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Azathioprine, mercaptopurine and thioguanine are commonly used
to treat autoimmune disorders, leukaemia and solid organ
transplantation. However, azathiopurine and its metabolites can also
cause adverse reactions such as myelosuppression. These
manifestations may be attributed to polymorphisms or mutations in
the thiopurine methyltransferase (TPMT) gene that might result

in low TPMT enzyme activity. Our aim was to investigate if
azathioprine-related myelosuppression is associated with TPMT
polymorphism, which in turn affects its enzyme activity.

A 61-year-old Chinese man with severe atopic eczema developed
moderate myelosuppression with standard doses of azathioprine. His
TPMT activity was measured using radiochemical assay. Genotyping
of TPMT *3C, *3A and *6 were screened using polymerase chain
reaction-restriction fragment length polymorphism. Novel mutation
was detected by sequencing. Family studies of his three other siblings

After 4 weeks of azathioprine treatment, the patient’s white blood cells
and absolute neutrophil count dropped by 40-45%. He was then taken
off azathioprine, and blood counts returned to normal. TPMT activity
test showed intermediate levels of 9.1 nmol h™' mI™" peripheral red
blood cells (pRBC). Resequencing of the TPMT gene revealed a
missense mutation Phe—Leu at 208 aa position in exon 9
(ss105107120). Two of his three siblings were heterozygous for
208F—L, which accounts for the decreased enzyme activity (brother
8.9 nmol h™" ml™" pRBC, sister 8.8 nmol h™' mI~' pRBC). The remaining
sibling had wild-type allele with normal enzyme activity. Screening of
100 normal healthy Chinese subjects did not reveal any individual with

this mutation.

CONCLUSION

We report a novel mutation TPMT*26 (208F—L) associated with a

decrease in TPMT enzyme activity.
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Introduction

Azathiopurine, a prodrug is converted to 6-
mercaptopurine (6-MP) in vivo, plays an important role in
the treatment of autoimmune diseases such as rheuma-
toid arthritis, dermatitis and systemic lupus erythematosus
[1,2].Azathiopurine is converted to 6-MP in vivo where it is
subsequently metabolized to either active 6-thioguanine
nucleotide metabolites (6-TGNs) by the enzyme ino-
sine  monophosphate dehydrogenase, or to inactive
6-methylmercaptopurine ribonucleotide metabolites by
the enzyme thiopurine methyltransferase (TPMT) [3, 4].
Genetic polymorphisms of TPMT have been well docu-
mented to cause myelosuppression when patients are
treated on azathiopurine [5]. This is due to the inability of
TPMT enzyme to metabolize 6-MP, resulting in the conver-
sion of 6-TGNs and, when incorporated into DNA, exerting
cytotoxicity that triggers cell cycle arrest and apoptosis
[6, 7]. Genotyping the common TPMT alleles prior to the
start of thiopurine therapy is now recommended in clinical
practice. To define accurately those at risk, identification
of novel variants is critical, especially for populations that
have not been well studied like the Asians. Here, we report
a novel mutation detected in a patient with severe atopic
eczema who displayed azathiopurine sensitivity while on
treatment.

Methods

A 61-year-old man diagnosed with severe atopic eczema
developed myelosuppression on azathiopurine.Blood was
initially taken from the patient and subsequently from his
three siblings for TPMT activity and genotyping. Measure-
ment of TPMT activity was carried out using radiochemical
assay [8] genotyping on the three common alleles present
in the Asian population (*3C, *3A and *6), which were
screened using polymerase chain reaction (PCR)-restriction
fragment length polymorphism [9-11]. Sequencing of the
open reading frame of the TPMT gene was performed to
detect novel mutations after TPMT activity was low [11].We
have also developed Amplified Refractory Mutation System
(ARMS)-PCR based on allele-specific discrimination at the 3
end for the detected novel mutation (see below).

Informed consent was obtained from the patient and
siblings prior to taking blood for study. This study was
approved by the DSRB-B/04/275 (Domain-specific Review
Board under the National Healthcare Group).

Detection of the TPMT 208F— L Novel
Mutation

ARMS-PCR was performed using a pair of mutation-
specific primers that harboured a single nucleotide
mismatch at the 3’ end. Briefly, PCR was performed
simultaneously in two separate reactions, one with the
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Figure 1

A novel mutation detected at T622C nt position, exon 9 of the TPMT gene
by (a) sequencing, (b) Amplified Refractory Mutation System-polymerase
chain reaction (ARMS-PCR). Wt, wild type; Mt, mutant

wild-type primer set and the other with the mutant primer
set. Forward primer was 5’-GTCCACAAACTTACCAAA-3’ or
5’-GTCCACAAACTTACCAAG-3’ and reverse primer 5-GCCA
CATCATCACCTAT-3".The B-globin was used as housekeep-
ing gene, forward pimer 5-CAACTTCATCCACGTTCACC-3’
and reverse primer 5'-GAAGAG CCAAGGACAGGTAC-3".

PCR reaction was carried out in a 20-1l reaction mixture
containing 20 mmol I"' Tris—-HCI (pH 8.0), 50 mmol I"' KCl,
25 umol I'" MgCl,, 0.2 mmol I of each deoxyribonucle-
otide triphosphate, 0.5 umol I"" of each primer, 0.5U of
Platinum® Tag DNA polymerase (Invitrogen, Carlsbad, CA,
USA) and 200 ng genomic DNA. The expected PCR frag-
ments of 268 bp for the 3-globin gene and 156 bp for the
208F—L mutation were separated using 2% agarose gel
electrophoresis (Figure 1).

Results

A 61-year-old man was diagnosed with severe eczema and
was treated with an initial dose of 50 mg of azathiopurine.

Br | Clin Pharmacol / 68:1 / 121



BJCP S.K.Y.Kham et al.

Table 1

The full blood counts and dosings when patient is treated with azathioprine

Off therapy

Duration, weeks 1 1

WBC (x10° I-7) 9.05 9.79
ANC (x10° I-") 6.58 8
Haemoglobin (g dI") 11.2 1.5
Platelets (x10° I-") 189 263
Eczema status Improved Cleared

3 2
3.66 7.37
2.93 5.63
9.5 10.9
151 278
Cleared, stopped treatment Flared

WBC, white blood cells; ANC, absolute neutrophil count.

After 4 weeks’ treatment with a satisfactory clinical
response, full blood count showed signs of azathiopurine-
related toxicity with a drop in absolute neutrophil count
from 6.58 to 2.93 x 10°I"" and white blood cells from 9.05
to 3.66 x 10° " (Table 1). The patient was then taken off
therapy and blood counts returned to normal, suggesting
patient’s sensitivity to azathiopurine. Radiochemical assay
showed the patient had an intermediate TPMT activity
level of 9.1 nmol h™" mlI™ peripheral red blood cells (pRBC).
However, genotyping for TPMT *3A, *3C and *6 was not
detected. The discordance in the TPMT phenotype-
genotype correlation led us to investigate novel mutations
in the open reading frame of the TPMT gene.

A novel mutation was detected in exon 9 that resulted
in an amino acid change at amino acid position 208
(phenylalanine—leucine) (Figure 1). We confirmed the
reduced TPMT activity conferred by this novel mutation in
the patient and his siblings by measuring TPMT activity in
pRBC and DNA analysis. Based on the cut-off values of our
assay (deficient <5nmolh™ ml™" pRBC, intermediate =
5-10 nmol h™ mI”" pRBC, normal/high >10 nmol h™" ml™'
pRBC) [12], two of the three siblings who harboured
208F—L mutation had intermediate TPMT activity (brother
8.9 nmolh™'mlI™" pRBC, sister 8.8 nmolh™' ml”' pRBQ),
suggesting that the novel mutation is associated with the
decreased TPMT activity. The other sister showed normal
TPMT activity (11.9nmolh™" mlI™" pRBC) and did not
harbour the mutation. This further confirms the effect of
the novel mutation 208F—L on enzyme activity. Screening
was carried out in 100 healthy adult Chinese controls did
not reveal any other carriers of this variant.

Discussion

In the Asian population, TPMT activity shows a bimodal
distribution compared with the White population, which
displays a trimodal distribution. About 3-5% of Asians
have intermediate TPMT enzyme activity and, most com-
monly, they are heterozygous for TPMT*3C. In contrast,
11% of White populations have intermediate TPMT activity,
and 0.03% have extremely low or absent activity, and its
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effects can be fatal due to severe myelosuppression.
However, the latter is occasionally seen in Asians.

The three TPMT genetic variants reported in Asians are
mostly *3C, *6 and *3A at very low frequencies. However,
there remain a small percentage of individuals in whom we
cannot account for the phenotype, and this may be
revealed only by resequencing the TPMT gene. Here, we
have reported a novel mutation of 208F—L in exon 9 of the
TPMT gene detected in a 61-year-old Chinese man who is
sensitive to azathioprine. The phenotype—genotype rela-
tionship was validated by measuring his TPMT activity and
family studies on his three siblings. We have demonstrated
the use of phenotype—genotype correlation strategy to
potentially identify novel mutations associated with
decreased or absent TPMT enzyme activity. Adding to the
pool of TPMT variants, at least 28 variant alleles of TPMT
have been detected (TPMT*2-*25) that are associated with
decreased or absent TPMT activity [13, 14].
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