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Abstract

Familial Mediterranean fever (FMF) is an autoinflammatory disease caused by mutations in the MEFV gene and character-
ized by recurrent episodes of fever and polyserositis. To date, over 317 MEFV mutations have been reported, only nine of
which account for almost all Japanese patients with FMF. Therefore, the prevalence of rare MEFV variants and their clinical
characteristics remains unclear. This study identified MEFV mutations previously unreported in the Japanese population
and described their clinical features. We performed MEFV genetic testing in 488 Japanese patients with clinically suspected
FMF. Of these patients, we retrospectively analyzed three patients with novel or very uncommon MEFV mutations. In
all patients, the clinical diagnosis of FMF was made according to Tel-Hashomer’s criteria. One novel missense mutation
(N679H) and two rare mutations (T6811 and R410H) were identified in the MEFV gene. These mutations were found in
compound heterozygous or complex genotypes with other known mutations in exons 1 or 2. According to clinical images,
all three patients exhibited typical FMF symptoms. A number of patients with FMF caused by novel or uncommon MEFV
variants might exist in the Japanese population; therefore, careful genetic testing is required for accurate diagnosis of this

curable genetic disorder.
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Introduction

Familial Mediterranean fever (FMF) is the most com-
mon autoinflammatory disease characterized by recurrent
self-limiting attacks of fever and polyserositis [1]. FMF is
caused by mutations in the MEFV gene, which is located on
chromosome 16p13.3 and encodes a protein of 781 amino
acids called pyrin [2]. More than 317 MEFV mutations or
polymorphisms have been identified in the Infevers database
(http://fmf.igh.cnrs.fr/ISSAID/infevers/) [3]. Among them,
four mutations in exon 10 (M694V, V726A, M680I, and
M6941) and one mutation in in exon 2 (E148Q) account
for 74% of MEFV mutations in Mediterranean regions [4].
However, nine MEFV mutations account for almost all
instances of FMF in Japanese patients. These nine mutations
include E148Q, L110P, R202Q, G304R (in exon 2), M6941
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(in exon 10), P369S, R408Q (in exon 3), E84K (in exon 1),
and S503C (in exon 5) [5]. Although FMF was previously
recognized as a rare genetic disease in Japan, a large number
of Japanese patients with FMF have recently been identi-
fied [6, 7]; however, whether additional rare MEF'V variants
exist in the Japanese population in addition to the nine major
variants remains to be determined, as do any corresponding
clinical features.

In this study, we identified three Japanese patients with
FMF and carrying one novel mutation (N679H) and two
uncommon mutations (T6811 and R410H) of the MEFV
gene. Previously, T6811 was reported in one Iranian female
patient [8], and R410H was recently reported in two Japa-
nese patients [9]; however, the clinical presentation of
patients with these MEFV variants has not been fully
described. Here, we report the precise clinical features of
three patients with these novel or uncommon mutations.
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Table 1 Summarized clinical
characteristics of three patients

with FMF

Patient 1 Patient 2 Patient 3
Age (years) 31 50 49
Sex F F F
Age at onset (years) 18 23 5

Genotype

Attack frequency (per year)
Attack duration (days)
Fever (°C)

Peritonitis

Pleuritis

Arthritis

Exertional leg pain
Headache

Erythema

Amyloidosis

Colchicine response
Colchicine dosage

Fulfill the Tel-Hashomer criteria
Trigger factors

Family history

N679H, L110P,
E148Q, R202Q

T6811, E148Q R410H, E84K, E148Q

4-6 12 24

1-2 3-5 1-3

39 39 39

+ + -

- - +

+ + -

- - +

N.E N.E -

Not used Complete Complete
- 2.0mg/day 0.5 mg/day
Yes Yes Yes
Overwork, stress Overwork, stress None

+ (Father) None None

F female, N.E not examined

Patients and methods

Over 100 patients with clinically suspected FMF are referred
to our laboratory annually [Department of Medicine (Neu-
rology and Rheumatology), Shinshu University School of
Medicine, Nagano, Japan] for identification of MEFV vari-
ants. Among these patients, we retrospectively analyzed
three FMF patients with novel or very uncommon mutations.
In all patients, clinical diagnosis of FMF was made accord-
ing to Tel-Hashomer’s criteria [10], and all patients fulfilled
it. Mutation analysis was performed by direct sequencing,
and polymerase chain reaction (PCR) amplification was
performed using forward and reverse primers for hotspot
regions (exons 1, 2, 3, 5, and 10) as described previously [6].

Results

We identified one novel (N679H) and two uncommon
(T6811 and R410H) mutations in three different patients.
Summarized clinical pictures of three Japanese FMF patients
are shown in Table 1. MEFV gene analysis revealed that all
three patients had compound heterozygote or complex geno-
types, including novel or uncommon mutations. All patients
had recurrent episodes of febrile attacks with a high fever
of >39 °C lasting 1 to 5 days. Pleuritis was observed in
two patients, and arthritis was observed in one patient, with
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none of the patients presenting peritonitis. The response to
colchicine therapy was very good in two patients.

Patient 1

A 31-year-old female had experienced periodic fever (maxi-
mum temperature: 39 °C) and left-side chest pain one to four
times monthly since 18 years of age; however, the symp-
toms spontaneously disappeared within 24 h, and a correct
diagnosis had not been made, despite visits to several dif-
ferent hospitals. The attacks seemed to be triggered by over-
work or emotional stress, and there were no relationships
between the attacks and menstrual periods. The father of
the patient also experienced episodic fever and abdominal
pain. Laboratory examinations 3 days after the fever showed
elevated C-reactive protein (CRP) levels (0.6 mg/dL) and
white blood-cell count (10,000/uL). Antinuclear antibody
was negative.

We suspected that the patient was suffering from FMF,
and MEFV gene analysis revealed a complex genotype com-
prising a novel mutation (N679H) in exon 10 (Fig. 1a) in
addition to L110P, E148Q, and R202Q. Colchicine treatment
was recommended, but the patient declined treatment due to
fears it would influence future pregnancies. A symptomatic
treatment plan using antipyretic analgesics was provided for
the febrile and pain attacks.
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Fig.1 MEFYV gene analysis in
three patients. a Asparagine-
to-histidine substitution
(p-Asn679His) as a result of an
A-to-C transition at nucleotide
position 2035 (c.2035A>C) in
exon 10. b Threonine-to-isoleu-
cine substitution (p.Thr6811le)

(a) Patient 1 GGG

el

GGGAACATG

il

CATG
N679H
Asn/His

Wild type

as a result of a C-to-T transition
at nucleotide position 2042

(c.2042C>T) in exon 10. ¢
Arginine-to-histidine substitu-
tion (p.Arg410His) as a result of
a G-to-A transition at nucleotide
position 1229 (c.1229G > A) in
exon 3

(b) Patient 2

CATGANTCTGT

udlul

CATGACTCTGT
T6811

Wild type
Thr/Ile

(c) Patient3

GGTGCGCCCC

GGTGCGCCCC

ol

R410H
Arg/His

Wild type

Patient 2

A 50-year-old female had suffered from various inflamma-
tory episodes, including periodic fever and left-side chest
pain, for > 20 years. The symptoms had occurred several
times annually, but the frequency of febrile attacks had
increased to monthly ~3 months prior to consultation. The
patient experienced nonspecific arthropathy of the hip, knee,
and ankle, but apparent monoarthritis was not observed.
Overwork or emotional stresses appeared to provoke inflam-
matory attacks, but a correct diagnosis had not been made,
despite the patient visiting several different hospitals. The
patient had taken anti-inflammatory drugs or antibiotics
during the attacks, which provided relief for several days.
The patient had no family history of similar periodic febrile
episodes, but repeatedly experienced febrile attacks with a
fever of 39 °C accompanied by strong chest and back pain,
probably due to pleuritis. Laboratory examinations revealed
elevated serum CRP levels (2.25 mg/dL), but the cause of
the chest pain was not identified by chest X-ray or computer
tomography.

We suspected that the patient was suffering from FMF,
and genetic analysis revealed that the patient was compound
heterozygous for MEFV mutations, including a rare muta-
tion (T6811I) in exon 10 (Fig. 1b) and E148Q. After admin-
istration of 1.5 mg/day colchicine, the symptoms markedly
improved, although the patient continued to report chest
pain. The colchicine dosage was increased to 2 mg/day,
which completely inhibited the febrile attacks.

Patient 3

A 49-year-old female experienced periodic episodes of high
fever since childhood and diagnosed as resulting from ton-
sillitis. At 45 years of age, the patient was diagnosed with
infectious mononucleosis and thrombocytopenic purpura
due to clinical and laboratory findings, including hepato-
splenomegaly, lymphadenopathy, positive Epstein—Barr
virus-antibody titers, and thrombocytopenia. The patient
was administered 40 mg prednisolone daily, and the symp-
toms remitted temporarily; however, the patient suffered
from recurrent fevers of 39 °C, erythema of the trunk and
limbs, and arthritis of the hip joint once in 2 weeks and last-
ing for 1-3 days. The rash was an itchy, palpable erythema
up to 3 cm in diameter and appeared along with fevers and
gradually changed circularly. The patient was completely
asymptomatic in between attacks, and there was no family
history suggestive of FMF. Laboratory examinations at the
peak of the attacks revealed elevated CRP levels (4.8 mg/
dL), and blood cultures were negative for pathogenic micro-
organisms. Chronic active Epstein—Barr virus infection was
rejected based on the virus-antibody titers and a skin biopsy,
neither of which provided information useful for diagnosis.

We suspected that the patient was suffering from FMF
and administered 0.5 mg/day colchicine, which provided
complete remission of the febrile attacks. MEFV gene analy-
sis revealed a complex genotype, including a rare mutation
(R410H) in exon 3 (Fig. 1c) along with E84K and E148Q.
She stopped taking colchicine daily due to side effects of

@ Springer



108

Rheumatology International (2018) 38:105-110

severe diarrhea and instead took colchicine only for a few
days while she felt the onset of inflammatory attacks, result-
ing in control of the symptoms.

Discussion

We identified one novel mutation (N679H) and two rare
mutations, T6811 and R410H, in the MEFV gene. Allele
frequencies of these three mutations in 51 healthy individu-
als (102 alleles) were zero, respectively. The C-terminal
B30.2 (PRYSPRY) domain of pyrin is mainly encoded by
MEFYV exon 10 and plays a key role in the inflammatory
response. Indeed, the activation of caspase-1 and secretion
of interleukin-1p are directly regulated by the C-terminal
B30.2 (PRYSPRY) domain [11]. Therefore, the impact of
exon 10 variants on pyrin function and the clinical phenotype
of FMF might be significant. Patients with MEFV exon 10
variants tend to exhibit a “typical FMF phenotype”, includ-
ing recurrent episodes of high fever lasting a few days and
severe serositis symptoms. In addition, such variants tend
to induce reactive amyloid A amyloidosis due to recurrent
severe inflammation without appropriate treatments [12].
Therefore, it is important to detect MEFV exon 10 variants
to obtain a definite diagnosis of FMF and to predict clinical
severity in patients with suspected FMF. Although a large
number of Mediterranean patients with FMF carry exon 10
mutations [4], the frequency of MEFV exon 10 mutations is
relatively low in Japanese patients with FMF. To date, there
have been few reports of MEFV exon 10 mutations, with the
exception of M6941, in Japanese patients [13, 14].

In our study, two exon 10 mutations were identified in
patients 1 and 2: one (N679H) is novel and another (T681I)
is very uncommon and represents the first case reported in
Japanese populations. Both patients revealed typical FMF
symptoms similar to those observed in other exon 10 muta-
tions. We used a bioinformatics tool (PolyPhen-2; http://
genetics.bwh.harvard.edu/pph2/) [15] to predict the impact
of the N679H mutation identified in patient 1 on pyrin struc-
ture and function. This mutation was predicted as most likely
damaging (score: 0.986; sensitivity: 0.74; specificity: 0.96).
It is possible that the N679H mutation changes the molecu-
lar structure of pyrin due to the substitution of a neutral
amino acid with a basic residue, which changes the pyrin
isoelectric point. The T6811 mutation, identified in patient
2, was not detected among 1275 Turkish FMF patients [16]
and has thus far only been reported in one female Iranian
patient [8]. This patient also had the M694V mutation in
another allele and presented with classical FMF complicated
by amyloidosis.

Patient 3 had an R410H mutation in MEFV exon 3 and
clinically presented with typical FMF symptoms. This
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mutation was recently described, and two patients with
the R410H mutation were identified among 601 Japanese
patients experiencing unexplained fever or suspected
FMF [9]. Although detailed clinical characteristics of the
reported patients are unavailable, one patient was clas-
sified as belonging to the “sure FMF” group similar to
patient 3 in this study. In MEFV exon 3, P369S and R408Q
are often detected in FMF patients and reportedly result in
a highly variable phenotype and atypical clinical presen-
tation [17]. In contrast to P369S and R408Q, the R410H
mutation might be associated with a typical FMF pheno-
type, as seen in this study.

In this study, the three patients analyzed carried addi-
tional MEFV mutations in exon 1 or 2 (E84K, L110P,
E148Q, or R202Q). These exon 1 or 2 mutations are not
always considered disease-causing mutations [18-20].
The E148Q mutation was found in 23% of healthy Japa-
nese [18], and its status as a pathogenic mutation or a
simple polymorphism remains controversial [19]. Fur-
thermore, the R202Q mutation reportedly causes FMF
only in homozygotes [20]. In addition, patients carrying
an uncertain variant, such as E148Q or R202Q, tend to
develop FMF symptoms only in the presence of a clearly
pathogenic mutation in the other allele [21]. These data
clearly support that the three mutations identified in this
study are pathogenic mutations associated with FMF.

Autoinflammatory diseases are characterized by recur-
rent episodes of systemic inflammation and defined as a
group of disorders exhibiting abnormal innate-immunity
activation [22]. Differential diagnosis is important, as
many kinds of diseases have been reported recently. We
diagnosed our three patients as FMF based on various find-
ings, such as age at onset, good response to colchicine
treatment, positivity of MEFV gene mutations, and disa-
greement with the diagnostic criteria of other diseases.

Recently, testing only for specific MEFV mutations was
thought to be sufficient for gene screening, because many
single-nucleotide polymorphisms were not associated
with a disease phenotype. However, our data suggest that
a number of as-yet unrecognized or quite rare pathogenic
mutations might exist in MEFV, even in Japanese popula-
tions. Therefore, screening only limited numbers of muta-
tions is insufficient and likely to result in misdiagnosis of
individuals with rare or novel FMF-causing mutations, and
careful genetic testing might be required for patients with
suspected FMF without common MEFV variants.
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