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First report of anti-calcium-sensing receptor
antibodies in a patient with Sjbgren’s syndrome
and primary hvpoparathyroidism

SR, SS is a multisystem autoimmune disease that chiefly
affects salivary and lacrimal gland function. The disease
is characterized by lymphocytic infiltration of the exocrine
glands, resulting in oral and ocular dryness, and the
presence of anti-La and anti-Ro antibodies (Abs) [1].
Frequently, SS is associated with other autoimmune dis-
eases including autoimmune hypothyroidism and Graves’
disease [2-5]. In 1979, a patient with RA and dry eyes was
reported to have hypoparathyroidism, but this was not
proved to have an autoimmune origin [6]. Previous studies
have demonstrated that hypoparathyroidism can have
an autoimmune pathogenesis due to immune responses
that either destroy the parathyroid or that give rise to Abs
that aberrantly stimulate the calcium-sensing receptor
(CaSR) on parathyroid gland chief cells [7-9]. The aim of
the current study was to investigate the cause of hypo-
parathyroidism diagnosed in a patient with SS in order to
determine whether an autoimmune aetiology was
possible.

A 45-year-old female who satisfied 2002 criteria for SS
was first found to be hypocalcaemic in 2001 with a cor-
rected total serum calcium concentration of 2.04 mmol/I
(normal range 2.15-2.65mmol/l). The 25-hydroxyvitamin
D level was <15nmol/l (normal range 50-140 nmol/l) and
calcium and vitamin D supplementation were given lead-
ing to normalization of 25-hydroxyvitamin D to 98 nmol/l.
Serum magnesium, phosphate and alkaline phosphatase
levels were normal. Hypocalcaemia fluctuating between
2.03 and 2.10mmol/I persisted while 25-hydroxyvitamin
D levels increased to 125nmol/l. In 2009, serum PTH
was undetectable at <10ng/l (normal range 8-55ng/l)
paired with a low corrected serum calcium, a finding
reproduced in a subsequent sample. The patient had a
right-sided parotidectomy in 1995 revealing a lympho-
epithelial lesion consistent with Mikulicz’s syndrome.
There had been no surgeries on her thyroid or parathyroid
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gland. Physical examination showed no features of other
autoimmune conditions.

A diagnosis of primary hypoparathyroidism in this pa-
tient with SS was made when low serum calcium levels
were found in the presence of a low level of PTH. The
patient’s normal renal function excluded the possibility
of hypocalcaemia caused by renal disease and there
was no evidence of intestinal dysfunction. Normal magne-
sium levels discounted this as a possible cause of insuf-
ficient PTH secretion. Serum calcium levels had remained
normal for at least 4 years after parotidectomy increasing
assurance that the parathyroid glands had been un-
touched. It is unlikely that hypoparathyroidism resulted
from abnormally developed parathyroid glands or CaSR-
activating mutations that reduce PTH secretion, as cal-
cium levels were normal before 2000 and there was no
suggestive family history. At least 30% of SS patients
suffer from at least one additional autoimmune condition,
most commonly hypothyroidism [2-5]. An autoimmune
pathogenesis for this patient’s hypoparathyroidism was
therefore investigated by evaluating for the presence of
anti-CaSR Abs [7-10].

Anti-CaSR Abs were measured in the patient’s serum in
a specific immunoprecipitation assay as previously des-
cribed [10]. The patient was positive for anti-CaSR Abs
with a CaSR Ab index of 21.6 (normal range, CaSR Ab
index 0.15-1.72) (Fig. 1A). The effects of the patient’s
anti-CaSR Abs on CaSR function were determined using
HEK293 cells expressing the CaSR (HEK293-CaSR
cells). Cells were incubated with immunoglobulin G (IgG)
before measurement of Ca®*-induced, CaSR-mediated
inositol-1-phosphate (IP1) accumulation and extracellular
signal-regulated kinase 1/2 (ERK1/2) phosphorylation [8].
The results indicated that the patient’s IgG did not signifi-
cantly affect the levels of either IP1 accumulation or
ERK1/2 phosphorylation in HEK293-CaSR cells when re-
sponding to Ca?* (Fig. 1B and C).

The main function of the CaSR is to regulate calcium
balance by sensing changes in serum calcium concentra-
tion [11]. Anti-CaSR Abs have been shown to activate the
CaSR leading to low levels of PTH secretion in patients
with isolated autoimmune hypoparathyroidism and in the
context of autoimmune polyendocrine syndrome type
1 [8-10]. The anti-CaSR Abs detected in this patient’s
serum did not appear to activate the CaSR. This may re-
flect low Ab levels that fail to stimulate the receptor in the
functional assays used or non-activating anti-CaSR Abs
that cause damage through complement fixation [7].

Hypoparathyroidism has only been reported in one pre-
vious case of SS that may not have satisfied 2002 criteria
and in which an autoimmune pathogenesis for hypopara-
thyroidism was not proved [1, 6]. Our report, therefore,
details the first case in which anti-CaSR Abs have been
detected in a patient with SS and primary hypoparathyr-
oidism. Ab-mediated salivary gland destruction has been
demonstrated in an animal model of SS [12]. This patient’s
low PTH levels might have resulted from autoimmune
parathyroid destruction that reflects the underlying patho-
genic mechanism of SS [12]. Alternatively, an analogy can
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Clinical Relevance of MEFV Gene Mutations in Japanese
Patients with Unexplained Fever

To the Editor:

At the beginning of 2007, we investigated the frequencies of MEFV gene
mutations in Japanese patients with unexplained fever or undifferentiated
arthritis to determine their role in phenotypical features of familial
Mediterranean fever (FMF)-related diseases. Patients were asked to com-
plete a questionnaire concerning fever, recurrent typical attacks of FMF,
including peritonitis, pleuritis, and arthritis, and transient inflammatory
response. On the basis of the Tel-Hashomer criteria', we divided the study
subjects into 3 groups, as follows: Group 1, typical FMF (presence of 1 or
more major criteria independent of the presence of minor criteria); Group
2, probable FMF (absence of major criteria and 2 or more minor criteria);
Group 3, unlikely (not belonging to either Group 1 or 2). Patients who had
previously been diagnosed with typical FMF were not included. All
patients were first enrolled as having unexplained fever, and finally diag-
nosed as FMF based on clinical evidence. We stress that the overall survey
for the recent clinical manifestations, including the response to colchicine,
was not complete in a few patients.

Up to January 2011, we had enrolled 142 Japanese patients with unex-
plained fever or undifferentiated arthritis in our genetic analysis. The sub-
jects are 86 women and 56 men, with mean age of 38.2 + 17.8 years. As
shown in Table 1, 72 (50.7%) patients had single-nucleotide polymor-
phisms (SNP) of exon 2 of MEFV gene and 15 (10.6%) patients had SNP
of exon 3 of MEFV gene. We identified 16 patients carrying a mutation of
exon 10 (M6941): 3 were homozygotes, 11 were compound heterozygotes,
and 2 were heterozygotes. All patients having the M694I mutation had typ-
ical episodes of serositis or monoarthritis in addition to periodic fever, and

Table 1. Genotypes of MEFV gene in patients with unexplained fever
(n=142).

FMF Criteria
MEFYV Genotypes n (%) Typical Probable
(female 13, (female 11,

male 15) male 6)
M6941/M6941 32.01) 3
M6941/normal 2(14) 2
M6941/E148Q 9(6.3) 9
M6941/E148Q/L110P 2(14) 2
P369S/normal 1(0.7)
P369S/R408Q 4(2.8) 1
G304R/P369S/R408Q 1(0.7)
E148Q/P369S/R408Q 5(3.5) 2
E148Q/E148Q/P369S/R408Q 2(14) 1
E148Q/R202Q/P369S/R408Q 1(0.7) 1
E148Q/G304R/P369S/R408Q 1(0.7) 1
E148Q/normal 22 (15.5) 3 3
R202Q/normal 4(2.8) 1
G304R/normal 2(14)
E148Q/E148Q 1(0.7)
E148Q/L110P 13(9.2) 1 3
E148Q/R202Q 1(0.7) 1
E148Q/E148Q/L110P 4(2.8) 2
E148Q/L110P/R202Q 1(0.7) 1
E84K/normal 9(6.3) 4 2
E84K/E148Q 1(0.7)
E84K/E148Q/L110P 2(14)
Normal 51 (35.9) 1 1
Total (%) 142 28 (19.7) 17 (12.0)

FMF: familial Mediterranean fever.

had been newly diagnosed as typical FMF. In contrast, the prevalence of
FMF in patients with MEFV exon 1, 2, or 3 SNP was markedly lower
(36.0%) than that in carriers of M6941. We compared the allele frequencies
among typical or incomplete FMF patients and healthy subjects (35
women, 41 men, mean age 31.5 + 8.0 yrs). The frequencies of M694I and
E84K alleles were increased in patients with typical FMF, and frequencies
of E148Q, P369S, and R408Q were increased in patients with probable
FMF compared to healthy subjects (p < 0.05, Fisher exact test; Table 2).

We identified 12 patients carrying E84K mutation; clinical features of
these patients are listed in Table 3. Among these 12, 4 had typical episodes
of serositis or synovitis and periodic fever and could be diagnosed as typi-
cal FMF (Group 1). There was remittance of clinical symptoms with
colchicine therapy in these patients with typical FMF, except for 1 patient
(Patient 3) who remitted spontaneously. Another 2 patients carrying E84K
mutation were considered to be “probable FMF” (Group 2); one patient
remitted spontaneously, and colchicine was beneficial in the other patient.
The remaining 3 patients carrying E84K mutation had atypical symptoms
and did not fulfill a diagnosis of FMF (Group 3). In the last group, who had
been diagnosed as having definite rheumatic diseases (Group 4), E84K
mutation may have contributed the modification or sustained muscu-
loskeletal symptoms to concomitant rheumatic diseases despite optimal
treatment including steroid and immunosuppressants. We also analyzed the
clinical features of the patients carrying the SNP of exon 1, 2, or 3 of the
MEFYV gene. Similarly, a subgroup of these patients were diagnosed as hav-
ing typical or probable FMF (Table 4).

In our study, all 16 patients with M6941 mutation were newly diag-
nosed as having typical FMF and showing the higher penetration of these
mutations compared to that of exon 1 (E84K), exon 2 (L110P, E148Q,
R202Q, G304R), or exon 3 (P369S, R408Q) mutations. Interestingly, we
found 12 patients carrying a heterozygous E84K mutation who presented
heterogeneous clinical phenotypes, in contrast to M694l carriers with typ-
ical FMF. Our findings indicated that a portion of the patients carrying
EB84K fulfilled the diagnostic criteria for typical FMF; however, more than
half of these patients had atypical symptoms. We could not find any rele-
vant clinical similarity in patients with E84K mutation, and the clinical
phenotype of these E84K carriers might differ from the homogenous FMF
phenotype. Our observations suggest that the MEFV gene mutations, which
are attributed mainly to FMF, may also be responsible for additional clini-
cal manifestations that do not meet the criteria of FMF as described??. A
significant number of patients diagnosed as FMF have only a single muta-
tion despite sequencing of the entire MEFV genome region or other autoin-
flammatory genes, and this has led to a reconsideration of the simple loss
of function of the recessive model of FMF inheritance*S. Recently, Chae,
et al® demonstrated that gain-of-function pyrin mutations induce NOD-like
receptor family, a pyrin domain containing 3 (NLRP3)-independent inter-
leukin 18 activation and autoinflammation. A plausible explanation might

Table 2. Allele frequencies of MEFV gene mutations in Japanese patients
with FMF and healthy subjects.

Allele Frequencies (%)

Alleles Typical FMF, Probable FMF, Healthy Subjects,
n=28 n=17 n=75
M6941 19 (33.9)* 0
P369S 1(1.8) 5 (14.7)* 6 (4.0)
R408Q 1(1.8) 5(14.7)* 5(3.3)
L110P 3(54) 6 (17.6) 13 (8.7)
E148Q 18 (32.1) 15 (44.1)* 35(23.3)
R202Q 2(3.6) 2(59 5(3.3)
G304R 0 1(29) 427
E84K 4 (7.1)* 2(59) 2(13)

* p < 0.05 compared to healthy subjects. FMF: familial Mediterranean
fever.

--————| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved. I——

Letter

875



Table 3. Clinical manifestations of patients with E84K heterozygous mutation.

Case  Age,yrs  Sex, Fever Synovitis Serositis Other Clinical Response to  Additional FMF Outcome  Concomitant
Age at (arthritis) Symptoms Colchicine Mutation Criteria Rheumatic
Onset, yrs Diseases

Group 1: typical FMF

Case 1 14 M 14 + — Peritonitis Myalgia Good — Typical Improved —
(colchicine)

Case2 44 M 40 + + — Myalgia Good — Typical Improved —
(colchicine)

Case3 19 F17 + - + Peritonitis - Untreated — Typical Remitted —

Case4 46 F 18 + + — Osteomyelitis Good — Typical Improved —

(colchicine)
Group 2: probable FMF

Case5 17 F14 - + Peritonitis — Good — Probable  Improved —
(colchicine)
Case 6 28 M 15 + + — — Untreated - Probable Remitted -
Group 3: undifferentiated
Case7 19 F19 +NT — — — Untreated E148Q/— — Remitted —
Case 8 9 M8 +NT — — — No response E148Q/L110P — Sustained —
Case 9 45 M4l +NT + — Myalgia Untreated — — NA —
Group 4: other rheumatic disease
Case 10 59 F58 +NT + — Myalgia Untreated — — Death SLE + SSc
(infection)
Case 11 6 M6 + — — Stomatitis, cervical ~ Untreated — — Remitted PFAPA
lymphadenopathy
Case 12 50 F41 +NT + — — Untreated  E148Q/L110P — Sustained AOSD

FMF: familial Mediterranean fever; AOSD: adult-onset Still’s disease; NA: not available; NT: not typical; PFAPA: periodic fever with aphthous pharyngitis
and adenitis; SLE: systemic lupus erythematosus; SSc: systemic sclerosis.

Table 4. Final diagnosis of patients with MEFV exon2 or exon3 single-nucleotide polymorphisms.

Patients E148Q/-E148Q/ E148Q/L110P P369S/R408Q  P369S/R408Q/
E148Q, E148Q/E148Q/ P369S/-, E148Q,
n=24 L110P, n=6 n=9
n=18
Group 1 4 1 1
(typical FMF)
Group 2 3 6 1 4
(probable FMF)
Group 3 13 8 4 4
(undifferentiated)
Group 4 4 3 1 0

(other rheumatic diseases)
Behcet disease (2) Seronegative arthritis (2) Behget disease
Sjogren syndrome Crohn disease
Rheumatoid arthritis

FMF: familial Mediterranean fever.
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Enhanced exon 2 skipping caused by ¢.910G>A variant
and alternative splicing of MEFV genes in two independent cases

of familial Mediterranean fever
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Abstract Most reported cases of familial Mediterranean
fever (FMF) involve missense mutations of MEFV con-
centrated within exon 10. We experienced two independent
pedigrees of a unique variant in the MEFV gene that might
cause excessive exon 2-skipping due to enhanced alterna-
tive splicing. In this study, we tried to elucidate the
molecular mechanism of the MEFV variant as a cause of
the FMF phenotype. Peripheral blood was obtained from
volunteers and two patients with homozygous c.910G>A
variant of the MEFV gene. MEFV messenger RNA
(mRNA) expression patterns in mononuclear cells and
granulocytes were compared using forward and reverse
primers from exons 1 and 3, respectively. Expression
profiles of pyrin were examined by transfecting wild-type
and variant MEFV genes into HEK293T cells. Expression
of normal-sized mRNA was extremely reduced in these
patients, whereas that of aberrant short mRNA, deleting
exon 2 (Aex2), was significantly increased. Immunohisto-
chemical and immunoblotting analyses revealed a trun-
cated immunoreactive pyrin protein in cells transfected
with Aex2 cDNA. The MEFV gene c.910G>A variant
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results in accelerated aberrant splicing with abnormal
protein size, presumably leading to anomalous pyrin
function. This is the first report to show that an MEFV
variant other than missense mutation is responsible for the
FMF phenotype.

Keywords Familial Mediterranean fever - MEFV - Splice
anomaly - Pyrin

Introduction

Familial Mediterranean fever (FMF) is an autosomal
recessive disease characterized by recurrent episodes of
fever and serositis [!, 2]. Each episode of the attack con-
tinues for 14 days, and between attacks, symptoms can
subside for several weeks to months. Left untreated,
repeated episodes lead to AA amyloidosis and progression
to renal failure. In some patients, unnecessary laparotomy
is frequently performed due to recurrence of severe
abdominal pain. Early diagnosis and appropriate thera-
peutic intervention is therefore mandatory to avoid these
consequences. Although the vast majority of reported cases
of FMF are from countries around the Mediterranean basin
[3], as the name implies, patients from other part of the
world are increasing in number [4, 5]. To date, more than
50 mutations in the FMF-associated gene (MEFV) have
been identified in Japan since 1976 [6-8].

Mutations of the MEFV gene are concentrated within
exon 10, and the major mutations—MG694V, V726A,
M6941, and M680l—comprise >74% of all reported
mutations [3, 9, 1G]. Notably, all of these mutations are
missense, and no case has been reported with nonsense
mutation or splice variants. In patients with FMF, pyrin
dysfunction leads to aberrant molecular interactions
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between these immunoregulatory proteins within inflam-
masome, resulting in the loss of regulatory function. The
MEFYV gene encodes pyrin, which is composed of five
distinct domains. Among these domains, N-terminal PY-
RIN and C-terminal PRY-SPRY (B30.2) are thought to be
responsible for major pyrin functions [11, 12]. PYRIN and
PRY-SPRY associate with apoptosis speck protein (ASC)
and caspase-1, respectively, and regulate the functions of
inflammasome, leading to reduced levels of nuclear factor
kappa-B (NF-kB) activation and interleukin-15 (IL-1f)
production [13-16]. Among different MEFV mutations, the
disease-related mutations within exon 10 have been the
most thoroughly investigated to date. The functional
interaction between the PRY-SPRY domain and caspase-1
appears to be inhibited in mutations involving M694 or
M680, leading to excessive IL-1§ production [17]. On the
other hand, no mutation has been reported within the PY-
RIN domain, which has been shown to associate with ASC
to control inflammation or to bind microtubules [17, 18].
In this report, we analyzed the molecular patterns of
MEFV gene expression in two independent pedigrees of
FMF patients who show a missense variant at the last
nucleotide of exon 2. The patterns of mRNA expression
and pyrin protein expression are shown for these cases.

Patients and methods
Patients

Patient 1 was a 61-year-old Japanese man who suffered
from periodic episodes of fever and abdominal pain since
the age of 43. The patient did not recall any episodes
during his childhood. His abdominal pain was very severe
and he had undergone repeated laparotomy under the
diagnosis of appendicitis or cholelithiasis. No correct
diagnosis was given for his suffering until his physician
investigated the possibility of FMF. After we found the
MEFV gene variant, he was started on colchicine. At the
time of diagnosis, his serum C-reactive protein (CRP) was
6.3 mg/dl and white blood cell (WBC) count 3,200/ul. His
symptoms resolved completely thereafter. No other person
within his family showed similar symptoms.

Patient 2 was a 32-year-old Japanese woman with
abdominal pain and lumbago. She was unrelated to patient
1, and her family history was unremarkable. Her lumbago
developed at the age of 16. Since then, she experienced
repeated episodes of severe abdominal pain of unknown
origin and received laparotomy twice without any defini-
tive diagnosis. Psychosomatic disease was the final diag-
nosis. She was treated with an antidepressant, without
major improvement. She began having repeated febrile
episodes 2 years prior to diagnosis, when FMF was

_@_ Springer

suspected for the first time. At the time of diagnosis, her
serum CRP was 0.1 mg/dl and WBC count 3,900/ul. An
identical MEFYV variant to that in patient 1 was found.

Gene analysis/sequence

Genomic DNA was isolated from peripheral leukocytes of
the two patients and 125 healthy donors by standard pro-
cedures [19, 20]. We screened all MEFV-coding exons of
DNA samples from patients and donors. Approval for the
study was obtained from the Human Research Committee
of Kanazawa University Graduate School of Medical Sci-
ence, and informed consent from the two patients and all
healthy donors was provided according to the Declaration
of Helsinki.

MEFV mRNA/cDNA analysis

Peripheral blood mononuclear cells (PBMCs) were isolated
by Ficoll-Hypaque gradient centrifugation from patients
and normal controls [21]. Granulocytes were recovered
from the pellet of the gradient after lysis of erythrocytes.
Total RNA of granulocytes and monocytes were isolated
by Trizol reagent (Invitrogen, Carlsbad, CA, USA). Com-
plementary DNA (cDNA) was synthesized with the use of
the oligo(dT),p primer and MMLYV reverse transcriptase
RNase H (ReverTra Ace, Toyobo Co., Ltd., Osaka, Japan)
and amplified with GoTaq DNA polymerase using a for-
ward primer located in exon 1 (5-GTTCAAGCTGCA-
GAACACCAG-3') and a reverse primer located in exon 3
(5'-AGTGTAAGCGCCAC CTGAAG-3') of MEFV. The
thermocycler conditions were as follows: one cycle of 5
min at 94°C followed by 40 cycles of 30 s at 95°C, 20 s
at 60°C, and 30 s at 72°C, followed by final extension for
4 min at 72°C. The amplified products were separated by
electrophoresis on a 1.5% agarose gel. The amplified
fragments were detected by ethidium bromide staining of
the agarose gel. Amplification of a fragment of the
housekeeping gene ff-actin was used as a positive con-
trol. Amount of amplified product was quantified by
densitometry.

Activation of mononuclear cells by IFN-«
or lipopolysaccharide (LPS)

PBMC:s of patients and healthy controls were suspended in
Roswell Park Memorial Institute (RPMI)-1640 containing
10% fetal calf serum (FCS) at 1 x 10%ml and stimulated
with interferon alpha (IFN-o) (100 or 1,000 U/ml) or
lipopolysaccharide (LPS) (10 or 100 ng/ml) for 8 h at 37°C
in 5% carbon dioxide (CO,). Total RNA was extracted
from cultured cells, and MEFV mRNA expression was
examined.
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Plasmid construction and transfection for transient
MEFYV expression

The complete open reading frame of MEFV was amplified
using specific primers (5-CCGGAATTCGGCTAAGAC
CCCTAGTGACCATCTG-3' and 5-ACGCGTCGACTG
GGCATTCAGTCAGGCCCCTGACC-3'), and was sub-
cloned into the pAcGFP1-C1 expression vector (Takara
Bio, Otsu, Japan). To construct vectors carrying the G304R
missense and the deleting exon 2 (Aex2) variants, the
fragment of wild-type (WT) MEFV (exon 1-3) was
replaced at the EcoRl and Kpnl sites with the variant
sequences amplified from patient 1. All plasmid constructs
were verified by sequencing. HEK293T cells were trans-
fected with the vectors by lipofection using Lipofect-
amine™ 2000 (Invitrogen) and were harvested after 42-h
culture at 37°C under 5% CO, [22].

Immunoblotting

Control HEK293T cells with mock plasmid (mock), WT
MEFV gene, G304R single amino acid replacement
(G304R) or pyrin with the exon 2 deletion (Aex2), or no
transfectant were processed for immunoblotting with anti-
pyrine antibody (R-13; Santa Cruz Biotechnology, Santa
Cruz, CA, USA). Cell lysates were prepared with radio-
immunoprecipitation assay (RIPA) lysis buffer (Santa
Cruz) at 4 x 10%ml. Ku70 expression levels were deter-
mined simultaneously as internal controls with anti-Ku70
polyclonal antibody (M-19; Santa Cruz).

Immunofluorescence and immunohistochemistry

All cells were cultured in a Lab-Tek chamber slide (eight
wells/slide, Nalge Nunc International, Naperville, IL,
USA) for 48 h to obtain semiconfluent monolayers. After
removing the medium chambers, slides were air-dried,
fixed in acetone, and stored at —20°C until further analysis.
Distribution of green fluorescent protein (GFP) was
examined directly under a fluorescence microscope. Pro-
files of pyrin expression were examined by immunohisto-
chemistry as described elsewhere using antipyrine
antiserum [23].

Results

MEFYV gene mutations

Figure 1 shows MEFV gene variants in our two cases.
Homozygous ¢.910G>A variants were detected in DNA,

which leads to the missense variants G304R. By screening
250 alleles from control donors, six alleles showed the

identical variant. All of these control donors with MEFV
variant were heterozygous carriers. According to National
Center for Biotechnology Information Single Nucleotide
Polymorphism (NCBI SNP) database, the frequency of
¢.910G>A variant is 1.4%, comparable with our analysis.
No other mutation with amino acid substitution was found
in either patient.

Increased Dex2 MEFV mRNA expression in patients
of ¢.910G>A mutation

Reverse transcriptase polymerase chain reaction (RT-PCR)
was performed using one set of primers spanning exon 2 of
the MEFV gene (Fig. Za). Although the short PCR products
were seen in all six controls, the majority of products were
1,086-bp full-length products, with minimal short products.
In marked contrast to the normal controls, most PCR
products from the c.910G>A variant were short, with only
trace levels of the full-length products (Fig. 2b). Calcula-
tion of the ratio of short to full-length products using
densitometry data revealed significant differences between
controls and patients (Fig. Zc). Both granulocytes and
PBMCs from controls expressed five to ten times fewer
short products than full-length products. In contrast, the
ratio remained >2.5 in both granulocytes and PBMCs from
the patients.

Short mRNA transcripts represent alternatively spliced
MEFV mRNA

Full-length mRNA contained whole exon 2 with the
G304R amino acid replacement (Fig. 3a). Direct gene

Domains

Exons

Control |,
i

Patient 1

Patient 2

Fig. 1 MEFV gene structure and mutation analysis. Homozygous
missense variant c.910G>A was found at the last nucleotide of exon 2
in patients 1 and 2. With normal splicing, this variant leads to a single
amino acid replacement at the end of exon 2 (G304R)
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Fig. 2 Alternative splicing of the MEFV gene in ¢.910G>A patients.
Both 5" and 3’ primers were set within exons 1 and 3, respectively (a).
In both granulocytes and peripheral blood mononuclear cells
(PBMCs), full-length (1,086 bp) MEFV messenger RNA (mRNA)
predominated in controls, and a small number of short product
(arrowheads) was detectable (b). In contrast, in patients, the short
product predominated both in granulocytes and PBMCs. Semiquan-
titative analysis of short to full-length ratio (c). Controls (C) showed a
low short/full-length ratio, whereas patients (P) showed a signifi-
cantly high short/full-length ratio, regardless the cell type

sequencing of the short product indicated that the short
mRNA transcript reflects the splice variant lacking the
633-bp exon 2 (Fig. 3b), suggesting that the mRNA is
transcribed into the pyrin protein with the expected
molecular weight of 90 kDa instead of 115 kDa.

MEFV mRNA induction by LPS and IFN-«

LPS or IFN-o stimulation has been reported to result in a
significant increase in MEFV mRNA in PBMCs. LPS is
also known to induce alternative splicing of MEFV in in
vitro systems. We therefore examined whether enhanced
MEFV mRNA transcription leads to altered splicing pat-
terns in these patients. LPS and IFN-o treatment enhanced
full-length MEFV mRNA transcripts in four controls
(Fig. 4). Short mRNA transcripts were increased at the
same time, but the predominance of full-length MEFV
mRNA did not change after stimulation. Similar to con-
trols, the short mRNA transcript level was increased after
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Fig. 3 Nucleotide sequences of alternatively spliced products. Orga-
nization of the nucleotide sequences is shown (a). Full-length (long)
product showed single nucleotide replacement of ¢.910G>A, leading
to the G304R amino acid replacement. Truncated product lacked
whole exon 2, leading to an in-frame variant (Aex2). Raw sequencing
data from the capillary sequencer (b)

stimulation of patient PBMCs, whereas the full-length
mRNA transcript level remained extremely low (patient 1)
or paradoxically decreased (patient 2).

In vitro expression of the pyrin protein after MEFV
gene transfection

To determine whether alternative splicing results in
abnormal pyrin protein expression, we transfected normal
and variant MEFV genes into HEK293T cells. In addition
to normal WT cDNA, cDNA with the c.910G>A single
nucleotide replacement (G304R), and exon-2-deleted gene
(Aex2) were used (Fig. 5a). After transfection, expression
profiles of the transfected genes were examined by
immunofluorescence (Fig. 5b) and immunohistochemistry
(Fig. 5c). GFP fluorescence was diffused within the cyto-
plasm of both WT and G304R transfectants. In contrast,
Aex2 cells showed characteristic uneven clustering of GFP
fluorescence. In all transfectants, GFP fluorescence
remained within the cytoplasm, with no detection in the
nuclei. Immunohistochemical examination of pyrin protein
expression showed similar results. Namely, pyrin expres-
sion was observed diffusely throughout the cytoplasm of
WT, G304R, and Aex2 transfectants but not within the
nuclei. Immunoblotting analysis of cell lysates revealed
that both WT and G304R transfectants express a pyrin
protein of identical size (Mw = 115 kDa) (Fig. 5d),
whereas the Aex2 transfectant expresses a truncated pyrin
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Fig. 4 Lipopolysaccharide (LPS)- and interferon alpha (IFN-o)-
mediated regulation of MEFV messenger RNA (mRNA) levels.
Peripheral blood mononuclear cells (PBMCs) were cultured alone or
in the presence of LPS or IFN-« for 72 h. MEFV mRNA expression
was compared among different samples. Expression of ff-actin mRNA
was used as the internal control

protein, as expected by the deletion of exon 2
(Mw = 90 kDa) (Fig. 5d). Pyrin was not detectable in
nontransfected and mock-transfected cells. The levels of
pyrin protein expression were similar among WT, G304R,
and Aex2. Ku70 expression was also similar among the
different transfectants (Fig. 5d).

Discussion

We report two unrelated cases of the same novel MEFV
variant. The patients had homozygous c.910G>A variant,
which results in excessive alternative splicing of exon 2 of
the MEFV gene. To date, essentially all MEFV mutations
of FMF patients are missense mutations [3, 4, 24, 25].
There has been no known report of nonsense mutation or
mutation with exon skipping. Although the identical
¢.910G>A variant has been described as an SNP in the
Internet Periodic Fevers (INFEVERS) Web site (rs
75977701), based on a personal communication, the asso-
ciated phenotype of the reported patient was not described,
and the causal role of the variant is unknown [26, 27].
Thus, this is the first report to propose the functional sig-
nificance of this unique MEFYV variant as a cause of variant
FMF.

It was expected initially that the c.910G>A variant
would result in the G304R missense variant with the full-
length pyrin protein. To our surprise, most MEFV mRNA
transcripts were short, and full-length mRNA transcript
levels were significantly reduced in both patients. Because
the ¢.910G>A variant is localized at the 3’ end of exon 2,
alternative splicing may occur due to splicing errors. Direct
sequencing of the short MEFV mRNA revealed that exon 2
was indeed deleted. Aberrant splicing of the MEFV gene
has been reported previously [28, 29]. However, the
anomalous splice products remained at low levels in these
cases and did not indicate significant functional alterations
of total pyrin activity. Similarly to these previous reports,
the vast majority of MEFV mRNA observed in our control
individuals was full length, and short mRNA with exon 2
skipping was seen only occasionally. Therefore, it is unli-
kely that individuals with heterozygous carrier of
¢.910G>A mutation show reduced level of full-length
MEFV mRNA significant enough to have functional
impairment of pyrin protein.

Centola et al. [30] previously showed that stimulation of
peripheral blood monocytes with IFN-o or LPS resulted in
augmented expression of MEFV mRNA in vitro, suggest-
ing that an inflammatory environment may alter the
expression profile of MEFV in vivo. Furthermore, Diaz
et al. [29] reported that multiple alternative splicing events,
including Aex2, is induced in LPS-stimulated synovial
fibroblasts. These findings indicate that MEFV mRNA is
vulnerable to alternative splicing and the events are
induced relatively frequently upon exogenous stimulation,
although the frequency of the anomalous splicing remains
very low. To rule out the possibility that the enhanced
alternative splicing of MEFV mRNA seen in our patients is
due to sustained exposure to cytokines or endotoxins, we
compared the in vitro effect of these agents on the levels of
alternative splicing between the two patients and the con-
trols. Stimulation of PBMCs with either IFN-« or LPS did
not alter the patterns of MEFV mRNA expression in either
controls or patients, strongly indicating that excessive
levels of short MEFV mRNA observed in our patients is the
direct result of the c.910G>A variant rather than in vivo
augmentation of anomalous splicing, which was induced
transiently upon exogenous stimuli. In this respect, the
variant that results in significant reduction of full-length
MEFV mRNA appears to be associated with dysfunction of
the pyrin protein. Although it is possible that G304R amino
acid substitution itself results in abnormal pyrin activity, its
contribution to the total protein function is limited because
of the low level of the full-length MEFV mRNA. Rather,
predominance of the defective mRNA with anomalous
splicing might explain the FMF-like clinical profiles seen
in our patients.
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Fig. 5 MEFV gene transfection and pyrin expression profiles.
HEK?293T cells were transfected with plasmid containing the wild
type (WT), G304R, or Aex2 MEFV gene (a). Plasmid containing only
green fluorescent protein (GFP) was used as a control. Intracellular
distribution of GFP was analyzed by immunofluorescence (b). Nuclei
are stained blue with 4’,6-diamidino-2-phenylindole (DAPI), and
GFP fluorescence is localized within the cytoplasm in all transfected
cells except mock-transfected cells. Pyrin protein expression was

Papin et al. [28] showed in vitro alternative splicing of
exon 2 in the MEFV gene and an exon 2 deletion resulting
in altered intracellular localization. Chae et al. [12]
reported that the 15-aa bZIP basic domain and adjacent
sequences, which are encoded by exons 2 and 3, interact
with the p65 subunit of NF-xB and nuclear factor of kappa
light polypeptide gene enhancer in B-cells inhibitor, alpha
(IxB-a), respectively, and are important for nuclear trans-
location of the molecule. These findings indicate that exon
2 of MEFYV is responsible for nuclear transiocation of pyrin
and exertion of its function within the nuclei. Notably,
native pyrin expression was significantly different among
cell types [29]. Namely, the pyrin protein was expressed
predominantly within nuclei in dendritic cells, synovial
fibroblasts, and neutrophils while being exclusively
expressed within the cytoplasm of monocytes in irregularly
dispersed patterns. These different patterns of intracellular
distribution of native pyrin suggest that only certain types
of cells are vulnerable to defective nuclear translocation
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examined by immunohistochemistry. Positive staining is shown in red
(¢). The size of the pyrin products within the transfected cells was
determined by immunoblotting (d). Although WT and G304R
transfectants showed full-length protein (upper gel, higher arrow),
the Aex2 transfectant showed only the truncated protein (upper gel,
lower arrow). The lower gel shows the immunoblotting profiles of
Ku70 used as a standard

and that functions of most other cell types remain intact,
even when the nuclear translocation machinery is impaired.

Our own experiment using MEFV gene transfection
failed to show altered intracellular pyrin distribution at
least in HEK293T cells. Because HEK293T cells are of
embryonic kidney origin, we need to examine the in vitro
expression profiles of the transfected MEFV genes in other
cell types to confirm whether different patterns are
observed between Aex2 and control transfectants. Fur-
thermore, native pyrin protein expression profiles should be
compared among different cell types in patients when
appropriate antipyrine antibody becomes available. The
distinct and anomalous patterns of pyrin expression in
different cell types in the patients, if present, may explain
atypical clinical manifestation of this specific type of
MEFYV variant. Studies are underway to clarify these issues.
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Abstract

Background: Monosodium urate (MSU) has been shown to promote inflammasome activation and interleukin-1p
(IL-1B) secretion in monocyte/macrophages, but the cellular pathway and nod-like receptor family, pyrin domain
containing 3 (NLRP3) inflammasome activation in synovial tissues, remain elusive. In this study, we investigated the
effects of MSU on synovial fibroblasts to elucidate the process of MSU-mediated synovial inflammation.

Methods: Human synovial fibroblasts were stimulated with MSU in the presence or absence of serum amyloid A
(SAA). The cellular supernatants were analyzed by immunoblotting using anti-IL-1B or anti-caspase-1 antibodies. IL-
1B or NLRP3 mRNA expressions were analyzed by real-time PCR or reverse transcription-PCR (RT-PCR) method.

Results: Neither SAA nor MSU stimulation resulted in IL-1B or interleukin-Ta. (IL-1a) secretions and pro-IL-1B
processing in synovial fibroblasts. However, in SAA-primed synovial fibroblasts, MSU stimulation resulted in the
activation of caspase-1 and production of active IL-1B and IL-Te.. The effect of SAA on IL-1B induction was
impaired in cells by silencing NLRP3 using siRNA or treating with caspase-1 inhibitor. In addition, SAA induced the
secretion of cathepsin B and NLRP3 mRNA expression in synovial fibroblasts.

Conclusions: Our data demonstrate that exposure of human synovial fibroblasts to SAA promotes MSU-mediated
caspase-1 activation and IL-1B secretion in the absence of microbial stimulation. These findings provide insight into

the molecular processes underlying the synovial inflammatory condition of gout.

Introduction

Gout is a paradigm for acute sterile inflammation that is
triggered by interactions between monosodium urate
(MSU) crystals and inflammatory cells in the joint con-
nective tissues [1]. Interleukin-1B (IL-1B) has been iden-
tified as a pivotal cytokine in gout and MSU crystal-
induced inflammation [2]. IL-1B is induced as an inac-
tive pro-molecule by immune cells, such as macro-
phages and monocytes, and then cleaved into the active
pl7 form of IL-1 by caspase-1 [3,4]. Tschopp et al.
demonstrated that MSU is capable of activating the
NLRP3 inflammasome to process and secrete active IL-
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1B [5]. These findings suggest that macrophages can
recognize MSU as danger-associated molecular patterns
(DAMPs) in the damaged tissues and release proinflam-
matory IL-1B [6]. Upon activation, NLRP3 binds to the
ASC, which in turn recruits procaspase-1 for activation.
Activated caspase-1 cleaves pro-IL-1B to form the
mature IL-18 [7].

In vitro experiments have shown that triggering of the
inflammasome to process IL-1B is a multistep process.
Lipopolysaccharide, which belongs to pathogen-asso-
ciated molecular patterns (PAMPs), had been shown to
induce IL-1B from human synovial macrophages [8]. In
the absence of a first signal that induces pro-IL-1f, such
as lipopolysaccharide, monocyte/macrophages do not
spontaneously secrete mature IL-1B when stimulated
with NLRP3 ligands [9,10]. Ii proposed that the first

© 2012 Migita et al, licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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signal modulates the threshold of NLRP3 and the sec-
ond signal activates NLRP3 inflammasome and causes
subsequent caspase-1 activation and IL-1B processing
[11,12]. Recent investigations demonstrated that IL-1§
and IL-1 receptor are key players in MSU-mediated
acute inflammation [13,14]. However, the steps that
associate cellular activity with MSU crystals that induce
inflammasome activation in gouty arthritis are not com-
pletely understood.

Serum amyloid A (SAA) is an acute-phase protein
present in serum. SAA is also known to possess proin-
flammatory properties and to mediate inflammatory dis-
ease pathogenesis [15,16]. It has recently been
demonstrated that $-amyloid fibrils in Alzheimer’s dis-
ease signal through the NLRP3 inflammasome and drive
caspase-1-dependent cleavage of IL-1f [17]. Further-
more, SAA has been shown to induce the expression of
IL-1B and activate the NLRP3 inflammasome via a
cathepsin B- and P2X;,-dependent manner [18]. In this
study, we investigated the MSU-mediated NLRP3 activa-
tion process using synovial fibroblasts isolated from
human synovium and adjuvant activity induced by SAA.

Materials and methods

Reagents

Recombinant human SAA was purchased from Pepro-
tech (Rocky Hills, NJ, USA). According to the manufac-
turer, the endotoxin level of the product is 0.1 ng/mg
protein. MSU crystals were purchased from Alexis (Lau-
sen, Switzerland). Polyclonal anti-IL-1B, pro-IL-1f and
anti-cleaved caspase-1 (D57A2) antibodies were pur-
chased from Cell Signaling Technology (Beverly, MA,
USA). Anti-caspase-1 polyclonal antibodies (sc-622)
were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Anti-NLRP3 antibodies were obtained
from Abcam (Cambridge, UK). Anti-cathepsin B antibo-
dies and caspase-1 inhibitor (z-YVAD-FMK) were
obtained from Calbiochem (San Diego, CA, USA)

Preparation of synovial fibroblasts

Synovial tissues were obtained from patients with rheu-
matoid arthritis at the time of total joint replacement.
Synovial fibroblasts were isolated from the synovial tis-
sues by enzymatic digestion. The study was approved by
the Ethics Committees Nagasaki Medical Center and
informed consent was obtained from each of the indivi-
duals. Synovial fibroblasts were used from passages 4
through 6 during which time they are a homogeneous
population of cells (<1% CD 45 positive).

Measurement of cytokine secretion and immunoblot
analysis

Synovial fibrablasts (5 x 10%) were seeded in 24-well
plates containing RPMI1640 supplemented with 10%
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heat-inactivated FBS and stimulated with MSU for 24
hours. In some experiments, synovial fibrablasts were
pre-treated with SAA for 12 hours before stimulation.
Cell-free supernatants were collected by centrifugation
at 400 g for five minutes and assayed for IL-1B or IL-
lo. with enzyme-linked immunosorbent assay (ELISA)
kits (R&D Systems, Minneapolis, MN, USA) without
the steps for concentrations or precipitations. The
same supernatants were also subjected to 12% SDS-
PAGE, followed by immunoblotting with Abs for
human IL-1p (dilution 1:400), caspase-1 (dilution
1:500), and cathepsin B (dilution 1:500) with an ECL
Western blotting kit (Amersham, Little Chalfont, UK).
Endotoxin was measured by chromogenic limulus test
(Toxicolor LS-50M Kit, SEIKAGAKU CORPORA-
TION, Tokyo, Japan).

Small interfering RNA experiments

Synovial fibroblasts were transfected with 100 nM non-
targeting control small interfering RNA (siRNA; AllStars
Negative Control siRNA; Qiagen, Hilden, Germany) or
with 50 nM two NLRP3 siRNAs (CIAS1_6 and
CIAS1_9; Qiagen), combined with the HiPerFect Trans-
fection Reagent (Qiagen) under serum-free condition, as
instructed by the manufacturer. The medium was subse-
quently replaced, pretreated with SAA for 12 h and sti-
mulated with another 24 h with MSU with medium
containing 10% FBS. The cell-culture medium was col-
lected for IL-1B ELISA analysis. In some experiments
cells were harvested for total RNA purification after
SAA pretreatment and analyzed by semi-quantitative
RT-PCR (NLRP3), as described below.

Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted from synovial fibroblasts using
the RNeasy total RNA isolation protocol (Qiagen, Crau-
ley, UK) according to the manufacturer’s protocol. First-
strand ¢cDNA was synthesized from 1 pg of total cellular
RNA using an RNA PCR kit (Takara Bio Inc., Otsu,
Japan) with random primers. Thereafter, cDNA was
amplified using specific primers respectively. The speci-
fic primers used were as follows:

NLRP3: forward primer 5'- AAAGAGATGAGCC-
GAAGTGGG -3 reverse primer 5-
TCAATGCTGTCTTCCTGGCA -3’ B-actin; forward
primer 5-GTGGGGCGCCCCAGGCACCA-3’ reverse
primer 5-CTCCTTAATGTCACGCACGATTTC-3.

The product sizes were 79 bp for NLRP3 and 234 bp
for B-actin. The thermocycling conditions (35 cycles)
94°C for 60 s and 62°C for 60 s, and 72°C for 60 s.

The amplification of the IL-1-f transcripts was also
accomplished on a Light Cycler (Roche Diagnostics,
Mannheim, Germany) using specific primers. The
housekeeping gene fragment of glyceraldehydes-3-
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phosphates dehydrogenase (GAPDH) was used for veri-
fication of equal loading.

Cell lysis and immunoblot

Synovial fibroblasts were stimulated with SAA with the
indicated concentrations of SAA for 24 h. Cells were
washed by ice-cold PBS and lysed with a lysis buffer (1%
Nonidet P 40, 50 mM Tris, pH 7.5, 100 mM NaCl, 50
mM NaF, 5 mM EDTA , 20 mM B-glycerophosphate,
1.0 mM sodium orthovanadate, 10 pg/mlL aprotinin and
10 pg/mL leupeptin) for 20 minutes at 4°C. Insoluble
material was removed by centrifugation at 15,000 x g
for 15 minutes at 4°C. The supernatant was saved and
the protein concentration was determined using the
Bio-Rad protein assay kit (Bio Rad, Hercules, CA, USA).
An identical amount of protein (50 pg) for each lysate
was subjected to 10% SDS-polyacrylamide gel electro-
phoresis, and then transferred to a nitrocellulose mem-
brane. Immunoblot analysis using anti-NLRP3, pro-IL-$
and B-acitin antibodies was performed with an ECL
Western blotting kit (GE Healthcare, BUCKS, UK). In
brief, the membrane was probed with primary antibodies
and washed and incubated with donkey anti-rabbit sec-
ondary antibody conjugated with horseradish peroxidase
(1:10,000 diluation; GE Healthcare). After being washed,
the membrane was reacted with an ECL advance Wes-
tern blot detection kit (GE Healthcare). Protein bands
were visualized using a lumino-image analyzer
(LAS3000; Fujifilm, Toyo, Japan).

Statistical analysis
Differences between groups were examined for statistical
significance using Wilcoxon-Mann-Whitney U test. P-
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values less than 0.05 were considered statistically
significance.

Results

SAA priming induces mature IL-1B secretion from MSU-
treated synoval fibroblasts

SAA has been shown to induce the expression of var-
ious proinflammatory cytokines in inflammatory cells.
First, we examined whether SAA induces IL-1B secre-
tion from synovial fibroblasts. As shown in Figure 1,
SAA is a potent inducer of pro-IL-1p mRNA expression
in synovial fibroblasts. However, SAA alone did not
induce the secretion of IL-1f, suggesting that SAA
alone is not able to provide the signal for the proteolytic
cleavage of pro-IL-1B and secretion of mature IL-1f
(Figure 2A). In contrast, priming of synovial fibroblasts
with SAA resulted in the induction of IL-1§ secretion
when these cells were subsequently stimulated with
MSU (Figure 2A). Immunoblot analysis also indicated
that in addition to pro-IL-1B (31 kDa), cleaved mature
IL-1B (17 kDa) was also induced by MSU in SAA-
primed synovial fibroblasts (Figure 2B).

Endotoxin contamination dose not contribute to the IL-18
induction by SAA/MSA

We next determined whether the induction of IL-1f is a
direct effect of SAA or results from contaminating LPS
in the SAA preparation. LPS priming induce the IL-1B
secretion following MSU stimulation from synovial
fibroblasts; however, its IL-1B-inducing ability was lower
compared to those of SAA-priming (Figure 3A). Given
that most proteins are heat-labile, whereas LPS is heat-
resistant, we examined the ability of heat-treated SAA
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Figure 1 SAA induces the transcription of pro-IL-1B in human synovial fibroblasts. A. Synovial fibroblasts were incubated with SAA (2 pg/
ml) for the indicated periods. The cells were harvested and analyzed for pro-IL-18 mRNA levels by real-time PCR. B. Synovial fibroblasts were
incubated with the indicated concentrations of SAA for 6 h. The cells were harvested and analyzed for IL-1B and GAPDH mRNA levels by real-
time PCR. Values represent the mean =+ SD of three independent experiments*P <0.001 compared to SAA-untreated synovial fibroblasts.
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Figure 2 MSU induces IL-1B synthesis from SAA-primed synovial fibroblasts. A. Synovial fibroblasts were pretreated or untreated with the
indicated concentrations of SAA for 12 h. After pretreatment, the cells were stimulated with the indicated concentrations of MSU for 24 h and
supernatants were analyzed for IL-1B production by ELISA. Values represent the mean =+ SD of three independent experiments. B. Synovial
fibroblasts were pretreated or untreated with the indicated concentrations of SAA for 12 h. After pretreatment, the cells were stimulated with
the indicated concentrations of MSU for 24 h and supernatants were analyzed by immunoblot for the presence of mature IL-1B. Three
experiments were performed using different synovial fibroblasts and a representative result is shown.
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(1 pg/ml) and LPS (500 pg/ml) to stimulate IL-1B secre-
tion from synovial fibroblasts. As shown in Figure 3B,
after heating 100°C for 30 minutes, LPS retained its abil-
ity to induced MSU-stimulated IL-1p production. In
contrast, SAA exposed to 100°C for 30 minutes could
not stimulate IL-1f secretion completely as described
previously [19]. The endotoxin detected by limulus test
was extremely high in LPS-primed synovial fibroblasts-
conditioned media, whereas, endotoxin was not detected
SAA-primed synovial fibroblast-conditioned media (Fig-
ure 3B). These results indicate that the trace amount of
LPS in the SAA preparation cannot account for the IL-
1B secretion from SAA/MSU-stimulated synovial
fibroblasts.

SAA/MSU-induced IL-1f processing is dependent on
caspase-1

Previous investigations demonstrated that the inflamma-
tory caspases are cleaved and released along with active
IL-1P after activation of the inflammasome [20]. Consis-
tent with these findings, SAA/MSU stimulation activated
caspase-1 in synovial fibroblasts (Figure 4A). The cas-
pase-1 dependency for the pro-IL-1B processing was
confirmed by addition of the caspase-1 inhibitor z-
YVAD-fmk, which completely blocked SAA/MSU-
induced IL-1P processing (Figure 4B).

SAA induces NLRP3 expression and cathepsin B release in
synovial fibroblasts

The induction of NLRP3 expression is important for
inflammasome activation [21]. Therefore, we examined
the effects of SAA on NLRP3 expression in synovial
fibroblasts. As shown in Figure 5A, a rapid increase in

NLRP3 mRNA expression was observed in SAA-stimu-
lated synovial fibroblasts. Also, we analyzed the protein
expressions of pro-IL-1p and NLRP3 using the lysates
of SAA-stimulated synovial fibroblasts. Immunoblot
analysis revealed the protein expressions of pro-IL-1p
and NLRP3 were increased by SAA stimulation (Figure
5B). To elucidate the role of NLRP3 in SAA/MSU-
induced IL-1f induction, NLRP3 was silenced in syno-
vial fibroblasts using a combination of two small inter-
fering RNAs (siRNA). The siRNA treatments
prevented SAA-induced NLRP3 mRNA expression
(Figure 5C). Silencing the NLRP3 gene reduced SAA/
MSU-induced IL-15 secretion, while no inhibition of
IL-1P secretion was observed in synovial fibroblasts
transfected with negative control siRNA (Figure 5D).
Inflammasome activation has been associated with the
release of cathepsin B from the cells [22,23]. Therefore,
we examined the cell-free culture media for the pre-
sence of cathepsin B. As shown in Figure 6, significant
secretion of cathepsin B was observed in SAA/MSU-
stimulated synovial fibroblasts, as well as SAA-primed
synovial fibroblasts.

SAA priming induces IL-1a secretion from MSU-treated
synoval fibroblasts

More recently, IL-1a secretion was demonstrated to be
required the presence of IL-1f, in which IL-1B directly
binds IL-1a as a shuttle [24]. Therefore, we examined
whether SAA/MSU stimulation induces IL-1a secretion
from rheumatoid synovial fibroblasts. Although neither
SAA nor MSU induces IL-1a secretion, SAA priming
induces the IL-1a secretion from MSU-stimulated syno-
vial fibroblasts parallel to IL-1f secretion (Figure 7).
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Figure 3 Endotoxin contaminution dose not contribute to IL-1B induction by SAA/MSU. A. Synovial fibroblasts were pre-treated with SAA
(1 pg/mi) or LPS (500 pg/mi) for 12 h. Cells were stimulated with MSU (200 pg/mi) for 24 h. Supernatants were analyzed for IL-1B production by
ELISA. Values represent the mean + SD of two independent experiments. P <0.01 compared to SAA-untreated synovial fibroblasts. B. Synovial
fibroblasts were pre-treated with SAA (1 ug/ml) or LPS (500 pg/ml), which were exposed to 100°C (heat) in a water bath for 30 minutes, for 12

h. Cells were stimulated with MSU (200 pg/ml) for 24 h. Supernatants were analyzed for IL-1B production by ELISA. The endotoxin levels were
also measured by limulus test using the same supernatants. Values represent the mean + SD of two independent experiments.

Discussion

Gout is a form of inflammatory arthritis caused by for-
mation of MSU crystals in the synovial tissues of joints
[1]. IL-1B has been identified as a pivotal cytokine in
gout and MSU crystal-induced inflammation [25].
Recent studies suggested that MSU-mediated NLRP3
inflammasome activation and subsequent IL-1f produc-
tion in macrophages as key events in initiation of gout
[2]. The aim of this study was to determine whether
MSU-mediated inflammasome activation could be
induced in non-myeloid synovial fibroblasts. A variety of
structurally diverse molecules, including ATP, bacterial
toxins, crystals, and amyloid proteins, are known to acti-
vate the NLRP3 inflammasome leading to IL-1B secre-
tion [26]. Here we found that SAA, which is
endogenously induced as an acute phase reactant,
sensed the MSU-mediated caspase-1 activation and pro-
IL-1B processing. The NLRP3 inflammasome pathway
should be pivotal in this SAA/MSU-mediated IL-1f
induction, since silencing NLRP3 using siRNA resulted

in the abortive IL-1B induction. These data implicate a
casual role of SAA in the pathogenesis of MSU-
mediated inflammasome activation as well as acute
inflammation seen in gouty arthritis.

IL-1B requires cleavage vig caspase-1 for proper secre-
tion, which is facilitated as a consequence of inflamma-
some assembly and activation [26]. The NLRP3
inflammasome has emerged as a critical sensor for a
number of endogenous mediators, including MSU, that
are capable of promoting IL-1f secretion [25]. However,
our study demonstrated that MSU alone did not induce
caspase-1 activation or IL-1B secretion in human syno-
vial fibroblasts. Because of its pro-IL-1B inducing effect,
SAA-priming of synovial fibroblasts could be essential
for MSU-induced IL-1f secretion. Our data also suggest
that SAA-induced NLRP3 mRNA expression and cathe-
psin B secretion may contribute to MSU-mediated
NLRP3 activation.

Several lines of evidence indicate that toll-like receptor
(TLR) ligands can elicit inflammasome activation [27].
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Figure 4 SAA/MSU-induced IL-1P processing is dependent on caspase-1. A. Synovial fibroblasts were untreated or pretreated with SAA (2
pg/ml) for 12 h. Cells were stimulated with the indicated concentrations of MSU for 24 h. Supernatants were analyzed by immunoblot for the
presence of procaspase-1 (p45) and cleaved caspase (p20). Three experiments were performed using different synovial fibroblasts and a
representative result is shown. B. Synovial fibroblasts were untreated or pretreated with SAA (2 pg/ml) for 12 h. Cells were stimulated with MSU
in the presence or absence of z-YVAD-fmk (10 pM) for 24 h. Supernatants were analyzed by immunoblot analysis for the presence of mature IL-
1B. Two experiments were performed using different synovial fibroblasts and a representative result is shown.
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Figure 5 SAA induces NLRP3 expression. A. Synovial fibroblasts were stimulated with SAA (2 pg/ml) for 12 h. The cells were analyzed for
NLRP3 mRNA by RT-PCR. Three experiments were performed using different synovial fibroblasts and a representative result is shown. B. Synovial
fibroblasts were stimulated with the indicated concentrations of SAA for 24 h. Cellular lysates were subjected to Western blotting using specific
antibodies against NLRP3, pro-IL-1B and B-actin (internal control). Three experiments were performed and a representative result is shown. C.
Synovial fibroblasts were transfected with non-targeting control siRNA or NLRP3 siRNA for 22 h and subsequently stimulated with SAA (2 ug/ml)
for 12 h. The cells were analyzed for NLRP3 mRNA by RT-PCR. Three experiments were performed using different synovial fibroblasts and a
representative result is shown. D. The transfected cells as described in C were pretreated with SAA (2 pg/ml) for 12 h and subsequently
stimulated with MSU (200 pg/ml) for 24 h. Cell-free culture supernatants were analyzed for IL-1B by ELISA. Values represent the mean + SD of
three independent experiments. *P <0.01 compared to control siRNA transfected synovial fibroblasts.
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Figure 6 SAA induces the secretion of cathepsin B from synovial fibroblasts. Synovial fibroblasts were untreated or pretreated with SAA (2
pg/mi) for 12 h and subsequently stimulated with of MSU (200 pg/ml) for 24 h. Supernatants were analyzed by immunoblot analysis for
presence of cathepsin B. Three experiments were performed using different synovial fibroblasts and a representative result is shown.
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Figure 7 MSU induces IL-1 synthesis from SAA-primed
synovial fibroblasts. Synovial fibroblasts were pretreated or
untreated with the indicated concentrations of SAA for 12 h. After
pretreatment, the cells were stimulated with the indicated
concentrations of MSU for 24 h and supernatants were analyzed for
IL-1a production by ELISA. Values represent the mean + SD of three
independent experiments.

Our findings suggest that SAA, a non-bacterial endo-
genous product, is sufficient to trigger caspase-1 activa-
tion and IL-1B processing in response to MSU,
providing a mechanism for activation of the NLRP3
inflammasome in human synovial tissues. Endogenous
molecules may be the first signal to prime the activation
of the NLRP3 inflammasome, resulting in cooperative
signaling [28]. The second signal is provided by stimuli
that specifically activate NLRP3 and leads to caspase 1
activation and IL-1B processing [28]. Our results suggest
that an endogenous proinflammatory molecule, SAA,
could be the first signal to prime the activation of the
NLRP3 inflammasome.

Conclusion

Our data indicate that SAA induced MSU-mediated
NLRP3 inflammasome activation and post-transla-
tional processing of IL-1f in human synovial fibro-
blasts. These findings highlight the potential role of
SAA, a highly sensitive acute phase reactant, in the
triggering of MSU-mediated acute synovial inflamma-
tion. The innate immune systems, including TLRs, are
thought to be essentially involved in inflammasome-
mediated inflammation [27]. However, our data show
that interaction of an endogenous and non-bacterial
acute phase protein, SAA, and MSU crystals synergis-
tically enhance the inflammatory response by activat-
ing the inflammasome pathway. These findings
provide a new insight into the mechanisms underlying
acute gout.

Abbreviations
ATP: adenosine triphosphate; ASC: apoptosis-associated speck-like protein
containing CARD; IL-1B: interleukin-18; NLRP3: Nod-like receptor family: pyrin
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Familial Mediterranean Fever in Japan

Kiyoshi Migita, MD, Ritei Uehara, MD, Yoshikazu Nakamura, MD, Michio Yasunami, MD,
Ayako Tsuchiya-Suzuki, MD, Masahide Yazaki, MD, Akinori Nakamura, MD,
Junya Masumoto, MD, Akihiro Yachie, MD, Hiroshi Furukawa, MD, Hiromi Ishibashi, MD,
Hiroaki Ida, MD, Kazuko Yamazaki, MD, Atsushi Kawakami, MD, and Kazunaga Agematsu, MD*

Abstract: Familial Mediterranean fever (FMF) is a hereditary autoin-
flammatory disease that is prevalent in Mediterranean populations.
While it is considered a rare disease in the rest of world, a significant
number of FMF patients have been reported in East Asia, including
Japan. Our aim was to determine the prevalence of FMF in Japan and
elucidate the clinical and genetic features of Japanese patients. A pri-
mary nationwide survey of FMF was conducted between January and
December 2009. Hospitals specializing in pediatrics and hospitals with
pediatric, internal medicine, and rheumatology/allergy departments were
asked to report all patients with FMF during the survey year. The esti-
mated total number of Japanese FMF patients was 292 (95% confidence
interval, 187-398 people). We evaluated the clinical and genetic profiles
of Japanese patients from the data obtained in a secondary survey of
134 FMF patients. High-grade fever was observed in 95.5%, chest pain
(pleuritis symptoms) in 36.9%, abdominal pain (peritonitis symptoms)
in 62.7%, and arthritis in 31.3%. Of the patients profiled, 25.4% of
patients experienced their first attack before 10 years of age, 37.3% in
their teens, and 37.3% after age 20 years. Colchicine was effective in
91.8% of patients at a relatively low dose (mean dose, 0.89 + 0.45 mg/d).
AA amyloidosis was confirmed in 5 patients (3.7%). Of the 126 patients
studied, 109 (86.5%) were positive for 1 or more genetic mutations and 17
(13.5%) had no mutation detected. Common Mediterranean fever gene
(MEFV) mutations were E148Q/M6941 (19.8%) and M694I/normal
(12.7%). The differences in the prevalence of peritonitis, pleuritis, and a
family history of FMF were statistically significant between FMF patients
with MEFV exon 10 mutations compared with those without exon 10
mutations.

In conclusion, a significant number of patients with FMF exist in
Japan. Although Japanese patients with FMF are clinically or genetically
different from Mediterranean patients, the delay in diagnosis is an issue
that should be resolved.
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INTRODUCTION

amilial Mediterranean Fever (FMF) is an inherited autoin-

flammatory disease that is observed in Mediterranean popu-
lations, such as Armenians, Arabs, non-Ashkenazi Jews, and
Turks.!"¥7 The disease is characterized by recurrent febrile epi-
sodes and inflammation in the form of sterile polyserositis.> The
gene responsible for FME, MEFV, encodes a protein called pyrin/
marenostrin and is expressed mainly in neutrophils and mono-
cytes.!>2! To date, 200 mutations or polymorphisms in the MEFV
gene have been associated with the FMF phenotype.?® The preva-
lence of FMF varies from 1:400-1000 in Turkey,®*” 1:1000
(depending on the ethnic group) in Israel,’® and 1:500 in
Armenia.>® The various manifestations of FMF in different popu-
lations could be caused by a diverse repertoire of mutations specific
to their ethnic background.” For example, patients carrying exon
2 mutations (such as E148Q) present a milder phenotype.” In
contrast, patients carrying M694V or M6941 mutations are prone
to more severe disease.** Where the disease is common the di-
agnosis of FMF is principally based on clinical tests, whereas in
countries where FMF is rare, a genetic test is useful.? The diag-
nostic power of the colchicine response, where an FMF patient is
expected to respond to colchicine, is still important when moni-
toring atypical FMF cases.

The genetic homogeneity of Japan has been preserved
by national geographic borders, and there has been little inward
migration since ancient times. FMF was previously thought
to affect people mainly from Mediterranean populations, and
was considered a rare disease in Japan. However, a significant
number of FMF patients with MEFV gene mutations have been
reported in Japan since the identification of the MEFV
gene ?2:30,36.38,:41,42:46 One gevere complication of FMF is the
development of amyloid A (AA) amyloidosis.!” The effect of
MEFV genotypes, especially when the M694V mutation is
homozygous, is evident in FMF patients with AA amyloid-
osis.* In Japanese patients with theumatoid arthritis, the SAA1.3
allele was shown to be a risk factor of AA amyloidosis.>! How-
ever, there is a strong positive association of the SAA1.1 allele
and M694V homozygosity of the MEFV gene as risk factors
for AA amyloidosis in white FMF patients.!

Since 1972, the Ministry of Health and Welfare of Japan has
promoted research to determine the causes of intractable diseases
of unknown etiology.3? To investigate epidemiologic features of
disease (prevalence, age distribution, and clinical phenotypes),
the Research Committee on the Epidemiology of Intractable
Diseases conducted several surveys in cooperation with vari-
ous disease research committees. ' In 2009 the Ministry of Health,

www.md-journal.com | 337



