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o Thiopurine S-methyltransferase (TPMT, EC 2.1.1.67) plays a key role in the metabolism of
thioprine drugs. Subjects with intermediate or no TPMT activity are at risk of azathioprines toxicity
treated with conventional dosages of thiopurine drugs. While TPMT polymorphisms have been
extensively studied in many countries, there is insufficient data in Iranian populations. In the
present study, we aimed to identify the common functional TPMT alleles in southeast Iranian
population. The TPMT allele frequencies were determined by multiplexed allele-specific polymerase
chain reaction.

Among 832 samples of Iranian population, the frequency for the TPMT*2, TPMT*3A,
TPMT*3B and TPMT*3C, were 2.16%, 1.68%, 1.62%, and 0.54 %, respectively. The dis-
tribution of the TPMT genotypes were 87.98% for TPMT*1/*1, 4.33% for TPMT*1/*2, 3.36 %
for TPMT*1/%3A, 3.24% for TPMT*1/%3B, and 1.08% for TPMT* 1/*3C. This functional
analysis of common TPMT alleles in an Iranian population could provide useful information for
thioprine drugs therapy.

Keywords Thiopurine S-methyltransferase; polymorphism; genetic polymorphism;
Iranian

Received 10 January 2010; accepted 22 February 2010.

This project was financially supported by Zahedan University of Medical Sciences. The authors
would like to thank all subjects who willingly participated in the study.

Address correspondence to Mohammad Hashemi, Department of Clinical Biochemistry, School of
Medicine, Zahedan University of Medical Sciences, Zahedan, I.R. Iran. E-mail: mhd.hashemi@gmail.com;
hashemim@zdmu.ac.ir

237



19:10 25 January 2011

Downl oaded At:

238 A. Bahari et al.

INTRODUCTION

Human thiopurine S-methyltransferase (TPMT, EC 2.1.1.67) is a cytoso-
lic enzyme that catalyses the S-methylation of thiopurine drugs such as
6-mercaptopurine (6-MP), 6-thioguanine (6-TG) and azathioprine (AZA).
These drugs are used as immunosuppressant, anticancer agents, and for
treatment of various diseases, such as inflammatory bowel diseases and
rheumatic diseases.!!?'The TPMT gene is genetically polymorphic and the
inverse relationship between TPMT activity and the risk of developing severe
hematopoietic toxicity is well known.!®! Individuals show extensive variations
in TPMT activity.[*-%! It has been reported that 89% of the population have
wildtype TPMT (TPMT*1/%1), 11% are heterozygous (low enzyme activity)
and 0.83% are homozygous for TPMT mutant.[” Individuals with TPMT-
deficient or decreased TPMT activity are vulnerable to the side effects of
standard doses of the thioprine drugs.!'%!%) It has been reported that the
presence of TPMT*3A and *3B result in a virtual lack of TPMT enzyme ac-
tivity. While TPMT*2 and TPMT*3C do not result in such striking decreases
in levels of enzyme protein as do *3A and *3B, but they are also associated
with significant decreases in quantity of TPMT protein.

TPMT*3Ais the most common variant allele in Caucasians and TPMT*3C
is the most common functionally significant variant allele in East Asia.[!%]
TPMT allele frequencies and types frequently vary greatly among different
ethnic groups (refer to Table 4). Because of the clinical importance of TPMT
polymorphism for patients receiving thiopurine drugs, all patients should be
screened for TPMT genotyping before thiopurine therapy. TPMT polymor-
phisms are well known across in many different countries, but to the best of
our knowledge there is little information regarding TPMT polymorphisms
in the Iranian population.

The aim of the present study was to investigate the most common TPMT
allele’s frequencies in samples of southeast Iranian population.

MATERIAL AND METHODS

This population based cross-sectional study was performed in 832 ap-
parently healthy subjects in Zahedan, southeastern Iran. The study includes
41.1% male and 58.9% female with mean age of 36.3 £ 14.1 years.

This investigation was approved by the local ethics committee of Zahedan
University of Medical Sciences and written informed consent was taken from
all subjects. Two milliliter of venous blood drawn from each subjects and
genomic DNA was extracted from peripheral blood by rapid genomic DNA
extraction procedure and stored at —20°C as described previously.!'”!

The genotype of each individual at the TPMT*2, TPMT*3A,
TPMT*3B, and TPMT*3C alleles was determined using previously described
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TABLE 1 The primers used in the TPMT ARMS assay

239

Primer Sequence (5" to 3') Reaction
B2Mf TGTAAACACTTGGTGCCTGATATAGCTTGA ARMS1 and ARMS2
B2Mr CATCAGTATCTCAGCAGGTGCCACTAATCT ARMS]1 and ARMS2
TPMT2C* ATCTGCTTTCCTGCATGTTCTTTGAAACCC ARMS1 and ARMS2
TPMT2WT¢ CACACCAACTACACTGTGTCCCCGGTCTCC ARMSI1
TPMT2MU* CACACCAACTACACTGTGTCCCCGGTCTCG ARMS2
TPMT460C¢ AGGTCTCTGTAGTCAAATCCTATACT ARMS]1 and ARMS2
TPMT460WT? ATTTGACATGATTTGGGATAGAGGTG ARMSI1
TPMT460MU* ATTTGACATGATTTGGGATAGAGGTA ARMS?2
TPMT719C* ATTTTTAGTAGAGACAGAGTTTCACCATCT ARMS1 and ARMS2
TPMT719WT* TATGTCTCATTTACTTTTCTGTAAGTAGTT ARMSI1
TPMT719MU* TATGTCTCATTTACTTTTCTGTAAGTAGTC ARMS2

‘Common primers.
“Wildtype specific primers.
‘Mutant-type specific primers.

multiplexed allele-specific polymerase chain reaction.!!®! The allele specific
primers used are shown in Table 1. Two tubes (ARMS1, ARMS2) were used
for determination of TPMT genotypes (Figure 1).

Each reaction consisted of a total volume of 25 ul containing 250 uM
dNTPs, 0.5 uM of each primer, 4 mM MgCly, 1 U of Taqg DNA polymerase
(Roche Molecular Biochemicals, USA), and ~100 ng of genomic DNA. Poly-
merase chain reaction cycling conditions were as follows: 5 minutes at 94°C;
30 cycles of 30 seconds at 94°C, 30 seconds at 65°C, and 30 seconds at 72°C;
10 minutes at 72°C (Corbett Research, Australia). Each reaction was verified
on a 2% agarose gel.

p2M

T19A>G
460G>A
238G>C

FIGURE 1 Multiplexed ARMS assay was used for the detection of TPMT*2, TPMT*3A, TPMT*3B, and
TPMT*3C alleles. Each pair of lanes represents one patient sample. Five microliters of ARMS 1 (left lane
of each pair) and ARMS2 (right lane of each pair) reaction products was separated on 2% agarose gels.
Samples: (1) TPMT*1/*1; (2) TPMT*1/*3C; (3) TPMT*1/*3B; (4) TPMT*1/*3A; (5) TPMT*1/*2; (M)
1 kb DNA marker.
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TABLE 2 TPMT allele frequencies in a sample of 832 healthy subjects of Iranian population

Allele SNP position Amino acidsubstitution N %

TPMT*1 Wildtype 1564/1664 93.99

TPMT*2 238G > C Ala80Pro 36/1664 2.16

TPMT*3A 460G > A and 719A > G Alal54Thr and Tyr240Cyc 28/1664 1.68

TPMT*3B 460G > A Alal54Thr 27/1664 1.62

TPMT*3C 719A > G Tyr240Cyc 9/1664 0.54
RESULTS

We analyzed three TPMT polymorphisms, 238G > C, 460G > A, and
719A > G, indicating the TPMT*2 (238G > C), TPMT*3A (460G > A and
719A > G), TPMT*3B (460G > A), and TPMT*3C (719A > G). As shown
in Table 2, TPMT*1, TPMT*2, TPMT*3A, TPMT*3B, and TPMT*3C allele
frequencies were 93.99% (1564/1664),2.16% (36,/1664), 1.68% (28/1664),
1.62% (27/1664), and 0.54% (9/1664), respectively.

TPMT genotypes were determined for all individuals. The frequency
of the TPMT genotypes were 87.98% (737/832) for TPMT*1/*1, 4.33%
(36/832) for TPMT*1/*2, 3.36% (28/832) for TPMT*1/*3A, 3.24%
(27/832) for TPMT*1/*3B, and 1.08% (9/832) for TPMT*1/*3C (Table 3).

DISCUSSION

Thiopurine S-methyltransferase (TPMT) catalyzes the methylation of
thiopurine drugs, which are used in cancer chemotherapy and as immuno-
suppressive agents. Using these drugsis limited due to severe adverse effects.
Frequency and types of common TPMT alleles have been investigated gen-
erally in different parts of the world (Table 4). Genetic polymorphisms that
affect the enzymatic activity are contributed to interindividual variations to
the sensitivity and toxicity of thioprine drugs.['19 The activity of this cy-
tosolic enzyme is characterized by interindividual and interethnic variability
caused by the genetic polymorphism of the TPMT gene, which was discov-
ered by the existence of three major phenotypes, high activity, intermediate
activity and undetectable activity.!!?!

TABLE 3 Genotype of TPMT in a sample of 832 Iranian populations

Genotype % (n)
TPMT*1/*1 87.98% (732/832)
TPMT*1/*2 4.33% (36/832)
TPMT*1/*3A 3.36% (28/832)
TPMT*1/*3B 3.24% (27/832)

TPMT*1/*3C 1.08% (9/832)
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TABLE 4 Comparison of the allele frequencies (%) of TPMT in various populations

Population N¢ TPMT*2 TPMT*3A TPMT*3B TPMT*3C Ref.
Iranian 1664 2.16 1.68 1.62 0.54 Present study
Iranian 254 3.93 0.87 0 1.57 37
Korean 800 0 0 0 0.88 28
Taiwanese 498 0 0 0 0.60 24
Japanese 302 0 0 0 0.30 29
Japanese 384 0 0 0 0.8 25
West Asia 198 0 1 0 0 27
Chinese 450 0 0 0 1.33 38
German 2428 0.2 4.4 0 0.4 31
Swedish 1600 0.06 3.7 0.13 0.44 36
Slovenian 388 0 4.1 0.3 0.5 39
Czech 1392 0.1 4.3 0.1 0.4 40
Sardinians 518 1.74 0.58 0.39 0.77 33
Polish 716 0.4 2.7 0 0.14 32
Mexican 294 1 4.4 1.7 1.7 34
Brazilian 408 2.2 1.5 0.2 1 35
American Caucasian 564 0.2 0.3 0 0.2 30
African American 496 0.4 0.8 0 2.4 30
Egyptian 400 0 0.3 0 1.30 41

“N = number of alleles.

To predict drug toxicity, TPMT genotyping has been performed prior
to the initiation of thiopurine treatment in several clinics.*”) In the
present study, the allele frequencies of TPMT*2, TPMT*3A, TPMT*3B,
and TPMT*3C were 2.16%, 1.68%, 1.62%, and 0.54%, respectively. More-
over the TPMT genotypes were 87.98% for TPMT*1/*1, 4.33% for
TPMT*1/%2, 3.36% for TPMT*1/*3A, 3.24% for TPMT*1/*3B, and 1.08%
for TPMT*1/*3C. The TPMT genotypes satisfied the Hardy-Weinberg equi-
librium. We genotyped only 4 common TPMT mutant alleles since they are
the most common alleles.!?!! The samples in which these mutant alleles were
not detected, were named as wild-type allele, TPMT*1. Until now, at least
23 genetic variants of the TPMT gene have been identified and associated
with low enzyme activity.?*?! Our results are in disagreement with stud-
ies that have found neither TPMT*2 nor TPMT*3B.!2*2% The absence of
TPMT*3B has been reported in several studies®*-?] and our results are not
consistent with these findings. Our data are corresponding with the studies
having shown the presence of the common 4 TPMT polymorphism.#*-%¢! To
the best of our knowledge there is only one report regarding the common
polymorphism of TPMT in Iran which was performed on 127 subjects in
Shariati Hospital in Tehran, the capital of Iran. It indicated that the allele
frequencies of TPMT*2, TPMT*3A, TPMT*3B, and TPMT*3C were 3.93%,
0.87%, 0%, and 1.57%, respectively.[?’ﬂ Our results are inconsistent with
this study due to absence of TPMT*3B. Iran is an ethnically and culturally
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diverse country. Hereby, it seems that this discrepancy might come from the
different ethnicity of subjects participated in these studies.

In conclusion, the present study provides population-based information

of the functional common TPMT alleles in an Iranian population.
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