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Abstract:

Thiopurine S-methyltransferase (TPMT) is a cytosolic enzyme, catalyzing S-methylation of thiopurine drugs. TPMT exhibits

autosomal codominant polymorphism. Patients carrying a variant genotype have low TPMT activity, and produce elevated levels

of 6-thioguanine nucleotides (6-TGN) in their red blood cells (RBC). 6-TGN accumulation may result in azathioprine

(AZA)-induced bone marrow myelosuppression in the course of treatment with the drug in a standard dosage regimen in patients

following renal transplantation. In the current study, TPMT activity (phenotype) and genotype were determined in dialyzed patients,

qualified for renal transplantation. TPMT activity was measured in RBC after dialysis by HPLC method. Patients were genotyped

for TPMT *2, *3A and *3C variant alleles using PCR-RFLP and allele-specific PCR methods. TPMT activity ranged between 12.2

and 45.5 nmol 6-mMP/g Hb/h (median value 30.6). A significant correlation between TPMT phenotype and genotype was noted: the

heterozygous patients (11.5%) demonstrated significantly lower mean TPMT activity as compared to the wild homozygotes

(17 ± 3.6 vs. 32.4 ± 4.8 nmol 6-mMP/g Hb/h, p < 0.0003). No overlap in TPMT activity values between the group of heterozygous

(range 12.2–20.6) and wild-type homozygous patients (range 22.7–45.5) was noted. TPMT activity, established after hemodialysis

and TPMT genotyping results seem to be convergent in dialyzed patients, so both methods can be used for the identification of

patients with lower TPMT activity. Such tests could be helpful in AZA dose individualization, and thus in reducing the risk of

myelosuppression during AZA therapy following renal transplantation.
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Abbreviations: AZA – azathioprine, 6-mMPN – 6-methyl-

mercaptopurine nucleotides, MP – mercaptopurine, PCR-

RFLP – polymerase chain reaction with restriction fragment

length polymorphism, SNP – single nucleotide polymorphism,

TGN – thioguanine nucleotides, TPMT – thiopurine S-methyl-

transferase

Introduction

Thiopurine S-methyltransferase (TPMT) catalyses

S-methylation of mercaptopurine (6-MP), thioguanine

(6-TG) and azathioprine (AZA), medications that are
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widely used to treat acute lymphoblastic leukemia

(ALL), autoimmune diseases, and for immunosup-

pression following solid organ transplantation [15]. In

humans, TPMT activity exhibits genetic polymor-

phism, i.e. approximately 90% of individuals inherit

high activity (TPMTH/TPMTH), 10% have intermedi-

ate activity (TPMTL/TPMTH), and 0.3% have low or

no detectable enzyme activity (TPMTL/TPMTL) [23].

Several mutant alleles, associated with lower TPMT

activity, have been identified up to date. Three alleles:

TPMT*2, *3A and *3C account for up to 95% of in-

termediate or low enzyme activity cases [5].

TPMT*3A allele, more prevalent in the Caucasian

populations investigated so far, contains two-point

mutations – G460A in exon 7 and A719G in exon 10

that lead to Ala154Thr and Tyr240Cys amino acids

substitutions. TPMT*3C has only a single A719G

transversion, while TPMT*2 contains G238C trans-

version, producing Ala80Pro substitution. Other iden-

tified variant alleles are very rare or were only found

in a few individuals (*3B, *4–*18) [20]. Patients with

TPMT deficiency develop tenfold higher 6-TGN lev-

els in red blood cells (RBC) as compared to patients

with the normal TPMT gene following administration

of standard doses of thiopurine drugs [5]. High con-

centrations of 6-TGN are strongly linked to severe

myelosuppression, leading even to death of such pa-

tients [21]. Patients who inherit two nonfunctional

TPMT alleles should be treated with 5 to 10% of the

standard dose of thiopurine drugs to avoid acute tox-

icity [6], whereas the clinical impact of heterozygos-

ity of TPMT gene is not so obvious and still remains

controversial, namely some studies have shown an as-

sociation between heterozygosity and AZA or MP-

related myelotoxicity [1, 13, 18], and some have

found no association [10, 17].

Molecular diagnostics of TPMT polymorphism is

a strong alternative for enzyme activity assays, be-

cause it is not influenced by blood transfusions, drug

interactions and plasma constitution. In a recent study

on the TPMT genotype-phenotype correlation with

the participation of large number of Caucasians (n = 1214),

98.4% concordance was observed [20]. In the same

study, *2, *3A and *3C alleles corresponded to 96.2%

of all variant alleles. In another study in French popu-

lation (n = 469), only 3 subjects (0.6%) were found to

have decreased TPMT activity for reasons other than

one of those allele inheritance [9]. In the current

study, the correlation between TPMT genotype and

enzyme activity has been investigated in patients

awaiting renal transplantation in order to find out if

TPMT genotyping and phenotyping can be used as al-

ternatives to discriminate patients predisposed to side

effects of AZA therapy.

Materials and Methods

Patients

Peripheral blood samples were initially collected after

dialysis from 87 patients (41 females and 46 males)

subjected to chronic hemodialysis and qualified for

renal transplantation. The mean age of the dialyzed

patients was 44.6 ± 13.6 (aged from 17 to 75) years.

In 41 patients, only TPMT genotype was estimated. In

46 patients, both genotype and phenotype were

determined. TPMT activity was additionally meas-

ured in a control group of 50 healthy blood donors

(10 females and 40 males) aged from 20 to 60 (mean

33.5 ± 11.8) years. The study was conducted in com-

pliance with the recommendations of the Declaration

of Helsinki with respect to human subjects and was

approved by the Bioethical Commission at the Uni-

versity of Medical Sciences in Poznañ.

Phenotyping

TPMT activity assay was performed according to

Kröplin [11]. The method was based on the in vitro

conversion of 6-mercaptopurine to 6-methylmercap-

topurine, using S-adenosyl-L-methionine (SAM) as

a donor of methyl groups. The hemoglobin content

(Hb) was measured by the cyanmethemoglobin

method (Sigma Diagnostics). The extraction of 6-mMP

was performed with chloroform/2-propanol (90/10;

v/v). The product was determined by HPLC [12], us-

ing high performance liquid chromatograph HP 1100

with UV detection (Hewlett-Packard). The reversed-

phase C18 column (Lichrospher 100, 125 × 4 mm,

particle size 5 µm from Merck) with a guard column

was used. Samples (30 µl) were injected onto the col-

umn and the detection of the UV absorption was per-

formed at �max of 290 nm for 6-mMP. RBC lysate

samples of dialyzed patients and of healthy individu-

als were extracted every time in parallel with standard

solutions of 6-mMP. The TPMT activity was ex-

pressed in nmol of the formed 6-mMP/g Hb/h and

presented in a form of the median value and range.
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Genotyping

Genomic DNA was extracted from 450 µl of whole

blood samples using a nonorganic and nonenzymatic

extraction method. Genotyping of each subject at

G238C (TPMT*2), G460A (TPMT*3B) and A719G

(TPMT*3C) loci was performed using PCR-based as-

says described by the authors in detail elsewhere [14].

The TPMT*3A allele contains both mutations, located

at nucleotides 460 and 719.

Statistical analysis

TPMT activity values were compared using nonpara-

metric statistics test (Mann-Whitney’s test); p values of

less than 0.05 were considered to be statistically signifi-

cant. The �2 test, Yates’ corrected, was used to compare

the frequencies of TPMT alleles between groups.

Results

In the group of 46 dialyzed patients TPMT activity in

RBC ranged between 12.2 and 45.5 nmol 6-mMP/g

Hb/h (median value of 30.6) and showed no signifi-

cant differences as compared to the control group of

healthy blood donors (median value of 28.4). In nei-

ther of the groups, any significant gender-related dif-

ferences in TPMT activity could be found (Tab. 1).

The studied group of 46 dialyzed patients contained

41 wild type TPMT*1/*1 homozygotes (89.1%) and 5

TPMT*1/*3A heterozygotes (8.9%). The heterozy-

gous patients manifested a significantly lower TPMT

activity as compared to the wild type homozygotes

(17.4 ± 3.6, as compared to 32.4 ± 4.8 nmol 6-mMP/g

Hb/h, respectively, p < 0.0003). Activity of TPMT ex-

hibited correlation with TPMT genotype, no overlap

in TMPT activity values between the group of he-

terozygous (range 12.2–20.6) and wild-type homozy-

gous patients (range 22.7–45.5 ) was noted (Fig. 1).

In a total of 87 dialyzed and genotyped patients,

88.5% (n = 77) of the wild-type TPMT*1/*1 homozy-

gotes and 11.5% (n = 10) of heterozygotes, including

10.3% TPMT*1/*3A (n = 9) and 1.1% TPMT*1/*3C
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Group Females Males TPMT activity (nmol 6-mMP/g Hb/h)

Median value (range)

Mann-Whitney’s
test

Total Females Males

Dialyzed patients, n = 46 19 27 30.6
(12.2–45.5

30.1
(15.2–39.9)

31.7
(12.2–45.5)

NS

Control group, n = 50 10 40 28.4
(3.3–45.0)

28.4
(13.7–40.0)

28.7
(3.3–45.0)

NS
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Subjects Total
number
of alleles

Allele frequencies [% (95% CI)] Reference

TPMT*2 TPMT*3A TPMT*3C

Dialyzed
patients

174 – 5.2
(2.2–8.2)

0.6
(0.5–0.7)

This study

Polish
population

716 0.4
(0–0.9)

2.7
(1.5–3.9)

0.1
(0–0.3)

[14]



(n = 1) were detected. TPMT*3A accounted for 5.2%

(9/174) of alleles and TPMT*3C for 0.6% (1/174) al-

leles. The wild-type TPMT*1 accounted for 94.3%

(164/174) alleles (Tab. 2).

Discussion

Despite decreasing importance of AZA in immuno-

suppression protocols, it is still applied in the treat-

ment of patients following renal transplantation in Po-

land. Decline of its application reflects unfavorable

effects in individual patients who, mainly for genetic

reasons, exhibit tendency for myelosuppression in the

course of AZA treatment [8]. Clinical practice in Po-

land does not include routine TPMT genotyping

and/or phenotyping even though the enzyme is of key

importance for AZA metabolism.

In the above-presented study, TPMT genotype and

phenotype have been evaluated in dialyzed patients,

who awaited renal transplantation. TPMT activity in

the studied group of patients did not differ as com-

pared to healthy subjects from the control group.

Similarly to other studies [2, 9, 20], no significant

inter-gender differences have been observed. In the

studied group of patients, TPMT activity in blood

samples collected after hemodialysis has been esti-

mated. This fact seems to be of significance since

other authors demonstrated that TPMT activity was

elevated in red blood cells of uremic patients before

hemodialysis, and it decreased to reach values typical

of healthy subjects after dialysis [24]. The results of

our study are in concordance with that observation,

viz. the range of TPMT activity in RBC of dialyzed

patients (median value of 30.6 nmol 6-mMP/g Hb/h)

was similar to activity measured in healthy blood do-

nors (median value of 28.4).

Although phenotyping is a reliable method for de-

tection of TPMT deficiency [3], the use of enzyme-

based assays is limited by several factors. TPMT ac-

tivity in RBC cannot be measured within 30 to 60

days following blood transfusion [7]. Additionally, it

is influenced not only by some factors in uremic

plasma, but also by common medications, such as

salicylic acid derivatives, furosemide and sulfasa-

lazine [15, 16]. On the contrary, TPMT genotyping is

not dependent on external factors and determination

of the three alleles most common in Caucasians

(TPMT*2, TPMT*3A and TPMT*3C) identifies 90 to

95% of patients with altered activity of the enzyme [3,

20, 26]. The results of our study have shown TPMT

the allele frequencies and distribution among dialyzed

patients were similar to those found in other Cauca-

sian populations [4, 14, 20], with TPMT*3A main

variant allele (frequency 5.2%) as well as 11.5% of

heterozygous subjects. In the group of 46 dialyzed pa-

tients from the present study, TPMT activity in het-

erozygous patients has been significantly lower as

compared to TPMT activity in wild-type homozy-

gotes (p < 0.0003). The results are consistent with the

data of other authors [9, 20, 25, 26]. The activity of

TPMT exhibited correlation with TPMT genotype:

with the breakpoint between intermediate and high

TPMT activity set at 22.0 nmol 6-mMP/g Hb/h, no

overlap in TMPT activity values between a group of

heterozygous (range 12.2–20.6) and wild-type homo-

zygous patients (range 22.7–45.5 ) was noted (Fig. 1).

However, one individual not carrying any of analyzed

alleles, exhibited TPMT activity close to the break-

point (22.7 nmol 6-mMP/g Hb/h). It is convergent

with the previous data, indicating that about 2 to 5%

of subjects exhibit depressed activity of the enzyme

and are characterized as intermediate metabolizers de-

spite not carrying any of the common variant TPMT

alleles [9, 20]. Rare mutations in TPMT gene and

other genetic factors may underlay the lack of paral-

lelism. On the other hand, in the present study ap-

proximately two-fold variability in TPMT activity in

the heterozygotes (range 12.2–20.6), as well as in

wild-type homozygous patients (range 22.7–45.5)

was found. That kind of variability may affect indi-

vidual tolerance to thiopurine drugs. Nevertheless, it

cannot be assessed by genotyping [19]. For this rea-

son, phenotyping remains an equally important ele-

ment of clinical diagnostics and cannot be simply sub-

stituted by genotyping in all cases. This is especially

important in heterozygous patients, who manifest

two- or even threefold variability in TPMT activity [5,

6]. Additionally, some authors suggested that clinical

outcome and risk of graft rejection might be related to

induction of TPMT activity after AZA administration

rather than to baseline enzyme activity [22]. The

aforementioned observations underly another possible

advantage of TPMT phenotyping, which should be re-

peated after initiation of AZA treatment.

Finally, it can be concluded that TPMT activity,

measured after hemodialysis and TPMT genotype are

convergent in dialyzed patients. Therefore, both
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methods can be used for identification of patients with

lower TPMT activity. Such tests could be helpful in

AZA dose individualization thus reducing the risk of

myelosuppression during AZA therapy in renal trans-

plantation patients. This conclusion might be particu-

larly significant in view of the absence of routine

monitoring of active AZA metabolite levels in clinical

practice in Poland, which is the practice in the USA.
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