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Several prospective randomized trials have shown that
sulfasalazine (SSZ) is an effective disease modifying
antirheumatic drug (DMARD) for the treatment of rheuma-
toid arthritis (RA)1,2. SSZ is widely used as a second-line
drug3-7. The outcome of SSZ treatment in RA has been
considerably variable and unpredictable. Use of SSZ is
sometimes limited because of the occurrence of the adverse
effects. The frequency of the adverse effects with SSZ has
been reported to be about 20–30% in patients with RA8-10.

Acetylation of SSZ is mediated by N-acetyltransferase
(NAT, EC 2.3.1.5) in the liver. Blum, et al cloned 3 human
NAT genes from human leukocyte DNA using a rabbit

cDNA for arylamine NAT11. Two of them, NAT1 and NAT2,
both with open reading frames of 870 bp and mapped to
8p21.3–23.1, were shown to be functional. The third
appeared to be a pseudogene. The NAT2 gene has several
single-nucleotide polymorphisms (SNP) in the coding exon.
SNP in the NAT2 gene are known to result in variation of
acetylation activity and have been associated with drug toxi-
city and/or various cancers12. Consensus nomenclature for
NAT2 genes has been  published13, and as of April 2001, 13
SNP sites have been identified within the NAT2 coding
region and a total of 29 NAT2 alleles have been described in
human populations at the NAT2 nomenclature website14,15

(www.louisville.edu/medschool/pharmacology/NAT.html).
The genetic state for each subject at the NAT2 gene is

most properly expressed as a combination of 2 haplotypes,
i.e., a diplotype configuration16,17. The NAT2 activity for a
subject was related to the diplotype configuration. The
representative 4 common alleles (haplotypes) that possess
signature nucleotide substitutions at positions 341, 590, 857,
and 191 are designated NAT2*5, NAT2*6, NAT2*7, and
NAT2*14 clusters, and several studies have shown that the
members of those clusters are responsible for the slow
acetylator phenotype. Most mutant alleles include some of
the following 7 most frequent mutations — G191A, C282T,
T341C, C481T, G590A, A803G, and G857A 11,16,18,19. A schematic
of part of the NAT2 gene is shown in Figure 1. The subjects
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with only these mutant haplotypes exhibit the slow acety-
lator phenotype, whereas the presence of at least one
NAT2*4 haplotype (wild-type allele) in a subject resulted in
a rapid acetylator phenotype16-18,20,21.

Some studies have examined the relationship between
the effectiveness or adverse effects of SSZ and acetylator
phenotypes of patients. Many studies have failed to find an
association between the acetylator phenotype and either the
effectiveness or the toxicity of SSZ22-25. However, some
reports described that the frequency of particular adverse
effects had occurred more frequently in slow than in rapid
acetylators22,23,26. It is known that these acetylator types play
an important role in the metabolism of drugs such as SSZ,
isoniazid, phenelzine, hydralazine, procainamide, dapsone,
and nitrazepam27,28. Timbrell, et al reported that hepatotoxi-
city with isoniazid was more frequent in the slow acetylators
than the rapid acetylators29.

There have been studies of correlation between the toxi-
city of SSZ and acetylator phenotypes in patients with
RA22,23,25. They determined the phenotypes by measuring
the ratios of the metabolites of SSZ, free sulfapyridine and
acetylated sulfapyridine, in either serum or urine. Recently,
Wadelius, et al reported that polymorphisms of NAT2 were
not associated with the risk of agranulocytosis caused by
SSZ in patients with inflammatory diseases, although
subjects in that study had diseases other than RA30.
Therefore, there is no definitive report that found a correla-
tion between the diplotype configurations at the NAT2 gene
and the occurrence of adverse effects of SSZ used for treat-
ment of RA. We examined whether the diplotype configura-

tions at the NAT2 gene were associated with the adverse
effects of SSZ in RA.

MATERIALS AND METHODS
Patients. The study was approved by the Genome Ethics Committee of
Tokyo Women’s Medical University (Approval Number 19). One hundred
forty-four patients with RA (all Japanese nationals; 119 women, 25 men)
who had been administered SSZ were randomly selected from the outpa-
tient department of the Institute of Rheumatology, Tokyo Women’s Medical
University, between 1992 and 1999. All had been diagnosed with RA
according to the 1987 classification criteria of the American College of
Rheumatology (formerly, the American Rheumatism Association) during
their clinical course31.

Genotype and haplotype determination. After informed consent, including
approval for genetic analysis, was obtained between July 1999 and June
2000, a peripheral blood sample was taken from each patient, and genomic
DNA was extracted from mononuclear cells using a Wizard Genomic DNA
Purification Kit (#A1620, Promega, Madison, WI, USA) until August
2000. The genotypes at the 7 most frequent SNP sites were examined. The
genotypes at 3 SNP sites (C481T, G590A, and G857A) were determined by the
single polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) method32. A 815 bp fragment was amplified by PCR and
subjected to KpnI, TaqI, and BamHI digestion for the mutations of C481T,
G590A, and G857A, respectively. Determination of the remaining genotypes
at 4 SNP sites was performed according to Cascorbi, et al21. The T341C
mutation was determined by allele-specific PCR and the other 3 mutations
were identified by PCR-RFLP using a 1211 bp DNA fragment. The restric-
tion enzymes MspI/AluI, FokI, and DdeI were used for determination of the
mutations of G191A, C282T, and A803G, respectively. Each haplotype is char-
acterized by specific patterns of the restriction sites, as shown in Figure 1.
The haplotype and diplotype configuration (the combination of 2 haplo-
types) of each subject was inferred based on these 7 genotypes. We applied
the genotype findings to the LDSUPPORT program33 to estimate the haplo-
type frequencies in the population and to calculate the probability of the
diplotype distribution for each subject.

Figure 1. Schematic of part of the N-acetyltransferase 2 (NAT2) gene. Wide and narrow open boxes indicate
coding and noncoding regions, respectively. Bar indicates the intron and 3′ flanking regions. The 5′ noncoding
region of the cDNA was located separately from the coding region18,36. Seven common different single nucleotide
polymorphism sites were observed within the exon 2 of NAT2 gene. PCR products were digested by each restric-
tion enzyme. The NAT2*4 contained GCTCGAG at nucleotide positions 191, 282, 341, 481, 590, 803, and 857,
respectively. Each haplotype observed in our population was characterized by specific patterns of the restriction
sites, as shown.
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Treatment with SSP. Treatment with SSZ was started at initial doses of 500
mg to 1000 mg per day. Thereafter, the SSZ dose was maintained or
increased to 1500 mg per day according to each physician’s decision
without strict criteria. Usually the dosage was raised when the effect of SSZ
was insufficient as judged from the clinical and laboratory findings.
Clinical records were carefully examined to search for adverse effects of
the drug.

Definition of adverse effects. The definition of an adverse effect was
according to the criteria proposed by Karch and Lasagna34. Namely, the
adverse effects were classified as “definite,” “probable” “possible,” “condi-
tional,” and “doubtful,” according to their definition. A severe adverse
effect was defined as a reaction that required hospitalization35.
Statistical analysis. Statistical analyses to evaluate differences between
groups were by Fisher’s exact probability test or the chi-square test. Odds
ratios and 95% confidence intervals were calculated when possible.

RESULTS
Polymorphisms at the NAT2 gene. Table 1 shows estimated
numbers and frequencies of haplotypes and diplotype
configurations at the NAT2 gene in the 144 patients with
RA. NAT2*4 haplotype was the most frequent (72.2%).
NAT2*5B, NAT2*5E, NAT2*6A, NAT2*7B, and NAT2*13
haplotypes were present at frequencies of 0.3%, 0.3%,
19.1%, 7.6%, and 0.3%, respectively. The NAT2 haplotype
containing the G191A mutation (NAT2*14 cluster) that has
been reported only in Africans was not present in our
subjects. The numbers of fast acetylators who had at least
one NAT2*4 haplotype and slow acetylators who had no
NAT2*4 haplotype were 136 and 8, respectively (Table 1).
The number of subjects with each diplotype configuration
did not indicate a departure from a Hardy-Weinberg equilib-
rium (p > 0.05, chi-square test). In the next step, the diplo-
type configuration for each subject was constructed by
applying the same data to the LDSUPPORT program
(maximum-likelihood method). When this method was
used, the probability distribution of the diplotype configura-
tion for each individual was concentrated on a single event
in all the subjects.

Patient characteristics. The baseline features of the 144 RA
patients treated with SSZ are shown in Table 2. The mean
age was 49.9 ± 13.4 years, and the mean period between the
onset of RA and the initiation of SSZ treatment was 51.1 ±
65.7 months. We aimed to detect any difference in the
frequency of adverse effects of SSZ between individuals

with RA with different diplotype configurations. Therefore,
it was important to exclude the possibility that the baseline
features were markedly different between the 2 groups.
Table 2 indicates that there was no significant difference in
baseline features between the 2 groups. However, the mean
observation periods were significantly shorter for the slow
acetylators than the fast acetylators because of the occur-
rence of adverse effects. During the treatment with SSZ,
other DMARD were added in 41 patients (28.5%) because
of the inefficacy of SSZ. By June 2000, when the last
measurements were obtained, treatment with SSZ had been
discontinued in 83 patients (57.6%) because of insufficiency
of the treatment or adverse effects. Table 3 shows that there
were no significant differences in the initial and the final
amounts of SSZ used between the 2 groups.

Adverse effects of SSZ. All adverse effects noted in this
study were “probable” adverse effects34, because we did not
perform a rechallenge with SSZ for ethical reasons. Adverse
effects of SSZ had occurred in 16 patients (11.1%). Some
patients had experienced multiple adverse effects. The
frequencies of adverse effects of SSZ were as follows: rash
in 12 patients (8.3%); fever, 9 (6.3%); increase in transami-
nases, 5 (3.5%); gastrointestinal (GI) symptoms, 3 (2.1%);
myelosuppression, 3 (2.1%); stomatitis, 2 (1.4%); and
edema, 1 (0.7%). The most common adverse effect was
allergic reaction including rash and fever. Detailed clinical
findings for the 16 patients with adverse effects and their
diplotype configurations are given in Table 4. Most of the
adverse effects occurred within 2 weeks after starting treat-
ment with SSZ. Thirteen patients discontinued SSZ because
of the occurrence of adverse effect. 

Association between genotypes or diplotype configurations
at the NAT2 gene and adverse effects of SSZ. When propor-
tions of the haplotypes at the NAT2 gene were compared
between patients with and those without adverse effects, the
proportion of the mutant haplotypes was significantly higher
in the group with adverse effects than that of NAT2*4 haplo-
type (p < 0.05, OR 2.02, 95% CI 1.06–3.87) (Table 5), and
the proportion of NAT2*6A was significantly higher in the
group with adverse effects than that without them (p < 0.05,
chi-square test, OR 2.22, 95% CI 1.14–4.33). Patients
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Table 1. Numbers and frequencies of haplotypes and diplotype configurations at the NAT2 gene in 144 patients with RA.

Haplotype Nucleotide Change (s) Diplotype Configurations, n (%) Numbers of Phenotypes, n (%)
NAT2*4 NAT2*5B NAT2*5E NAT2*6A NAT2*7B NAT2*13

NAT2*4 None 72 (50.0) 1 (0.7) 0 44 (30.5) 18 (12.5) 1 (0.7) Fast acetylators: 136 (94.4)
NAT2*5B T341C, C481T, A803G — 0 0 0 0 0
NAT2*5E T341C, G590A — — 0 1 (0.7) 0 0
NAT2*6A C282T, G590A — — — 5 (3.5) 0 0 Slow acetylators: 8 (5.6)
NAT2*7B C282T, G857A — — — — 2 (1.4) 0
NAT2*13 C282T — — — — — 0

Numbers of Haplotypes, n (%) 208 (72.2) 1 (0.3) 1 (0.3) 55 (19.1) 22 (7.6) 1 (0.3)
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Table 2. Baseline features of patients with RA treated with SSZ.

Total Fast Acetylators Slow Acetylators

No. of patients 144 136 8
Mean age ± SD, yrs* 49.9 ± 13.4 50.0 ± 13.3 48.0 ± 15.1
Female, n (%) 119 (82.6) 111 (81.6) 8 (100)
Mean disease duration ± SD, mo* 51.1 ± 65.7 46.6 ± 52.8 127.6 ± 165.4
Median disease duration, mo* 31 29.5 62.5
Mean observation period ± SD (range), mo 27.8 ± 26.8 (0.03–97) 26.3 ± 26.0 (0.1–97) 7.2 ± 9.9 (0.03–27)
Median observation period, mo 18 17 2.25
RF positivity (%)* 125 (86.8) 117 (86.0) 8 (100)
Mean ESR ± SD (range), mm/h* 51.0 ± 27.0 (3.2–142.0) 51.6 ± 27.4 (3.2–142.0) 37.2 ± 18.7 (3.8–63.8)
Mean CRP ± SD (range), mg/100 ml* 2.70 ± 2.98 (0.0–14.0) 2.70 ± 3.01 (0.0–14.0) 2.39 ± 2.27 (0.2–7.7)
Corticosteroids users, n (%)* 69 (47.9) 66 (48.5) 3 (37.5)
No. of other DMARD users, n (%)** 39 (27.1) 37 (27.2) 2 (25.0)

* Data were obtained when SSZ treatment was initiated. ** Number of patients who had continued taking other DMARD after administration of SSZ.

Table 3. The dose of SSZ in 144 patients.

Total, n (%) Fast Acetylators, n (%) Slow Acetylators, n (%)

Initial SSZ doses, mg/day
500 98 (68.1) 94 (69.1) 4 (50.0)
1000 46 (31.9) 42 (30.9) 4 (50.0)

Final SSZ doses, mg/day*
500 39 (27.1) 37 (27.2) 2 (25.0)
1000 100 (69.4) 94 (69.1) 6 (75.0)
1500 5 (3.5) 5 (3.7) 0 (0)

* The doses of SSZ when findings were obtained at the latest occasion or those when SSZ was discontinued.

Table 4. Clinical characteristics and diplotype configurations at the NAT2 gene in 16 patients with RA who had experienced adverse effects of SSZ.

Patient Age, yrs Duration 1, Complication Initial Dose, Duration 2, Adverse Withdrawal Hospitali- Diplotype Acetylator
sex mo mg/day weeks Effects of SSZ zation Configurations Phenotype

1 59 F 8 — 500 2 R, S + – NAT2*4/*4 Fast
2 46 F 130 — 500 1 F + – NAT2*4/*4 Fast
3 44 F 3 — 1000 2 R + – NAT2*4/*4 Fast
4 16 F 6 SLE, SS 500 2 F, R, T, M + + NAT2*4/*4 Fast
5 50 F 2 SS 500 8 R + – NAT2*4/*4 Fast
6 26 F 40 — 1000 2 F, R + – NAT2*4/*4 Fast
7 55 F 1 — 1000 4 R – – NAT2*4/*4 Fast
8 59 F 4 — 500 2 F, R + + NAT2*4/*6A Fast
9 61 F 78 — 500 120 S – – NAT2*4/*6A Fast
10 49 F 1 — 500 2 F, R, E + – NAT2*4/*6A Fast
11 65 F 87 — 1000 1 GI + – NAT2*4/*7B Fast
12 58 F 57 Hyperthyroidism 500 1 F, R, T, GI, M + + NAT2*6A/*6A Slow
13 31 F 0 SS, hypothyroidism 1000 2 F, R, T + + NAT2*6A/*6A Slow
14 35 F 113 — 500 1 F, R, GI + – NAT2*6A/*6A Slow
15 69 F 242 — 500 4 T – – NAT2*6A/*6A Slow
16 59 F 52 — 1000 2 F, R, T, M + – NAT2*7B/*7B Slow

Duration 1: period between onset of RA and initiation of SSZ treatment. Initial dose: initial dose of SSZ. Duration 2: period between initiation of SSZ treat-
ment and onset of adverse effects. SLE: systemic lupus erythematosus, SS: Sjögren’s syndrome, R: rash, F: fever, T: increase in transaminases, GI: gastroin-
testinal  symptoms, S: stomatitis, M: myelosuppression, E: edema.
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without the NAT2*4 haplotype had developed adverse
effects more frequently than those with homozygous
NAT2*4 haplotypes (p < 0.01, Fisher’s exact probability
test) and more frequently than those heterozygous with both
NAT2*4 and a mutant haplotype (p < 0.01, Fisher’s exact
probability test). The frequency of adverse effects was not
different between the patients with homozygous NAT2*4
haplotypes and those heterozygous with both NAT2*4 and a
mutant haplotype (p = 0.357, Fisher’s exact probability test).
The frequency of the patients with adverse effects was 5 of
8 patients (62.5%) in the slow acetylators, while it was 11 of
136 patients (8.1%) in the fast acetylators (p < 0.001,
Fisher’s exact probability test, OR 7.73, 95% CI
3.54–16.86) (Table 6). The adverse effects in the 4 patients
were so severe that they were hospitalized and treated with
corticosteroid (Table 4). The percentage of patients who had
the severe adverse effects with SSZ was very small (1.5%)
in the fast acetylators, while it was relatively high (25.0%)
in the slow acetylators. The difference was significant (p <
0.05, Fisher’s exact probability test, OR 17.0, 95% CI
2.74–105.5) (Table 6).

DISCUSSION
We examined whether there was any difference in the
frequency of the adverse effects of SSZ between RA
patients with different diplotype configurations at the
NAT2 gene. The slow acetylators showed a higher
frequency (62.5%) of adverse effects than the fast acetyla-
tors (8.1%). Surprisingly, 25.0% of the slow acetylators
who took SSZ had to be hospitalized and treated with

corticosteroid, while adverse effects with hospitalization
occurred in only 1.5% of the fast acetylators. The physi-
cians would not have administered SSZ to the patients
without NAT2*4 haplotype if they had known the high
frequency of adverse effects in such subjects. It is
suggested that genotyping for NAT2 gene to determine the
patient’s diplotype configuration before the administration
of SSZ is quite important.

This study is interpreted as a cohort study rather than a
case-control study because the patients with and those
without adverse effects were not separately selected. In
addition, the use of SSZ was not influenced by any genetic
information, i.e., physicians were not aware of the genetic
information for patients when they administered SSZ.
Therefore, both the subjects with and those without adverse
effects should be considered as belonging to a single group
at the beginning.

The frequencies of the haplotypes at the NAT2 gene
determined in this study in patients with RA were similar to
those determined in Japanese controls32,36-39. These frequen-
cies are different from those of other ethnic groups. Thus,
the NAT2*14 cluster observed only in subjects of African
origin16 was not found in our Japanese population. The
diplotype configuration of each subject in our population
was inferred based on the genotypes at 7 loci. Gross, et al
described that the genotype data alone provided efficient
and accurate information as to acetylator status40. In addi-
tion, Grant, et al described that the genotype determination
at nucleotide positions 191, 341, 590, and 857 can effi-
ciently provide a high degree of phenotype predictability12.
Lin, et al showed that slow acetylators could be detected as
mutations at positions 481, 590, and 857 in the NAT2 gene41.
Base substitutions at positions 341 and 803 were almost
always associated with the 481 mutation, and mutation at
position 282 was strongly associated with the 590 mutation.
The 481, 590, and 857 mutations accounted for virtually all
of the slow acetylator alleles in Asian and white popula-
tions41. Other studies have also observed high correlation
between genotype and phenotype in Japanese, Chinese,
Caucasians, and Australian Aborigines. The prediction rate
has been reported to be between 88% and 100%17,18,42-45. In
our population, NAT2*5B, NAT2*5E, NAT2*6A, NAT2*7B,
and NAT2*13 mutant haplotypes were present. Among these
alleles, NAT2*5B, NAT2*6A, and NAT2*7B have been asso-
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Table 5. Correlation between genotypes at the NAT2 gene and adverse effects of SSZ.

Haplotype No. of Haplotypes Without Adverse Effects of SSZ, n (%) With Adverse Effects of SSZ, n (%)

NAT2*4 208 190* (91.3) 18* (8.7)
Mutant haplotype 80 66* (82.5) 14* (17.5)

* When the proportions of the haplotypes at the NAT2 gene were compared between patients with and those without adverse effects, the proportion of the
mutant haplotypes, including NAT2*5B, NAT2*5E, NAT2*6A, NAT2*7B, and NAT2*13 haplotypes, was significantly higher in the group with adverse effects
than that of NAT2*4 haplotype (p < 0.05, OR 2.02, 95% CI 1.06–3.87).

Table 6. Correlation between diplotype configurations at the NAT2 gene
and adverse effects of SSZ.

Fast Acetylators, Slow Acetylators, 
n = 136 n = 8

With:without adverse effects 11:125* 5:3*
With:without hospitalization 2:134** 2:6**

* The slow acetylators developed adverse effects more frequently than the
fast acetylators (p < 0.001, OR 7.73, 95% CI 3.54–16.86). ** The slow
acetylators had been hospitalized because of severe adverse effects of SSZ
at a higher frequency than the fast acetylators (p < 0.005, OR 17.0, 95% CI
2.74–105.5).
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ciated with reduced N-acetylation activities in in vivo and/or
in vitro studies17,19,36,41,46,47.

Many studies have examined the difference in the rate of
the adverse effects of SSZ between slow and rapid acety-
lator phenotypes in patients with RA22-26. Although most
concluded that there was no association, some showed that
the slow acetylators had a higher rate of particular adverse
effects than the rapid acetylators22,23,26. The present findings
are in agreement with some previous observations. Pullar, et
al showed that upper GI adverse effects were more common
in slow acetylators, while serious toxicity was not different
between the slow and the rapid acetylators22. Kitas, et al
showed that significant increases in aspartate transaminase
were noted mainly in slow acetylators23. Laversuch, et al
showed that 3 of 4 patients with RA who developed cuta-
neous vasculitis and lupus-like disease after intake of SSZ
had the slow acetylator phenotype26. Patients with inflam-
matory bowel disease with the slow acetylator phenotype
had a higher frequency of adverse effects, including GI
symptoms, cyanosis, rashes, and fever, than the rapid acety-
lators48-50. In most studies, the acetylator phenotypes were
determined by measuring either the serum or urinary ratios
of acetylated sulfapyridine to free sulfapyridine. However,
in this study, an extensive analysis of the association
between the adverse effects of SSZ and the genotypes and/or
diplotype configurations at the NAT2 gene in patients with
RA was performed for the first time. Although we observed
that patients with the mutant haplotype had developed
adverse effects more frequently than those with the NAT2*4
haplotype, the relationship to adverse effects became more
evident through analysis of the diplotype configuration
(Tables 5 and 6).

The majority of reported adverse effects were GI symp-
toms in Caucasians8-10, while allergic reactions such as
rashes and fever were the most frequent adverse effects in
our study. Most of the patients with RA in this study were
administered nonsteroidal antiinflammatory drugs (NSAID)
or corticosteroids, and GI symptoms are one of the common
adverse effects of both NSAID and corticosteroids. Since it
was often difficult to discriminate between GI symptoms
caused by SSZ and those caused by NSAID or corticos-
teroids, GI symptoms that definitely followed a reasonable
time sequence from administration of SSZ or that were
confirmed by improvement on stopping SSZ were recorded
as adverse effects of SSZ. It might be possible that applying
this procedure underestimated the frequency of GI symp-
toms caused by SSZ. However, a prospective longterm
study of 1 g of SSZ in Japanese patients with RA revealed
that the frequencies of allergic reactions and GI symptoms
were 38.2% and 27.3%, respectively51. A retrospective study
of SSZ in Japanese patients with inflammatory bowel
diseases also showed that allergic reactions were more
frequent than GI symptoms (61 vs 22 cases, respectively)52.
Thus the frequency of GI symptoms and allergic reactions

caused by SSZ in Japanese might be different from that of a
Caucasian population. For these reasons, allergic reactions
such as rash, etc., are the most frequent adverse effects in
this report. Rashes and fever were generally considered to
be allergic reactions. In a double blind prospective study in
Japanese patients with RA, those patients who were admin-
istered 1 g and 2 g SSZ per day developed allergic adverse
reactions such as rashes and fever at frequencies of 7.3%
and 41.8%, respectively53. That report was compatible with
findings in the present study that the frequency of allergic
reactions was much higher in patients with slow acetylator
diplotype configurations than in patients with rapid acety-
lator diplotype configurations. Further, Sabbagh, et al exam-
ined the NAT2 genotype in patients with chronic discoid
lupus erythematosus and found that the slow acetylator
genotype seemed to be more prone to adverse effects such
as rash caused by SSZ54. That report together with our
results suggested that a pharmacogenetic study might be
able to predict not only dose dependent adverse effects but
also the allergic adverse effects. Interestingly, there is a case
report that describes delayed hypersensitivity to 5-fluo-
rouracil associated with reduced dihydropyrimidine dehy-
drogenase (DPD) activity55.

In this study, the patients with NAT2*4 haplotype also
developed adverse effects, although the frequency was
much lower than that of patients without NAT2*4 haplotype.
SSZ is split by the action of bacterial azoreductases into
sulfapyridine and 5-aminosalicylic acid (5-ASA).
Sulfapyridine is almost completely absorbed from the colon
and is acetylated in the liver, although hydroxylation and
glucuronation also occur56. Therefore, although NAT2 gene
polymorphism seems to be one of the most important
factors, some factors such as enzymes other than NAT2
might be associated with the adverse effects of SSZ. Further
studies will be needed to clarify these factors.

If the metabolism of SSZ or sulfapyridine is different
between subjects with different diplotype configurations at
the NAT2 gene, the same difference is likely to cause a differ-
ence in the efficacy of the drug. However, the high frequency
of adverse effects in the subjects without NAT2*4 haplotype
obscured the beneficial effects of the drug. Since more than
half of such subjects experienced adverse effects and many
had to stop taking the drug, it was not possible to compare
the effect of the treatment with SSZ between the subjects
with different diplotype configurations without any bias.

In summary, the Japanese RA patients without the
NAT2*4 haplotype showed a higher rate (62.5%) of adverse
effects than those with at least one NAT2*4 haplotype
(8.1%). These findings indicate that Japanese patients with
RA should be examined with regard to diplotype configura-
tion at the NAT2 gene before they are treated with SSZ.

ACKNOWLEDGMENT
We are grateful to Sanae Ohtuka for her excellent technical assistance.

Tanaka, et al: NAT2 and sulfasalazine 2497

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2002.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


REFERENCES
1. Hannonen P, Mottonen T, Hakola M, Oka M. Sulfasalazine in early

rheumatoid arthritis. A 48-week double-blind, prospective,
placebo-controlled study. Arthritis Rheum 1993;36:1501-9.

2. Pinals RS, Kaplan SB, Lawson JG, Hepburn B. Sulfasalazine in
rheumatoid arthritis. A double-blind, placebo-controlled trial.
Arthritis Rheum 1986;29:1427-34.

3. McConkey B, Amos RS, Durham S, Forster PJ, Hubball S, Walsh
L. Sulphasalazine in rheumatoid arthritis. BMJ 1980;280:442-4.

4. Neumann VC, Grindulis KA, Hubball S, McConkey B, Wright V.
Comparison between penicillamine and sulphasalazine in 
rheumatoid arthritis. BMJ Clin Res Ed 1983;287:1099-102.

5. Pullar T, Hunter JA, Capell HA. Sulphasalazine in rheumatoid
arthritis: a double blind comparison of sulphasalazine with placebo
and sodium aurothiomalate. BMJ Clin Res Ed 1983;287:1102-4.

6. Farr M, Tunn E, Crockson AP, Bacon PA. The long term effects of
sulphasalazine in the treatment of rheumatoid arthritis and a
comparative study with penicillamine. Clin Rheumatol 1984;
3:473-81.

7. Bax DE, Amos RS. Sulphasalazine: a safe, effective agent for
prolonged control of rheumatoid arthritis. A comparison with
sodium aurothiomalate. Ann Rheum Dis 1985;44:194-8.

8. Amos RS, Pullar T, Bax DE, Situnayake D, Capell HA, McConkey
B. Sulphasalazine for rheumatoid arthritis: toxicity in 774 patients
monitored for one to 11 years. BMJ Clin Res Ed 1986;293:420-3.

9. Donovan S, Hawley S, MacCarthy J, Scott DL. Tolerability of
enteric-coated sulphasalazine in rheumatoid arthritis: results of a
co-operating clinics study. Br J Rheumatol 1990;29:201-4.

10. Felson DT, Anderson JJ, Meenan RF. Use of short-term
efficacy/toxicity tradeoffs to select second-line drugs in rheumatoid
arthritis. A metaanalysis of published clinical trials. Arthritis
Rheum 1992;35:1117-25.

11. Blum M, Grant DM, McBride W, Heim M, Meyer UA. Human
arylamine N-acetyltransferase genes: isolation, chromosomal 
localization, and functional expression. DNA Cell Biol 1990;
9:193-203.

12. Grant DM, Goodfellow GH, Sugamori K, Durette K.
Pharmacogenetics of the human arylamine N-acetyltransferases.
Pharmacology 2000;61:204-11.

13. Vatsis KP, Weber WW, Bell DA, et al. Nomenclature for 
N-acetyltransferases. Pharmacogenetics 1995;5:1-17.

14. Ilett KF, Kadlubar FF, Minchin RF. 1998 International Meeting on
the Arylamine N-Acetyltransferases: synopsis of the workshop on
nomenclature, biochemistry, molecular biology, interspecies
comparisons, and role in human disease risk. Drug Metab Dispos
1999;27:957-9.

15. Hein DW, Grant DM, Sim E. Update on consensus arylamine 
N-acetyltransferase gene nomenclature. Pharmacogenetics
2000;10:291-2.

16. Bell DA, Taylor JA, Butler MA, et al. Genotype/phenotype 
discordance for human arylamine N-acetyltransferase (NAT2)
reveals a new slow-acetylator allele common in African-Americans.
Carcinogenesis 1993;14:1689-92.

17. Blum M, Demierre A, Grant DM, Heim M, Meyer UA. Molecular
mechanism of slow acetylation of drugs and carcinogens in
humans. Proc Natl Acad Sci USA 1991;88:5237-41.

18. Deguchi T, Mashimo M, Suzuki T. Correlation between acetylator
phenotypes and genotypes of polymorphic arylamine
N-acetyltransferase in human liver. J Biol Chem 1990;
265:12757-60.

19. Vatsis KP, Martell KJ, Weber WW. Diverse point mutations in the
human gene for polymorphic N-acetyltransferase. Proc Natl Acad
Sci USA 1991;88:6333-7.

20. Hickman D, Sim E. N-acetyltransferase polymorphism.
Comparison of phenotype and genotype in humans. Biochem

Pharmacol 1991;42:1007-14.
21. Cascorbi I, Drakoulis N, Brockmoller J, Maurer A, Sperling K,

Roots I. Arylamine N-acetyltransferase (NAT2) mutations and their
allelic linkage in unrelated Caucasian individuals: correlation with
phenotypic activity. Am J Hum Genet 1995;57:581-92.

22. Pullar T, Hunter JA, Capell HA. Effect of acetylator phenotype on
efficacy and toxicity of sulphasalazine in rheumatoid arthritis. Ann
Rheum Dis 1985;44:831-7.

23. Kitas GD, Farr M, Waterhouse L, Bacon PA. Influence of acetylator
status on sulphasalazine efficacy and toxicity in patients with
rheumatoid arthritis. Scand J Rheumatol 1992;21:220-5.

24. Bax DE, Greaves MS, Amos RS. Sulphasalazine for rheumatoid
arthritis: relationship between dose, acetylator phenotype and
response to treatment. Br J Rheumatol 1986;25:282-4.

25. Chalmers IM, Sitar DS, Hunter T. A one-year, open, prospective
study of sulfasalazine in the treatment of rheumatoid arthritis:
adverse reactions and clinical response in relation to laboratory
variables, drug and metabolite serum levels, and acetylator status. 
J Rheumatol 1990;17:764-70.

26. Laversuch CJ, Collins DA, Charles PJ, Bourke BE. 
Sulphasalazine-induced autoimmune abnormalities in patients with
rheumatic disease. Br J Rheumatol 1995;34:435-9.

27. Lunde PK, Frislid K, Hansteen V. Disease and acetylator 
polymorphism. In: Gibaldi M, Prescott L, editors. Handbook of
clinical pharmacokinetics. Sydney: Adis Health Science Press;
1983.

28. Harmer D, Evans DAP, Eze LC, Jolly M, Whibley EJ. The
relationship between the acetylator and the sparteine hydroxylation
polymorphisms. J Med Genet 1986;23:155-6.

29. Timbrell JA, Wright JM, Baillie TA. Monoacetylhydrazine as a
metabolite of isoniazid in man. Clin Pharm Therap 1977;22:602-9.

30. Wadelius M, Stjernberg E, Wiholm BE, Rane A. Polymorphisms of
NAT2 in relation to sulphasalazine-induced agranulocytosis.
Pharmacogenetics 2000;10:35-41.

31. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

32. Inatomi H, Katoh T, Kawamoto T, Matsumoto T. NAT2 gene 
polymorphism as a possible marker for susceptibility to bladder
cancer in Japanese. Int J Urol 1999;6:446-54.

33. Kitamura Y, Moriguchi M, Kaneko H, et al. Determination of prob-
ability distribution of diplotype configuration (diplotype 
distribution) for each subject from genotypic data using the EM
algorithm. Ann Hum Genet 2002;66:183-93.

34. Karch FE, Lasagna L. Adverse drug reactions. A critical review.
JAMA 1975;234:1236-41.

35. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug
reactions in hospitalized patients: a meta-analysis of prospective
studies. JAMA 1998;279:1200-5.

36. Deguchi T. Sequences and expression of alleles of polymorphic
arylamine N-acetyltransferase of human liver. J Biol Chem
1992;267:18140-7.

37. Lin HJ, Han CY, Lin BK, Hardy S. Ethnic distribution of slow
acetylator mutations in the polymorphic N-acetyltransferase
(NAT2) gene. Pharmacogenetics 1994;4:125-34.

38. Sekine A, Saito S, Iida A, et al. Identification of single-nucleotide
polymorphisms of human N-acetyltransferase genes NAT1, NAT2,
AANAT, ARD1 and L1CAM in the Japanese population. J Hum
Genet 2001;46:314-9.

39. Okumura K, Kita T, Chikazawa S, Kodama F, Iwakawa S,
Tanigawara Y. Genotyping of N-acetylation polymorphism and
correlation with procainamide metabolism. Clin Pharmacol Ther
1997;61:509-17.

40. Gross M, Kruisselbrink T, Anderson K, et al. Distribution and
concordance of N-acetyltransferase genotype and phenotype in an

The Journal of Rheumatology 2002; 29:122498

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2002.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


American population. Cancer Epidemiol Biomarkers Prev
1999;8:683-92.

41. Lin HJ, Han CY, Lin BK, Hardy S. Slow acetylator mutations in the
human polymorphic N-acetyltransferase gene in 786 Asians, blacks,
Hispanics, and whites: application to metabolic epidemiology. Am J
Hum Genet 1993;52:827-34.

42. Zhao B, Seow A, Lee EJ, Lee HP. Correlation between acetylation
phenotype and genotype in Chinese women. Eur J Clin Pharmacol
2000;56:689-92.

43. Graf T, Broly F, Hoffmann F, Probst M, Meyer UA, Howald H.
Prediction of phenotype for acetylation and for debrisoquine
hydroxylation by DNA-tests in healthy human volunteers. Eur J
Clin Pharmacol 1992;43:399-403.

44. Rothman N, Hayes RB, Bi W, et al. Correlation between 
N-acetyltransferase activity and NAT2 genotype in Chinese males.
Pharmacogenetics 1993;3:250-5.

45. Ilett KF, Chiswell GM, Spargo RM, Platt E, Minchin RF.
Acetylation phenotype and genotype in aboriginal leprosy patients
from the north-west region of Western Australia. Pharmacogenetics
1993;3:264-9.

46. Abe M, Deguchi T, Suzuki T. The structure and characteristics of a
fourth allele of polymorphic N-acetyltransferase gene found in the
Japanese population. Biochem Biophys Res Commun
1993;191:811-6.

47. Hickman D, Risch A, Camilleri JP, Sim E. Genotyping human 
polymorphic arylamine N-acetyltransferase: identification of new
slow allotypic variants. Pharmacogenetics 1992;2:217-26.

48. Azad Khan AK, Howes DT, Piris J, Truelove SC. Optimum dose of
sulphasalazine for maintenance treatment in ulcerative colitis. Gut
1980;21:232-40.

49. Das KM, Eastwood MA, McManus JP, Sircus W. Adverse reactions
during salicylazosulfapyridine therapy and the relation with drug
metabolism and acetylator phenotype. N Engl J Med 1973;
289:491-5.

50. Das KM, Eastwood MA. Acetylation polymorphism of 
sulfapyridine in patients with ulcerative colitis and Crohn’s disease.
Clin Pharmacol Ther 1975;18:514-20.

51. Mikanagi K, Nishioka K, Sugawara S, et al. A prospective long
term study of enteric-coated salazosulfapyridine in rheumatoid
arthritis. Kiso to Rinsho 1991;25:1749-65.

52. Chiba M, Munakata A, Takahashi T, et al. Side effects of
salicylazosulfapyridine in inflammatory bowel disease. Annual
report of the research committee of inflammatory bowel disease.
Tokyo: The Ministry of Health and Welfare of Japan; 1994:105.

53. Nishioka K, Nobunaga M, Sakuma A. A double blind comparative
study of 1 g/day, 2 g/day salazosulfapyridine and placebo in
rheumatoid arthritis. Ryumachi 1991;31:327-45.

54. Sabbagh N, Delaporte E, Marez D, Lo-Guidice JM, Piette F, Broly
F. NAT2 genotyping and efficacy of sulfasalazine in patients with
chronic discoid lupus erythematosus. Pharmacogenetics
1997;7:131-5.

55. Griesmacher A, Chiba P, Müller MM. Delayed hypersensitivity to
5-fluorouracil associated with reduced dihydropyrimidine 
dehydrogenase activity. In: Duley JA, Nethersell AB, editors.
Purine and pyrimidine metabolism in man. IX. New York: Plenum
Press; 1998:147-50.

56. Rains CP, Noble S, Faulds D. Sulfasalazine. A review of its 
pharmacological properties and therapeutic efficacy in the treatment
of rheumatoid arthritis. Drugs 1995;50:137-56.

Tanaka, et al: NAT2 and sulfasalazine 2499

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2002.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

