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Azathioprine (AZA) is increasingly being prescribed to rheumatoid arthritis (RA) patients. Following oral adminis-
tration, AZA is converted into its active form. Inflammatory bowel disease (IBD) and systemic lupus erythematosus
(SLE) patients with low thiopurine (S)-methyltransferase (TPMT) activity tend to respond well to AZA therapy. In
a previous study of Japanese SLE patients under low-dose AZA therapy, the group with the 94C>A mutation in
inosine triphosphatase (/TPA) showed greater improvement in their disease activity index. However, it is not yet
clear how genotypes relate to responsiveness to RA treatment. The genotypes ITPA 94C>A, TPMT*3C, NUDT15
595C>T, GST-M1, GST-T1 and MRP4/ABCC4 2269G>A of Japanese patients with RA were determined. The
relationship between these genotypes and response to AZA therapy was evaluated using the Disease Activity
Score 28 (DAS28) and various medical data. Of the 22 patients 15 had the ITPA 94C/C genotype, 7 had the ITPA
94C/A genotype, none had the TPMT*3C mutation, 4 had the NUDT15 595C>T mutation, 8 had the GST-M1 and
T1 null genotypes and 9 had the MRP4/ABCC4 2269G>A mutation. Changes in DAS28 at 6 months after baseline
were similar in both ITPA genotype groups. However, the maintenance dose of AZA was significantly lower in the
C/A group than in the C/C group (0.85+0.30 mg/kg/day vs. 1.2+0.46 mg/kg/day, respectively; p = 0.043). The ITPA
94C/A group showed the same response to RA treatment as the C/C group, but at a lower dose. This demon-

strates that RA patients with the ITPA 94C>A mutation are more responsive to AZA.

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune
disease that causes destructive synovitis. RA affects not only joints
but also various organs such as lungs, kidneys, and subcutaneous
tissues. The primary goal of RA treatment is to improve the clinical
condition which results in long-term good prognosis by inhibiting
joint destruction, particularly in the prevention of physical function
impairement. As joint destruction is irreversible and occurs in the
early stage of the disease, it is recommended that treatment is started
immediately on. RA is usually treated with disease-modifying
antirheumatic drugs (DMARDS) including methotrexate (MTX)
as an anchor drug, with non-steroidal anti-inflammatory drugs or
low-dose steroids used adjunctively. If therapeutic efficacy is not
sufficient within 3 months, it is standard to combine other DMARDs
or to use biological drugs (Schuna 2011).

Azathioprine (AZA) is an immunosuppressive agent that is used
widely in organ transplantation, acute lymphoblastic leukemia,
inflammatory bowel disease (IBD), systemic lupus erythematosus
(SLE), and RA (Gisbert and Scott 2009; Gaffney et al. 1998;
Pearson et al. 1995; Sahasranaman et al. 2008). The first-choice
drug for RA treatment is MTX, but for patients who cannot take
this medicine because of a decline in liver or kidney function, AZA
is administered as one of the second-line drugs. To avoid irrevers-
ible joint destruction, finding a marker to predict AZA response
would be beneficial.

AZA is a prodrug that exerts its effect after metabolic activation.
The metabolic pathways of AZA are described in the Figure. AZA
is absorbed and then converted into 6-mercaptopurine (6-MP) by
glutathione S-transferase (GST). After intracellular incorporation by
nucleoside transporters, 6-MP is metabolized by three competitive
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enzymatic pathways, two of which are catabolic pathways: xanthine
oxidase (XO) and thiopurine S-methyl-transferase (TPMT). XO
generates 6-thiouric acid, which is an inactive metabolite and excreted
in the urine. TPMT methylates 6-MP into 6-methylmercaptopurine,
which is converted to 6-methylmercapto-8-hydroxypurine by alde-
hyde oxidase. In the anabolic pathway, 6-MP is converted into active
metabolites, 6-thioguanine nucleotides (6-TGNs), by some enzymes
(Chouchana et al. 2012). Intracellular 6-TGNs are incorporated
into DNA instead of guanine nucleotides, which leads to inhibition
of nucleic acid or protein synthesis by inhibiting the cell cycle and
inducing apoptosis (Tieda et al. 2003). The nucleoside diphosphate-
linked moiety X motif 15 (NUDT15) converts 6-thioguanine triphos-
phate (6-TGTP) into 6-thioguanine monophosphate (6-TGMP)
(Moriyama et al. 2016). 6-TGMP is exported to the extracellular
matrix by multidrug-resistance protein 4/ATP-binding cassette sub-
family C member 4 (MRP4/ABCC4) (Chouchana et al. 2012).
Approximately 15-28% of patients treated with AZA need to be
withdrawn from this therapy because of adverse drug reactions
(ADRs) such as myelosuppression (Ansari et al. 2002; Lennard
2002; Marinaki et al. 2004a; Schwab et al. 2002). It was consid-
ered that these ADRs were mainly associated with genetic poly-
morphisms of TPMT (Ansali et al. 2008; Evans et al. 2001; Fabre
et al. 2004; Relling et al. 1999; Zelinkova et al. 2006); however, in
Japanese patients with low allele frequencies of TPMT polymor-
phisms, ADRs are not associated with TPMT polymorphisms (Ban
et al. 2008; Takatsu et al. 2009).

Inosine triphosphate pyrophosphatase (ITPA) is an enzyme that
hydrolyses 6-thioinosine triphosphate (6-TITP) into 6-thioinosine
monophosphate and prevents the accumulation of 6-TITP, which is
considered to be toxic. ITPA 94C>A (Pro 32 Thr: rs1127354) is
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Fig.: Metabolic pathways of AZA.
1) Metabolites

AZA: azathioprine, 6-MP: 6-mercaptopurine, 6-MMP: 6-methylmercaptopurine, 6-MeM-8-OHP: 6-methylmercapto-8-hydroxypurine, 6-TU acid: 6-thiouric acid, 6-TXMP:
6-thioxanthosine monophosphate, 6-TGMP: 6-thioguanine monophosphate, 6-TGDP: 6-thioguanine diphosphate, 6-TGTP: 6-thioguanine triphosphate, 6-TGN: 6-thiogua-
nine nucleotides, 6-MeTIMP: 6-methylthioinosine monophosphate, 6-MeTIDP: 6-methylthioinosine diphosphate, 6-MeTITP: 6-methylthioinosine triphosphate, 6-MMP(R):

6-methylmercaptopurine ribonucleotides, 6-TIMP: 6-thioinosine monophosphate,

2) Metabolic enzymes and drug transport carriers.

-

6-TIDP: 6-thioinosine diphosphate, 6-TITP: 6-thioinosine triphosphate

GST: glutathione S-transferase, TPMT: thiopurine S-methyl-transferase, XO: xanthine oxidase, AOX: aldehyde oxidase, HPRT: hypoxanthine-guanine phosphoribosyltrans-
ferase, IMPDH: inosine monophosphate dehydrogenase, GPMS: guanosine monophosphate synthetase, NUDT15: nucleoside diphosphate-linked moiety X motif 15, ITPA:
inosine triphosphate pyrophosphatase, MRP4/ABCC4: multidrug resistance-associated protein-4/ATP-binding cassette sub-family C member 4

one of the genetic polymorphisms of /TPA. The enzyme activity
of heterozygous mutant /7TPA is 22.5% and homozygous mutant
ITPA is 0% (Marinaki et al. 2004b; Sumi et al. 2002). In a previous
report, patients with low ITPA activity had a high possibility of
influenza-like symptoms, rash, and pancreatitis (Marinaki et al.
2004a), although some reports suggest that the /TPA 94C>A genetic
polymorphism is not associated with ADRs (Van Dieren et al 2007).
However, these studies were conducted with Caucasian patients, and
allele frequencies are different between Asian and Caucasian popu-
lations. The allele frequency of the /TPA 94C>A polymorphism is
higher in Asians (11-19%) than in Caucasians (1-7%) (Cao and
Hegele 2002; Maeda et al. 2005; Marsh et al. 2004). As for TPMT
polymorphisms, TPMT*3A (460G>A: rs1800460 and 719A>G:
rs1142345) is the most prevalent allele in Caucasians, while
TPMT*3C (T19A>G: rs1142345) is the most prevalent allele in the
Japanese population. The allele frequency of TPMT*3C has been
reported to be 0.003-0.016 in the Japanese population (Kubota and
Chiba 2001; Kumagai et al. 2001; Hiratsuka et al. 2000). TPMT*3A
has negligible activity, while TPMT*3C has moderate activity
compared with the wild-type allele (Tai et al. 1996).

In some previous reports, Japanese SLE patients with the /TPA
94C>A mutation receiving low-dose AZA showed a great
improvement in the SLE Disease Activity Index (Okada et al.
2009; Nagamine et al. 2012). Similar to SLE patients, whether
the effectiveness of AZA is greatly influenced by the /7PA 94C>A
mutation in Japanese RA patients remains unclear.

Many enzymes, including ITPA and TPMT, are involved in AZA
metabolism. Recent studies revealed that NUDT15 595C>T (Arg
139 Cys: rs116855232) is a genetic factor responsible for thiopu-
rine-induced leukocytopenia and hair loss in East Asian population
(Asadaet al. 2016; Kakuta et al. 2016; Yang et al. 2014). The allele
frequency of the mutation is approximately 10-20% in East Asian
people (Asada et al. 2016; Kakuta et al. 2016; Yang et al. 2014).
By contrast, it is much lower in Caucasians with an occurrence of
0.4% (Roberts and Barclay 2015). GST participates in the early
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stage of AZA metabolism, and has GST-M 1 and GST-T1 isoforms.
Approximately 50% of the Japanese population carry a null type
of each gene (Cotton et al. 2000; Piacentini et al. 2011). Also, the
allele frequency of MRP4/ABCC4 2269G>A (rs3765534), which
affects MRP4/ABCC4 function, is 0.147 or over 0.187 in the
Japanese population (Ban et al. 2010; Krishnamurthy et al. 2008).
However, the association between these genetic polymorphisms
and therapeutic efficacy and safety remains unclear.

The aim of this study was to investigate the genetic polymorphisms of
AZA-metabolizing enzymes that are present at a high allele frequency
in the Japanese population, and to evaluate the association between
these genetic polymorphisms and their influence on RA treatment.

2. Investigations and results

2.1. Characteristics of the patients

The characteristics of the 22 patients are shown in Table 1. Three
patients were male and 19 were female. The allele frequencies of
ITPA 94C>A, TPMT*3C, NUDT15 595C>T and MRP4/ABCC4
2269G>A, and the deletion frequencies of GST-M1 and GST-T1
are summarized in Table 2. The genotype frequencies of all poly-
morphisms did not deviate from Hardy-Weinberg’s equilibrium.
There was no significant association of age, weight, sex, duration of
RA and stage of disease with each genotype of ITPA 94C>A, GST-M1,
and GST-T1 (Table 3). Age and stage of disease were associated with
the NUDTI15 595C>T but weight, sex and duration of RA were not.
The MRP4/ABCC4 2269G>A genotype were associated only with
age and weight. The gene mutations were not related to each other.
The primary reason for starting AZA treatment was interstitial
pneumonia due to MTX in 9 patients. The second reason was
lymphoproliferative disease in 3 patients.
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Table 1: Characteristics of patients

Table 2: Allele or deletion frequency

Number of Patients, n 22
Age. years, mean+SD 66+9.1
Weight, kg, mean+SD 54+12
Sex, n (%)

Male 3(14)

Female 19 (86)
Duration of RA, month, mean+SD 15«12
Stage of disease, n (%)™

1 2(9.5)

I 7(33)

111 1(4.8)

v 11 (52)
Maintenance dose of AZA, mg/kg/day, 1.1+0.45
mean+SD
Biologic antirheumatic drugs, n (%)%

With 17 (81)

Without 4(19)
Use of PSL, n (%)

Yes 7(32)

No 15 (68)
DAS28 score, mean+SD*?

Baseline 3.6+2.1

After 6 months 1.9+0.63

§1,2: n=21, because one patient is unknown
§3: n=16, because 6 patients are unknown
RA: rheumatoid arthritis, AZA: azathioprine, PSL: prednisolone,

2.2. Effects of genetic polymorphisms on AZA treatment

In a comparison of the /TPA 94C>A genotype, the maintenance dose
of AZA was significantly lower in the heterozygous mutant group
(C/A group) than in the wild-type group (C/C group) (0.85+0.30
mg/kg/day vs. 1.2+0.46 mg/kg/day, respectively, p = 0.043; Table 4).
The response of treatment was evaluated by using the Disease
Activity Score 28 (DAS28) and EULAR response criteria.
Changes in the DAS28 value at 6 months after baseline were not
significant in both /TPA groups (-1.9+0.22 in C/A vs. -1.6+2.1 in
C/C, p = 0.39; Table 4). There was also no significant difference
in the good/moderate response rate of the EULAR criteria (40% in
C/A vs. 55% in C/C, p = 0.89; Table 4).

No genotype of NDT15 595C>T, GST-M1, GST-T1, and MRP4/
ABCC4 2269G>A was associated with the maintenance dose
of AZA, changes in the DAS28 value, and response rate of the
EULAR criteria (Table 4).

Two out of 14 patients were using prednisolone (PSL) in both
or either present group with GST-M1 and 7-1, while 5 out of 8
patients were using PSL in both null groups. There was no signifi-
cant difference in PSL use between the groups, but the use of PSL
tended to be higher in both null groups (p = 0.052).

2.3. Safety

Of the 22 patients, 7 patients discontinued AZA treatment within
20 months. The reasons for this were as follow: hepatic disorder
in 3 patients, nausea in 1, and the reason was unknown in 3. AZA
was discontinued in 4 out of 15 patients (27%) in the ITPA 94C/C
group, and in 3 out of 7 (43%) in the ITPA 94C/A group, but this
was not significant. Similarly, the other genetic polymorphisms,
including NUDTI15 595C>T, were not associated with AZA
discontinuance.

3. Discussion

This is the first report of an association between the ITPA 94C>A,
NUDTI15595C>T, GST-M1, GST-T1,and MRP4/ABCC42269G>A
genetic polymorphisms and the effect of RA treatment with AZA.
In this study, the allele frequency of /TPA 94C>A was 0.16, NUDT15
595C>T was 0.09, and MRP4/ABCC4 2269G>A was 0.23. Previous
studies of the East Asian population have reported allele frequen-
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ITPA 94C>A mutation, n (%)

C/IC 15 (68)
C/A 7 (32)
A/A 0
A allele frequency 0.16
TPMT  3C mutation, n (%)
11 22 (100)
“1/73C 0 0)
“3C allele frequency 0
NUDT15 595C>T mutation, n (%)
C/IC 18 (82)
C/T 4 (18)
T/T 0
A allele frequency 0.09
GST-M1 deletion, n (%)
Present 8 (36)
Null 14 (64)
GST-T1 deletion, n (%)
Present 10 45)
Null 12 (55)
MRP4/ABCC4 2269G>A mutation, n (%)
G/G 13 (59)
G/A 8 (36)
A/A 1 5)
A allele frequency 0.23

cies of ITPA 94C>A as 0.135-0.155 (Marinaki et al. 2004b; Maeda
et al. 2005), TPMT*3C as 0.003-0.042 (Kubota and Chiba 2001;
Kumagai et al. 2001; Hiratsuka et al. 2000; Ishioka et al. 1999),
NUDTI5 595C>T as 0.102-0.233 (Asada et al. 2016; Kakuta et al.
2016; Yang et al. 2014) and MRP4/ABCC4 2269G>A as 0.147 or
0.187 and over (Ban et al. 2010; Krishnamurthy et al. 2008). These
allele frequencies were close to the frequencies detected in our study.
In the present study, the deletion frequencies of GST-M1 and GST-T1
were 64% and 55%, respectively. Similarly to the allele frequencies,
these detection frequencies are comparable with previous analysis of
the Japanese population (Cotton et al. 2000).

The maintenance dose of AZA was significantly lower in the hetero-
zygous mutant group (C/A group) than in the wild-type group (C/C
group) of ITPA 94C>A (0.85 + 0.30 mg/kg/day vs. 1.2+0.46 mg/kg/
day, respectively, p = 0.043; Table 4). There was no significant differ-
ence in changes in the DAS28 values at 6 months after baseline or in
the response rate of the EULAR criteria between the C/C and C/A
groups. On the basis of these findings, it is considered that the C/A
group has the same response to RA treatment as the C/C group, but
at a lower dose. In previous reports of Japanese patients with SLE
who received low-dose AZA, those with the /TPA 94C>A mutation
showed a great improvement in the SLE Disease Activity Index for
1 year (Okada et al. 2009; Nagamine et al. 2012). However, these
studies did not use a different AZA dose between the C/C and C/A
groups. These reports support our findings in terms of the good
response to AZA of patients carrying the /7PA 94C/A mutation.

The ITPA 94C>A mutation induces the accumulation of 6-TITP.
6-TITP is considered a toxic compound (Marinaki et al. 2004a),
but its relationship with toxicity is unclear (Van Dieren et al.
2007). In our study, the /TPA 94C>A genetic mutation was not
associated with AZA discontinuation. For this reason, we consid-
ered the three following possibilities. First, the patients in this
study were receiving AZA at a low dose; 2-3 mg/kg/day AZA is
recommended in Caucasians (Andoh et al. 2008), whereas in the
Japanese population, a lower dose (1 mg/kg/day) is usually given.
As the concentrations of 6-TGNs in the erythrocytes of Japanese
patients who received low-dose AZA were not different from those
in Caucasians, low-dose AZA treatment was successful in Japanese
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Table 3: Characteristics of RA patients according to each genotype

ITPA 94C>A genotype NUDTI5 595C>T genotype GST-M1, T1 genotype MRP4 2269G>A genotype
Cc/C C/A P value C/C C/IT P value Both or Null and P value G/G G/A or P value
either Null A/A
present
Number of Patients, n (%) 15(68) 7(32) 18(82) 4(18) 14 (64) 8(36) 13(59) 941)
Age, years, mean+SD 65£10 66+6.6 0.40 68+7.4 57«12  0.040 66+9.5 65+8.8 0.19  63+x6.0 71x11 0.0036
Weight, kg, mean+SD 54x14 54+7.2 0.23 54+13 51493 0.37 54+14 53+8.9 036  49+84 60+14  0.027
Sex, n (%) 1.00 1.00 0.53 0.54
Male 209.1) 1@4.5) 3(14) 0(0) 145 20.1) 145 20.1)
Female 13(59) 627 15(68) 4(18) 13(59) 627 12(55) 732
ITPA 94C>A 1.00 0.34 0.65
genotype, n (%)

c/C 12(55) 3(14) 11(50) 4(18) 8(36) 7(32)

C/A 6(27) 1(4.5) 3(14) 4(18) 523 20.1)
GST-M1, T1 0.34 0.60 0.074
genotype, n (%)

Both or either present 11(50) 3 (14) 12 (55) 2(9) 6(27) 8(36)

Null and Null 4(18) 4(18) 6(27) 29 7(32) 1(45)

MRP4 2269G>A 0.65 0.62 0.074
genotype, n (%)

G/G 8(36) 5(23) 10 (46) 3 (14) 6(27) 732

G/A or A/A 732) 20.1) 8(336) 145 8(36) 145
NUDTI15 595C>T 1.00 0.602 0.62
genotype, n (%)

c/C 12(54) 627 12(55) 6Q27) 10 (45)  8(36)

C/T 3(14) 1(4.6) 20.1) 20.1) 3(14) 1(4.6)
Duration of RA, 1612 15%12 0.37 1611 1419 0.18 15£10 1615 0.40 14«11  17+13 0.35
month, mean+SD
Stage of disease, n (%) 0.97 0.039 0.97 0.97

I 1(4.8) 1(4.8) 000) 29 1(4.8) 1(4.8) 1(4.8) 1(4.8)

11 4(18) 3(14) 7(32) 0(0) 5024) 209.5) 524) 20.5)

I 1(4.8) 0(0) 1 (4.6) 0(0) 1(4.8) 0(0) 1(4.8) 0(0)

v 8(36) 3(14) 9 (41) 209 629 524 6(29) 5(24)

§1: n=21, because one patient is unknown, RA: rheumatoid arthritis

patients with inflammatory bowel disease and SLE (Okada et al.
2009; Hibi et al. 2003). When the maintenance dose of AZA was
maintained at less than 1.5 mg/kg/day, a previous study could not
find an association between the /7PA 94C>A mutation and ADRs
(Yamamoto et al. 2010). In contrast, this association was found if
the dose of AZA was maintained at more than 1.5 mg/kg/day. In
our study, the maintenance dose of AZA did not exceed 1.5 mg/kg/
day. Second, AZA dose adjustment was performed frequently by
taking into account the symptoms of the patients. Third, all /TPA
94C>A mutant patients in our study were heterozygous for this
mutation (C/A group). As the enzyme activity of the heterozygous
mutant protein is reportedly 22.5% of that of the wild-type protein,
and the activity of the homozygous mutant protein is 0% (Marinaki
2004b), individuals carrying the heterozygous mutant protein may
retain some enzyme activity. Further investigation with inclu-
sion of a homozygous mutant group (A/A group) is needed to
investigate this hypothesis. These reasons provide an explanation
for why we could not detect a difference in AZA discontinuation
according to the /TPA 94C>A polymorphism.

In summary, in the ITPA 94C/A group, the maintenance dose of
AZA was significantly lower without influencing its effects on RA,
and the frequency of ADRs was not increased. These results indi-
cate that the C/A group is more responsive to AZA treatment than
the C/C group. With the low dose of AZA used in Japanese patients,
it is considered that accumulation of 6-TITP by the ITPA genetic
polymorphism affects the immunosuppression of AZA, without
affecting the incidence of ADRs. The influence of the /TPA genetic
polymorphism might be involved strongly in the Japanese popula-
tion who have a high allele frequency of ITPA 94C>A.

The use of PSL tended to be higher in the both GST-M 1 and GST-T'1
null group compared with both or either present group (p = 0.052).

Pharmazie 72 (2017)

GST is mostly expressed in the liver and converts AZA into 6-MP.
GST deletion causes the disappearance of enzyme activity and a
decrease in conversion to 6-MP (Chouchana et al. 2012). In spite
of the same therapeutic efficacy in both groups, the reason why the
use of PSL is higher in the both GST-M1 and GST-T1 null group
is assumed to be that PSL complements the insufficient efficacy of
AZA because of a decrease in conversion to active 6-TGNs.

The GST family consists of GST-M1, GST-T1, and GST-PI.
Previous reports showed that patients with the GST-MI genotype
have an increased probability of developing ADRs and a higher
incidence of lymphopenia, so that the GST-M1 genotype is a factor
associated with the occurrence of AZA-induced ADRs (Stocco et al.
2007). However, in our study, there was no significant difference in
AZA discontinuation between the GST-M1 positive and null groups.
NUDT15 convert 6-TGTP into 6-TGMP. In patients with 595C>T
mutation, higher levels of 6-TGTP were measured (Motiyama et
al. 2016). Besides, IBD patients with this missense variant were
shown to more likely to develop leukopenia and hair loss (Asada et
al. 2016; Kakuta et al. 2016; Yang et al. 2014). Hence, in East Asian
population, which has especially high incidence of this SNP, it is
considered to be an important risk factor. However, in this study,
these adverse event had not been detected among our patients, thus,
we could not discuss about the impact of this SNP to AZA therapy.
MRP4/ABCC4 is an organic anion transporter that exports mono-
phosphate nucleosides such as 6-MP and 6-TGN. It protects
against hematologic toxicity by limiting the intracellular accu-
mulation of the active metabolite 6-TGN. The MRP4/ABCC4
2269G>A mutation dramatically reduces MRP4/ABCC4 function
by impairing it at the cell membrane (Krishnamurthy et al. 2008).
It has been shown that 6-TGN levels were significantly higher and
the blood cell count was significantly lower in patients with the
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MRP4/ABCC4 2269G>A mutation (Ban et al. 2010). Accordingly,
we thought that the MRP4/ABCC4 2269G>A mutation might
influence RA therapeutic efficacy and safety, but such an influence
was not shown in our study.

Many enzymes, such as XO and inosine monophosphate dehy-
drogenase (IMPDH), are involved in AZA metabolism. Genetic
polymorphisms have been identified in these enzymes, such as
X0 837C>T, XO 2211C>T, XO 3030C>T, and IMPDH 1575A>G
(Kudo et al. 2008; Kudo et al. 2009). However, these genetic poly-
morphisms were not shown to have an effect on clinical efficacy in
SLE patients (Nagamine et al. 2012). For this reason, these genetic
polymorphisms were excluded from our study.

In conclusion, we found that /TPA 94C>A is associated with the
maintenance dose of AZA in Japanese patients with RA. It was
suggested that the C/A group showed the same response to RA
therapy as the C/C group, but at a lower dose.

4. Experimental
4.1. Patients

We enrolled a total of 22 Japanese adult patients with RA who were treated with
AZA for more than 6 months in the rheumatology unit of Keio University Hospital.
Patients who had a hepatic disorder greater than moderate severity as assessed by
the Child-Pugh score or were judged to be unsuitable for study enrollment by the
doctor were excluded. This study was approved by the Institutional Review Board of
Keio University Hospital (approval number: 150608-1). All patients provided written
informed consent before participating in this study.

4.2. DNA isolation

Genomic DNA was extracted from peripheral blood using a QITAamp® DNA Blood Mini
Kit (QTAGEN, Valencia, CA) according to the spin protocol of the product manual.

4.3. Genotyping

The following genetic polymorphisms related to AZA metabolism and transportation
were analyzed: ITPA 94C>A, TPMT*3C, NUDT15 595C>T, GST-M1, GST-T1, and
MRP4/ABCC42269G>A. ITPA, TPMT, NUDT15 and MRP4/ABCC4 genotypes were
determined by using a TagMan® genotyping assay obtained from Applied Biosystems
(Foster City, CA, USA). GST-M1 and GST-T'1 genotypes were determined by PCR as
described previously (Abdel-Rahman et al 1996).

4.4. Statistical analysis

The comparison between the wild-type group and mutant group in each genotype
was performed with respect to age (years), weight (kg), duration of RA (months),
maintenance dose of AZA (mg/kg/day), DAS28 value at baseline, DAS28 value at the
6-month follow-up, and change in the DAS28 value using the Mann-Whitney U-test.
Results were presented as mean + SD.

Similarly, the comparison of sex, the other polymorphisms, stage of disease, use of PSL,
use of biologic antirheumatic drugs, AZA dose adjustment, AZA administration, and
response were analyzed using the Yates 2x2 chi square test, Fisher exact probability, or
Yates mxn chi square test. P-values < 0.05 were considered to be statistically significant.
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