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Aims Azathioprine is a prodrug commonly used in combination therapy to prevent
allograft rejection after renal transplantation. After conversion to 6-mercaptopurine,
the drug is metabolized into 6-thioguanine nucleotides (6-TGN) and catabolized by
thiopurine methyltransferase (TPMT), an enzyme under monogenic control. The
aim of this study was to evaluate the inter- and intraindividual variability of red
blood cell thiopurine methyltransterase and 6-TGN concentrations and their
relationship to the clinical effects of azathioprine in paediatric patients.

Methods In the present study, the interand intraindividual variations in red blood
cell TPMT activity and 6-TGN concentrations and their relationship to the actions
of azathioprine were evaluated during the first year after renal transplantation in 22
paediatric patients.

Results 6-TGN concentration reached steady-state values after 6 months and
correlated negatively with TPMT activity (P=0.004). Initial TPMT activity
(median: 20.8 nmol h~ ' ml ™", range 7.8—34.6) and 6-TGN concentration at steady-
state (median: 80 pmol 8 x 105" cells, range not detected to 366) were not related
to the occurrence of rejection episodes during the period of the study. In contrast,
TPMT activity and the percentage difference in TPMT activity from the day of
transplantation determined at month 1 were higher in the patients with rejection
episodes by comparison with those that did not reject during the first 3 months or
the first year following transplantation (P<0.005).

Conclusions We report a relationship between TPMT activity and occurrence of
rejection in paediatric kidney transplant patients undergoing azathioprine therapy.
These data suggest a link between high red blood cell TPMT activity and poor
clinical outcome probably caused by rapid azathioprine catabolism.
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Introduction

Azathioprine and 6-mercaptopurine are 6-thiopurine
prodrugs requiring intracellular metabolism to produce
cytotoxicity [1]. In paediatric patients, azathioprine is
commonly administered in association with cyclosporin
and corticosteroids to prevent allograft rejection after
renal transplantation [2]. 6-Mercaptopurine is used in the
treatment of acute lymphoblastic leukaemia.
converted

In  vivo, azathioprine is

which is

rapidly  to
6-mercaptopurine, metabolized via three
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competing  pathways. The anabolic route for
6-mercaptopurine is metabolism by hypoxanthine guanine
phosphoribosyltransferase to active 6 thiopurine nucleot-
ides, mainly 6-thioguanine nucleotides (6-TGN), which
are incorporated into DNA [3]. 6-Mercaptopurine is also
oxidized by xanthine oxidase and together with the
6-thiopurine nucleotides is S-methylated by thiopurine
S-methyltransferase (TPMT; E.C. 2.1.1.67). TPMT
activity is polymorphic and under monogenic control.
Approximately 89% of Caucasians are homozygous for
the high activity alleles, 11% are heterozygous and about
1 subject in 300 individuals inherits a deficiency in
TPMT as an autosomal recessive trait [4]. Three major
point mutations in the TPMT gene (localized on
chromosome 6p22.3) are responsible for low thiopurine

methyltransferase activity [5—8]. The G238C mutation in
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exon 5 and the combination of two mutations in exon 7
(G460A) and 10 (A719G) are the most common defects
leading to the inactivating alleles TPMT*2 A and
TPMT*3 A. These are associated with the loss of
catalytic activity caused by rapid degradation of the neo-
synthetized protein by an ATP dependent proteasome
mediated pathway [9].

High 6-TGN concentrations have been related to
bone marrow failure in patients undergoing azathioprine
therapy [10—13]. Furthermore, 6-TGN concentrations
were negatively correlated with TPMT activity in
leukaemic patients receiving 6-mercaptopurine [14].
Therefore, patients homozygous for recessive alleles
encoding low TPMT activity are at higher risk of severe
myelosuppression. In addition, significant modifications
of TPMT activity have been observed during 6-thiopurine
therapy. TPMT activity was reported either to remain
constant or to increase during the first three months after
renal transplantation in patients being treated with
azathioprine [15]. In leukaemic patients, TPMT was also
found to increase during 6-mercaptopurine therapy with
a return to predrug values when 6-mercaptopurine was
stopped [16].

TPMT is expressed in various organs and cells, and
erythrocyte activity was demonstrated to correlate with
kidney and liver activities [17, 18]. In the present study,
red blood cell TPMT and 6-TGN concentrations were
measured repeatedly during the first year after transplan-
tation in paediatric renal allograft recipients in order to
evaluate their interand intraindividual variability and their
relationship to the clinical effects of azathioprine.

Methods
Patients and protocol

Twenty-two paediatric renal transplant recipients (9 girls
and 13 boys) aged 1145 years (mean +sd) and weighing
30413 kg (mean +5s.d.) were included in this prospective
study. The immunosuppressant protocol included thymo-
globulins, azathioprine, corticosteroids and cyclosporin.
Azathioprine was administered at an intravenous dose of
2mgkg ' on the day of transplantation and subsequently
at a standard daily oral dose of 1 mg kgfl. Corticosteroids
were administered at a standard dosage of 60 mg m”’
daily and rapidly reduced to 30 mg m~ > during the first
month to achieve a 15 mg m~ > dosage 2 months later.
After an initial intravenous phase, cyclosporin was
administered orally to achieve a whole blood concen-
tration of 150-250 ng ml " Rejection episodes were
confirmed by a renal biopsy and were treated with
intravenous methylprednisolone. No patients received
frusemide or related compounds during the period of
the study.
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Erythrocyte 6-TGN concentrations were determined
during the follow up visit at day 8, month 1, month 6
and month 12 after transplantation. Erythrocyte TPMT
activity was determined on the day of transplantation and
then at month 1, month 6 and month 12 after
transplantation.

The study was approved by the Ethics Committee of
Paris Bichat-Claude Bernard and written informed con-
sent was given by the parents of all the patients.

H.p.l.c. assay for the determination of red cell 6-thioguanine
nucleotides concentrations

Blood samples (5 ml) were rapidly centrifuged to isolate
red cells. After washing the pellets twice with saline, red
cells were counted to normalize 6-TGN concentrations
to 8x10% cells and an aliquot was stored at —80° C
until analysis. 6-TGN concentrations were determined
by modifications of the h.p.l.c. method reported pre-
viously [19]. Briefly, red blood cells (100 pl) were diluted
in water containing 10 mg dithiotreitol to a final volume
of 1 ml and deproteinized with 100 pl perchloric acid
(70%, v/v). After centrifugation (4500 rev min~ ', 10 min,
4° C), the supernatant was removed and heated for
45 min at 100° C. After cooling, a 50 pl aliquot was
injected onto the chromatographic system. Calibration
curves were constructed with drug free erythrocyte lysates
spiked with 6-thioguanine. The chromatographic system
consisted of a C18 reversed phase column (Hypersil
ODS, 3 um, 150 X 4.6 mm, purchased from C.I.L., Sainte
Foie la Grande, France) with u.v. detection of 6TG at
342 nm. Extraction efficiency of 6-TGN from protein
precipitation, at a concentration of 60 pmol/8 X 10° cells
(10 ng mlfl) was 73% (coefficient of variation: 6.8%,
n=7). Between day precision was 7% at a concentration
of 60 pmol/8x10° cells (10 ng ml™") and 3% at a
concentration of 600 pmol/8 X 10% cells (100 ng ml ™)
(n=>5). The limit of detection was 5 ng ml~ ' and the
lower limit of quantification was 10 ng ml g

H.p.l.c. assay for the determination of red cell thiopurine
methyltransferase activity

Blood sample preparation and incubation conditions were
similar to those previously described by Jacqz-Aigrain
& Meédard [20, 21]. Briefly, the amount of methyl
6-mercaptopurine formed during incubation of erythro-
cyte lysate in the presence of 6-mercaptopurine and
S-adenosyl methionine (as the methyl donor) was
measured by h.p.l.c. after a liquid-liquid extraction
with dichloromethane-isopropyl alcohol. Results were
expressed asnmol of methyl 6-mercaptopurine
formedh™'ml™" of packed red blood cells. The

6-methylmercaptopurine calibration curve was linear over
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the range of 10-150ng ml~ '. The intra-assay and
interassay coefficients of variation over the concentration
range of 10-150 ng ml~ " were less than 10%. A quality
control lysate was included in each assay run. Mean
within-day activity was 13.0 nmol h™ ' ml™ ' (coefficient
of variation: 2.6%, n=>5) and mean between-day TPMT
activity was 13.6 nmol h™"'ml™" (coefficient of variation:

5.2%, n=8).

Determination of TPMT genotypes

TPMT genotypes were determined in 19 out of the 22
patients included in the study. Total genomic DNA was
isolated from peripheral blood leucocytes using a conven-
tionnal chloroform/phenol extraction procedure [22].
The known mutations in exon 5 (G238C), exon 7
(G460A) and exon 10 (A719G) were detected by PCR
assays, as reported previously [23].

The nomenclature proposed by Weinshilboum and
coworkers [6] was used for the different TPMT alleles.
The TPMT wild type gene has been designated
TPMT *1, the allele containing the G238C mutation on
exon 5 TPMT*2. The mutations G460A and A719G
were presumed to be combined on the same allele
TPMT*3 A as hypothesised previously [6—8].

Statistical analysis

6-TGN concentrations and TPMT activities are expressed
as median and range. The statistical analysis was performed
using nonparametric tests. Correlations between variables
were evaluated with Spearman rank test. Intraindividual
differences were compared using the repeated measure
ANOVA (Friedman) and Wilcoxon tests. In order to
perform a Friedman ANOvVA test in all patients, the mean
TPMT value between month 6 and month 12 was

Table 1 Age and weight, biochemical

Thiopurine methyltransferase activity

calculated as the TPMT activity after month 1 was not
available for two patients. The relationships between the
number of rejection episodes that occurred during the
period of the study and 6-TGN concentration, TPMT
activity, cyclosporin concentration, creatinine concen-
tration and creatinine clearance were assessed using
multivariate ANOvA (Kruskall-Wallis ANovA) and Mann-
Witney tests. Two-tailed P-values less than 0.05 were
accepted as statistically significant. All statistics were
performed using Statview software (Abacus Concepts
Inc., Berkeley, CA, USA).

Results

The age, weight, biological and pharmacological param-
eters of our patients (n=22) are summarised in Table 1.
During the period of the study, no patients experienced
leucopaenia or other side-effects requiring azathioprine
withdrawal for more than 1 week. The azathioprine
dosage was adjusted according to the peripheral white
blood cell and platelet counts and ranged from 0.6 to
1.2 mg m > day*1 (median 1.0 mg m~ > dayfl). The
median intrapatient coefficient of variation for azathio-
prine dosage was 11.9% (range 0-38%). No significant
difference was detected between dosages at 1, 6 and
12 months (Fr=0.97; P >0.50).

Intraindividual variation in red blood cell 6- TGN
concentrations

Red blood cell 6-TGN increased initially and reached
steady state after 6 months. However, inter-patient
variation in 6-TGN was very large. Median values (range)
were 25 pmol/8 X 10° cells at day 8 (not detected to
103; n=22), 41 pmol/8><108 cells at month 1 (not
detected to 166; n=19), 80 pmol/8 X 10® cells at month

and pharmacological parameters
determined in the 22 renal transplant

patients.

Parameter Period Mean—+s.d.
Age (years) Day 0 1145
Weight (kg) Day 0 30413
Azathioprine dosage Day O-month 3 1.0+0.2
(mgm™ > day ") Day 0-month 12 1.0+0.1
Whole blood cyclosporin concentrations Day 0—month 3 250482
(ng ml™ Day 0-month 12 200443
Plasma creatinine concentrations Day O—month 3 87 +50
(umol 171 Day O-month 12 96 +62
Creatinine clearance Day 0O—month 3 62+32
(ml min ") Day 0O-month 12 76+43

Number of rejection episodes

Day 0—month 3
Day 0O—month 12

13 in 10 patients
18 in 11 patients

Means of biochemical and pharmacological data were calculated during the first three months

(DO-month 3) or the first year following renal transplantation (day O-month 12). Results are

expressed as mean +s.d.
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6 (range: not detected to 366; n=19) and 62 pmol/8 X 10°
cells at month 12 (range: not detected to 372; n=16).
6-TGN concentrations measured after 8 days and 1 month
of treatment were similar (Wilcoxon test, P >0.30) and
steady state was achieved between 6 and 12 months since
metabolite concentrations did not differ between these
time points (Wilcoxon test, P>0.50). Thus, mean
6-TGN concentrations were calculated during the first
month (from values measured at day 8 and month 1) and
at steady state. The difference in 6TGN concentrations
tested between month 1 and steady-state was significant
(Fr=13.23, P=0.0003, n=19) and the median intra-
patient coeflicient of variation in 6-TGN concentrations
was 80.5% (range 5.7-200.).
presented in Table 2. 6-TGN was not detectable in six
patients during the first month post-transplantation and

Individual values are

for two of them, remained undetectable after month 6.

Intraindividual variation in red blood cell TPMT activity

TPMT activity was determined sequentially from day 0
to month 12. The median TPMT activity was
20.8 nmol h ™' ml~" (range 7.8-34.6; n=22) on the day
of transplantation, 21.7nmol h™ 'ml~ (range:
13.2-34.3; n=22) at month 1 and 18.3 nmol h™'ml ™!
(range: 14.2—-25.8; n=20) between month 6 and month
12. The intraindividual variation in TPMT activity tested
between day 0, month 1 and steady-state was significant
(Fr=6.10; P=0.047) and the intrapatient
coeflicient of variation was 17.1% (range 0.9-55.5).

After 1 month of treatment, large differences in TPMT
activity between initial values at day O were found
(—43.5% to 174.1%, median 20.1%; n=22) together
with a significant negative correlation between the two
parameters (P=0.003). The patient with the lowest
initial TPMT activity (7.8 nmol h~' ml™ ") experienced
an increase of 174% at month 1, whereas the one with
the highest activity (34.6 nmol h™'ml™ ") experienced
a reduction of 40% during the first month post-
transplantation. Individual data are presented in Table 2.
The relationship between 6-TGN concentration and
TPMT activity was not significant during the first month
(r=—0.185; P=0.407) but a negative correlation was
detected at steady-state (r= —0.622; P=0.004). TPMT
activity did not correlate significantly with creatinine
clearance or creatinine concentration at any time post-
transplantation (P >0.15).

median

Relationship between 6-TGN, TPMT and the occurrence of
rejection episodes

During the period of the study, no patient experienced
leucopaenia requiring azathioprine withdrawal. However,
11 of the 22 patients experienced 18 allograft rejection

796

episodes (median 50 days post-transplantation, range
5-331) and 13 of them (72%) occurred in 10 patients
during the first three months (median 41 days, range
5-91). The relationship between the occurrence of
rejection and the biochemical (creatinine concentrations
and clearances) and pharmacological (6-TGN concen-
trations and TPMT activities) variables was tested during
the first 3 months (day O-month 3) and the first year
post-transplantation (day O-month 12).

Cyclosporin concentrations, creatinine concentrations
and clearances were not different in the patients who
rejected and in those who did not reject during the first
three months (n=10 vs 12, Table 3) or during the first
year post-transplantation (n =11 vs 11). However, creatin-
ine concentrations were higher in patients who rejected
than in the patients who did not reject during the first 3
months (P=0.06) (Table 3).

There was no difference in 6-TGN concentrations
between the patients who did and did not experienced
rejection during the first 3 months post-transplantation.
At 6-TGN steady state, five rejection episodes occurred
in four patients, but no link was found between the
occurrence of rejection and 6-TGN concentrations
(P=0.341).

Initial TPMT activity measured at day 0 was not
different in the patients who rejected (n=10) and those
who did not reject (n=12) during the first three months
post-transplantation. TPMT activity at month 1 and the
percentage change in TPMT activity from day O
determined at month 1 were higher in the patients who
rejected during the first three months (n=10, Table 3)
and the first year post-transplantation (n=11) (P<0.05).
In addition, the 11 patients who did not reject during the
first year had TPMT activity below 25.0 nmol h ™' ml~'
while 16 out of 18 (88%) rejection episodes occurred
in nine patients having TPMT activity over
25.0nmol h™ ' ml™" (range 25.3-34.2) at month 1. The
three patients in whom TPMT activity increased by over
100% at month 1, experienced 6 rejection episodes, 5 of
which occurred in the 2 patients having a TPMT activity
over 25.0 nmol h™'ml ™.

TPMT genotype in relation to enzyme activity

TPMT genotypes were determined in 19 of the 22
patients. Sixteen (84%) were found to be homozygous
for wild type alleles and had an initial TPMT activity
ranging from 10.0 to 34.6 nmol h™'ml™" (median
21.9 nmol h™ ' ml™"). Three patients were heterozygous
for inactivating alleles (two patients genotyped
TPMT*1/*3 A with an initial TPMT activity of 7.8
and 13.5nmol h™'ml~', and one patient genotyped
TPMT*1/*2  with an initial TPMT activity of
12.4nmol  h™' mlil). The patient genotyped

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 793-800
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Table 2 Azathioprine dosage, 6-TGN concentrations and TPMT activity determined during the first year post transplantation in the 22 renal transplant patients.

6-TGN 6-TGN TPMT TPMT TPMT Number of
Patient AZA dosage day 8-month 1 steady-state day 0 month 1 steady-state rejection episodes
number (mgm~ > day”") (pmol/8 x 10° cells) (pmol/8 x 10° cells) (nmol h™ " mi™") (mmol h™" mi™") (mmol h™" mi ™) day O-month 12
1 1.1 nd 62 21.6 13.2 16.4 0
2 0.8 98 — 11.8 27.0 — 2
3 1.1 nd nd 22.2 23.9 25.2 0
4 1.0 56 102 26.0 31.2 25.1 1
5 0.8 57 61 34.6 19.6 22.7 0
6 1.0 64 131 22.7 15.5 15.7 0
7 0.6 23 80 17.8 19.7 15.6 0
8 1.0 nd nd 23.1 34.2 23.0 1
9 1.0 23 71 229 28.1 23.9 1
10 0.9 nd 108 22.1 18.9 18.6 0
11 1.0 68 98 10.0 25.3 17.8 3
12 1.0 32 131 13.2 17.1 14.2 1
13 0.9 86 — 19.5 19.3 — 0
14 1.0 nd 61 20.7 28.3 25.8
15% 1.0 20 213 12.4 13.9 16.1 0
16 1.2 nd 23 22.3 26.9 24.3 4
17 1.0 21 30 18.5 32.0 22.8 1
18* 0.8 16 127 13.5 21.7 15.2 0
19 1.0 16 54 26.6 29.0 18.0 1
20 1.0 73 66 17.4 21.8 15.2 0
21% 1.2 107 366 7.8 21.3 16.4 1
22 1.1 99 — 20.9 17.9 19.4 0

*Children heterozygous for inactivating TPMT alleles nd: not detectable.
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Table 3 Comparison of biochemical and pharmacological parameters in patients who did (n=10) and did not (n=12) experience
rejection episodes during the first 3 months post renal transplantation (number of patients).

Patients who
rejected during the
first 3 months

Patients who did
not reject during

the first 3 months Difference

m=10) m=12) between means Mann—Whitney test
TPMT day 0 20.4 18.2 2.2 0.947
(nmolh™"'ml™") (16.8,24.0) (13.2,23.1) (—0.7,5.1)
TPMT month 1 27.2 19.5 7.7 0.004*
(nmol h! ml™ ") (23.6,30.7) (16.8,22.1) (5.5,9.9)
Change in TPMT activity after 67.7 1.0 66.7 0.004*
month 1 of treatment (%) (23.7,111.8) (—19.0,21.1) (44.4,89.9)
6-TGN day 8—month 1 41 36 5 0.644
(pmol/8 x 10° cells) (13,59) (14,69) (—19.7,29.7)
Cyclosporin concentrations 209 251 42 0.145
day O—month 3 (ng 1‘11171) (148,269) (198,304) (2,82)
Creatinine concentrations 121 81 40 0.056
day 0O—month 3 (umol 1_1) (77,161) (59,102) (15,55)
Creatinine clearance 122 82 35 0.455
day O—month 3 (mlmin ") (48,80) (51,101) (—2,72)
Mean and 95% confidence interval are presented for each parameter.
TPMT*1/*2 did not show an increase in TPMT activity *1/%3A
during the p.er.iod of the study and did not reject, while 200.0 ¢ Spearman rank test
TPMT activity in the two patients genotyped : [ | r,.=—0.597; P=0.003; n=22
TPMT*1/*3 A increased by 60.9 and 174.1% at month € 150.0F =
1 (Figure 1). 8 n
> 1000} “1//3A
Discussion 2 ¢ .
' _ » & *1/%2
Our patients received a standard dose of 1 mg kg = of £ 50.0 | l
azathioprine orally and TPMT activity and 6-TGN o .D . o
concentrations in red blood cells were monitored during 5 0.0k 'D m =
the first year post-transplantation. The 6-TGN concen- 5 om
trations increased during the first 6 months of treatment 3 " -
and then remained stable. Median 6-TGN concentrations § —50.0
were below 100 pmol/8 X 10® RBC during the period X
of the study and no patient experienced leucopaenia —-100.0 ' ' : :
requiring withdrawal of azathioprine. Similar low concen- 0.0 10.0 20.0 30.0 40.0

trations of RBC 6-TGN were also previously reported
in adult renal allograft recipients receiving low doses of
azathioprine [11]. As 6-TGNs are pharmacologically and
therapeutically active metabolites, the administration of
higher doses of azathioprine, at least in the first months
of treatment should be considered in this patient group.
In addition, wide interindividual variation in 6-TGN
concentrations was found at steady state. At least part of
this variability could be related to differences in TPMT
activity, as demonstrated by the negative correlation
between TPMT activity and 6-TGN concentrations at
steady state.

In adult renal transplant recipients receiving azathio-
prine, TPMT activity was reported either to remain
stable or to increase during the first 3 months post-
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Initial TPMT activity (nmol™h™ml™)

Figure 1 Correlation between initial TPMT activity, measured
on the day of transplantation (day 0) and the percentage change
after the first month of azathioprine treatment. TPMT genotype
is quoted for the three heterozygous patients (EZ: genotype not
available).

transplantation [15]. In our study, individual TPMT
activity varied widely and a significant correlation was
detected between the initial pretransplant TPMT activity
and its subsequent change after 1 month (P<0.01). This
suggests that the variation in TPMT activity under
azathioprine could be predicted from the initial value,
measured at day 0. The increase in TPMT activity at the
initiation of azathioprine therapy could be due to enzyme

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 48, 793-800



induction by its substrate, 6-mercaptopurine [24], but
this would not take place in peripheral red blood cells in
the absence of protein synthesis. Other mechanisms,
beside induction of enzyme activity, may also be involved
in the changes in TPMT activity that we observed. We
demonstrated previously that steroids, cyclosporin and
trimethoprime had no effects on TPMT activity in vitro
[20], while sulphalazine [25] and frusemide [26] could
inhibit TPMT in vitro. In the present study, no patient
received frusemide or related compounds. However,
many other drugs currently administrated with thiopur-
ines, could modify TPMT activity and should be tested.
The mechanism leading to the apparent increase of
TPMT activity remains unknown, but it would lead to a
significant increase of the catabolism of 6-mercaptopurine.

In renal transplant recipients, the relationship between
TPMT activity and clinical outcome remains controversial
[15, 24, 27]. In our study, 13 rejection episodes confirmed
by a renal biopsy, occurred in 10 of 22 patients during
the first 3 months and 18 occurred in 11 of 22 patients
during the first year post-tranplantation. The initial
TPMT activity or the concentrations of the active
6-TGN metabolites had no predictive value for rejection.
In contrast, both TPMT activity at month 1 and the
percentage of change from baseline determined at month
1 were significantly higher in the patients who rejected
than in the patients who had no rejection during the first
three months or the first year post-transplantation. In
addition, 16 of the 18 rejection episodes occurred in nine
patients with TPMT activity over 25.0 nmol h™'ml ™"
Therefore, our results are in agreement with previous
studies reporting that initial TPMT activity did not
predict the occurrence of rejection [27] and that high
TPMT activity in adult kidney transplant receiving
azathioprine were related to a worse clinical outcome
[24]. Indeed, high TPMT activity would increase the
catabolism of azathioprine and reduce the amount of
active 6-TGN. In addition, TPMT activity in red blood
cells is correlated with the TPMT activity in hepatocytes
[17] and if similar changes in TPMT activity occur in
the liver during azathioprine treatment, the catabolism of
6-mercaptopurine would increase, subsequently decreas-
ing the amount of drug available for cellular immuno-
suppression. It is also possible that rejection per se
associated with deterioration of renal function, modifies
TPMT activity in treated patients In uraemic patients
under haemodialysis, a significant increase of TPMT
activity was reported and the presence and role of
inhibitors were discussed [24, 28]. Moreover, the concen-
tration of S-adenosyl homocysteine, an endogenous
inhibitor of S-adenosyl-methionine-dependent reactions,
such as thiopurine methyltransferase, was reported to
increase in renal failure [29]. Although this would cause
a decrease in TPMT activity, it is also possible that

© 1999 Blackwell Science Ltd Br | Clin Pharmacol, 48, 793-800

Thiopurine methyltransferase activity

rejection episodes associated with deterioration of renal
function could lead to an increase in TPMT activity.

‘Weinshilboum reported initially a trimodal distribution
of TPMT activity in the American population [4] while
TPMT activity in the European population was not
trimodally distributed [8]. In our study, the overlap in
TPMT activity between patients genotyped as hetero-
zygous (n=23) or homozygous (n=16) for high TPMT
alleles was observed at the initiation and during treatment
with azathioprine. Further studies are required to investi-
gate such overlap as well as the mechanism implicated in
the variation of TPMT activity under treatment. Genetic
differences in the TPMT gene promoter region could be
implicated [8].

In conclusion, we studied the relationship between
erythrocyte  TPMT activity and the occurrence of
rejection episodes in paediatric kidney transplant patients
undergoing azathioprine therapy. Our data suggest that a
high TPMT activity is associated with an increased risk
of rejection, possibly related to a high rate of catabolism
of azathioprine.
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