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Aims
To determine the incidence of the thiopurine S-methyltransferase (TPMT) genetic
polymorphism in the Thai population.

Methods

Genomic DNAs were isolated from peripheral blood leucocytes of 200 healthy Thais.
The frequencies of five allelic variants of the TPMT gene, TPMT*2, *3A, *3B, *3C and
*6 were determined using allele specific polymerase chain reaction (PCR) or PCR-
Restriction fragment length polymorphism technique.

Results

Of the 200 Thai subjects participating in this study, 181 subjects (90.5%) were
homozygous for TPMT*1, 18 subjects (9.0%) were heterozygous for TPMT*1/*3C.
Only one subject (0.5%) was homozygous for TPMT*3C. The frequency of TPMT*3C
mutant allele was 0.050.

Conclusions

Although the TPMT*3C is the most prevalent mutant allele in Asian populations, the
frequency of this defective allele is significantly higher in Thais than has been reported
in other Asian populations.
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Introduction

Thiopurine methyltransferase (TPMT) is a cytosolic
enzyme involved in S-methylation of aromatic and het-
erocyclic sulfhydryl compounds including the immuno-
suppressant, azathioprine, and the anticancer agents,
6-mercaptopurine and 6-thioguanine [1, 2]. The parent
thiopurine drugs are metabolized to nucleotide interme-
diates by hypoxanthine-guanine phosphoribosyltrans-
ferase and then further metabolized to the active
metabolites, thioguanine nucleotides (TGN). Alterna-
tively, thiopurines are metabolized to inactive S-
methylated metabolites by TPMT and 6-thiouric acid by
xanthine oxidase (XO), thereby decreasing the amount
of drug available for activation to TGN. Negative corre-
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lation between the intracellular concentration of TGN
and the activity of TPMT in erythrocytes has been
reported [3]. Intracellular TGN concentrations have
been shown to correlate with the efficacy and toxicity
of thiopurines in various diseases; therefore, interpatient
differences in TPMT activity can have a significant
impact on the efficacy and toxicity of these medications
[4, 5].

The human TPMT gene exhibits genetic polymor-
phism, and TPMT activity is inherited as an autosomal
codominant trait [6]. The trimodal distribution in TPMT
activity has been observed in Caucasians and African-
Americans with approximately 90% possessing high
activity, 10% intermediate activity and 0.3% low
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activity [6]. The molecular genetic basis of the TPMT
polymorphism is now well recognized. To date, more
than 10 allelic variants of TPMT have been reported [7].
These variant alleles result from point mutations in the
coding sequence or mutations at intron-exon splice sites
[2]. TPMT*2 was the first variant allele discovered and
comprises a G238C transversion that resulted in the
Ala80Pro amino acid substitution [8]. The TPMT*3A
mutation comprises two transitions, G460A and A719G,
which in turn produce the amino acid substitutions
Alal54Thr and Tyr240Cys, respectively, whereas the
TPMT*3B or TPMT*3C comprises only the G460A or
A719G transition [9, 10]. Transfection of these mutant
cDNAs into COS-1 cells showed a decrease in both
enzyme activity and immunoreactive protein [8—10]. In
Caucasians, TPMT*3A is the most prevalent deficiency-
associated allele accounting for 85% of total variant
alleles, whereas T7TPMT*3C is the predominant
deficiency-associated allele reported in Asian and
African populations. In addition, TPMT*6, with the
AS539T transversion resulted in the Tyr180Phe amino
acid substitution, was discovered in Korean and
Japanese patients who have low TPMT activity [11, 12].
It has been reported that the frequency of this variant
allele was relatively rare (i.e 0.007) in Japanese children
with acute lymphoblastic leukaemia [12] but it was not
detected among Caucasian populations [11, 12]. More-
over, a polymorphism in the 5’-flanking promoter region
due to a variable number of tandem repeats (VNTR),
ranging from 4 to 8 repeats, which are involved in the
regulation of TPMT expression has been identified
[13].

Most of the TPMT genetic polymorphism studies
in Asian populations were performed in Far East
Asian (i.e. Chinese, Japanese or Korean) and South-
west Asian populations (i.e. Indian, Pakistani, Sri
Lankan and Nepali) [11, 14, 15]. We found only two
reports about this genetic polymorphism in the Thai
population [16, 17]. Although the TPMT*3C was the
most prevalent defective allele found in both reports,
the frequency of this allele was more than 5-fold dif-
ference. The allele frequency was 0.053 in 75 chil-
dren with acute leukaemia [16] but was only 0.010
in 100 healthy workers [17]. Heterogeneity among
the Thai ethnic is well recognized, particularly those
who reside in different parts of the country. The
influence of migrants such as Chinese and Laos may
also contribute to this uncertainty of TPMT polymor-
phism. In order to verify the polymorphism of TPMT
in the Thai population, the present study was there-
fore carried out in an extended and well-defined Thai
population.
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Materials and Methods

Study population

Two hundred unrelated Thais (64 females, 136 males,
aged 41.6 +12.7 years) were voluntarily recruited in
this study. All subjects were classified as native north-
eastern Thai according to family history of their par-
ents and grandparents. Subjects were healthy as
defined by medical history and physical examination.
Written informed consent was obtained from all sub-
jects after they had been informed both verbally and in
writing about the experimental procedures and pur-
poses of the study. Ethical approval for this study was
obtained from the Ethical Research Committee of
Khon Kaen University.

Detection of TPMT variants

Five milliliters of venous blood were collected in a tube
containing EDTA. Peripheral blood leucocytes were
separated by centrifugation at 3000 g for 15 min.
Genomic DNA was purified from peripheral blood leu-
cocytes by phenol-chloroform extraction procedure
[18]. Genotype analysis of TPMT*2 was performed
using allele specific PCR while detection of TPMT*3A,
TPMT*3B and TPMT*3C were carried out using PCR-
RFLP as previously described by Yates et al. [19]. PCR
amplification was performed using a Gradient Robocy-
cler (Stratagene®, La Jolla, CA, USA). An initial dena-
turation step at 94 °C for 5 min was followed by 37
cycles consisting of denaturation step at 94 °C for 45 s,
annealing for 45 s at 56 °C for TPMT*2 or at 59 °C for
TPMT*3, and extension at 72 °C for 45s. The final
extension was subsequently performed at 72 °C for
10 min. For TPMT*3 determination, the resulting PCR
products containing nucleotide 460 and nucleotide 719
were digested with Mwol, and Accl, respectively. Nested
PCR was used for detection of TMPT*6 as previously
described by Ando et al. [12]. The DNA fragments were
subsequently analysed using a 3% agarose gel electro-
phoresis and stained with ethidium bromide.

Statistical analysis

Subjects were genotyped and allele frequencies were
calculated by counting alleles. Goodness of fit between
observed and estimated genotype frequencies according
to Hardy—Weinberg equilibrium was determined by the
Chi-squared test. Allele frequencies in different racial
populations were compared using the Z-test. A P-value
of less than 0.05 was considered statistically significant.
Statistical analysis of the data was performed using the
Stata statistical software package (version 6, Stata Corp,
TX, USA).
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Results and Discussion

The results of the genotype analysis are summarized in
Table 1. Of 200 healthy Thai subjects investigated in
this study, 181 subjects were homozygous for TPMT*1
(90.5%; 95%CI 85.56-94.18). Eighteen were heterozy-
gous for TPMT*1/#3C (9.0%; 95% CI 5.42—-13.85) and
one was homozygous for TPMT*3C (0.5%; 95% CI
0.01-2.75). Similar to those previous reports in other
Asian populations, none of our subjects carried
TPMT*2, 3A or 3B. Although TPMT*6 is a rare mutant
allele found in Japanese and Korean populations, this
mutant allele was not detected in the Thai population.
The absence of this mutant allele in the Thai population
is consistent with the results observed in South-east
Asian populations [17].

Table 1
Genotype frequencies of TPMT in Thai subjects

Number of % Genotype frequency
TPMT genotype subjects (95% CI)
#1/%1 181 90.5 (85.56-94.18)
*1,/43C 18 9.0 (5.42-13.85)

*3C/*3C 1 0.5 (0.01-2.75)

Genotype frequency was expressed in percentage with
95% confidence interval shown in brackets.

The allele frequencies of TPMT*1 and TPMT*3C in
Thai population in this study were found to be 0.950
(95% CI 0.924-0.969) and 0.050 (95% CI 0.031-
0.076), respectively (Table 2). Based on the Hardy—
Weinberg equlibrium, the genotype frequencies for
homozygous TPMT* 1, heterozygous TPMT*1/%3C and
homozygous TPMT*3C were estimated to be 90.25%,
9.5% and 0.25%, respectively. These values are not sta-
tistically different from the actual observed frequencies
(Table 1).

As shown in Table 2, the allele frequency of
TPMT*3C in Thais was significantly higher than those
observed in Chinese, Japanese, Taiwanese and South-
west Asians, but not significantly different from those
observed in African populations. Although the frequen-
cies of each TPMT mutant alleles previously reported in
Caucasian populations were different from those
observed in the Thai population, when combined, all the
TPMT mutant alleles found in Caucasian populations
the frequency of mutant allele observed in Thai popula-
tion was comparable to those found in Caucasian pop-
ulations. This finding was consistent with the recent data
of Hongeng et al. [16], who reported that the frequency
of TPMT*3C observed in 75 Thai children with acute
leukaemia was 0.053. Recently, the allele frequency dis-
tribution of TPMT mutations in South-east Asian popu-
lations including Thai, Indonesian and Filipino
populations have been reported [17]. Although the
TPMT*3C was the only mutant allele detected in these
South-east Asian populations, the frequency of this

Table 2
Comparative allele frequencies of TPMT in various populations

Allele frequency

Populations N *1 *2 *3A *3C *6 References
Thai 400 0.950 0 0 0.050 0 Present study
(0.924-0.969) (0.031-0.076)

Chinese 384 0.977* 0 0 0.023* ND [14]
Japanese 1044 0.984** 0 0 0.016** ND [15]
Japanese 142 0.979** 0 0 0.014 0.007 [12]
Taiwanese 498 0.994** 0 0 0.006** 0 [17]
South-west Asians 198 0.990** 0 0.010* O* ND [14]
South-east Asians 600 0.990%* 0 0 0.010* 0 [17]
Kenyans 202 0.946 0 0 0.054 ND [25]
Ghanaians 434 0.924 0 0 0.076 ND [26]
American Caucasians 564 0.964 0.002 0.032* 0.002** ND [22]

British Caucasians 398 0.947 0.005 0.045%* 0.003** ND [26]

N represents number of alleles detected. Data in parentheses represent 959% CI. ND, not detected. Different from Thai

population (* P <0.05 and ** P < 0.005).
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mutant allele observed in these South-east Asians pop-
ulations (i.e. 0.010) was significantly lower than that
found in Thais in the present study (0.05; 95% C1 0.031-
0.076). It should be noted that the subjects who partic-
ipated in the present study were native Thais, whereas
Thai subjects who participated in the study by Chang
[17] were Thai workers in Taiwan whose origin was not
well defined. In addition, although 100 Thai workers
were genotyped in Chang’s study, the allele frequencies
of TPMT shown in their report were analysed as mean
values for South-east Asians by combining the data
observed in Thai subjects with those observed in 100
Filipino and 100 Indonesian subjects. This may lead to
the discrepancy in the frequency of TPMT*3C reported
in their study and the present study. Our recent study
with the genetic polymorphism of CYP2CI/9 demon-
strated that the allele frequency of certain mutants was
also significant difference from those previously
observed in other South-east Asians [18].

Because of the absence of XO enzyme in haemato-
poietic tissues, TPMT appears to be the key enzyme
responsible for inactivation of thiopurine drugs in
these tissues, therefore the patients with TPMT defi-
ciency may rapidly accumulate high concentration of
TGN thus resulting in potentially myelotoxicity [2].
Evidence from site-directed mutagenesis and heterozy-
gous expression demonstrate that TPMT*3C mutation
leads to both reduction in catalytic activity and immu-
noreactive protein [9, 10]. Consistent with these
finding, the steady- state level and the degradation
half-life of TPMT#*3C protein when expressed in
mammalian cells were lower than those of the wild-
type protein [20]. Moreover, the TPMT activity of
subject with heterozygous TPMT*1/*3C was almost
50% lower than that of the homozygous wild-type [21,
22]. It has been demonstrated recently that there was
more than six-fold over-representing of TPMT defi-
ciency or heterozygosity among patients developing
dose-limiting haematopoietic toxicity from thiopurine
drugs [23]. Results from the present study revealed
that TPMT*3C was the most prevalent mutant allele
among Thai population with significantly higher fre-
quency than other Asian populations and these suggest
that at least 10% of Thai population might have an
increased risk of thiopurine-induced toxicity. In fact,
we have recently reported azathioprine-induced fatal
myelosuppression in a renal transplant Thai recipient
who carried heterozygous TPMT*1/53C [24]. In
agreement with the concept proposed for the Cauca-
sians, determination of TPMT genotype before starting
any thiopurine dosage regimen may also have clinical
benefit to Thai patients.
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