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Genetic polymorphisms of drug/xenobiotic metabolizing enzymes can have great impact on the inter-
individual variation in drug response or susceptibility to toxicities of xenobiotics. The frequencies of
the polymorphic enzymes not also differ from ethnicity, but also differ from country to country in the
same ethnic group. In this study, CYP2E1*5B, GSTM1, GSTT1, GSTP1 exon 5 and GSTP1 exon 6 genetic
polymorphisms were determined in 302 unrelated healthy individuals in a Turkish population and the
results were compared with previous reports. The frequencies of CYP2E1*5B c1/cl, cl/c2 and c2/c2
genotypes were 94.7, 5.3 and 0%, respectively. The frequencies of the deleted GSTM1 and GSTT1
genotypes were 54.6 and 22.2%, respectively. The GSTP1 exon 5 genotype frequencies were lle/lle:
56.0%, lle/Val: 34.8% and Val/Val: 9.3%; GSTP1 exon 6 genotype frequencies were Ala/Ala: 84.8%,
Ala/Val: 14.2% and Val/Val: 1.0%. These results revealed that the frequencies of CYP2E1*5B, GSTM1,
GSTT1, GSTP1 exon 5 and GSTP1 exon 6 genetic polymorphisms in a Turkish population are similar to

European Caucasian populations.
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INTRODUCTION

It is well known that cytochrome P-450 (CYP) enzymes
are able to metabolize many xenobiotics, including drugs.
The glutathione S-transferases (GSTs) are a family of
cytosolic enzymes generally involved in the detoxification
of activated xenobiotics and/or drug metabolites. Several
CYPs and GSTs are known to be polymorphic
(Mannervik et al., 1992; Nebert et al., 1996). Among
several CYPs, CYP2E1l is a critical enzyme in the
oxidation of drugs such as chlorzoxazone,
acetaminophen, fluorinated anesthetics and ethanol
(Griese et al., 2001). CYP2E1 gene polymorphisms are
thought to play a major role in interindividual variability in
drug response, drug - drug, drug - xenobiotic interactions
and toxicity (Lieber, 1997; Bolt et al., 2003). The best
studied CYP2E1 genetic polymorphisms are the
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CYP2E1*5B (Pstl/Rsal) polymorphisms in the 5' flanking
region and the CYP2E1*6 (Dral) polymorphism in intron 6
of the CYP2E1l gene (Wormhoudt et al.,, 1999).
CYP2E1*5B polymorphism was found to be related with
enhanced transcription and increased CYP2E1 activity in
vitro (Liu et al., 2009; Hayashi et al., 1991) and in vivo
(Ueshima et al.,, 1996; Ueno et al., 1996); whereas
CYP2E1*6 polymorphism does not give rise to any
structural change in the CYP2E1 protein (Wormhoudt et
al.,1999).

The 3 GST classes GSTM, GSTT and GSTP constitute
an important part of the total GST family, and well-
characterized polymorphisms are known for all 3 classes
(Sorensen et al.,, 2004). GSTM1 and GSTT1 deletion
polymorphisms result in loss of the corresponding
enzyme activities (Smith et al., 1994; Pemble et al.,
1994). Previous studies have suggested that genetic
polymorphisms of GSTP1 exon 5 (llel05Val) and GSTP1
exon 6 (Alall4val) have a functional relevance on the
GST gene product, resulting in reduced enzyme activity



(Zimniak et al., 1994; Ali-Osman et al., 1997; Watson et
al., 1998). Substrates of GSTs include a wide range of
endogenous metabolites, xenobiotics and alkylating and
free radical generating anti-cancer drugs (Lo and Ali-
Osman, 2007). GST polymorphisms have been found to
influence the pharmacokinetics of immunosuppressive
drug azathioprine (Eklund et al., 2006; Stocco et al.,
2007). GSTs also play an important role in chemo-
resistance by decreasing the cytotoxic impact of various
antineoplastic agents (Nakagawa et al., 1988; Townsend
and Tew, 2003; Lo and Ali-Osman, 2007).

Meanwhile, a large inter-ethnic variation of polymorphic
gene frequencies in control populations has been
reported in various ethnic groups. Furthermore, intra-
ethnic differences have been well established (Garte et
al., 2001). For example, GSTT1 deletion frequency was
reported as 32.1% by Zirbs et al. (2012) and 19.5% by
Garte et al. (2001) in two studies performed in German
population. In addition, contradictory results have been
reported for GSTM1 gene deletions within Turkish
population (Aktas et al., 2001; Pinarbasi et al., 2003;
Altayli et al., 2009). On the other hand, previous reports
on CYP2E1*5B and GSTP1l exon 5 polymorphism in
Turkish populations are rare and studies regarding the
GSTP1 exon 5 polymorphism are contradictory (Toruner
et al., 2001; Ates et al., 2005; Altayli et al., 2009). For
GSTP1 exon 6 polymorphism, a rather limited data exist
among Caucasian populations (Sorensen et al., 2004,
Garcia-Closas et al., 2005; Ibarrolla-Villava et al., 2012).
Previous studies performed in Turkish populations
generally reported one or two polymorphic genes among
same individuals (Omer et al., 2001; Ulusoy et al., 2007;
Taspinar et al., 2012; Guven et al., 2007; Aktas et al.,
2001; Aynacioglu et al., 2004; Oke et al., 1998).

To our knowledge there is no study in a Turkish
population which investigates the polymorphism of more
than three polymorphic genes in the same individuals
with relatively large sample size exceeding 300
individuals. Therefore, we reported here the genotype
frequencies of CYP2E1*5B, GSTM1, GSTT1, GSTP1
exon 5 and GSTP1 exon 6 polymorphisms in a Turkish
population.

MATERIALS AND METHODS
Subjects

In the present study, 302 unrelated individuals aged between 25 to
80 years (49.1 £ 12.0; mean * SD), including 148 females (mean
age 49.6 + 12.9 years; range 25 - 80 years) and 154 males (mean
age 48.6 + 11.1 years; range 25 - 75 years) were used. All of the
subjects were healthy volunteers without known history of cancer
and other chronic diseases. On entry into the study, each individual
had a personal interview based on a questionnaire in which they
were asked to provide information that included socio-demographic
variables such as age, gender, race, ethnicity and the geographical
region they lived in. The study population consisted of native
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Turkish residents (Caucasians) without any other ethnicities
(Africans or Asians) and represented Turkish population from all
regions of the country. All subjects provided written informed
consent, and the study was approved by a local Ethics Committee.

Genotyping

The genomic DNA used for polymorphic analysis was isolated from
whole blood of patients by using DNA purification kit purchased
from Promega Corporation (Madison, WI, USA), following the
manufacturer’s instructions. Isolated DNA was stored at -20°C until
use. The genetic polymorphism analysis for the CYP2E1*5B
(Rsal/Pstl, rs3813867/rs2031920) was determined by using the
polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) method described by Hayashi et al. (1991).
CYP2E1*5B polymorphism was also confirmed by real time PCR
techniqgue described by Choi et al. (2003). The genetic
polymorphism analyses for the GSTM1 and the GSTT1 genes were
determined simultaneously in a single assay using a multiplex PCR
approach based on the method of Abdel-Rahman et al. (1996).
GSTP1 exon 5 (lle105Val) (rs1695) and GSTP1 exon 6 (Alal1l4Val)
(rs1138272) genetic polymorphism analyses were determined by
using the PCR-RFLP method described by Park et al. (1999). For
quality control, laboratory personnel were blinded to the source of
each DNA specimen and a random 10% of the samples were
repeated with 100% concordance. Two authors reviewed
independently 100% of the agarose gels and genotype data entry.

Statistical analysis

Chi-square test and Fisher's exact test were used to calculate
statistical differences in the distribution of genotype frequencies
between populations where necessary. If the cell values were less
than five, the P values of Fisher’s exact test were given. P values <
0.05 were considered as significant. SPSS 15.0 software (SPSS
Inc., Chicago, IL, USA) was used for statistical analyses.

RESULTS

The genotype frequencies obtained from 302 individuals
are shown in Table 1. The frequencies of CYP2E1*5B
wild type *1A/*1A (cl/cl) and heterozygous *1A/*5B
(cl/c2) genotypes were found to be 5.3 and 94.7%,
respectively. Homozygous mutant *5B/*5B (c2/c2)
genotype was not observed in our study population. The
CYP2E1*5B genotypes were in Hardy-Weinberg
equilibrium (P = 0.636).

GSTM1 and GSTT1 genotype frequencies are shown
in Table 1. The frequencies of GSTM1 positive and null
genotypes were 45.4 and 54.6%; GSTT1 positive and
null genotypes were 77.8 and 22.2%, respectively.
Moreover, GSTP1 exon 5 genotype frequencies were
56.0% for wild type (lle/lle), 34.8% for heterozygous
(llefval) and 9.3% for homozygous mutant (Val/Val). The
genotype frequencies of GSTP1 exon 6 polymorphism
were 84.4% for wild type (Ala/Ala), 14.2% for
heterozygous (Ala/Val) and 1.0% for homozygous mutant
(val/val). The GSTP1 exon 5 and GSTP1 exon 6
GSTP1 exon 6 genotype frequencies obtained in this
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Table 1. Frequencies of CYP2E1, GSTM1, GSTT1 and
GSTP1 genotypes.

Genotype Number (n) Percentage (%)
Total 302

CYP2E1*5B

cl/cl 286 94.7
cl/c2 16 5.3
c2/c2 0 0
GSTM1

positive 137 454
null 165 54.6
GSTT1

positive 235 77.8
null 67 22.2

GSTP1 exon 5

Ala/Ala 169 56.0
Ala/Val 105 34.8
Val/Val 28 9.3

GSTP1 exon 6

lle/lle 256 84.4
lle/Val 43 14.2
Val/Val 3 1.0

CYP2E1*5B, GSTM1, GSTT1l, GSTP1 exon 5 and
genotypes were in Hardy-Weinberg equilibrium (P =
0.054 and 0.434, respectively). study were compared
with previously published data in European Caucasian
populations (Tables 2, 3, 4 and 5). Significant difference
was not observed between genotype frequencies in
terms of age and gender when compared with chi-square
test (data not shown).

DISCUSSION

In this study, the genotype frequencies of CYP2E1*5B,
GSTM1, GSTT1, GSTP1 exon 5 and GSTP1 exon 6
polymorphisms were studied in the same individuals of a
Turkish population and the results were compared with
previous findings in European Caucasian populations and
Turkish population. This study provides additional data on
the frequencies of CYP2E1*5B, GSTM1, GSTT1, GSTP1
exon 5 and GSTP1 exon 6 polymorphisms in a Turkish
population. In our study CYP2E1*5B genotypes were in
line with previous reports in Turkish and European
Caucasian populations (Table 5). There was no
difference between three study populations in Turkey for
CYP2E1*5B polymorphism. Considering these results, it

seems to be a consistent finding.

The GSTM1 null frequency in our study was found
consistent with European Caucasian populations (Table
3). In the current study, the frequency of the GSTM1 null
genotype was found parallel with three previous reports
in Turkish population (Toruner et al., 2001; Altayli et al.,
2009; Taspinar et al., 2012). However, Aktas et al. (2001)
and Pinarbasi et al. (2003) have found very low GSTM1
null frequencies when compared with our study as well as
other studies in Turkish population. GSTM1 null genotype
frequencies were reported between 42 and 60% in
Caucasians (Garte et al., 2001). This result, when taken
into account with previous reports from Turkey, shows
that the GSTM1 null frequency in Turkish population is
close to the frequency range in Caucasians reported by
Garte et al., (2001). The prevalence of the GSTT1 null
genotype is ranges from 12.9 to 25.5% in Caucasians
(Garte et al., 2001). In our study, GSTT1 null frequency
was found to fall in this range (Table 3). The result
obtained with regard to GSTT1 null frequency in this
study is in agreement with previous reports in Turkish
populations except one study (Altayli et al., 2009) (Table
3). When the results of this study and previous studies in
Turkish populations were taken into consideration, the
GSTT1 null genotype frequency ranged between 16 and
26% in Turkish population (Table 3).

The genotype distribution of GSTP1 exon 5
polymorphism in our study is similar to the reports in
other European Caucasian populations except Denmark
(Table 4). Our results are consistent with the results of
Aynacioglu et al. (2004) and Altayli et al. (2009), but
significantly different from two previous reports in
Turkey(Toruner et al.,, 2001; Ates et al., 2005). GSTP1
exon 6 genotype distributions in different populations are
shown in Table 5. The genotype distribution of GSTP1
exon 6 polymorphism in our study was similar to
Denmark, but significantly different from Spain. There are
a few data about GSTP1 exon 6 polymorphism among
European Caucasian populations. The reasons of distinct
observations within Turkish population are not clear.
However, it could be due to several reasons such as
variability of ethnic backgrounds, the differences in the
assays used for genotyping and/or sample size of the
studies. Moreover, we did not find any significant
difference in genotype distribution of the studied
polymorphisms with age or gender. No differences have
also been reported for the genetic polymorphisms of
CYP2E1, GSTM1, GSTT1 and GSTP1 as a function of
either gender or age in Caucasians (Garte et al., 2001;
Wang et al., 2003; Sorensen et al., 2004). In line with the
results obtained herein, recently, the frequencies of some
other polymorphic genes such as mEH (Pinarbasi et al.,
2010) and Kir6.2 (Benlier et al., 2011) in Turkish
populations have also been reported to be similar to
Caucasian populations.

In conclusion, this study confirms that the genotype
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Table 2. CYP2E1*5B genotype frequencies compared with previously published data in European Caucasian

populations.

Population Number (n) cl/cl (%) cl/lc2 (%) c2/c2 (%) P Reference

France 172 91.6 4.7 0 0.757 Bouchardy et al. (2000)
Germany 373 94.3 5.7 0 0.851 Brockmoller et al. (1996)
Germany 298 95.3 4.7 0 0.736 Farker et al. (1998)
Germany 297 94.9 4.4 0.7 0.600 Neuhaus et al. (2004)
Italy 114 91.0 9.0 0 0.192 Ingelman-Sundberg et al. (1993)
Serbia 177 90.4 9.0 0.6 0.113 Brocic et al. (2011)
Turkey 153 96.1 3.9 0 0.518 Omer et al. (2001)
Turkey 206 96.1 3.9 0 0.461 Ulusoy et al. (2007)

UK 155 96.8 3.2 0 0.317 Yang et al. (2001)
Turkey 302 94.7 5.3 0 This study

Table 3. GSTM1 and GSTT1 null frequencies compared with previously published data in European Caucasian populations.

2071

GSTM1 GSTT1

Population Positive  Null b ,  Positive  Null b Reference

(%) (%) (%) (%)
Denmark 537 46.4 53.6  0.779 358 87.1 129 0.011* Garte et al. (2001)
Finland 482 53.1 46.9 0.035* 385 87.0 13.0 0.000* Garte et al. (2001)
France 1184 46.6 534  0.696 512 83.2 16.8  0.223 Garte et al. (2001)
Germany 734 48.4 51.6 0.379 487 80.5 19.5 0.813 Garte et al. (2001)
Germany 143 49.0 51.0 0.479 143 67.9 32.1  0,006* Zirbs et al. (2012)
Italy 810 50.6 49.4  0.119 553 83.7 16.3 0.194 Garte et al. (2001)
Poland 220 49.0 51.0 0.400 220 91.0 9.0 0.001* WiIodarczyk and Nowicka (2012)
Slovenia 102 48.0 52.0 0.639 102 74.5 255 0.261 Garte et al. (2001)
Spain 192 50.6 49.4  0.263 192 80.8 19.2 0.801 To-Figueras et al. (1997)
Spain 338 50.0 50.0 0.241 338 84.3 157 0.136 Ibarrola-Villava et al. (2012)
Sweden 544 44.1 55.9  0.727 423 87.0 13.0 0.009* Garte et al. (2001)
UK 1112 42.2 57.8 0.321 922 79.5 20.5 0.911 Garte et al. (2001)
Turkey 121 54.5 45,5 0.088 121 82.6 17.4  0.504 Toruner et al. (2001)
Turkey 204 56.9 43.1  0.011* 204 74.0 26.0 0.127 Ates et al. (2005)
Turkey 136 57.0 43.0 0.020* 136 84.0 16.0 0.320 Guven et al. (2007)
Turkey 128 49.2 50.8 0.464 128 93.0 7.0 0.001* Altayli et al. (2009)
Turkey 142 53.5 46.5 0.109 149 83.2 16.8  0.385 Taspinar et al. (2012)
Turkey 202 65.3 34.7 0.000* Aktas et al. (2001)
Turkey 206 82.0 18.0 0.000* Pinarbasi et al. (2003)
Turkey 240 80.0 20.0 0.954 Oke et al. (1998)
Turkey 302 45.4 54.6 302 77.8 22.2 This study

*Significantly different when compared to this study (P<0.05).

Table 4. GSTP1 exon 5 genotype frequencies compared with previously published data in European

Caucasian populations.

Population Number (n) lle/lle (%) lle/Val (%) Val/Val (%) P Reference

Denmark 268 43.3 47.8 9.0 0.005* Sorensen et al. (2004)
Germany 127 55.0 36.0 9.0 0.950 Steinhoff et al. (2000)
Germany 143 47.9 41.7 10.4 0.248  Zirbs et al. (2012)
Poland 142 46.0 41.0 13.0 0.110 Whyaitt et al. (2000)
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Table 4. Continued.

Poland 220 52.0 38.0 10.0 0.643 Wilodarczyk and Nowicka (2012)
Spain 332 52.4 40.2 7.1 0.346 Ibarrola-Villava et al. (2012)
Turkey 121 68.6 27.3 4.1 0.035*  Toruner et al. (2001)

Turkey 265 50.6 37.4 12.1 0.353 Aynacioglu et al. (2004)

Turkey 204 441  36.3 19.6 0.001*  Ates et al. (2005)

Turkey 128 48.4 453 6.3 0.102  Altayli et al. (2009)

Turkey 302 56.0 34.8 9.3 This study

*Significantly different when compared to this study (P<0.05).

Table 5. GSTP1 exon 6 genotype frequencies compared with previously published data in European Caucasian

populations.
Population Number (n) Ala/Ala (%) Ala/Val (%) Val/Val (%) P Reference
Denmark 266 84.2 14.3 1.5 0.990 Sorensen et al. (2004)
Spain 1007 91.1 8.4 0.5 0.001* Garcia-Closas et al. (2005)
Spain 338 94.6 54 0 0.000* Ibarrola-Villava et al. (2012)
Turkey 302 84.4 14.2 1.0 This study

*Significantly different when compared to this study (P<0.05).

frequencies of the CYP2E1*5B, GSTM1, GSTT1, GSTP1
exon 5 and GSTP1 exon 6 polymorphisms in a Turkish
population are similar to European Caucasian
populations. These results may be useful for future
studies to investigate the role of these polymorphisms in
the inter-individual variability in drug response, drug-
xenobiotic interactions or disease development.
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