nM primers (the sequence was
identical to the primers used by Cascorbi et al., 2001),
PCR buffer, 2.5 mM MgCl,, 0.2 mM dNTP and 0.5 U of
Taq DNA polymerase. Water was added to a final volume
of 25 ul. PCR amplification consisted of initial denatura-
tion for 2 min at 94°C followed by 35 cycles, denaturation
at 94°C for 30 s, annealing at 60°C for 45 s and extension
at 72°C for 1 min. Terminal elongation ran at 72°C for 7
min. Restriction by enzymes Xapl, BseNIl, BsANI, and
Bsp1431 produced DNA fragments that were separated
on 3.5% agarose gel and visualized after ethidium brom-
ide staining on an ultraviolet transilluminator.

Statistical analysis

Statistical significance (P < 0.05) was assessed by y2
test for two degrees of freedom. Expected distribution
of genotypes was calculated by Hardy-Weinberg equi-
librium.

Results

We analysed samples of 189 subjects to detect the
polymorphism G2677T/A in exon 21 leading to amino
acid exchange, and four SNPs without influence on the
amino acid exchange were detected. The allelic and geno-
type frequencies of MDR] variants are given in Table 2.

Table 2. Positions, observed and expected frequencies of MDR-1 variants in the Czech population

Location  Position Allele Effect Frequency Genotype Frequency
(%) Observed 95% CI Expected
(%) (%)
Exonl2 cDNA1236 C Wobble 55.5 C/C 31.7 25.1-38.4 30.6
T 44.5 C/T 47.1 39.9-54.2 49.4
T/T 21.2 15.3-26.9 19.9
Intronl6  Exonl7-76 T ? 62.4 T/T 413 34.3-48.3 38.9
A 37.6 T/A 423 35.3-49.4 45.8
A/A 16.4 11.1-21.7 13.7
Exon21 cDNA2677 G 893Ala 53.4 G/G 29.6 23.1-36.1 28.6
T 893Ser 46.0 G/T 47.1 40.0-54.2 49.2
A 893Thr 0.53 T/T 22.2 16.3-28.1 21.2
G/A 1.1 0.5-1.56 0.57
A/A 0.0 0.0-0.9 0.0
T/A 0,0 0.0-0.9 0,0
Exon26 cDNA3435 C Wobble 43.5 C/C 21.2 15.3-26.9 18.9
T 56.5 C/T 44.9 37.9-52.1 49.1
T/T 33.9 27.1-40.6 31.9
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The variant allele of C3435T polymorphism in exon
26, which affects the expression level and function of
MDR-1, was detected with allelic frequency of 56.50%.
We found 64 subjects homozygous for the variant
allele. In exon 21, namely at the cDNA position 2677,
two variant alleles (substitutions G>T; G>A) are known
to lead to amino acid sequence change (Ala839Ser; and
Ala839Thr, respectively). The wild-type allele 2677G
appeared with frequency of 53.44% and variant allele
2677T of 46.03%. Fifty-six and 42 subjects were
homozygous for 2677G and 2677T alleles, respective-
ly. No carrier of homozygous 2677A allele was found,
although heterozygous genotypes containing the 2677A
allele were found in two subjects.

Forty subjects were homozygous carriers of the abun-
dant exonic silent mutation in exon 12 with allelic fre-
quency 44.5% and 31 subjects were homozygous for
variant -76A allele in intron 16 (allelic frequency 37.6%).

The observed genotype frequency distribution did
not show a significant deviation from the expected ones
calculated by using Hardy-Weinberg equilibrium. The
expected allelic frequencies fit into the 95% confidence
interval (CI) in all variants.

Relative frequencies of all possible combined
C3435T and G2677T/A genotypes are described in
Table 3. The wild-type sequence in both these SNP sites
was found in 36 subjects, while homozygous presence
of a variant sequence in both positions was carried by
40 subjects.

Discussion

The MDRI gene belongs to highly polymorphic
regions. In this study we assessed frequencies of the
most common polymorphisms with possible functional
significance in the Czech population.

Table 3. Relative frequencies of possible combined C3435T
and G2677T/4 genotypes

G2677T exon 21 genotype
C3435T exon 26
genotype G/G G/T T/T
C/C 0.19 0.02 0
C/T 0.1 0.34 0.01
T/T 0.01 0.12 0.21

The first genetic polymorphism identified in the
MDRI gene was G2677T (Mickley et al., 1998). This
polymorphism is unique for the three possible variants
at the same gene locus resulting in amino acid changes
(Ala893Ser/Thr).

Later in 2000, the first systematic screening of
MDRI polymorphisms was performed by Hoffmeyer et
al. The authors discovered that a silent polymorphism
in exon 26 at the position 3435 of cDNA was associat-
ed with a decreased protein expression in the duodenum
as well as with decreased ability to transport digoxin
(Hoffmeyer et al., 2000).

Significant linkage between the wild-type—wild-type
sequence and variant-variant sequence in positions
C3435T and G2677T has been observed (Kim et al.,
2001). Our results are in agreement with this observa-
tion. Individuals being either wild-type or variant
homozygotes or heterozygotes simultaneously in both
SNPs represent approximately 75% of the population.
This linkage disequilibrium can be the cause of the dis-
crepancies in previously published pharmacokinetic
studies, if being based on single SNP analysis only.

We further investigated the distribution of two com-
mon polymorphisms, C1236T and T-76A, in exon 12
and 17, respectively. Both SNPs represent synonymous

Table 4. Genotype frequencies of MDR-1 variants in the Caucasian and Asian populations

Location/ Exon 26 Exon 21 Exon 12 Intron 16
Position C3435T G2677T/A T1236C ex17/T-76A
Ethnic CC CT TT |GG GT GA TT AA TA|CC CT TT|TT TA AA
Caucasian
Czech C. (N = 189) 212 449 339 [296 471 05 222 0 0 |317 471 212| 413 423 164
German C. (N = 461) 20.8 505 28.6 | 309 492 20 161 0 1.8 |344 492 164 | 284 508 208
Polish C. (N=122,139) | 42.0 41.0 0.17" | 338 468 0.7 173 0 14 |350 468 180 N.a.
Portuguese C. (N=100) | 12.0 47.0 41.0 | 31.0 43.0 N.a. 260 Na. Na N.a. N.a.
Russian C. (N=290;59) | 21.4 48.6 30.0 |303 449 4.1 183 0 24 |240 560 20.0 N.a.
UK C. (N = 190) 240 48.0 28.0 N.a. N.a. N.a.
Asian
Chinese (N = 96) 250 438 313 | 167 333 83 260 1.0 146 | 83 396 52.1° N.a.
Indian (N = 87) 18.4 36.8 448 138 310 8.1 414 0 58 | 138 379 483 N.a.
Japanese (N=114,48) | 35.0 53.0 12.0* N.a. 146 479 375 N.a.

N.a. — Not assessed

* P <0.05 compared with the Czech population
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alterations. Another linkage disequlibrium was noted
between SNP C1236T in exon 12 and G2677T, as well
as C3435T polymorphisms, in exon 21 and 26, respec-
tively.

The frequencies of major MDRI polymorphisms
vary among different populations (Table 4). The
homozygous 3435C/C genotype ranged from 12.0% in
Portuguese to 42.0% in Polish populations (Jamroziak
et al., 2002, Bernal et al., 2003; Cavaco et al., 2003).
The difference between our and Polish population was
statistically significant. The frequency in most other
Caucasians was similar (20.8 — 24.0%) to our findings
(Cascorbi et al., 2001; Gaikovitch et al., 2003). Statisti-
cally significantly lower frequency of wild-type 3435C
and variant 1236T alleles was further observed in
Japanese compared to Caucasians.

Studies in the African populations reported far more
frequent distribution of the 3435C allele (Ghanaian
84.0%, Kenyan 83.0%). It is assumed that overdomi-
nance of this homozygous C/C genotype may be a con-
sequence of natural selection representing an advantage
against gastrointestinal tract infections (Mickley et al.,
1998; Schaeffeler et al., 2001).

The A allele in exon 21 and the T allele in exon 12
are significantly more common in the Asian popula-
tions (Table 5) than in Czechs and other Caucasians
(Chowbay et al., 2003)

The knowledge about frequency of functionally
important SNPs in the MDRI gene in the Czech popu-
lation is substantial information for designing future
pharmacokinetic and pharmacodynamic studies con-
ducted with Pgp substrates. It will allow increasing
validity of the studies together with decreased econom-
ic costs and ethical risks for the participating individu-
als. The practising clinicians should be further aware of
the high frequency of functional polymorphisms in our
population, especially when considering treatment with
drugs — substrates possessing a narrow therapeutic win-
dow. Digoxin is one of the example drugs, where
exceptional cautiousness is essential in individuals with
decreased activity of Pgp in order to prevent develop-
ment of serious adverse drug reactions. In the future
perspectives, routine testing for the SNPs can become
a useful tool for optimizing the dosing and therapy of
the drugs that are substrates for Pgp.
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