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Abstract :

In this study, gene and genotype frequencies of glutathione-S-transferase class pi (GSTP)
(lle105Val and Alal14Val) were determined in Thais (n=100). The study showed that the frequencies
of Ile105 and Vall05 alleles were 0.84 and 0.16 while those of Alal14 and Valll4 were 0.98 and

*0.02, respectively. In addition, the distribution of the genotype frequencies at the codons 105 and 114
were in good agreement with those expected in a Hardy-Weinberg equilibrium. However, the
genotype frequency of the heterozygous Ile114Val was very low, and the homozygous Vall 14 was not
found in the group of Thai individuals tested as previously reported in other population. It is
important to note that the frequencies of both Vall05 and Vall14 variant alleles from Thais and other
Asians are lower than those from Caucasians. This indicates that a distribution of the GSTP gene
frequencies may depend upon the racial groups as observed in many other genes.
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1. Introduction high Vyu» for carcinogenic epoxide of
Human glutathione S-transferases (GSTs: benzo(a)pyrene (BPDE) [6,7]. In addition,

EC 2.5.1.18) play an important role in phase II many previous studies reported the association

detoxification process [1]. The enzymes catalyse between the GSTP polymorphism and some

a conjugation reaction between glutathione cancers [e.g., ref. 8,9], as well as some non-

(GSH) and . a number of toxic substances to cancerous diseases [e.g., ref. 10,11].

reduce their toxicity [2]. The enzymes can be Since the polymorphism in the GSTP

divided into 6 major classes; alpha (GSTA), mu possibly contributes to the altered level of drug

(GSTM), pi (GSTP), theta (GSTT), sigma or carcinogen detoxification and is likely to

(GSTS) and omega (GSTO) [more detail see ref. involve susceptibility to many diseases, it was

31 the aim of this work to determine the
The pi class GST has been well-known for distribution of gene and genotype frequencies in

its high degree of polymorphism. Initially, Thais for further study on their roles in

allelic ~ variants, GSTP1*A,  GSTP1*B, individual susceptibility to diseases in Thai

GSTP1*C and GSTP1*D were detected [4,5] population. . :

and physiologically important differences

between these variants were reported [6,7]. It 2. Materials and Methods

was subsequently clearly demonstrated that Specimen collection
these four alleles are the products of amino acid Blood samples were obtained from 100
substitutions in codons 105 (exon 5) and 114 Thai blood donors who live in the central region

(exon 6): GSTP1*A (Ilel05:Alal14), GSTP1*B of Thailand. The donors were comprised of 50
(Vall05:Alal14), GSTP1*C (Vall05:Valll4),  males and 50 females with an averaged age of

. GSTP1*D (Ile105:Valll4). This revealed that 20.29 + 1.78 years over the range of 18 to
Vall05 variants (GSTP1*B and *C) exhibit high 26. -

K, for 1-chloro-2,4-dinitrobenzene (CDNB) and
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DNA amplification and genotyping

DNA was isolated from-donor’s leucocytes
by the QIlAamp DNA extraction kit (Qiagen,
USA) according ~ to the manufacturer’s
recommendation. The polymerase chain
reaction was used to amplify a 192 bp and 216
bp DNA fragments encompassing codon 105 of
exon 5 and codon 114 of exon 6 of the GSTP
gene, respectively. A pair of each exon specific
primers (exon 5: 5' CTCTATGGGAAGGACC
AGCAGGAG 3' and 5' CAAGCCACCTGAGG
GGTAAGG 3'; exon 6: 5' GTTGTGGGGAGC
AAGCAGAGG 3' and 5' CACAATGAAGGTC
TTGCCTCCC 3') were used in a polymerase
chain reaction that was performed as described
previously [10]. In brief, the exons 5 and 6 of

the GSTP gene were amplified in a final volume
of 50 pl reaction that consists of 50-100 ng
DNA template, PCR buffer (50 mM KCIl, 20
mM Tris-HCI pH 8.0, 0.05% Tween 20) 1.5 mM
MgCl,, 60 uM dNTPs, 0.2 uM each primer and
1.25 units Tag DNA polymerase (Promega,
USA). The PCR condition was 95°C; 40 sec,
65°C; 40 sec, 72°C; 40 sec (40 cycles). The
PCR products of exons 5 and 6 were separately
genotyped by BsmAlI and Acil digestion (New
England Biolabs, USA), respectively. The
digested fragments were separated by 3%
MetaPhor agarose (Cambrex, USA) gel
electrophoresis in TBE buffer (0.089 M Tris
base, 0.089 M boric acid, 0.002 M EDTA, pH
8.0) and stained with 0.5 pg/ml ethidium
bromide.

Chi-square testing was used to test the
significant difference of the GSTP genotype
frequencies between observed and expected
values. One-way analysis of variance (ANOVA)

using SPSS version 13.0 (SPSS, Cary, USA)
was applied to evaluate the difference of the
gene frequencies between races.

3. Results
DNA amplification and genotyping of GSTP
gene

DNA amplification at a specific region in
GSTP gene and a suitable restriction
endonuclease digestion were applied to do
genotyping of the GSTP gene in 100 Thai
individuals. The amplified product of exon 5
was 192 bp. The Ile105Val substitution in this
exon created a BsmAl cleavage site. Therefore,
after the BsmAl digestion of the 192 bp
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amplified exon 5 fragment (figure 1A), the PCR
product of Ile105 homozygote was uncut. In
contrast, the 192 bp fragment of Vall05
homozygote was cleaved into 83 and 109 bp
fragments. In the case of a heterozygote, half of
the amplified product was cleaved into 83 and
109 bp fragments while another half remained
undigested. For the polymorphism in exon 6,
the amplified product of this exon was 216 bp
and the Alall4Val replacement deleted a Acil
digestion site. The 216 bp amplified DNA of
the Alall4 homozygote can be cut by Acil into
92 and 124 bp fragments while that of Vall14
homozygote was undigested (figure 1B). A
sample of the Alal14Val heterozygote showed a
combination of both patterns, i.e., an undigested
(216 bp) and two digested (92 and 124 bp)
fragments. '

A
M1234567

B
M1234567

Figure 1. Genotyping of exons 5 and 6 of GSTP
gene. The 100 bp DNA marker was run in lane M.
A. PCR-RFLP of the Ile105Val substitution.

Lanes 1 and 2 = homozygous Val105; lanes

3, 4 and 6 = homozygous Ile105; lanes 5 and

7 = heterozygous Ile105Val.

"B. PCR-RFLP of the Alal14Val substitution.

Lanes 1, 3 to 7 = homozygous Alal14; lane
- 2 = heterozygous Alall4Val.

Distribution of GSTP genotypes in Thai
population

To verify whether the Vall05 and Valll4
variant alleles were distributed in equilibrium in
Thai population as reported in other racial
groups worldwide (especially in Caucasians),
the PCR-RFLP method was used to determine
the frequencies of these alleles in samples of
100 Thai people. Table 1 shows that the
frequencies of the variant alleles at codons 105
and 114 in Thais were 0.16 and 0.02,
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respectively, indicating that the frequency of the
former allele was more common than that of the
latter. The observed and expected genotype
frequencies of the polymorphisms in exons 5
and 6 were calculated and revealed that the
distribution of codon 105 genotypes in this
population was not significantly different from
that expected in a Hardy-Weinberg equilibrium.

Although there was no Vall14/Vall14 genotype
among 100 samples tested, the distribution of
codon 114 genotypes can also be determined.
The data demonstrated that the distribution of
the genotypes at codon 114 was also in
agreement with that expected in the Hardy-
Weinberg equilibrium.

Table 1. Genotype and gené frequencies of the GSTP Ile105Val and Alal14Val polymorphisms in the

Thai population (n=100)

Genotype (%) Gene frequency

Exon 5 Ile105/1le105 Ile105/Vall05 Vall05/Val105 Ilel05 Vall05

Observed 70 28 2 0.84 0.16

Expected 70.56 26.88 2.56

xz =0.17; p < 0.95; not significant

Exon 6 Alall4/Alall4 Alall4/Valll4 Valll4/Valll4 Alall4 Valll4

Observed 96 4 0 0.98 0.02

Expected 96.04 3.92 0.004 :

XZ =0.04; p <0.99; not significant

4. Discussion

Polymorphisms in GSTP gene have been
reported in a number of racial groups world-
wide and the data revealed that races appeared
to affect the distribution of the gene frequencies
[12]. One-way analysis of variance (ANOVA)
of the gene frequencies in Table 2 shows that the
gene frequencies of both Vall05 and Valll4
alleles are significantly low in the Asians
compared to the Caucasians.  This was
confirmed by the frequencies from Thais in this
study. Therefore, it was speculated that the
presence of both Vall05 and Valll4 alleles in
the Caucasian population would arise before the
divergence of the major racial groups and
appeared to be stable over a considerable time.
On the other hand, at the same period of time,
these variant alleles in the Asians would not
occur as frequently as in the Caucasians and
remained constant thereafter. In - addition,
regarding to the frequencies of the Vall05 and
Valll4 variant alleles, the Aborigines and the
Asians may have the same descendant while the
Caucasians probably originated from the
Africans. Theoretically, factors influencing the

genetic diversity include natural selection, gene:

flow between continents, founder effect and
genetic drift. In this study, the first three factors
seem to have more effect on the frequencies of
- the GSTP alleles between the Caucasians and
the Asians than the genetic drift as the latter

factor is likely to cause a change between
generations rather than between races.

Table 2. Gene frequencies of GSTP Ile105Val
and Alall14Val in some different populations

Population Codon 105 Codon 114 Ref.
Ile Val Ala Val
. Australian.  0.66 - 0.34 093 007 12
Estonian” 065 035 089 011 I3
Finish" 072 028 091 009 14
German 067 033 088 012 15
Chinese 0.81 0.19 099 001 12
Korea_n* 0.82 0.18 - - 16
Thai" 084  0.16 098  0.02 This
study
Aborigines’ 0.89 0.1 1.00 0 12
African’ 058 042 090. 0.10 5
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p = 0.001 (codon 105) and p = 0.008 (codon 114), significantly
different between the Caucasians and the Asians

p = 0.063 (codon 105) and p = 0.333 (codon 114), not significantly
different between the Aborigines and the Asians

p = 0.072 (codon 105) and p = 0.929 (codon 114), not significantly
different between the Africans and the Caucasians

Analysis of the previously reported data on
association between GSTP Ile105Val genotypes
and clinical pathology of many organ systems
are inconclusive. For examples, Wang et al.[17]
demonstrated that the Vall05 allele associated
with lung cancer but To-Figueras et al. [18]
showed the opposite result.” This kind of debate
was also found in breast cancer [19,20] and
some other diseases. This implied that, besides



Thammasat Int. J. Sc. Tech., Vol. 13, No. 1, January-March 2008

the GSTP. genotypes, there could be other
factors such as genotypes of other enzymes,
foods, drugs, and smoking etc. participating in
diseases.

Although the roles of GSTP genotypes on
clinical outcomes are still controversial, the gene
and genotype frequencies of GSTP may be
useful in the field of pharmacogenomics which
is going to become more important in modern
medicine in selecting an appropriate drug and its
dosage for each patient. The gene frequencies
of Vall05 and Vall14 from Thais are similar to
those from Asian populations but lower than
those in the Caucasians. This result is similar to
many recent studies on gene frequencies of other
enzymes, which suggested the significant
differences in the gene frequencies between
major racial groups, for examples, GSTP omega
¢lass [21], cytochrome P450 [22], arylamine N-
acethyl transferase [23] and the blood
coagulation factor XIII A subunit [24]. This
suggests that data of gene or genotype frequency
from one racial group could not immediately be
applied to others. Therefore, determination of
the gene and genotype frequencies in
populations of different races is necessary.

In conclusion, gene and genotype
frequencies of the GSTP from Thai population
studies have been carried out using the PCR-
RFLP based technique. The result demonstrated
a difference in the gene frequencies between
those from the Asians and those from the
Caucasians. The data confirmed the difference
in the gene frequencies between major racial
groups.
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