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ABSTRACT

Objective. Thiopurine S-methyltrans-
ferase (TPMT) is the key enzyme inac-
tivating azathioprine (AZA), an immu-
nosuppressive agent commonly used for
treating inflammatory diseases includ-
ing Behget’s disease (BD), systemic lu-
pus erythematosus (SLE) and systemic
vasculitis. Low TPMT levels facilitate
occurrence of AZA-related adverse ef-
fects. We investigated TPMT levels in
patients with BD, compared to healthy
controls and patients with SLE or sys-
temic vasculitis.

Methods. This cross-sectional study in-
cluded 101 BD (77 using AZA), 74 SLE
(35 using AZA), and 44 vasculitis (18
using AZA) patients and 101 healthy
controls. Plasma TPMT levels were
measured using ELISA. Student’s t- and
Kruskal-Wallis tests were used to com-
pare TPMT levels according to possible
risk factors. Receiver operating char-
acteristic (ROC) analysis was used to
determine whether a cut-off TPMT level
could be found to predict AZA-related
adverse effects.

Results. Plasma TPMT levels (mean+
SD ng/mL) in BD (22.80+13.81) were
comparable with healthy controls
(22.71£1349), but significantly low-
er than in SLE group (29.37+11.39)
(p<0.001). TPMT levels in 130 patients
receiving AZA were similar to the rest
of the group. AZA-related adverse ef-
fects were identified in only 8 patients
(5 with BD and 3 with SLE). TPMT lev-
els were significantly lower in those 8
patients (14.08+£9.49 vs. 25.62+12.68)
(p=0.013), besides a cut-off value for
predicting adverse effects was deter-
mined for the BD group with ROC anal-
ysis (area under the curve: 0.813).
Conclusion. This is the first study to
evaluate TPMT activity in a Turkish
adult population. Although low plasma
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TPMT level is not the only factor de-
termining AZA toxicity, a TPMT cut-off
value may help to predict AZA-related
adverse effects in BD.

Introduction

Thiopurine S-methyltransferase (TPMT)
is a genetically moderated key enzyme
involved in the metabolism of thiopu-
rine-based drugs including azathioprine
(AZA) and 6-mercaptopurine. TPMT
catalyses S-methylation and inactiva-
tion of these drugs (1-3). AZA is widely
used for the treatment of many manifes-
tations of Behget’s disease (BD), and
its efficacy in the treatment of Behcet’s
uveitis was previously shown in a con-
trolled trial (4). Other than BD, AZA is
also used for the treatment of many sys-
temic inflammatory diseases including
systemic lupus erythematosus (SLE),
various systemic vasculitis and inflam-
matory bowel diseases.

It is well known that both clinical effica-
cy and adverse effects of AZA demon-
strate wide inter-individual variability,
which mainly results from thiopurine
metabolism, largely affected by TPMT
status (5-8). The various adverse effects
of AZA include myelosuppression,
hepatotoxicity, pancreatitis, and flu-
like symptoms. Since reduced or absent
TPMT activity may place patients at
increased risk for AZA-related adverse
effects, determining TPMT levels and/
or activity before starting AZA therapy
may be important. Possible toxic effects
can be anticipated and high doses of
AZA can be avoided in individuals with
low TPMT activity (8).

TPMT status of a patient can be as-
sessed either by genotyping for variant
alleles or by phenotyping TPMT enzy-
matic activity (8). TPMT enzyme activ-
ity is clearly decreased in the presence
of certain variant TPMT alleles (9). In



general, individuals heterozygous for
a variant TPMT allele have intermedi-
ate enzymatic activity, while those with
homozygous variant TPMT alleles have
very low or absent enzymatic activity
(9). For phenotyping enzymatic activ-
ity, red blood cell lysate or whole blood
may be used (10). Measurement of
intra-erythrocyte TPMT enzymatic ac-
tivity is generally the method of choice
and can be accomplished by a number
of different ways, including radio-
chemical assay, mass spectrometry, and
high-performance liquid chromatogra-
phy with absorbance or fluorescence.
Recently, there have been attempts to
measure TPMT enzyme levels in whole
blood, plasma or serum, mostly using
Enzyme-Linked Immunosorbent Assay
(ELISA) (10, 11).

Only a few studies have investigated
TPMT activity in Turkish patients, con-
ducted in a paediatric population with
haematological disorders (12, 13). To
our knowledge, no study has evaluated
TPMT activity in a Turkish adult popu-
lation. The aim of the present study was
to assess plasma TPMT levels in pa-
tients with BD, both in subgroups who
have used or have never used AZA,
and to compare our findings with a
healthy control group, and disease con-
trol groups including SLE and systemic
vasculitis. Furthermore, in patients re-
ceiving AZA treatment, we tried to de-
termine whether a cut-off TPMT level
could be found to predict AZA-related
adverse effects, using receiver operat-
ing characteristic (ROC) analysis.

Methods

In the present cross-sectional study, 101
patients with BD (meanage42.15+10.33
years; M/F: 61/40) who fulfilled the In-
ternational Study Group for BD criteria
(14), 74 patients with SLE (M/F: 11/63;
mean age 39.86+11.69 years) fulfilling
the American College of Rheumatol-
ogy (ACR) criteria (15), 44 patients
with various systemic vasculitis (mean
age 47.09+13.36 years; M/F: 21/23)
and 101 healthy controls, age- and sex-
matched with the BD group (mean age
41.87+£991; M/F: 61/40) were includ-
ed. Patients with SLE and systemic vas-
culitis were selected as positive disease
controls, because similar to BD, AZA
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was also among the therapeutic agents
which may be used for treating these
diseases. Systemic vasculitis group was
not homogeneous, and included pa-
tients with granulomatous polyangiitis
(n=14), microscopic polyangiitis (n=3),
eosinophilic granulomatosis with poly-
angiitis (n=4), polyarteritis nodosa
(n:1), primary angitiis of central nerv-
ous system (n=1), Takayasu arteritis
(n=18) and temporal arteritis (n=3). In
all patient groups, some of the patients
have been receiving or had previously
used AZA, while some had never used
AZA. Detailed past medical data in-
cluding age, sex, diagnosis, laboratory
results, and current and previous medi-
cations were obtained from the patients’
records. Among patients with AZA ex-
perience, occurrence of AZA-related
adverse events was also carefully noted.
Informed consent was obtained from
all subjects, and the study protocol was
approved by the Human Research Eth-
ics Committee of Ege University in
Izmir.

Plasma TPMT level was measured us-
ing a commercial ELISA kit (USCN,
E92821Hu). The kit was a sandwich en-
zyme immunoassay for in vitro quanti-
tative measurement of TPMT in human
plasma. Ten mL of blood was collected
in tubes coated with EDTA and centri-
fuged for 15 minutes at 1000xg within
30 minutes after collection. Since hae-
molysis would influence the results,
haemolytic specimens were excluded.
Plasma samples were stored in aliquot
at -80°C until measurements were made.
In order to avoid loss of bioactivity and
contamination, measurements were
performed in two-months time. All of
the frozen plasma samples were kept at
room temperature (18-25°C) before use.
There was no history of red blood cell
transfusion in study participants during
the last three months. None of the study
participants were receiving any of the
drugs including naproxen, ibuprofen,
ketoprofen, furosemide, sulfasalazine,
mesalamine, mefenamic acid, thiazide
diuretics, and benzoic acid inhibitors
that inhibit TPMT enzyme activity. In
patients using low dose aspirin, this
treatment was stopped one week before
collection of blood.

Plasma TPMT levels of study groups
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were compared with each other.
Among patients using AZA, plasma
TPMT levels of those who experienced
AZA-related adverse events were com-
pared with those without AZA toxicity.

Statistical analysis

The continuous variables were de-
scribed as mean * standard deviation
(mean+SD). The categorical vari-
ables were described as numbers and
percents. For the comparison of con-
tinuous variables, p-value <0.05 was
considered statistically significant.
Kolmogorov-Smirnov test was used to
evaluate whether plasma TPMT activ-
ity followed a normal distribution.
Mean plasma TPMT level was the de-
pendent variable. Student’s #-test was
used to compare mean plasma TPMT
levels according to age (categorised as
higher or lower than 40 years), gender
(male/female), serum creatinine level
(categorised as = or <1.2 mg/dl) and
haemoglobin (Hb) value (categorised as
> or <12 gr/dl). Kruskal-Wallis test was
used to compare mean TPMT among
patient groups (BD, SLE, systemic vas-
culitis) and drugs currently being used
were analysed.

Receiver  operating  characteristic
(ROC) analysis was used for AZA us-
ers to determine whether a cut-off value
for plasma TPMT level could be used to
predict AZA-related toxicity.

We calculated area under the curve
(AUC), adjusting that lower plasma
TPMT levels indicate occurrence of
more AZA-related adverse events. We
investigated the coordinates of AUC to
determine a cut-off value for predicting
AZA-related toxicity.

On the other hand, based upon the lit-
erature data reporting that nearly 11%
of the population had low/intermedi-
ate level of TPMT activity (16, 17), we
stratified plasma TPMT levels from the
highest to lowest value in 130 AZA us-
ers. Using chi-square analysis, we com-
pared those at or below the 11" percen-
tile with the rest of the group above the
11th percentile, in regard to occurrence
of AZA-related adverse events.

Results
The demographic features of the study
groups were given in Table I. Plasma
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TPMT levels of the study groups from
the highest to lower values were as fol-
lows: 29.37+11.39 ng/mL in SLE group,
26.24+11.4 ng/mL in systemic vasculi-
tis group, 22.80+13.81 ng/mL in BD
group, and 22.71+12 .4 ng/mL in healthy
control group (Table I). Plasma TPMT
levels in BD group was significantly
lower than in SLE group (p<0.001), and
comparable with healthy control group
(p=0.951). There was no significant dif-
ference between BD group and the sys-
temic vasculitis group (p=0.156).

At the time of enrolment in this study,
140 patients (63.9%) have been on cor-
ticosteroid treatment and 91 patients
(41.6%) on AZA treatment. Including
those patients who had previously used
AZA, altogether there were 130 pa-
tients, (77 with BD, 35 with SLE, and 18
with systemic vasculitis) who had used
AZA in the past or have been currently
using AZA. Plasma TPMT levels in 130
patients receiving AZA were similar to
the rest of the group. Likewise, in each
patient group, plasma TPMT levels
were not significantly different between
AZA users and those who have never
used AZA. Among various defined pa-
rameters, only Hb and serum creatinine
levels were found to influence plasma
TPMT levels. Plasma TPMT levels
were significantly lower in patients hav-
ing Hb=12 gr/dl compared to patients
having Hb<12 gr/dl (p=0.01), but sig-
nificantly higher in patients having cre-
atinine >1.2 mg/dl compared to patients
having creatinine <1.2 mg/dl (p=0.026).
On the other hand, age (p=0.772), sex
(»=0.252) and current use of AZA
(»=0.782) did not significantly influ-
ence plasma TPMT levels.

Among 130 AZA users, AZA-related
adverse effects were identified in only
eight patients (five with BD and three
with SLE). The reported adverse effects
were bone marrow toxicity (n=7) and
hepatotoxicity (n=1). The characteris-
tics of those eight patients who devel-
oped AZA-related adverse effects were
demonstrated in the Table II. Plasma
TPMT levels were significantly lower
in those 8 patients, compared to rest of
the group (14.08+9 .49 vs. 25.62+12.68,
p=0.013). Besides, using ROC analysis,
cut-off values for predicting adverse ef-
fects were determined both in patients

Table I. The demographic features and plasma TPMT levels of study groups.

Study group n Age (mean + SD) Gender TPMT activity
(Male/female) (mean = SD ng/mL)
Behget’s disease 101 42.15+10.33 61/40 22.80 +13.81
SLE 74 39.86 +11.69 11/63 2937+ 11.39
Systemic vasculitis 44 47.09 £ 13.36 21/23 2624+114
Healthy controls 101 41.87+991 61/40 22.71+13.49

TPMT: Thiopurine S-methyltransferase; SLE: Systemic lupus erythematosus.

Table II. Characteristics of patients who developed azathioprine-related adverse events.

Age/Sex Disease AZA dose Side effect TPMT Activity
(mg/kg) (ng/mL)
49/Female SLE 1.04 Myelosuppression 13.3
37/Female SLE 1.61 Myelosuppression 16.4
28/Female SLE 0.90 Myelosuppression 279
31/Male BD 1.21 Myelosuppression 42
36/Female BD 141 Myelosuppression 6.44
49/Male BD 0.61 Hepatotoxicity 6.35
49/Male BD 0.58 Myelosuppression 9.84
28/Female BD 0.54 Myelosuppression 282

AZA: Azathioprine; TPMT: Thiopurine S-methyltransferase; SLE: Systemic lupus erythematosus; BD:

Behget’s disease.

with BD and in the whole group of pa-
tients; areas under the curve were 0.813
and 0.751, respectively (Fig. 1A-B).
When we determined the cut-off value
of plasma TPMT levels for BD group as
30 ng/mL, this showed a sensitivity of
100% and specificity of 66%. Similarly,
when the cut-off value of plasma TPMT
levels for the whole group of patients
was accepted as 28 ng/mL, this showed
a sensitivity of 100% and specificity of
43.4%.

Among 130 AZA users, following strat-
ification of plasma TPMT levels from
the highest to lowest value, we found
out that 3 out of 8 patients with AZA-
related adverse events were located
in the group below the 11™ percentile
(3/15; 20%), while 5 out of 8 patients
were located in the group above the
11™ percentile (5/115; 4.3%). Using
chi-square analysis, frequency of AZA-
related adverse events was significantly
higher in the first group with plasma
TPMT levels below the 11™ percentile
(Fisher’s exact p=0.049).

Discussion

To our knowledge this is the first study
evaluating TPMT activity in Turk-
ish adult population. We found out
that plasma TPMT levels in BD were
comparable with healthy controls, but
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significantly lower than in SLE group.
We confirmed that lower plasma TPMT
levels were significantly associated
with occurrence of AZA-related ad-
verse events. Furthermore, using ROC
analysis we could determine cut-off
values for predicting AZA-related ad-
verse events both in patients with BD
and in the whole group of patients (Fig.
1A-B). In the literature, there is an on-
going debate about whether TPMT test-
ing should be performed to a patient be-
fore commencement of AZA treatment
to reduce AZA-related adverse events,
ornot (5,18, 19,20). However it should
be kept in mind that TPMT status is not
the only factor predicting AZA-related
adverse events. It has been reported
that up to 70% of patients with adverse
events may have normal TPMT activ-
ity, and other factors such as viral in-
fections, concomitant drug treatments
and other disturbances in the thiopurine
metabolic pathway probably also play a
role (21). Similarly, some patients may
not experience AZA-related adverse
events, despite presence of low plasma
TPMT levels, as also seen in some pa-
tients in our study. Such observations,
further confirm the information that
plasma TPMT level is not the only fac-
tor determining AZA toxicity. Although,
a plasma TPMT cut-off value may help
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Fig. 1A. ROC curve representing sensitivity and specificity of TPMT testing among patients with

Behget’s disease. AUC=0.813 (n=77).
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Fig. 1B. ROC curve representing sensitivity and specificity of TPMT testing among all AZA-receiving

patients. AUC=0.751 (n=130).

to predict AZA-related adverse effects,
as shown in the present study, currently
we have no evidence to suggest TPMT
testing before commencement of AZA
for patients with BD.

We cannot exactly explain our find-
ing of significantly higher plasma

TPMT levels in SLE group compared
to BD group; however lower mean
age, higher “female to male” ratio and
more importantly higher frequency of
renal dysfunction in SLE group might
have possibly contributed to this find-
ing. Since, plasma TPMT values were
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found to be significantly higher in pa-
tients with serum creatinine levels =1.2
mg/dl than those with serum creatinine
levels <1.2 mg/dl, this might have led
to higher plasma TPMT levels in SLE
group and possibly in vasculitis group,
having more frequent renal involve-
ment than BD group.

A study from Spain also reported sig-
nificantly different TPMT activities in
different groups of diseases including
inflammatory bowel disease, autoim-
mune hepatitis, multiple sclerosis, my-
asthenia gravis, pemphigus and chronic
renal failure (22). Ethnicity, presence of
chronic diseases, concurrent drug treat-
ments, red cell kinetics and transfusions
clearly affect TPMT activity (18). The
effect of gender on TPMT activity is
controversial (23-25). However, age
seems to be more important, and chil-
dren are reported to have higher TPMT
activities than adults (26). The age pro-
files of the erythrocytes are also impor-
tant; younger erythrocytes have higher
TPMT activities than older cells (27).
Although TPMT gene expression may
be decreased during or after AZA treat-
ment, no change in enzyme activity
was reported during or after AZA treat-
ment (28, 29). In the present study, we
also could not find significant differ-
ence of plasma TPMT levels between
subgroups of BD patients with and
without AZA.

It has been reported that nearly 89% of
individuals in a certain population have
high/normal TPMT activity. Nearly 11%
of the population is heterozygous for a
variant TPMT allele and have interme-
diate enzymatic activity, while roughly
0.3% of the population is homozygous
for a variant TPMT allele and have very
low or absent enzymatic activity (30-
33). However, TPMT enzyme activity is
highly variable and the frequencies may
obviously change depending upon eth-
nicity (32). Besides, sometimes geno-
type-phenotype discrepancies may also
be observed and this may be partially
explained with epigenetic factors such
as TPMT inhibition by co-administered
medications.

One of the limitations of the present
study is the lack of TPMT genotyping
analysis for technical reasons. However,
the concordance between genotyping
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and phenotyping has been reported to
be approximately 60-70% for patients
with low TPMT activity and higher than
90% overall (34, 35). Therefore, some
authors have suggested that phenotyp-
ing enzymatic analysis may be preferred
for detecting TPMT activity for practi-
cal purposes. Interestingly, sometimes
phenotypic analysis may be more im-
portant than genotyping. Among het-
erozygous individuals, there may be a
two- to three-fold variation in TPMT
activity, which may be detected only by
measuring enzyme levels. Furthermore,
a number of homozygous “wild-type”
individuals reveal very high TPMT ac-
tivity, and they might need treatment
with higher than standard doses of AZA
(10).

Another weak point in the present study
may be the choice of the method for
phenotyping analysis of TPMT. Al-
though many studies measured intra-
erythrocyte TPMT enzymatic activity
for phenotyping analysis, we measured
plasma TPMT levels using ELISA.
However, measuring TPMT levels in the
whole blood, plasma or serum, mostly
using ELISA method is a recently re-
ported alternative approach, which may
have some advantages over red blood
cell (RBC) analysis (10, 11). Firstly, it is
easier and quicker, and does not require
preparation of washed RBC. Less sam-
ple handling errors, more reproducibili-
ty and increased accuracy were reported
with whole blood analysis. The original
whole blood sample may be more ho-
mogeneous than a pellet of washed RBC
and may better represent general TPMT
status, rather than intra-erythrocyte lev-
els. Besides, plasma TPMT levels are
not affected from Hb levels and recent
blood transfusions (10). Notably, Ford et
al. reported that the results of new whole
blood and standard RBC lysate methods
were comparable and overall concord-
ance with genotypic analysis was 97%
for both phenotypic methods (10).

A further limitation of the present
study is the low numbers of the patient
groups. Finally, the patient group of
systemic vasculitis was not homoge-
neous and consisted of many different
types of vasculitis.

When AZA-related adverse events occur
in patients with BD having low TPMT

levels, AZA dose may be reduced or dis-
continued. In such patients, and in gen-
eral, in patients with treatment-resistant
BD, anti-cytokine biologic agents may
be effectively used. Other than anti-
TNF agents, anti-IL-1 agents such as
anakinra and canakinumab, the anti-IL-
1P antibody gevokizumab and the anti-
IL-6 agent tocilizumab seem promising
in such patients, as discussed in two re-
cently published reviews (36, 37).

In conclusion, this is the first study to
evaluate TPMT activity in a Turkish
adult population. TPMT levels in BD
were comparable with healthy con-
trols, but significantly lower than in
patients with SLE. We observed more
frequent AZA-related adverse effects
in the presence of low TPMT levels,
and using ROC analysis we could de-
termine a cut-off value which may help
to predict AZA-related adverse effects.
However, we accept that TPMT levels
may not be the only factor determining
AZA toxicity, and currently we have
no evidence to suggest TPMT testing
before commencement of AZA for pa-
tients with BD.

References

1. DUBINSKY MC, LAMOTHE S, YANG HY et
al.: Pharmacogenomics and metabolite meas-
urement for 6-mercaptopurine therapy in in-
flammatory bowel disease. Gastroenterology
2000; 118: 705-13.

2. ANSTEY A, LENNARD L, MAYOU SC, KIRBY
JD: Pancytopenia related to azathioprine-an
enzyme deficiency caused by a common ge-
netic polymorphism a review. J R Soc Med
1992; 85: 752-6.

3. LOWRY PW, FRANKLIN CL, WEAVER AL et
al.: Measurement of thiopurine methyltrans-
ferase activity and azathioprine metabolites
in patients with inflammatory bowel disease.
Gut 2001; 49: 665-70.

4. YAZICI H, PAZARLI H, BARNES CG et al.:
A controlled trial of azathioprine in Behget’s
syndrome. N Engl J Med 1990; 322: 281-5.

5. SCHWAB M, SCHAFFELER E, MARX C et al.:
Azathioprine therapy and adverse drug reac-
tions in patients with inflammatory bowel
disease: impact of thiopurine S-methyltrans-
ferase polymorphism. Pharmacogenetics
2002; 12: 429-36.

6. ANSARIA,HASSAN C,DULEY J et al.: Thiopu-
rine methyltransferase activity and the use of
azathioprine in inflammatory bowel disease.
Aliment Pharmacol Ther 2002; 16: 1743-50.

7. MARINAKI AM, ANSARI A, DULEY JA et al.:
Adverse drug reactions to azathioprine thera-
py are associated with polymorphism in the
gene encoding inosine triphosphate pyroph-
osphatase (ITPase). Pharmacogenetics 2004;
14: 181-7.

S-44

15.

20.

21.

22.

23.

. BOOTH RA, ANSARI MT, LOIT E: Assessment

of thiopurine S-methyltransferase activity in
patients prescribed thiopurines: a systematic
review. Ann Intern Med 2011; 21: 814-23.

. YATES CR, KRYNETSKI EY, LOENNECHEN T

et al.: Molecular diagnosis of thiopurine S-
methyltransferase deficiency: genetic basis
for azathioprine and mercaptopurine intoler-
ance. Ann Intern Med 1997; 126: 608-14.

. FORD L, GRAHAM YV, BERG J: Whole-blood

thiopurine S-methyltransferase activity with
genotype concordance: a new, simplified
phenotyping assay. Ann Clin Biochem 2006;
43: 354-60.

. FORD LT, BERG JD: Thiopurine S-meth-

yltransferase (TPMT) assessment prior to
starting thiopurine drug treatment; a pharma-
cogenomic test whose time has come. J Clin
Pathol 2010; 63: 288-95.

. ALBAYRAK M, KONYSSOVA U, KAYA Z et

al.: Thiopurine methyltransferase polymor-
phisms and mercaptopurine tolerance in
Turkish children with acute lymphoblastic leu-
kemia. Cancer Chemother Pharmacol 2011;
68: 1155-9.

. TUMER TB, ULUSOY G, ADALI O, SAHIN G,

GOZDASOGLU S, ARINC E: The low frequen-
cy of defective TPMT alleles in Turkish popu-
lation: a study on pediatric patients with acute
lymphoblastic leukemia. Am J Hematol 2007;
82: 906-10.

. INTERNATIONAL STUDY GROUP FOR BEHCET’S

DISEASE: Criteria for diagnosis of Behget’s
disease. Lancet 1990; 335: 1078-80.

TAN EM, COHEN AS, FRIES JF et al.: The 1982
American College of Rheumatology revised
criteria for the classification of systemic lu-
pus erythematosus. Arthritis Rheum 1982;
25:1271-7.

. MCLEOD HL, RELLING MV, LIU Q, PUI CH,

EVANS WE: Polymorphic thiopurine meth-
yltransferase in Erythrocytes is indicative of
activity in leukemic blasts from children with
acute lymphoblastic Leukemia. Blood 1995;
7:1897-902.

. MCLEOD HL, COULTHARD S, THOMAS AE et

al.: Analysis of thiopurine methyltransferase
variant alleles in childhood acute lympho-
blastic leukaemia. Br J Haematol 1999; 105:
696-700.

. LENNARD L: Implementation of TPMT test-

ing. Br J Clin Pharmacol 2014; 77: 704-14.

. PAYNE K, NEWMAN W, FARGHER E, TRICK-

ER K, BRUCE IN, OLLIER WER: TPMT test-
ing in rheumatology: any better than routine
monitoring? Rheumatology 2007; 46: 727-9.
ANON: TPMT testing before azathioprine
therapy? Drug Ther Bull 2009; 47: 9-12.
COLOMBEL JF, FERRARI N, DEBUYSERE H et
al.: Genotypic analysis of thiopurine S-meth-
yltransferase in patients with Crohn’s disease
and severe myelosuppression during azathio-
prine therapy. Gastroenterology 2000; 118:
1025-30.

GISBERT JP, GOMOLLON F, CARA C et al.
Thiopurine methyltransferase activity in
Spain: a study of 14,545 patients. Dig Dis Sci
2007; 52: 1262-9.

KLEMETSDAL B, WIAT E, AARBAKKE 1I:
Gender difference in red blood cell thiopu-
rine methyltransferase activity. Scand J Clin
Lab Invest 1993; 53: 747-9.



24.

25.

26.

217.

28.

KARAS-KUZELICKI N, MILEK M, MLINARIC-
RASCAN I: MTHFR and TYMS genotypes
influence TPMT activity and its differential
modulation in males and females. Clin Bio-
chem 2010; 43: 37-42.

WEINSHILBOUM RM, SLADEK SL: Mercapto-
purine pharmacogenetics: monogenic inherit-
ance of erythrocyte thiopurine methyltrans-
ferase activity. Am J Hum Genet 1980; 32:
651-62.

SERPE L, CALVO PL, MUNTONIE et al.: Thio-
purine S-methyltransferase pharmacogenet-
ics in a large-scale healthy Italian-Caucasian
population: differences in enzyme activity.
Pharmacogenomics 2009; 10: 1753-65.
LENNARD L, CHEW TS, LILLEYMAN JS:
Human thiopurine methyltransferase activ-
ity varies with red blood cell age. Br J Clin
Pharmacol 2001; 52: 539-46.

CAMPBELL S, KINGSTONE K, GHOSH S:
Relevance of thiopurine methyltransferase
activity in inflammatory bowel disease pa-
tients maintained on low-dose azathioprine.

29.

30.

31.

32.

33.

Thiopurine S-methyltransferase levels in BD / H. Emmungil et al.

Aliment Pharmacol Ther 2002; 16: 389-98.
GISBERT JP, LUNA M, MATE J, GONZALEZ-
GUIJARRO L, CARA C, PAJARES JM: Thiopu-
rine methyltransferase activity and myelo-
suppression in inflammatory bowel disease
patients treated with azathioprine and 6-mer-
captopurine. Med Clin 2003; 121: 1-5.
AMEYAW MM, COLLIE-DUGUID ES, POWRIE
RH et al.: Thiopurine methyltransferase alleles
in British and Ghanaian populations. Hum
Mol Genet 1999; 8: 367-70.
COLLIE-DUGUID ES, PRITCHARD SC, POW-
RIE RH et al.: The frequency and distribution
of thiopurine methyltransferase alleles in
Caucasian and Asian populations. Pharmaco-
genetics 1999; 9: 37-42.

ENGEN RM, MARSH S, VAN BOOVEN DJ,
MCLEOD HL: Ethnic differences in phar-
macogenetically relevant genes. Curr Drug
Targets 2006; 7: 1641-8.

HON YY, FESSING MY, PUI CH, RELLING MV,
KRYNETSKI EY, EVANS WE: Polymorphism
of the thiopurine S-methyltransferase gene in

S-45

34.

35.

African-Americans. Hum Mol Genet 1999;
8:371-6.

FORD L, KAMPANIS P, BERG J: Thiopurine S-
methyltransferase genotype-phenotype con-
cordance: used as a quality assurance tool to
help control the phenotype assay. Ann Clin
Biochem 2009; 46: 152-4.

SCHAEFFELER E, FISCHER C, BROCKMEIER
D et al.: Comprehensive analysis of thiopu-
rine S-methyltransferase phenotype-genotype
correlation in a large population of German-
Caucasians and identification of novel TPMT
variants. Pharmacogenetics 2004; 14: 407-
17.

36. ARIDA A, SFIKAKIS PP: Anti-cytokine biolog-

37.

ic treatment beyond anti-TNF in Behcet’s dis-
ease. Clin Exp Rheumatol 2014; 32 (Suppl.
84): S149-55.

HATEMI G, SEYAHI E, FRESKO I, TALARICO
R, HAMURYUDAN V: Behget’s syndrome: a
critical digest of the 2013-2014 literature.
Clin Exp Rheumatol 2014; 32 (Suppl. 84):
S112-22.



