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Abstract: Familial Mediterranean fever (FMF) is an autoinflammatory
disease caused by MEditerranean FeVer gene (MEFV) mutations. In
Japan, patients with FMF have been previously reported, including a mild
or incomplete form. Several factors are presumed to contribute to the variable
penetrance and to the phenotypic variability of FME. We conducted the cur-
rent study to investigate the correlation of variable clinical presentations and
MEFV genotypic distributions in Japanese FMF patients.

We analyzed demographic, clinical, and genetic data for 311 FMF
patients enrolled in the study. Clinically, we classified FMF into
2 phenotypes: 1) the “typical” form of FMEF, and 2) the “atypical”
form of FMF according to the Tel Hashomer criteria. Patients with
the typical FMF phenotype had a higher frequency of febrile episodes, a
shorter duration of febrile attacks, more frequent thoracic pain, abdominal
pain, a family history of FMF, and MEFV exon 10 mutations. Conversely,
patients with the atypical FMF phenotype had a lower frequency of fever
episodes and more frequent arthritis in atypical distribution, myalgia, and
MEFYV exon 3 mutations. Multivariate analysis showed that the variable
associated with typical FMF presentation was the presence of MEFV exon
10 mutations. Typical FMF phenotype frequencies were decreased in patients
carrying 2 or a single low-penetrance mutations compared with those carry-
ing 2 or a single high-penetrance mutations (M6941), with an opposite
trend for the atypical FMF phenotype. In addition, patients having
more than 2 MEFV mutations had a younger disease onset and a higher
prevalence of thoracic pain than those carrying a single or no mutations.
Thus, MEFV exon 10 mutations are associated with the more typical
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FMF phenotype. In contrast, more than half of the Japanese FMF
patients without MEFV exon 10 mutations presented with an atypical
FMF phenotype, indicating that Japanese FMF patients tend to be di-
vided into 2 phenotypes by a variation of MEFV mutations.

(Medicine 2014;93: 158-164)

Abbreviations: CI = confidence interval, FMF = familial
Mediterranean fever, IL-1( = interleukin 1 beta, OR = odds ratio.

INTRODUCTION

F amilial Mediterranean fever (FMF) is an autosomal recessive
autoinflammatory disease caused by MEditerranean FeVer
gene (MEFV) mutations on chromosome 16,"7 and character-
ized by periodic fever and serositis.>* The disease occurs most
commonly in populations of eastern Mediterranean descent.
However, patients of various ethnic origins are well documented,
including several Japanese individuals.2-3> FMF can be classified
as “typical” and “atypical” types based on clinical findings and
genetic screening.!32% As indicated in the Tel Hashomer criteria,'
a typical FMF attack is defined as episodes lasting 12 hours to
3 days with fever accompanied by peritonitis, pleuritis, or
monoarthritis of hip, knee, or ankle. In contrast, an incomplete
attack differs from the definition of a typical attack in the fol-
lowing features: temperature of less than 38°C; attack duration
longer or shorter than specified periods (12 hours to 3 days),
but not shorter than 6 hours or longer than a week; localized
abdominal signs; or atypical distribution of arthritis.'* In addi-
tion, Ryan et al?® reported patients with symptoms of the syn-
drome of periodic fever, aphthous stomatitis, pharyngitis, and
cervical adenitis in atypical FMFE. Although MEFV genotyping
has enabled FMF to be confirmed in some cases, the diagnosis
remains predominantly clinical since genotyping has shown
that the disease is characterized by variable manifestations.'*"*®
To date, over 200 disease-associated mutations have been iden-
tified in MEFV, with the majority of mutations being missense
changes and more than half clustering in exons 2 and 10.3! The pres-
ence of mutations on both MEFV alleles establishes a diagnosis
of FME but in many cases only a single mutation or no mutation
can be identified,'>* resulting in a diagnostic dilemma. Additionally,
some patients carrying MEFV mutations either as heterozygotes,
compound heterozygotes, or complex alleles present with various
atypical FMF clinical manifestations.'” In contrast to typical FMF
cases in endemic areas, some FMF patients lack a classic clinical
presentation, and a diagnosis is therefore difficult in populations
where the disease is rare.’ Another problem is that the penetrance
of a disease-causing mutation varies by MEFV mutations. Mani-
festation of FMF symptoms is mainly attributed to the high
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frequency of low-penetrance mutations (E148Q, V726A, etc)
and the low frequency of high-penetrance mutations (M694YV,
M6941, etc).® The low-penetrance pyrin mutation E148Q is found
frequently in east Asia. The V726 A mutation remains practically
totally silent and nonpenetrant in Ashkenazi Jews.’

Although our knowledge of FMF is expanding rapidly,? it
remains very limited in Japan because of the rarity and phenotypic
variability of Japanese FME.'® To avoid the delayed disease diagnosis
that might be associated with this, we conducted a nationwide survey
and laboratory testing for the genetic diagnosis of FMF patients. We
aimed to provide clear and comprehensive demographic data regard-
ing Japanese patients with typical/incomplete FME, and to analyze
the impact of genetic factors on the disease phenotype in a large pop-
ulation of Japanese FMF patients.

METHODS

Patient Enrollment

A nationwide survey of FMF was conducted in cooperation
with the Japan Research Committee on the Epidemiology of In-
tractable Diseases in 2009.'® Patients were diagnosed clinically
according to the Tel Hashomer diagnostic criteria.'> Epidemio-
logic data (including sex, consanguinity of parents, familial his-
tory, and age of onset of inflammation signs) and main clinical
data (including fever; thoracic, abdominal, articular, and cutaneous
signs; duration and frequency of episodes; presence of amyloidosis;
and response to colchicine) were recorded by the doctor in charge
using a standard form. A diagnosis of FMF was made if the patient
had 1 or more major criteria, or 2 or more minor criteria of the Tel
Hashomer criteria.'® On the basis of the Tel Hashomer criteria, we
divided the study subjects into 2 groups, typical FMF and atypical
FMF. Typical FMF patients had the typical episode of peritonitis,
pleuritis, monoarthritis, or fever alone as specified in the Tel
Hashomer criteria. Atypical FMF patients had an “incomplete” at-
tack. An attack was considered incomplete if it differed from
the definition of a typical attack in only 1 or 2 of the following
features: temperature less than 38°C; attack duration longer or
shorter than specified periods (12 hours to 3 days), but not shorter
than 6 hours or longer than a week; no signs of peritonitis during
an abdominal attack, or signs were localized; atypical distribution
of arthritis. The present study was approved by the ethical
committees of Nagasaki Medical Center (No. 21015, 2009).

Mutational Analysis

Blood samples (2 mL) were collected from all subjects. Ge-
nomic DNA was extracted from whole blood by means of the
Promega Wizard Genomic DNA Purification Kit (Promega,
Madison, WI). Mutation analysis was performed by direct DNA
sequencing. Polymerase chain reaction (PCR) was performed us-
ing the forward and reverse primers for each exon of the MEFV
gene as described previously.?” PCR products were purified with
the ExoSAP-IT (GE Healthcare Japan, Tokyo, Japan) and se-
quenced directly, using specific primers and BigDye Terminator
v1.1 (Applied Biosystems, Tokyo, Japan). MEFV genetic analysis
was approved by the Ethics Committee of Nagasaki Medical Cen-
ter (No. 21003, 2009).

Statistical Analyses

We used SPSS software (SPSS Inc, Chicago, IL) to analyze
the data. Results were expressed as the mean + standard devia-
tion for continuous variables. For quantitative data, analysis was
performed using a Mann—Whitney U rank-sum test to compare
2 independent groups. Comparisons for categorical variables
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were evaluated using the chi-square test (or the Fisher exact test
when appropriate).

We used logistic regression models to detect variables that
affect disease phenotype. All possible variables were initially
evaluated by univariate analysis, then suitable candidates for
multivariate analysis were chosen that had a p value < 0.1 plus
additional variables of known biological importance. The for-
ward likelihood logistic regression approach was used to define
variables that may affect the FMF phenotype. A p value < 0.05
was accepted as significant.

RESULTS

Demographic Features

A total of 311 patients were enrolled in this study:
185 patients lived in East Japan and 126 patients lived in West
Japan. Consanguinity was present in 1.6% of patients (Table 1).
At the time of diagnosis, the mean age was 33.4 + 19.0 years,
and the mean time between disease onset and disease diagnosis
was 9.0 £9.8 years. Demographic data showed that 242 patients
(77.8%) had no family history suggestive of FMF. The main
clinical findings were present at the following frequencies: ab-
dominal pain (171, 55.0%), arthritis (132, 42.4%), thoracic pain
(119, 38.3%), myalgia (46, 14.8%), erysipelas-like erythema
(32, 10.3%), and AA amyloidosis (7, 2.3%). The association
with autoimmune diseases was observed in 30 (9.6%) patients

TABLE 1. Demographic and Clinical Features of 311 Patients
With FMF

Feature No. (%) (n=311)
Male/female 128/180
Consanguinity 5 (1.6%)
Age at onset (yr)* 242 £ 18.1
Age at diagnosis of FMF (yr)* 334 +19.0
Typical/atypical 178 /133
Frequency of febrile attack (per mo)*0 09+09
Duration of fever attack (d)* 34+£26

Thoracic pain
Abdominal pain

119 (38.3%)
171 (55.0%)

Arthritis 132 (42.4%)
Erysipelas-like erythema 32 (10.3%)
Myalgia 46 (14.8%)
AA amyloidosis 7 (2.3%)
Family history of FMF 69 (22.3%)
Autoimmune disease 30 (9.6%)

MEFV mutations
Exon10 mutations
Homozygotes (exon10)
Compound heterozygotes

286 (92.0%)
126 (40.5%)
10 (3.2%)
179 (57.6%)

Heterozygotes 97 (31.2%)

No. of patients prescribed colchicine 271 (87.1%)
Effective 249 (91.9%)
Ineffective 8 (3.0%)
Discontinued due to adverse effects 5 (1.8%)
Unknown 9 (3.3%)
Mean dose* 0.89 £+ 0.55 mg/d
*Mean £ SD.
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(rheumatoid arthritis 8; Adult-onset Still disease 4; Behget disease
4; dermatomyositis 3; systemic lupus erythematosus 2; Basedow
disease 1; idiopathic thrombocytopenic purpura 1; Kawasaki dis-
ease 1; Kikuchi disease 1; multiple sclerosis 1; polymyalgia
rheumatica 1; Sjégren syndrome 2; ulcerative colitis 1). Colchi-
cine was administered orally to 271 patients (87.1%), and a favor-
able therapeutic effect was seen in 249 patients (91.1%). Forty
patients (12.9%) had not yet been treated with colchicine or infor-
mation was not obtained in the survey. The mean dose of colchi-
cine was 0.89 + 0.55 mg/d. Our study population contained
59 pediatric patients (aged <16 yr) with FMFE. The frequencies
of the set of criteria for the diagnosis of FMF in childhood** were

as follows; fever (57/59, 96.6%), abdominal pain (38/59, 64.4%),
chest pain (19/59, 32.2%), arthritis (19/59, 32.2%), and family
history of FMF (13/59, 22.0%).

Mutational Analysis

Of the total 311 FMF patients, 178 displayed a typical FMF
phenotype, and 133 an atypical FMF phenotype according to the
Tel Hashomer criteria.'> The distribution of the MEFV genotypes
in patients with typical and atypical FMF is presented in Table 2.
The detected mutations were heterogeneous and included M6941,
E148Q, L110P, P369S, R408Q, and E84K. The allele frequencies

TABLE 2. MEFV Genotypes in FMF Patients With Typical or Atypical Phenotype

MEFYV Genotype No. (%) (n=311) Typical (n=178) Atypical (n=133)
M6941/M6941 10 (3.2%) 10

M6941/normal 29 (9.3%) 28 1
M6941/L110P 2 (0.6%) 2

M6941/E148Q 50 (16.1%) 42 8
M6941/S503C 1 (0.3%) 1

M6941/P715L 1 (0.3%) 1

M6941/1740V 1 (0.3%) 1

M694I/'W750R 1 (0.3%) 1
M6941/E148Q/L110P 28 (9.0%) 23 5
M6941/E148Q/E148Q 1 (0.3%) 1
M6941/E148Q/E148Q/L110P/L110P 1 (0.3%) 1

M680I/E148Q/L110P 1 (0.3%) 1

S503C/normal 2 (0.6%) 1 1
R354Q/normal 1 (0.3%) 1
P369S/R408Q 14 (4.5%) 1 13
E148Q/L110P/P369S 1 (0.3%) 1
E148Q/P369S/R408Q 12 (3.9%) 4 8
E225K/P369S/R408Q 1 (0.3%) 1

G304R/P369S/R408Q 1 (0.3%) 1
E148Q/L110P/P369S/R408Q 1 (0.3%) 1
E148Q/E148Q/P369S/R408Q 6 (1.9%) 2 4
E148Q/R202Q/P369S/R408Q 1 (0.3%) 1
E148Q/G304R/P369S/R408Q 1 (0.3%) 1

E148Q/normal 45 (14.5%) 21 24
R202Q/normal 6 (1.9%) 1 5
G304R/normal 4 (1.3%) 1 3
E148Q/E148Q 4 (1.3%) 3 1
G304R/G304R 1 (0.3%) 1
E148Q/L110P 26 (8.4%) 10 16
E148Q/R202Q 2 (0.6%) 1 1
E148Q/G304R 1 (0.3%) 1
E148Q/S503C 2 (0.6%) 2
E148Q/E148Q/L110P 6 (1.9%) 1 5
E148Q/L110P/L110P 1 (0.3%) 1

E148Q/L110P/R202Q 2 (0.6%) 2
E148Q/L110P/G304R 1 (0.3%) 1
E148Q/E148Q/L110P/L110P 3 (1.0%) 3
E84K/normal 10 (3.2%) 4 6
E84K/E148Q 1 (0.3%) 1

E84K/R410H 2 (0.6%) 2

E84K/E148Q/L110P 2 (0.6%) 1 1
Normal 25 (8.0%) 10 15
Total (%) 311 178 (57.2%) 133 (42.8%)
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FIGURE 1. Distribution of febrile attack periods in patients with
typical or atypical FMF phenotypes.

of M6941, R408Q, P369S, G304R, R202Q, E148Q, and E84K
were 21.7%, 5.9%, 6.1%. 1.6%, 1.8%. 35.4%, and 2.4%, respec-
tively, in FMF patients, compared to those in healthy Japanese
subjects of 0%, 3.3%, 4.0%. 2.7%, 3.3%. 23.3%, and 1.3%, re-
spectively, as described previously.'® The allele frequencies were
similar between the 2 groups except the M6941 mutation.

Clinical Features of Different FMF Phenotypes
(Typical vs. Atypical)

The distribution of febrile attack durations is shown in
Figure 1. Patients with atypical FMF had variable durations,
compared to the limited durations of patients with typical FMF.

We compared the demographic and genetic data between
patients with the different phenotypes (typical vs. atypical).
Variables that were significantly different between the 2 groups
in the univariate analysis are shown in Table 3. These factors were
assessed by multivariate analysis to determine whether they inde-
pendently affected the typical FMF phenotype. Our best fit model
was obtained through logistic regression; we found that the pres-
ence of durations of febrile attacks <3 d (p < 0.0001; odds
ratio [OR], 44.8; 95% confidence interval [CI], 17.7-113.5)
and MEFV exon 10 mutations (p < 0.0001; OR, 10.4; 95% CI,
3.3-32.8) predicted the typical FMF phenotype (Table 4).

Genotype/Phenotype Correlations

We analyzed the correlation between the phenotype (typical
vs. atypical) and MEFV genotype using registered FMF patients.
Japanese patients had a higher prevalence of the high-penetrance
mutation M6941, and low-penetrance mutations in MEFV exons
1, 2, and 3 (ES4K, L110P, E148Q, R202Q, G304R, P369S,
R408Q). Based on these considerations, we further investigated
the patient’s phenotype according to the presence of higher and/or
lower penetrance of MEFV mutations. Most patients carrying 1 or
2 high-penetrance mutations had the typical FMF phenotype, while,
by contrast, the typical FMF phenotype percentage was slightly
decreased in patients carrying combined high- and low-penetrance
mutations. In contrast to the patients carrying high-penetrance
mutations, more than half of the patients carrying 1 or 2 low-
penetrance mutations and no detectable mutation presented with the
atypical FMF phenotype (Figure 2).

Influence of the Number of MEFV Mutations on
Clinical Phenotype

Although FMF is classically considered to be an autosomal
recessive disease, the presence of a single mutation is often as-
sociated with a classic FMF phenotype, including the response
to colchicine. We therefore analyzed the difference in clinical
presentation between patients carrying 2 MEFV mutations and
those with a single or no mutation. One hundred eighty-nine
(60.8%) of 311 patients carried 2 or more than 2 MEFV mutations,
122 (39.2%) carried 1 or no detectable MEFV mutation. Most clin-
ical manifestations did not differ between these 2 groups, except
for the age of disease onset, the frequencies of febrile attack,
and the presence of thoracic pain (Table 5).

DISCUSSION

Since the identification of MEFV as the gene mutated in
FME,'7 genetic analysis has become useful for confirming the di-
agnosis made traditionally by clinical findings.>'® Analysis of
FMF patients in various countries has revealed patients with homo-
zygous and compound heterozygous mutations, others with single
mutations, and some with none of the studied mutations.'”*° In-
deed, we encountered Japanese FMF patients with only a single

TABLE 3. Comparison of Clinical Features in Patients With Typical or Atypical FMF Phenotype (Univariate Analysis)

Typical No. (%)

Atypical No. (%)

Feature (n=178) (n=133) P
Male/female 81/96 47/84 0.082
Consanguinity 3 (1.7%) 2 (1.5%) 0.635
Age at onset (yr)* 219+ 163 27.3 £20.0 0.019
Frequency of febrile attack (per mo)* 1.1£09 0.8£0.8 P <0.0001
Duration of febrile attack (d)* 23+£1.0 54+£32 P <0.0001
Thoracic pain 88 (49.4%) 31 (23.3%) P < 0.0001
Abdominal pain 117 (65.7%) 54 (40.6) P < 0.0001
Arthritis 64 (36.0%) 68 (51.1%) 0.007
Erysipelas-like erythema 11 (6.2%) 21 (15.8%) 0.006
Myalgia 20 (11.2%) 26 (19.5%) 0.041
Family history of FMF 50 (28.1%) 19 (14.3%) 0.004
Autoimmune diseases 14 (7.9%) 16 (12.0%) 0.218
Exon 10 mutations (+) 111 (62.4%) 15 (11.3%) P < 0.0001
Exon 3 mutations (+) 11 (6.2%) 30 (22.6%) P < 0.0001

*Mean £ SD.
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TABLE 4. Comparison of Selected Variables for Typical FMF Phenotype (Multivariate Analysis)

Variable P OR (95% CI)
Age at onset (£20 yr) 0.404 0.668 (0.259-1.725)
Frequency of febrile attack (21/mo) 0.360 1.473 (0.643-3.375)
Duration of febrile attack (<3 d) P <0.0001 44.779 (17.670-113.479)
Thoracic pain 0.833 0.902 (0.347-2.346)
Abdominal pain 0.040 2.548 (1.046-6.210)
Arthritis 0.136 2.021 (0.801-5.102)
Erysipelas-like erythema 0.719 0.759 (0.168-3.418)
Myalgia 0.237 0.510 (0.167-1.558)
Family history of FMF 0.830 0.884 (0.288-2.717)
Exon 10 mutations (+) P < 0.0001 10.445 (3.330-32.763)
Exon 3 mutations (+) 0.803 0.855 (0.250-2.921)

mutation or low-penetrance MEFV exon 2 or 3 mutations.'® This
is especially common among populations with a high frequency
of low-penetrance mutation carriers.

In the current study, 43% of Japanese patients with FMF
were classified as having aty;)ical FMF according to the Tel
Hashomer diagnostic criteria.'> These patients exhibited unique
clinical manifestations, including some that are atypical FMF
symptoms such as prolonged periods of febrile attacks and lower
frequencies of serositis. Our data confirmed the correlation be-
tween the MEFV exon 10 mutations and the typical FMF pheno-
type, as well as that between MEFV exon 3 mutations and the
atypical FMF phenotype in Japanese patients. Based on genetic
analysis, the prevalence of the typical FMF phenotype was corre-
lated with MEFV genotype, increasing from patients who carried
no MEFV mutations or low-penetrance MEFV mutations to those
who carried high-penetrance MEFV mutations. Multivariate anal-
ysis revealed that MEFV exon 10 mutations were significantly as-
sociated with the typical FMF phenotype in Japanese patients.
This contrasts with a previous study in which onlgy the M694V
variant was associated with FMF disease severity.>

The main limitation of the current study is the lack of evalu-
ation of disease severity; however, the MEFV genotype could be
linked to the FMF clinical phenotype of Japanese patients as dem-
onstrated in Middle Eastern countries.>' Although the dose effects
of MEFV mutations to disease phenotype were minimal, the pres-
ence of a high-penetrance MEFV mutation (M694I) extensively
affected the FMF phenotype. Our findings suggest that MEFV
genotypes are useful to distinguish atypical from typical FMF
patients. However, genetic testing has a limited diagnostic value,
and the diagnosis of FMF remains clinical despite the understand-
ing of the genotype-phenotype correlation. Nevertheless, our data
shed light on the contribution of MEFV genotypes to the “FMF
phenotype” in Japanese patients with FMF.

On the basis of the recessive mode of inheritance, FMF
patients should inherit 2 mutations in the MEFV gene. However,
several investigators have assumed that some heterozygous muta-
tion carriers have clinically symptomatic FME*>'® Indeed, new
studies have cast considerable doubt on whether FMF is a tradi-
tional autosomal recessive disease.”® Several possibilities including
the presence of mutations in another autoinflammatory gene, epige-
netic or post-translational modifications, and environmental factors
have been suggested.>'”** Additionally, patients carrying MEFV
mutations with low penetrance do not present with classical FMF
and suffer from mild or atypical FMF characterized by episodic
arthritis without fever, or febrile attacks without serositis.>?%%>
We suggest that appropriate molecular tests for MEFV could be

162 | www.md-journal.com

useful for classifying the FMF phenotype in Japanese patients.
Recent data from a pyrin knock-in mouse suggest that FMF is
the result of gain-of-function mutations in pyrin that lead to
interleukin-1@ activation.'" This may account for FMF patients
with only 1 identifiable MEFV mutation who present with FMF
disease that is responsive to colchicine. This has been observed
in patients with low-penetrance mutations in MEFV exons 1-3.

There has been some debate about the use of clinical versus
genetic criteria, as the diagnosis of FMF cannot be made on the
basis of genetic testing alone.® Some patients with FMF diag-
nosed by clinical findings have only 1 demonstrable mutation,
and a small number of patients have no identifiable mutations.
In addition, the Tel Hashomer clinical criteria do not clearly distin-
guish typical from atypical FME.'® Our results suggest that com-
bined clinical investigations and molecular analysis are useful to
discriminate the different phenotypes of FME.

In summary, we confirmed that MEFV exon 10 mutations
are associated with the more typical FMF phenotype. Con-
versely, more than half of the Japanese FMF patients without
MEFYV exon 10 mutations presented with an atypical FMF phe-
notype. Further studies involving a multicentric FMF registra-
tion are needed to establish a correlation between the MEFV
genotype and various clinical phenotypes in different ethnic
groups, which should be further explored in larger studies.

* $<0.0001
H: high penetrance mutations
(%) L: low penetrance mutations
100 @ Typical
O Atypical
80 * * %
60
40
204
0-
H/H H/(-) H/L L/L L) ©

FIGURE 2. Prevalence of typical or atypical FMF phenotype in
patients with high- (H) or low- (L) penetrance MEFV mutations.
P values were assessed by Fisher exact test in comparison with
patients having 2 high-penetrance (H/H) MEFV mutations.
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TABLE 5. Clinical Features of Patients With Different Numbers of MEFV Mutations

No. (%) of MEFV Mutations

Feature 22 Mutations (n=189) 1 or No Mutation (n=122) P

Male/female 71/117 57/63 0.091
Consanguinity 2 (1.1%) 3 (2.5%) 0.303
Age at onset (yr)* 22.0+16.9 27.7+19.5 0.013
Frequency of febrile attack (per mo)* 1.0+£09 0.8+0.8 0.025
Duration of febrile attack (d)* 34+£25 35+28 0.596
Thoracic pain 85 (45.0%) 34 (27.9%) 0.002
Abdominal pain 108 (57.1%) 63 (51.6%) 0.341
Arthritis 77 (40.7%) 55 (45.1%) 0.449
Erysipelas-like erythema 17 (9.0%) 15 (12.3%) 0.350
Myalgia 26 (13.8%) 20 (16.4%) 0.522
Family history of FMF 46 (24.3%) 23 (18.9%) 0.256
Autoimmune diseases 19 (11.3%) 11 (9.8%) 0.693

*Mean =+ SD.
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