SNPs of SAAT Gene in Japanese Patients with FMF

Table 5. Allele frequencies of SAAT gene polymorphisms in
typical and incomplete FMF patients.
FMF criteria p value
_Typical Incomplete
2n=92(%) 2n=74(%)
Allele at SAAT locus
2
¥ =3.733
11 16(17.4) 20(27.0) p=0.155
13 44(47.8) 37(50.0)
15 32(34.8) 17(23.0)
Alleles at -13C/T SAAT
2
¥ =0.029
T 51(55.4) 42(56.8) p=0.865
C 41(44.6) 32(43.2)
doi:10.1371/journal.pone.0055227.t005

and that FMF may not be a pure autosomal recessive disease due
to the loss of protein function [21]. One explanation is that
subjects having a single MEFV mutation may develop an FMF
phenotype in the presence of other inflammasome-related genes or
in the presence of other environmental factors [22]. Therefore, the
role of potential modifier genes and polymorphisms within these
gene families should be assessed in conjunction with genotype-
phenotype association studies. Polymorphisms in genes associated
with the inflammasome pathway can affect the development of
FMF [5]. For example, TLR2 polymorphisms may be an
important factor in the susceptibility of FMF [23,24].

In this study, we investigated the SAA/ and IL-1f gene
polymorphisms in Japanese patients with FMF. There was no
significant difference in IL-1f-511 (C/T) or IL-1Ra VNTR
polymorphisms between FMF patients and healthy subjects in
accord to the previous report [25]. However, we demonstrated
that S4A4/ gene polymorphisms, which are attributed to AA
amyloidosis, might be also responsible for susceptibility to FMF. It
is clear that genotypes at the SA4/ locus are associated with an
increased susceptibility to AA amyloidosis [26]. However, the
contribution of these genotypes to the occurrence of non-amyloid,
inflammatory disease has not been elucidated. In this study, we
investigated the allele frequencies of SA47./ and -13 (C/T)
polymorphisms of the S447 promoter region in Japanese patients
with FMF. Our data demonstrated that the -13T allele polymor-
phism was a major risk factor and that the S447.] allele was
protective for the occurrence of FMF in Japanese case-control
studies.

The presence of 2 single-nucleotide polymorphisms (SNPs)
within exon 3 of the S447 gene, 2995 C/T and 3010 C/T, defined
3 haplotypes that corresponded to the S447.1, SA41.5, and S4A1.5
isoforms [26]. In Japanese patients with RA, homozygote
expression of the SA4J.5 allele was a proven risk factor, whereas
SAAI.] appeared to be protective for AA amyloidosis [27]. In
contrast, a strong positive association with SAA47.] has been
established in Caucasian patients with amyloidosis secondary to
juvenile idiopathic arthritis and FMF [28-30]. Moriguch et al.
identified another S447 SNP, the -13T/C SNP in the 5'-flanking
region of the SA4/ gene [17]. They observed the -13T allele was
associated with AA amyloidosis, and associated with the S447.3
allele in Japanese RA patients [17]. Interestingly, a polymorphism
in the SA47 promoter -13T allele was found to be significantly
associated with increased AA amyloidosis risk in both populations
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Table 6. Number of MEFV gene mutations and SAAT gene
polymorphisms in FMF patients.
Number of mutations p value
0~ 22
 mutations  mutations
2n=60(%) 2n=106(%)
Allele at SAAT locus
2
%*=0.955
1.1 11(18.3) 25(23.6) =0620
13 29(48.3) 52(49.1)
15 20(33.3) 29(27.4)
Alleles at -13C/T SAAT
2
¥*=0.040
T 33(55.0) 60(56.6) p=0841
Co - 27(45.0) 46(43.4)
doi:10.1371/journal.pone.0055227.t006

and to be in linkage disequilibrium with S447.J7 and $441.3 in
Caucasian and Japanese patients, thus apparently explaining the
previous discrepancy [31-35]. Functional studies have demon-
strated that the -13T allele is responsible for a higher transcrip-
tional rate {36]. However, this did not result in higher serum levels
of SAA, possibly due to increased proteolytic processing rates of
SAAIL 1 and S441.3 compared to SAA41.5 [37]. The mechanisms by
which the -13T allele predisposes to FMF remains to be unraveled
and many possibilities have been suggested.

The overproduction of IL-1B, induced by NLRP3 inflamma-
some activation, is responsible for a variety of autoinflammatory
syndrome including FMF. The NLRP3 inflammasome has
emerged as a critical cytosolic sensor for a number of endogenous
mediators, including amyloid proteins [6]. Recent studies indicat-
ed that SAA activates the NLRP3 inflammasome in a cathepsin B
and P2X;-dependent manner, resulting in the secretion of mature
IL-1P [10]. The accumulation of newly formed AA amyloid fibrils
and aberrant processing of SAA is relevant to AA amyloidogenesis
{38]. Therefore, in subjects with AA amyloidogenic genetic
factors, such as -13T allele, the presence of SAA-derived AA
amyloid fibrils may implicate the NLRP3 inflammasome activa-
tion pathway, which is thought to be relevant to the pathogenesis
of FMF. Jeru et al. demonstrated that the S447 genotype
influenced the severity of FMF and disease susceptibility through
a negative selection process, providing new insights into the role of
SAAI in the pathophysiology of FMF [39]. Assuming that SA47
gene polymorphisms induce the formation of AA amyloid fibrils,
this suggests that the polymorphisms may be associated with the
NLRP3 inflammasome activation process and susceptibility to
FMF. These findings may provide insights into modifier factors,
other than MEFV, in the development of FMF.

The gender discrepancy (female dominant in incomplete FMF)
seen in the present study may result from hormonal or associated
environmental factors, which generate a disease of atypical or
milder severity in female. For example, the risk for developing
amyloidosis had been shown to be higher in male patients with
FMF [40,41]. These findings suggest that clinical variability
observed in FMF may be party attributed to the influence of
environmental factors including gender. The main limitations of
the study are its localization to a certain country, and a limited
number of patients.
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Table 7. Frequencies of SAAT -13C/T, SAA2, IL18 -511 genotypes in Japanese patients with FMF and frequencies of SAAT -13C/T,
SAA2, IL18 -511 genotypes in healthy subjects.

Frequencies of SAA7 -13C/T, SAA2, IL1#-511 genotypes in Japanese patients with FMF

g Observed Expected o
Locus Genotype - number(%)  number® pvalue
SAAT -13C/T c/C 13(15.7) 16.1 xzz 1.292
p=0.256
o 47(56.6) 409
T 23(27.7) 26.1
SAA2 AA - 62(74) 616 S g2=0007
i i p=0932
A/G 19(22.9) 19.8
G/G 2(2.4) 1.6
IL16 -511 c/C 27(32.5) 283 ¥=0.144
p=0.704
or 43(51.8) 403
T 13(15.7) 14.3
Frequencies of SAA7-13C/T, SAA2, IL1£-511 genotypes in healthy subjects
Observed Expected
Locus Genotype number(%) number® p value
2
SAAT 13C/T e 67(33.5) 69.6 27(:—09533854
(2] 102(51.0) 96.8
T/T 31(15.5) 33.6
SAA2 A/A 163(815) 1629 ;‘2:7)?7'1‘24
A/G 35(17.5) 352
G/G 2(1.0) 19
nLigs1 /e 59(29.5) 504 ;‘2:?9'(;%1
c/T 100(50.0) 99.2
T/T 41(20.5) 414

In occlusion, this study shows a significant prevalence of the -
13T allele in Japanese patients with FMF. This comparative case-
control study demonstrated that the S447 gene polymorphisms

might affect susceptibility to FMF, which is presumed to be a

monogenic disease. Further studies are required to determine the

impact of S447 gene polymorphisms and the occurrence of FMF

in large studies in different geographic areas.

*Expected genotype frequencies based on observed allele frequencies and assuming Hardy-Weinberg equilibrium.
doi:10.1371/journal.pone.0055227.t007
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Familial Mediterranean Fever Occurring in an Elderly
Japanese Woman with Recent-onset Rheumatoid Arthritis
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Abstract

A 60-year-old woman with a two-year history of rheumatoid arthritis (RA) developed recurrent two- to
three-day attacks of fever (>38°C) accompanied by monoarthritis of the right hip joint. The first attack oc-
curred two months after beginning anti-tumor necrosis factor-¢; therapy. Since a diagnosis of infectious arthri-
tis was suspected, the therapy was discontinued. Thereafter, the patient repeated similar episodes; however,
oral colchicine effectively controlled the attacks. The patient was diagnosed to have familial Mediterranean
fever (FMF). The clinical manifestations of FMF mimic infectious complications during anti-RA therapy. Cli-
nicians should therefore consider the possibility of FMF development in RA patients exhibiting recurrent feb-

rile attacks.
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Introduction

Familial Mediterranean fever (FMF) is an autosomal re-
cessive, hereditary, autoinflammatory disorder characterized
by recurrent one- to three-day attacks of fever and paroxys-
mal serositis, usually involving the peritoneum, pleura and
synovial joints (1, 2). This disease is prevalent in individuals
of Mediterranean descent, such as non-Ashkenazi Jews, Ar-
menians, Turks and Arabs, and is quite rare in Japan. Ap-
proximately 90% of all cases occur before 20 years of age.
Almost all FMF patients carry mutations in the pyrin-
encoding gene MEFV on chromosome 16p13.3 (3, 4). Mu-
tated forms of pyrin proteins may be involved in alterations
of inflammatory processes that ultimately result in the un-
controlled expression of the potent proinflammatory cy-
tokine, interleukin-1p. In turn, overexpression of IL-1[ leads
to dysregulated neutrophil activation and bursts of systemic
inflammation (5). Recently, the presence of an association
between MEFV mutations and the occurrence of rheumatic
diseases, including rheumatoid arthritis (RA), juvenile idi-
opathic arthritis (JIA) and ankylosing spondylitis, has been

suggested (6-8). Two studies have shown that RA patients
carrying MEFV mutations have higher severity scores than
non-carriers (9, 10). Nevertheless, no cases of coexisting RA
and FMF have hitherto been reported. We herein report a
case of FMF occurring in an elderly Japanese woman with a
two-year history of RA who was receiving immunosuppres-
sive anti-RA therapy.

Case Report

In February 2007, a 60-year-old woman was diagnosed to
have early RA at our outpatient clinic. At that time, a physi-
cal examination revealed five swollen and six tender small
joints, including both wrists. She also complained of morn-
ing stiffness in and around these joints lasting longer than
one hour. These symptoms had persisted for two months.
Plain radiographs of the hands showed evidence of bone
erosion and joint space narrowing. Given these findings, the
patient met five of the seven 1987 American College of
Rheumatology criteria for RA diagnosis. Both the serum C-
reactive protein (CRP) levels and the erythrocyte sedimenta-
tion rates were high. The patient was also positive for anti-
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Figure. Magnetic resonance imaging scans obtained during the patient’s first febrile attack. Fat
suppression T2-weighted (FS-T2W) images in the coronal (A) and axial (B) planes show high signals
in the right hip joint. The findings suggest the presence of joint effusion and thickened synovium.

High signals are also seen in the soft tissues around the joint, thus reflecting inflammatory changes.

cyclic citrullinated peptide antibodies (57 IU/mL); however,
she exhibited a negative result for rheumatoid factor. The
disease activity score for 28 joints (DAS28) was 5.1 and
Steinbroker’s stage was II. The patient carried two copies of
shared epitope-positive HLA-DRBI1 alleles (*0101/%1001).
Following treatment with 8 mg/week of methotrexate (MTX),
she achieved low disease activity.

In April 2009, anti-tumor necrosis factor-ou (anti-TNFo)
therapy with infliximab (3 mg/kg) was initiated in combina-
tion with MTX because the patient’s RA had deteriorated
(DAS28: 6.05). She responded well to this therapy: the DAS
28 score fell to 2.11 immediately before the third infusion.
Two months later, the patient visited our hospital due to a
high fever of 39C and severe pain in the right hip joint.
Neither pulmonary complications nor abdominal symptoms
were observed. The white blood cell (WBC) count was ele-
vated with neutrophilia (12,650/uL), and the level of CRP
was also high (10.8 mg/dL). The serum levels of hepatic
aminotransferases, blood urea nitrogen and albumin were
within the normal ranges. Tests for serum endotoxin, (-D
glucan and procalcitonin were negative. Neither renal dys-
function nor proteinuria were observed. There was no radio-
graphic evidence of erosion or destructive involvement of
the hip joint. Magnetic resonance imaging scans of the hip
joint revealed massive amounts of fluid and synovial hy-
pertrophy (Figure). Joint aspiration performed during the at-
tack revealed sterile pyogenic synovial effusion without cal-
cium pyrophosphate deposition or uric acid crystals. Cul-
tures did not produce any bacteria. The patient’s hip joint
pain and a high fever >38°C continued for three days, then
subsided and disappeared. Although the origin of the fever
was unknown, infliximab therapy was discontinued. Alterna-
tive anti-RA treatment consisting of 1 mg/day of tacrolimus

and MTX was introduced, and the patient remained in re-
mission.

In September 2009, the patient developed recurrent two-
day fever episodes (>38°C) accompanied by severe pain in
the right hip joint. The WBC count and CRP level both in-
creased during these attacks. Since a diagnosis of FMF was
suspected, colchicine (1 mg/day) was administered, and the
attacks were effectively controlled. This therapy was contin-
ued until August 2010. In May 2011, the patient once more
experienced recurrent attacks of high fever (>38°C) and se-
vere right hip joint pain lasting two days; as before, she re-
sponded very favorably to colchicine. Considering the typi-
cal feverish attacks accompanied by monoarthritis of the hip
joint, as well as the adequate response to colchicine, the pa-
tient fulfilled one major and one minor criterion of the Tel
Hashomer criteria for a diagnosis of FMF (11). A definitive
diagnosis of FMF was therefore given to the patient. The
patient exhibited no cutaneous, mucous, eye, or neurological
involvement. Neither xerostomia nor dry eye were observed.
The patient did not complain of gastrointestinal or respira-
tory symptoms. There was no laboratory evidence suggest-
ing that the patient had developed renal dysfunction, hepatic
impairment or a hematological disorder. A urinalysis by dip-
stick showed no abnormal findings. Therefore, we excluded
the possibility that the patient’s recurrent febrile attacks
were due to autoinflammatory diseases, including Sjogren’s
syndrome, Behcet’s disease, systemic lupus erythematosus,
vasculitis and inflammatory bowel disease. In addition, the
patient presented with no clinical findings that raised the
suspicion of lymphoma, such as lymphadenopathy, lym-
phopenia, splenomegaly or cryoglobulinemia.

The patient denied having had any recurrent fever epi-
sodes prior to the first visit to our clinic. According to an
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interview regarding the patient’s family health history, none
of her first-degree relatives had experienced typical FMF
symptoms. A mutation analysis was performed by sequenc-
ing all exons of the MEFV gene (exons 1-10) as described
elsewhere (12). We found that the patient was heterozygous
for the E148Q allele in exon 2. Until the time of submis-
sion, the daily administration of colchicine was continued
without any attacks of fever.

Discussion

Considering that the attacks of fever and hip joint
monoarthritis occurred within the first two months of inflixi-
mab therapy, we suspected a diagnosis of infectious arthritis,
which led to discontinuation of this therapy. Anti-TNFo
therapy increases the risk of septic arthritis in RA patients
compared with nonbiological disease-modifying antirheu-
matic drugs (13, 14). Since septic arthritis is potentially life-
threatening, this decision was inevitable. However, consid-
eration should be given to the possibility of FMF develop-
ment in RA patients exhibiting recurrent attacks of fever, al-
though it is unclear whether the coexistence of FMF and
RA is a mere coincidence or whether there is an association
between these two diseases. FMF manifestations can mimic
many common infectious diseases. We believe that a thera-
peutic trial with colchicine is justified in such cases. It has
recently been shown that anti-TNFo agents are effective in
treating colchicine-resistant FMF cases (15). Our patient,
however, developed the clinical symptoms of FMF during
infliximab therapy. The role of TNFo in FMF pathogenesis
remains to be clarified.

It is now known that the MEFV gene is associated with
several rheumatic diseases, not only FMF (6-8). Coexistence
of systemic lupus, JIA, Sjogren’s syndrome, and polymyosi-
tis with FMF has been reported (12, 16-18). As for RA, car-
riage of MEFV mutations, and the E148Q mutation in par-
ticular, has been reported to be an independent modifier for
clinical manifestations in Israeli patients (9). In a Turkish
cohort, MEFV mutations appeared to be an aggravating fac-
tor for RA severity (10). Conversely, no significant associa-
tions between the presence of these mutations and the devel-
opment of RA or RA-related amyloidosis were found in a
Japanese population (19). It is uncertain whether differences
in the genetic backgrounds of these ethnic groups are re-
sponsible for this discrepancy. The present patient experi-
enced her first FMF episode two years after the onset of
RA. When RA patients develop recurrent fevers and
monoarthritis in large joints such as the hip, ankle and knee,
then the concurrence of FMF should be considered as a pos-
sible cause.

FMF patients experiencing disease onset after 60 years of
age are extremely rare (20-22). The cause of late-onset FMF
is unclear; however, heterozygosity of MEFV mutations may
contribute to this phenotype. The present patient carried the
heterozygous E148Q allele in the MEFV gene. Since FMF
has traditionally been considered an autosomal-recessive dis-

ease, a heterozygote is expected to be a carrier and to lack
the clinical phenotypes of FMF. However, several research
groups have suggested that carriers of one MEFV mutation
may have a tendency to develop certain manifestations due
to having an increased baseline of inflammation and may
develop rheumatic diseases more often than ‘healthy’ popu-
lations (6, 23-25). Recently, two groups reported the exis-
tence of a significant subset of FMF patients who are carri-
ers of only one MEFV mutation, thus suggesting that having
the heterozygous mutation is sufficient to express the typical
clinical features of FMF (26-28). In another study, the clini-
cal presentations of patients with recurrent fever and only
one MEFV mutation appeared to resemble those of homozy-
gous patients, and most of the cases required colchicine
treatment (29). In either case, mutation analyses of MEFV
and therapeutic trials with colchicine should be considered
in patients exhibiting recurrent febrile attacks, even among
those over 60 years of age.

Whether the E148Q allele in the MEFV gene is a true
disease-causing mutation or a benign polymorphism remains
controversial. The E148Q allele appears to confer an inflam-
matory phenotype in Turkish individuals (30). In a Greek
population, the E148Q allele was found to be significantly
more frequent in FMF patients than in healthy controls (31).
These findings suggest that the E148Q allele is a disease-
causing MEFV mutation. In a Jewish population, however,
the frequency of the E148Q allele was similar between FMF
patients and healthy controls, favoring the concept of a non-
causative role (32, 33). Tomiyama et al. showed that the
E148Q and M694I1 alleles are most frequently detected in
Japanese patients, although the impact of the E148Q allele
on FMF manifestations is low (34). Nevertheless, the pre-
sent patient developed the FMF phenotype in her sixties.
There may be an unknown factor or event capable of trig-
gering the disease through interactions with IL-1B-related
inflammatory pathways.

Fortunately, our patient shows no evidence of developing
serious complications to date, and her RA remains in remis-
sion. Since inflammation can persist, even during attack-free
periods, in many FMF patients, providing careful monitoring
of inflammatory markers and adequate control of chronic in-
flammation is required to prevent the development of com-
plications such as life-threatening amyloidosis (35). Al-
though the present patient’s symptoms had been well con-
trolled for one year, her attacks of fever returned after cessa-
tion of colchicine treatment. Daily lifelong administration of
colchicine is required to prevent both attacks of fever and
silent amyloid deposition (2).

In conclusion, FMF can occur in RA patients. The clini-
cal manifestations of FMF mimic infectious complications,
which can delay FMF diagnosis for many years and can oc-
casionally subject patients to unnecessary examinations and
inadequate treatments. Clinicians should therefore be aware
of the possible coexistence of FMF in RA patients exhibit-
ing recurrent febrile attacks. Conducting a therapeutic trial
with colchicine is thus considered to be justified in such cases.
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Abstract Acute gouty arthritis is a severe but self-limit-
ing arthritis caused by inflammatory responses to urate
crystals. Oral colchicines are effective for initial stages or
prophylaxis, but generally, colchicines are ineffective for
established gouty arthritis. We describe an unusual case of
gouty arthritis with systemic inflammatory reactions,
including high fever and polymyalgia. Refractory polyar-
thritis and high fever were eradicated by colchicine treat-
ment. Genetic analysis revealed a heterozygous mutation in
exon 2 of the MEFV gene (E148Q). This case underscores
the possibility that MEFV gene mutations may modify the
phenotype of gouty arthritis.

Keywords Colchicine - Gouty arthritis - MEFV gene

Introduction

Gout is the most common inflammatory arthritis and is
characterized by recurrent arthritic attacks of intra-articular
monosodium urate deposition [1]. Multiple lines of evi-
dence support the hypothesis that inflammasome-related
genes are disease-susceptible candidate genes for gout [2, 3].
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Familial Mediterranean fever (FMF) is a hereditary au-
toinflammatory disease, caused by mutations in MEFV, the
gene encoding the protein pyrin, which can act as a regu-
lator of inflammasome function [4]. Recent studies indi-
cated that the MEFV gene is associated with other
conditions apart from typical FMF and is linked to addi-
tional clinical presentations within the family of connective
tissue diseases [5, ¢]. Gouty arthritis and FMF rarely
coexist. We describe an unusual case of gouty arthritis with
systemic inflammatory reactions, including persisting high
fever and protracted polyarthritis.

Case report

A 59-year-old male patient was admitted to our hospital for
polyarthritis and persistent high fever (>38.5 °C). Seven
years earlier, he developed recurrent episodes of polym-
yalgia and polyarthralgia that subsided spontaneously
within a couple of weeks. There was no medical history of
periodic fever among his family. His first symptoms,
present 2 weeks prior to hospital admission, were sym-
metrical arthralgia in the wrist and elbow joints with joint
swelling, which developed to polyarthralgia of the sym-
metrical upper and lower extremities (elbows, knees,
ankles and metatarsophalangeal joint). He visited the local
clinic because of the persistent polyarthralgia and accom-
panying polymyalgia and high fever. He was diagnosed
with palindromic rheumatism and treated with steroids
(prednisolone 10 mg/day). However, joint swelling and
high fever persisted despite this treatment. He was referred
and admitted to our hospital for further examinations.
Physical examination of the patient showed a body
weight of 70.0 kg, blood pressure of 126/70 mmHg, body
temperature of 38.6 °C and normal chest and abdomen.
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Fig. 1 a Acute gouty arthritis over the left knee and right first
metatarsophalangeal joints seen in the present case. b Synovial fluids
from the inflamed knee and elbow joints, demonstrating the color of
“urate milk”. ¢ Numerous needle-shaped crystals in synovial fluids
from the knee joint under phase-contrast microscopy

Acute synovitis was noted over the bilateral elbow, wrist,
knee, ankle and 1st metatarsophalangeal joints (Fig. 1a).
The bilateral elbow and knee joints had bursitis. Blood
analysis showed elevated white blood cell counts (15,000/
mm>), high levels of C-reactive protein (24.7 mg/dl),
accelerated ESR (94 mm/h), and elevated serum uric acid
(7.4 mg/dl). Auto-antibodies were not detected and blood
culture was negative (Table 1). To clarify the etiology of

@ Springer

Table 1 Laboratory findings

Peripheral blood

Serological tests

Red blood cells 366 x 10%  sL-2R 691 TU/ml
pl (< 460)
Hemoglobin 12.9 g/di C-reactive 24.7 mg/ml
protein (< 0.30)
White blood cells 15,000/ul Erythrocyte 94 mm/h
sedimentation
rate
Neutrophil 72.7 % IeG 1990 mg/dl
(900-2,000)
Eosinophil 24 % Anti-nuclear -)
Ab
Monocyte 73 % Anti-CCP Ab (=)
Lymphocyte 174 % RF =)
Platelet 33.3 x 10% Urinalysis
ul
Blood chemistry pH 6.0
Total protein 7.5 g/dl Protein &)
Total bilirubin 1.1 mg/dl Glucose -)
Glutamic- 24 1UN Occult blood -)
oxaloacetic (7-33)
transaminase
Glutamic-pyruvic 38 IU/ Sediment np
transaminase (5-30)
Lactate 178 1UN Synovial fluids
dehydrogenase (260-480)
Alkaline 370 1UAN IL-1P (knee) 332 pg/ml
phosphatase (80-250)
Creatinine kinase 29 1U/1 IL-1B (elbow) 252 pg/ml
(60-160)
Total cholesterol 139 mg/dl
Blood urea 17.5 mg/dl
nitrogen
Creatinine 0.84 mg/dl
Uric acid 7.4 mg/d]
Ferritin 1763 mg/dl
Procalcitonin 0.18 ng/ml

RF rheumatoid factor, Anti-CCP Ab anti-cyclic citrullinated peptide
antibody, sIL-2R soluble interleukin-2 receptor

the arthritis, synovial fluids were aspirated from the left
knee and right elbow joints (Fig. 1b). The fluid was white
with some sedimentation. Synovial fluid analysis revealed
many needle-shaped crystals under phase-contrast micros-
copy (Fig. Ic). Monosodium urate (MSU) crystals were
considered. Microbacterial culture was performed, but no
pathogen was observed. Synovial fluids from knee and
elbow joints were analyzed for interleukin (IL)-1f using
IL-1B-specific ELISA. Increased levels of IL-1f were
confirmed in both synovial fluids (knee joint 332 pg/ml,;
elbow joint 252 pg/ml, Table 1). Thus, a diagnosis of
gouty polyarthritis without evidence of infectious disease
was suspected. However, the high fever continued despite
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the treatments consisting of nonsteroidal anti-inflammatory
drugs (NSAIDs) and steroids (prednisolone 5 mg/day) for a
week. We performed MEFV gene analysis because of the
atypical manifestations seen in the present case under the

MEFV exon2

[ep]
€«
<o
<

Wild type

Present case

y

Fig. 2 MEFYV gene analysis in a healthy control (wild type) and in the
present case, E148Q heterozygous mutation, in which the G to C
transition in codon 148, converting a glutamic acid (E) to glutamine
(Q), was demonstrated in the present patient

E148Q/W

Fig. 3 Clinical course in the
present case

patient’s informed consent, demonstrating a heterozygous
mutation of exon 2 (E148Q) of the MEFV gene (Fig. 2).
Soon after colchicine treatment (0.5 mg/day), there was a
dramatic reduction of the high fever and polyarthralgia
(Fig. 3). The daily colchicine therapy relieved febrile
attack and synovitis. After discharge, the patient had been
treated with a uric acid-lowering drug (benzbromarone
100 mg/day), which controlled his serum uric acid levels
within normal range (4-5 mg/dl). However, high fever,
polyarthralgia and polymyalgia relapsed when he discon-
tinued colchicine at his discretion. This febrile attack dis-
appeared promptly after the readministration of colchicine.

Discussion

Epidemiological evidence suggests that <10 % of hyper-
uricemia patients develop gout, indicating that other genes
unrelated to urate metabolism may contribute to disease
susceptibility [7]. Accumulated reports have demonstrated
that MSU crystal-mediated inflammation is a paradigm of
innate immunity and that NLRP3 inflammasome is
involved in gout development [§]. Furthermore, functional
NLRP3 gene mutations are promising susceptibility genes
for autoinflammatory hereditary periodic fever syndromes,
including gout [9]. One of the characteristic features of
acute gouty attack is that it is a self-limiting arthritis
without high fever, regardless of treatment [10]. The
present patient fulfilled the criteria for gouty arthritis,
according to the presence of uric acid crystals in his
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synovial fluids. However, presentation of the current case
was unusual, since the patient suffered from sustained high
fever, and polymyalgia in addition to protracted arthritis.
For treatment of acute gouty arthritis, NSAIDs are the first
line of therapy, and corticosteroids are an additional
alternative therapy [11]. Colchicine is generally not used as
the first line of therapy, due to lesser effectiveness against
established gouty arthritis [11]. Administration of colchi-
cine immediately eliminated all the patient’s proinflam-
matory symptoms, and mutation analysis showed that he
carried a heterozygous mutation in exon 2 of the MEFV
gene (E148Q). The MEFV gene encodes a protein called
pyrin. Although the precise function of pyrin is not fully
understood, it has a key role in the regulation of inflam-
masome activity and pro-IL-1f processing {12]. Pyrin is
expressed predominantly in neutrophils, and mutations of
the MEFV gene may be linked to abnormalities of neu-
trophil functions [13], which are related to the pathogenesis
of FMF and gout. It is possible that the MEFV mutation
contributed to the atypical clinical manifestations of gouty
arthritis, such as persisting fever and polyarthritis, seen in
the patient. However, we could not confirm the uric acid
crystals that are phagocytosed by neutrophils or mono-
cytes, the typical findings of gouty arthritis. Additionally,
the use of colchicine in our case successfully silenced the
febrile attack and polyarthritis, and the discontinuation of
colchicine resulted in the prompt recurrence of febrile
attack, despite of the normalization of serum wric acid
levels. Therefore, we presumed that the arthropathy seen in
the current case was FMF-related joint involvement, rather
than gouty arthritis.

FMF is a common autosomal recessive inherited peri-
odic fever syndrome [4]. Attacks of FMF last 1-3 days and
are characterized by polyserositis and synovitis. Most of
the disease-causing mutations in FMF are located on exon
10 of the MEFV gene [14]. E148Q is one of the MEFV
mutations seen in FMF. Recently, patients with heterozy-
gous MEFV mutations, especially genetic variations in
exon 1, 2 and 3, have been shown to present with distinct
clinical manifestations not typical to FMF, and that col-
chicine treatment improved the recurrent episodes of
musculoskeletal symptoms [5, 6, 15]. These reports show
that the MEFV gene is associated with disorders other than
FMF, and may be linked to additional clinical presentations
and modifications of inflammatory diseases. Gout is a well-
defined inflammatory disease. In typical cases, acute gouty
arthritis appears to be self-limiting and subsides within
several days [16]. We speculated that the heterozygous
mutation E148Q in the MEFV gene might be relevant to
the modification of the clinical course of gouty arthritis in
this patient. Large-scale studies for patients with unusual
crystal-induced arthritis are required to clarify the rele-
vance to MEFV gene mutations.

@ Springer

Among MEFV gene mutations, there is controversy as to
whether E148Q is a true disease-associated mutation or simply
a polymorphism [17]. A recent study demonstrated notable
differences in E148Q allelic frequency between groups of
healthy individuals and groups of FMF patients, or groups of
palindromic rheumatism patients [18]. These data are in
concordance with the previously reported over-representation
of E148Q in several inflammatory disorders [19, 20].

In conclusion, gout is a common inflammatory disorder.
However, when there are atypical clinical manifestations,
such as high fever, protracted synovitis, and myalgia, dif-
ferential diagnosis, including autoimmune or autoinflam-
matory diseases, is needed. It is possible that systemic
manifestations seen in gouty arthritis with MEFV muta-
tions might be considered as MFEFV-associated autoin-
flammatory reactions, suggesting therapeutic opportunities
in these conditions. Further studies are warranted to pro-
vide information on whether the genetic variations of
inflammasome-related molecules could contribute to sus-
ceptibility, severity and clinical phenotype of gouty
arthritis.

Conflict of interest None.
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HEENTWS, BAEFRITTI08(1~635),

RMAEIIFEIH148 (2~56H) TH 54, TRAPS
DEGFHRYEATA_RET IOS F—-Y R
i3, TRAPSEED#H14% IZEHT 255, £ {Af

* TNF receptor-associated periodic syndrome (TRAPS) in Japan : clinical characterization, pathogenesis, diag-

nostic criteria, and treatment.

** Hiroaki IDA, M.D., Ph.D. & Katsumi EGUCHI, M.D., Ph.D.: Bl k¥ K2R ESESESHAR BHAERHRE
FHE (55— M%) (8852-8501 £ 372 1-7-1) ; The First Department of Internal Medicine, Nagasaki Uni-
versity Graduate School of Biomedical Sciences, Nagasaki 852-8501, JAPAN

*** Kiyoshi MIGITA, M.D., Ph.D.: M 7Btk A B LR BEA$ 1R Bl L bt R EAR & ~ & — BRRETI S
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®R2 BETFREER

Gene data(n=100)

TNFRSF1A(exon 2,3,4,6,7) . mutation(+) 4 cases(T611 : 3 cases, C88Y)
MEFV : mutation(+) 42 cases{FMF : 3 cases).

E148Q M6941  P369S  R408Q L110P

E/Q M/1

E/E /1 P/P R/R L/L } FMF

Q/Q M/M P/P R/R L/P

Other mutations case

E/Q M/M P/P R/R  L/L 19

E/Q M/M P/P R/R L/P 15

E/Q M/M P/S R/Q L/L 1

E/E M/M P/S R/Q L/L 4

Normal
E/E M/M P/P R/R L/L 58
%3 TRAPSHREM
TNF-o. sTNFR1 STNFRZ2  TNFRSFIA

Pt age/seX (,o/ml)  (ng/mi) (ng/mi) (exon 2,3, 4) MEFV
8 20M 96.1 5.6 20 mutation(—)  148(E/Q), 110(L/P)
11 S1F 712 3.2 38 mutation (—) mutation (—)
13 22F 59.0 5.5 335 mutation (—) mutation(—)
15 42M 812.0 3.7 11.9 mutation(—) mutation (—)
47 3M 77.9 35 15.8 mutation(—)  369(P/S), 408(R/Q)
VAHS  19F 107.2 11.8 84.9 NT NT
Control 11.9+6.4 12+1.1  3.0%13

NT | not tested, VAHS : virus associated hemophagocytic syndrome

YRAFVREORRERTHBY. YAF U’
BORRERIZLATRAPSTIE, 7304 F—
VAREOEEANSVY, T/, EFAHRET
(&, TRAPSEEMR (A%, BIENE, K&, K

2 E)CRBE R CER (Y20H)®, TRAPSFEIR

Bhwh73Iof F— XNEBINER
(TSOM)® b 5. S5, areFrikhdi
WK IR 2R B C R IR P BB O SR
BIZFMEFV L TRAPS D B BB {EFTNFRSF1A
DO HCRRER ¥ D TzoverlapEEH OB
bdH 2,

T REEE I DARE

20044 (2 FF THMH T, TRAPSEE & #HE©
L7:#%, TRAPSEEV: & L CREBEIER DM E
EEOHER» R, EFORITETS>L. B
fE3 T, TRAPSEEV & L THA S NAEFNIZLL5
B (526, H63) THSH., FEREFT

& % TNFRSFIARIZF & BB LN OAERILLT
v 3 RiEM M PR OR BBETMEFVEHET O
REETo2., 861, AXRK, FREERS
NIz BITATRAPSEEFHEL . BRE
EREUTICRT.

(1) BIEFRFL00B DOREET Tid, TRAPS®hot
spotTd 5 TNFRSFIABZF NI * » 2,3,
LI APRRERDPALNI(ER2). —F, K
AP ERORBRIZTF ChH IMEFVR{EZF%
BMELILLIA, 260 ERYF A LN, ERK
ERIZFEROFFHD S, 3 BlIRIRME Hhrh gk
EBHFL-(E2).

(2) TNFRSFIABRIZFER I o 727f, BAR
FER L MFHROHY A b H 4 fELS, TRAPSIK
BOEEZONDERESHH-72(RI). &
N & % TRAPSE BB 2 h i, RBOKWA D
AEBbhA, TOREICOWTIX, TRAPSD
BUEEDETHRIBT 5.
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(B)EIIZB 1T ATRAPSEE Fid, %
RO-W ENESEROPF,LOLAELLL D
%, 10RFR2140C, ZRERT, C30R, C30Y,
T611, C70S, C70G, C88YD 6 FiTH o /2.
FIOTRAPSEHZ DOIF#IE, FOKIZE W IEHE,
MEI LW ETHE, Ihd, BRERD
WETE DEEETH B2, EFERAER, &
BRFTE2LENDH 5.

PEDKRFERRE, S, TNFRSFIAD B\ T,
MEFVIZZRIRERMFER S 2 REASRERIL, 1
BBV EAHEBE LA BREKDIS
X, TRAPSOTEEMAST VER S & 5 /o4,
SCIERFFPTCE b o7, Hizbid,
TNFRSF1A3 5\ ¥, MEFV®Ohot spotDiRFE %
Totads, TNUNOHGOERISFELLT
iEtd, TRAPSHEIR % b D ASTNFRSFIAB{ETF LA
HoREDOERE, TNFRIZFUNDGFORE
DETE, KA BCREMEEH TH 5 THg,
REEZOLNI:.

TRAPSDRE - fRHE

TNFR143Fi%, 45507 I JBhoReh, 7
I/ERMED) Y- —s VR, 18204
RS FAAL Y, 21 OMBIBERB N A4 2, 223
BOMBARAF AL oD, HBRNANAL S
121, 42DV AF ) v F K XL VHEET
%. E®OTNFRISFHE, /MK (endoplasmic
reticulum ; ER) D6 T Y43, HkER
~REHENS, 3 O0DTNFRIGFFId, TNFL&
AT HRI3BEETKT S, CRDIFEBDpre-
ligand assembly domain (PLAD){%, 3 k%
Bt BRI, BEVCES LTS, TNFLH
&3 554, PLADHIOESIIREL 3E4Y
R, TNEFLEEST AL, LdoT, IO
PLADD#gEIX, TNFAI LD Y FHFMVEEDE
Diz$7:5. TINFOZ 7 FMiZk->T, THRI—
SAFE, HHWIE, T4 bAM VESICHEE
TAHNFxBOERFFHI L, BEZEOY
£, 3 EATNFRISFIZr & h, sTNFR14
Feid, #hICE-T, TNFrafit s L e
12, HBMNTIITNED S DY 7+ MEENE
RHICHHIS R, KRIEHRETA. ZOTNFRI1
B TRRRERVEET 258, LTI~

VTR 41% £18

& I WINFRISTFIZEL AR B,

B $ T, INFEVERSGRIZH DR BEEREZ
EORKREZROERELIBRLAT A+ ; htp://
fmf.igh.cnrs.fr/infevers/index. html) {213, A%
Flaegd, 8LFOBEFEEIEHFIATY
5 (2008411 A30B JAE)1©. 90% LA EA%, LIHF
BUXEINEIFV Y 2,3,4,6 D85 D
FRERTHA. BEAENIALVALERT
HBN, RTTA YV TREDHESRTWED,
B, TNFRIGFOUMRLNOERYH L BE
(V173D) s s h, BENCOERERE S
#LTwe,

1. ZhETCORES

(DUETRE

TRAPSM#HE & L T, TNFR1HF 0§
(shedding) BE £ 1 5 T&7:2, TNFRIS
FOMBEA AL V(XYY 2,3,4 DEF)
WERERNEE LGS, YNBEETDH S
TNFo-converting enzyme (TACE) @ %2 D3 x
F—Y o & HHE & h, TNFRIGFHHEE
HicEZH, INFRALOREHHERET S, 20
o, BEEFED, 8% 8T LTRAPSOEIKAS
HETAEEL LN, TOTNFRIGTOUE
R, TRAPSOREXHATIHML AN =
ALTHolH, COREHXITHBTELN
TRAPSEE XS\, MHEFEAEE, TRAPSE
HEOMREERLAERT, TEICUHREL
AUERRERE, FEALIETCH-
(C30S, P46L, T50M, T50K, C52F, F1121,
I170N7% &)%. %5612, TRAPSEEZOMEINTE
BUC Lo T, INFRIGFOPEHAI R o T
\,\7‘:20)21)'

Q7RI ZBE

C43SZALRDOTRAPSBE D LB 6 N
BUEFMR T2, TNFIC X ANF-«xBOEMALL 7
REF—=VRAFRITEHICETLTVAD, 4
bA A VEERIZREIATHWES, TRV A
BEBICE-TUELREGBERTHY, ZOFH
METIE, AREER-TREIAELERD
EEHE+ kL, TRAPSEEDHE, TNF%
SUREMS A M4 > OREGEE L EUDL.
3%, TRAPSE % (C43R, C55Y, C88Y, TS0M)
HEOIFPERDS, BEHFIET, 7R
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218 (cycloheximide + TNF-o) IZ#K it T 5
rwogELH o,

(3) misfold & aggregate

TREBENFLET ATNFRIG T, EED
TNFRIGF & B L CTHIRBERICE & o T
AEEHNE L, BREHHRLORRETI A
LNBEVIHENH LD, FBLALIIC,
TNFRI%Fi, HifgRE~EH S hHENCIE,
INIHICERENTVWAM, TNFR153FMCRD1
BRICEARERZ O OB, TV VHRIREOR
BOBHFIH N2, BEFHAERT,
TNFRSFIARRER DL %, TNFRIGTF DR
BPETL, L2LVINFLES LR, O
0, INFLIZEBGBTH- .

CAISEAERDBIZFHEAERTIE, BIEZTF
AT CINFICBER % <, NFxkBOEMEALIE
L7, TRAPSEE D CTNFORSH & BR%: <,
HIEMICTNFRISFASE5EH, 5413, TNFR1
BFUTOL T NHTHEL T BREMEDH ),
B LR AR TN, HIRAERIFET
BTNFRIGFI3, /MadR, Ho50TV IR
WL, —HAMIRENICBIT 5. MREA

" OTNFRISFE, ¥ % F 1k (ubiquitination) &

R, —EETarF - LTHBEINS. Kho
TNFRIGFE, 2 FL{ BEVWDPEESTET, &
#¥ 5 (misfold & aggregate)?'??, Z D% TNF
POV TFNRLT, TRN=~AFE, b
AW, 4 A4 VEEIZHET 5NF-kBD
ERAPFTUINLD, ZOWFI, G€, B
Y eFe, BRMKEE, Tron_dv—
B, N=F YRR EOEBOFRICBNT
4) EE é h'( 1/\%29)"3".

QBBEFSERVCRAEROTR

TRAPSO#HE DT, [misfold & aggregate]
EBUFEBERTVE DD, RR2QEAFRET
BZREEIBNRREREHTHTRAPSTH 5.
Ihid, BEECOE CHETHRRER (BN
F1~5%) T, TRAPSFEERNPEL, BOEED
BHOBRENS V. BAETR, LRUEEE

(multiple sclerosis) & M CTRAPSHAEIR % 7R
T2 6 51(24%) IZR2QEEMA LN,

LV HENH o700, 26, RO2QIE, Bk
BLOEBREBAFTH S L OHRELH LD, OR

41 .65

RERD, GUTAEBORIE - ERIZME D
DFFESATOLTEEN+IELLN S,
R2QDGE, EHFIFREIMLZ T 5, FHEATEH
O BB SAEGIT 2 BEERFH7 % M7 S 1,
HRIZRI2Q EFOOVOERMEBEICHEE(— AL 2
DDRL DEREENTFE) LTIz Z L A%Bg
L7 EFETRAPSIESI b 5%, RO2QDH{ZTFH
AEBTIE, EREEDLWTINFRIGF &
LT, %W, Mk, BiEcsu,
F o EN Lok, S, BERIE
RO2QD & ) R RRERGTH, ERIIED LS
RIRBFVELTVEDD, EDEI LT
KBRLTUT T VEEEL, REYHESET
WBDD, RETAILENHD. HiAbAHEE
LATOUDREEDOH 3 BITLERIFIEL, R2Q
ERIBICREEVEVRRERETHS. C0%
R, TRAPSIERIZENLZITHE L TV AHIAR
BHTHDH, HAbIHELATHEES T
TNFRSFIABETERIFE LIS 4ERD I b,
SONUCTOINERMELE LI EnG, M52DE
REREHHVZEITH S,

2. BEDRER

B L7: 2 hE CoRERE, HENORE
FMAREFRICHED L b DYETH-72. LaL,
BATAIHBOBII L > TESEIFRLY, E
BRYATLABBICHE DD EHEHENS
L2 o7, Nedjaibid, TRAPSEE»HES
NEMMARB LT, RETHRELL®. S
L hid, BEELSEVCT3RERBETIL, NF-
kB p6SIEMA LR LTV A7, BIEREAHEVRI2Q
PREETIE, NFxBpsS0iEtEd LR LT,
hbi, MAHEETA S8 {, TNFRSFIA®
EFERICIZIEELEIONLS,

NF-xB p65i212, C RICEBIEMILN A 1~ A8
FAET A%, NF-«Bp5SOIZIZFFFE L % \v>. NF-xB
p50/pS07RE ¥ 4 = — (&, FEROIIEBINHI~E
WTWATEEMA S 5. RI2QBEOHIRLTII,
NF-kB p6SHIEH O 2 & LA (C73RTIL, #96.5
%) LTWw 3%, NFxB p50/p50+kE 54 7—D
DNANDOESD S W0, #EMIZCT3REH T
EOEHIELEEFE L TWEWOTId v E
WHIEHR DI, LaL, TROOBENL
NF-xBOREH, ¥ TNFRSFIAREFERIC
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4166 VI TFE 5415 £1 5
RETEEDEHAdh
Hull 5 DESRRELER Hull > OESHT SR
DOERICERT D DIFERICEH LW
TNFRSF1AD TNFRSF1AD
RIXTRH ) RIZERELL
TNF-o 4 | | TNF-a >
sTNFR1 + sTNFR1
sTNFR2 sTNFR2 \
’// . SRR SO ) A
(RN AP Emmaaﬁﬁﬁﬁmtes
: TRAPS i E eeveeesemreeseenseesantnees

E1 TRAPSEMiOZHH70~-F+—+
Hull & OBHF LR DEEFRIEIKIC, TNFRSFIABEFOBE, BLU, mi#rdy 4 b4 - (INF-
o, STNFR1,sTNFR2) ¥ #l4 &4 T, TRAPSZUF ¥ A /s,

FoTHELBDE, WEHCTETHS.
TRAPSD 2

BET CHFBICBIT 2 HENDH - 2 TRAPSE
#Zi, Hull o OBRFEERYICEO LE&bETH
5 &, BRRTHEN S VIME, BE PR wE
Bhidh 7.

TRAPSOIRAMRILEL L TETWVAHRE, 2
WL ERT A LiE, KE@LWVWCLER
bhd. BIRO L IZE B, TRAPSOEE
BEBELTV, ThITILELDOBR»L
TRAPSZHI DM Z 2117, BEZOBKREER,
REBEOMBEY A P h A VHlE, REIELR
THES CIaBInTFiRE %17V, TRAPSZHT%1T-
. Z20HT, BRERIFALNBZWIRESID
FEILEA DOV, Hullb DBMEERIE, BFR
FERE R OCIER STV B, EBERER, #§
EF—5, BIEFHRZNY AN-ZANLS
MTERPLETHS. Touitoub i, BRTLiEH
HVFVLRFREPEROBU TH L VK

KHoBHEEZRATVAE®, Hizbid, BE
DTRAPSHRZ, BLU, ThEITRRBRLL
TRAPSIEBICOZWI F TOT UL A2 BEL,
TRAPSZWi D7 b D70 —F v — 2R L7
(B 1).

BfgoRRE LT, RiE, EUEE B
B, REMRFERERE, ZXA0hHKA
¥REL-LT, SLIBHIOPEWEE,
CCCHERAHOBMEL 5. K, Hulb
DLW HBROFBERAER (TR 1 OKEE 1~3) 1
LT, EHLEWEE, TRAPSIHE 212
{, MOBCREMHRBRERTTS. 6875
¥4, TNFRSFIABMZFIR#FE %179 . TNFRSFIA
BIEFIIRRERNFET T, TRAPSL BT
T3, BREEVFFELLEVEES, BET-4
PIERTALEND D, MiEPOTNFad tH: L,
#2, sSTNFRIZFHSTNFR2AF & L T
EARTHE, M5HPOTNFRIGFOBERS
¥ELTwAEELON, TRAPSEZHIT5.
REEOLZWILESNIE, ThIIHTIEES, —
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