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ABSTRACT. Human P-glycoprotein (P-gp) is encoded by the MDR1 gene,
which is located on chromosomal region 7q21 and consists of 28 exons. To
date, over 50 single nucleotide polymorphisms (SNPs) have been reported
for the MDR1 gene. The effect of these polymorphisms on P-gp 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 pharmacokinet-
ics of substrate drugs. The aim of the current study was to analyze for the
first time an existing silent MDR 1 C1236T (Gly412Gly) polymorphism in a
Turkish population. The genotype frequencies of C1236T SNP in a Turkish
population were also compared with those in other populations. One hun-
dred unrelated healthy subjects (48 females, 52 males) were included in this
study and all them were of Turkish ethnicity. The genotyping of the C1236T
SNP was performed by the polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP) method. The frequencies of the
wild-type C and mutant T alleles were 45.5 and 54.5%, respectively. The
distribution of C1236T genotype frequencies in our study group was found
to be similar to that in Czech, Polish, Portuguese, Russian, Malay, and Japa-
nese populations and different from that in French, German, Chinese, and
Indian populations. The distributions of CC, CT, and TT genotypes were
20.0, 51.0, and 29.0%, respectively. Our study provides a framework for
future studies concerning the role of polymorphic variants of MDRI gene
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in the genesis of various diseases or in designing future pharmacogenetic
and pharmacokinetic studies conducted with P-gp substrates in the Turkish
population.
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INTRODUCTION

A key pharmacological barrier limiting the accessibility of drugs to various critical tar-
get tissues and cells is P-glycoprotein (P-gp), also known as ABCB1 or MDRI1. This protein is
a member of the ATP binding cassette (ABC) super-family and composed of 1280 amino acids
with two homologous halves containing six putative hydrophobic transmembrane segments and
an intracellular binding site for ATP (Tang et al., 2002; Sakaeda, 2005). P-gp is an ATP-driven
efflux pump, which is responsible for the altered pharmacokinetics of drugs that are P-gp sub-
strates and for the multidrug resistance of cancer cells (Kimchi-Sarfaty et al., 2007a). P-gp trans-
ports a wide range of substances with diverse chemical structure including digoxin, quinidine,
cyclosporine, etoposide, paclitaxel, rifampin, vinblastine, and vincristine (Schwab et al., 2003).

Human P-gp is also expressed in normal tissues including liver, kidneys, small and large
intestines, brain, testis, muscle tissue, placenta, and adrenals (Sakaeda, 2005). Although the physi-
ological role of P-gp is not fully understood, it is conceivable that P-gp may prevent intracellular
accumulation of potentially toxic substances and metabolites (Schinkel, 1997). The important role
of P-gp in tumorigenesis has been highlighted in animal models as shown in the development of
colon, mammary and liver cancer (Kankesan et al., 2003, 2004; Mochida et al., 2003). For instance,
the over-expression of P-gp has been associated with decreased proliferation activity and slower
migration of enterocytes, leading to prolonged life span and resistance to apoptosis and resulting in
an increasing chance of cell transformation (Mochida et al., 2003).

Human P-gp is encoded by the MDR1 gene, which is located on chromosomal region
7921 and consists of 28 exons ranging in size from 49 to 209 bp, and the cDNA spans 4.5 kb
(Ambudkar et al., 2003; Ishikawa et al., 2004; Kimchi-Sarfaty et al., 2007b). To date, over 50
single nucleotide polymorphisms (SNPs) have been reported for MDRI gene (http://www.
ncbi.nlm.nih.gov/SNP/GeneGt.cgi?genelD=5243), of which more than 20 are known to be
silent (Komar, 2007a).

Several preclinical and clinical studies have provided evidence for these naturally oc-
curring SNPs of MDRI and their effects on drug absorption, distribution and elimination (re-
viewed by Ishikawa et al., 2004). The effect of these polymorphisms on P-gp 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 pharmacokinetics of substrate drugs. Notably, the C3435T
polymorphism in exon 26, polymorphism G2677T/A in exon 21, and C1236T polymorphism
in exon 12 have been studied repeatedly in different populations and various disease condi-
tions (Kroetz et al., 2003; Jamroziak et al., 2004; Xhemo et al., 2007; Kato et al., 2008).

Comparison between different polymorphism studies of the MDRI gene reveals a
variation in frequencies of the heterozygous or homozygous genotypes among different popu-
lations. The present study analyzed for the first time an existing silent but functional MDRI
C1236T (Gly412Gly) polymorphism in a Turkish population. The genotype frequencies of
C1236T SNP in this Turkish population were also compared with those in other populations.
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MATERIAL AND METHODS
DNA samples

One hundred unrelated healthy subjects (48 females, 52 males) belonging to the Turkish
population were included in this study. DNA samples used in this study were obtained from the
DNA bank of the Department of Medical Biology, Ankara University Faculty of Medicine. All
samples had been provided by persons previously participating in research projects conducted
by the department with their written informed consent indicating permission for anonymous
use of their DNA samples in other research studies. This study was approved by the Ankara
University Research Ethics Committee of Medical Faculty with the approval #119-3184.

Identification of C1236T polymorphism

A polymerase chain reaction (PCR)-restriction fragment length polymorphism
(RFLP) was used for detection of C1236T (exon 12) SNP. PCR was performed in a 25-pL
total volume of reaction mixture containing 0.1 pg genomic DNA, 10 pmol of each primer
(forward: 5° TAT CCT GTG TCT GTG AAT TGC C 3’; reverse: 5 CCT GAC TCA CCA
CACCAATG 3’), 0.2 mM of each dNTP, 10 mM Tris, 50 mM KCI, 2 mM MgCl, and 2 U
Taq DNA polymerase (GeneMark). PCR conditions were as follows: initial denaturation
at 94°C for 2 min and then 35 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s
followed by a final extension at 72°C for 7 min. Restriction digestion was performed in a
total volume of 20-uL reaction mixture containing 10 pL. PCR product and 40 U BsnlI re-
striction endonuclease (GeneMark). Reaction mixtures were incubated at 37°C overnight
and thermal inactivation was done at 80°C for 20 min. Genotypes were determined by
agarose gel electrophoresis of restriction digests on 3% Nusieve GTG agarose (BMA) gel
containing 0.5 pg/mL ethidium bromide.

Statistical analysis

Statistical analysis was performed using the Arlequin software, version 3.11. Allele
and genotype frequencies for C1236T SNP in the study group were assessed for deviation
from Hardy-Weinberg equilibrium using the Fisher exact test. F-statistics was used for com-
paring the genotype frequencies of different populations for the C1236T SNP. P < 0.05 was
considered to be statistically significant.

RESULTS

Samples of 100 healthy Turkish subjects were analyzed to detect the MDRI C1236T
polymorphism in exon 12 leading to no amino acid change. The allele and genotype frequen-
cies of C1236T SNP are given in Table 1. The allele frequencies of C1236T SNP were 45.5
and 54.5% for wild-type C and mutant T alleles, respectively. The genotype frequency distri-
butions of this SNP were CC: 20.0%, CT: 51.0%, and TT: 29.0%. The expected heterozygosity
was calculated as 0.496. The observed genotype counts were consistent with those expected
under the assumptions of Hardy-Weinberg equilibrium (P = 0.84).
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Table 1. Allele and genotype frequencies of C1236T SNP in a Turkish population.

Allele frequencies Genotype frequencies
C T cC CT TT

Observed Expected Observed Expected Observed Expected
0.4550 0.5450 0.20 0.2070 0.51 0.4960 0.29 0.2970

When the genotype frequency distribution of C1236T polymorphism in the Turkish
population was compared with that in other major populations, significant differences were
found between the Turkish population and French, German, Chinese, and Indian populations
(P <0.05). However, genotype frequency distribution of the C1236T SNP in our study group
did not show any significant difference with respect to the Czech, Polish, Portuguese, Russian,
Malay, and Japanese populations (P > 0.05) (Table 2).

Table 2. Comparison of the genotype frequency distribution (%) of C1236T SNP in a Turkish population and
that in other populations.

Population N C1236T FST FSTP

CcC CT TT
Turkish (present study) 100 20.0 51.0 29.0 - -
Czech 189 31.7 47.1 21.2 0.00927 0.126 +0.028
French 223 33.0 49.0 18.0 0.01666 0.009 £ 0.009*
German 461 344 49.2 16.4 0.02331 0.000 + 0.000*
Polish 135 30.4 49.6 20.0 0.00650 0.18 +0.043
Portuguese 100 27.0 55.0 18.0 0.00522 0.207 +0.027
Russian 59 24.0 56.0 20.0 -0.00427 0.576 + 0.036
Chinese 96 83 39.6 52.1 0.05368 0.000 £ 0.000*
Indian 87 13.8 37.9 48.3 0.03506 0.018 +£0.012*
Japanese 154 11.0 46.8 422 0.01407 0.063 +0.03
Malay 92 12.0 44.6 435 0.015 0.072+0.018

*Statistically significant difference.

DISCUSSION

Polymorphisms in the human genome contribute to wide variations in how individuals
respond to medications, either by changing the pharmacokinetics of drugs or by altering the
cellular response to therapeutic agents (Sauna et al., 2007). Analysis of the sequence of the
human genome has shown that the extent of genetic variation in the human population is far
greater than what had been estimated, and the most common sequence variation is the SNP,
which occurs in about every 300 nucleotides (Buckland, 2006; Sauna et al., 2007).

A number of SNPs in the MDR1 gene have already been identified as clinically impor-
tant for drug response, raising the need for the genotyping of these SNPs in different popula-
tions for individualized drug treatment (Kimchi-Sarfaty et al., 2007b). Drug pharmacokinetics
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involving P-gp has often been found to be affected in individuals carrying various non-silent
SNPs; however, sometimes changes have also been observed in individuals carrying silent
SNPs (Komar, 2007a). To date, the most commonly reported polymorphism linked to different
responses of patients to various MDR1 substrates is located at exon 26, C3435T, and does not
result in an amino acid change. This silent polymorphism has been found to differ significantly
amongst different populations (Tang et al., 2002; Jamroziak et al., 2004; Ramasamy et al.,
2006; Kimchi-Sarfaty et al., 2007b). However, C3435T SNP has been associated with changes
in the expression of MDR1 (Hoffmeyer et al., 2000; Larsen et al., 2007). Turgut et al. (2006)
investigated the allelic and genotypic frequencies of the C3435T polymorphism in healthy
individuals living in Denizli province of Turkey and reported 53.0% heterozygosity for this
polymorphic variant.

Another silent SNP in the MDR1 gene is the C1236T in exon 12. C1236T polymor-
phism changes a GGC codon to GGT at amino acid position 412 of the polypeptide and both
of them encode Gly (Kimchi-Sarfaty et al., 2007b). C1236T polymorphism has also been
linked to the inter-individual differences of responses to various drugs. Xing et al. (2006)
reported that the genotyping of C1236T may help to predict the efficacy of risperidone treat-
ment on the basis that patients with the TT genotype showed greater improvement than those
with other genotypes. It has been shown that the frequency of the mutant T allele was higher
in late responders to oral prednisone than early responders for position 1236 in children with
steroid-responsive nephrotic syndrome (Wasilewska et al., 2007). In the study of Bosch et
al. (2006), the homozygous C1236T polymorphism in the MDRI gene was correlated with a
decreased docetaxel clearance. In addition, Aarnoudse et al. (2006) found that women with
the TT genotype for position 1236 had a higher risk for the neuropsychiatric adverse effects of
mefloquine. All these findings led to the idea that the genotyping of C1236T SNP in the MDR 1
gene has an important role in studying the drug responses of different individuals. Therefore, it
is necessary to know the allelic and genotypic frequencies of this SNP in different populations
for individualized drug treatment.

A comparison between the genotype frequency distribution of C1236T SNP in the
Turkish population and other populations from previous studies is summarized in Table 2. Our
results show that genotype frequency distribution of C1236T SNP in our population is signifi-
cantly different from that found in the French, German, Chinese, and Indian populations (p <
0.05). The observed frequency of homozygous polymorphism in this study at this site (29.0%)
is very similar to that found in the Czech (21.2%; Pechandova et al., 2006), Polish (20.0%;
Wasilewska et al., 2007), and Russian (20.0%; Goreva et al., 2004) populations. However, the
frequency of the 1236 TT genotype determined in the present study is lower than that reported
in the Chinese (52.1%; Chowbay et al., 2003), Indian (48.3%; Chowbay et al., 2003), Malay
(43.5%; Chowbay et al., 2003), and Japanese (42.2%; Komoto et al., 2006) populations, and
higher than that observed in the French (18.0%; Jeannesson et al., 2007), German (16.4%;
Cascorbi et al., 2001), and Portuguese (18.0%; Jeannesson et al., 2007) populations. The ho-
mozygous CC genotype frequency detected in our study (20.0%) is much closer to that in the
Russian (24.0%; Goreva et al., 2004) population. In contrast, the incidence of CC genotype
in the Turkish population is lower than that observed in the Czech (31.7%; Pechandova et
al., 2006), French (33.0%; Jeannesson et al., 2007), German (34.4%; Cascorbi et al., 2001),
Polish (30.4%; Wasilewska et al., 2007), and Portuguese (27.0%; Jeannesson et al., 2007)
populations, and higher than that in the Chinese (8.3%; Chowbay et al., 2003), Indian (13.8%;
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Chowbay et al., 2003), Japanese (11.0%; Komoto et al., 2006), and Malay (12.0%; Chowbay
etal., 2003) populations. As can be seen in Table 2, the homozygous TT genotype frequency is
much higher in Asian populations than in European populations. In contrast, the wild-type CC
genotype is more frequent in European populations than in Asian populations. In this respect,
the frequencies of homozygous CC and TT genotypes in the Turkish population revealed inter-
mediate characteristics when compared with the European and Asian populations most prob-
ably due to its geographical location.

Silent SNPs have largely been assumed to exert no discernible effect on gene func-
tion or phenotype. However, recent reports have changed this common view. Kimchi-Sarfaty
et al. (2007a) showed that the substrate specificity of P-gp is altered by synonymous and
silent SNPs. It has been suggested that silent SNPs may affect protein translation rates hence
influencing protein folding and activity. Therefore, silent SNPs that do not change the coding
sequence of the protein may contribute to altered pharmacokinetics of substrate drugs, and
development and progression of certain disease conditions (Kimchi-Sarfaty et al., 2007a; Ko-
mar, 2007b; Sauna et al., 2007). Recent studies suggest that researchers studying SNPs should
not neglect silent SNPs in determining the likelihood of the development and progression of
diseases and these silent SNPs should be taken into account in individualized drug treatments
(Komar, 2007b; Sauna et al., 2007). Over the last 5 years, a great deal of attention has been
paid specifically to the silent C3435T polymorphism and, to a lesser extent, to the C1236T
polymorphism. Therefore, analyzing the silent C1236T polymorphism in different populations
is needed to better understand its unresolved functions in P-gp activity.

In conclusion, this is the first major study reporting the MDR1 C1236T genotype dis-
tribution in a Turkish population and finding a significant difference in the frequency compared
to other populations, including French, German, Chinese, and Indian. Our study provides a
framework for future studies concerning the role of polymorphic variants of MDR1 gene in the
genesis of various diseases or designing future pharmacogenetic and pharmacokinetic studies
conducted with P-gp substrates in the Turkish population.
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