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Abstract

Familial Mediterranean Fever (FMF) is rare autosomal recessive autoinflammatory disorder characterized by
periodic bouts of fever, serositis, synovitis, and/or cutaneous inflammation. Painful febrile attacks last 1 to 3 days and
can vary in severity. FMF is almost exclusively affecting subjects with Mediterranean origin, especially Armenian,
Arab, Jewish, Turkish, North Africans and Arabic descents. Cases have been reported in Italian population with a
cluster of Italians patients living in Apulia and Basilicata. FMF results from the mutations in the MEFV (Mediterranean
Fever) gene, consisting of 10 exons located on chromosome 16p13.3. MEFV encodes a 781 amino acid (86kDa)
protein (pyrin or marenostrin) expressed in granulocytes, monocytes, serosal and synovial fibroblasts. In FMF,
pyrin function is dysregulated with abnormal transcription of intranuclear peptides involved in inflammation. During
acute attacks, a marked acute-phase response leads in leukocytosis, and elevated erythrocyte sedimentation rate,
fibrinogen, C reactive protein, Serum Amyloid A protein. A worrisome manifestation of FMF is the evolution towards
the secondary AA glomerular amyloidosis which puts a subgroup of patients at risk of end-stage kidney disease.
Treatment of symptomatic FMF patients is aimed to prevent the acute attacks, and the development and progression
of amyloidosis. Colchicine treatment given lifelong is the safe and effective in FMF patients at any age. In the few
colchicine-resistant/ intolerant FMF patients, experimental off-label treatments include IL-13 inhibitors (anakinra,
rilonacept, canakinumab), and anti-TNF-a agents (etanercept). This review describes pathophysiologic, diagnostic,

and therapeutic aspects of FMF.
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Introduction

Familial Mediterranean Fever (FMF, MIM249100) is a rare
autosomal recessive an systemic autoinflammatory disorder
characterized by recurrent bouts of fever, serositis, synovitis, and/or
cutaneous inflammation [1-3]. Autoinflammatory diseases originate
from inappropriate activation of antigen-independent inflammatory
mechanisms, involving mediators and cells of the innate immune
system. Typical autoinflammatory disorders are the periodic fever
syndromes, in which fever is the predominant clinical feature (Table

1) [4].

FMEF is described in several ethnic groups and accounts for about
150,000 patients worldwide [5,6]. Clinically, FMF consists of recurrent
and self-limited attacks of fever and symptoms accompanied by a
marked acute-phase response (leukocytosis, elevated erythrocyte
sedimentation rate, fibrinogen, C reactive protein, serum amyloid
A protein). The main clinical features during attacks are peritonitis
(95%), arthritis (>50%) (mono-oligoarticular), pleuritis (40%) and less
frequently pericarditis, scrotal swelling (inflammation of the tunica
vaginalis testis), myalgia, and erysipeloid skin rash [7]. The first attack
appears before the age of 20 in more than 85% of the patients.

The most worrisome manifestation of FMF is the progressive
secondary AA amyloidosis which might put a subgroup of patients at
risk of end-stage kidney disease [8].

FMF is common among ethnic groups originating in the
Mediterranean littoral especially Armenian, Arab, Jewish, Turkish,
North Africans and Arabic descendants. The prevalence of FMF in non-
Ashkenazi Jews is estimated to be 1/250 to 1/1000 [3,9], in Ashkenazi
Jews 1/73,000 [3,10], in Armenians 1/500 [3,11], in Turkish 1/1000 and

in Arabic people 1/2600. The carrier frequency is estimated to be 1/3
Armenians, 1/5-10 Sephardic Jews [3,12], 1/5 Ashkenazi Jews [3,12]
and Turks [3,13]. Furthermore, FMF cases have been reported in Italian
population [14] and we recently identified cluster of 60 Italian subjects
with MEFV gene mutations (70% symptomatic FMF patients) living
in Apulia and Basilicata Regions with likely Jewish-Armenian-Greek
historical roots [15,16]. The disease is unusual in other populations,
but other cases of FMF have been described in Greece, Cuba, Belgium,
Sweden, Germany but also in Japan and Korea [17-23] . The prevalence
of FMF is slightly higher in males than females (ratio M/F 1.5-2:1).
A first case of FMF was the one of a Jewish girl with episodic fever
and abdominal pain [24]. Cases were described as ‘fever of unknown
origin’, Siegal depicted the symptom pattern of ‘benign paroxysmal
peritonitis’. Reimann used the term ‘Periodic Disease’, and Heller et al.
the term ‘FMF’[25-30].

Pathophysiology

The autoinflammatory syndromes or a disease (AIDs) comprises
conditions with recurrent episodes of fever and systemic inflammation
without microbial infection. In these conditions, there is no
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Syndrome Abbreviation Inheritance Gene locus / . Days of Clinical presentation Second_ary AA
chromosome / protein | Fever Amyloidosis
Familial Mediterranean Fever EME Autosomal MEFV/16;_)13.3 / pyrin 13 Abdor_jmal pain, leresypela-lhke rash, o (%)
recessive (marenostrin) serositis, synovitis, arthralgias
Periodic fever with aphthous Aphtous stomatitis,
stomatitis, pharyngitis, and cervical PFAPA Undefined Undefined 3-4 lymphoadenopathy (cervical), -
adenitis abdominal pain (mild)
Lymphoadenopathy (cervical),
Hyperimmunoglobulin D syndrome HIDS Autosomal MEVK / 12p /. 3-7 abdominal pain, arthralgias, arthritis, +--
recessive mevalonate kinase
splenomegaly, rash
Tumor necrosis factor alpha receptor Autosomal TNFR1/12p / tumor Longer Abdominal pain, conjuntivitis,
. P P TRAPS . necrosis factor alpha 9 arthralgias,arthritis, myalgial (local), ++-
1 associated syndrome dominant than 5

receptor-1

(*) see text for details

rash

Table 1: Periodic fever syndromes [4].

involvement of T or B cells. With FMF, there are at least 12 AIDs
associated with genetic mutations affecting the innate immune system,
which acts as primary defence against noxious agents and pathogens
from outside of the body [31]. The periodic fever syndromes have been
discussed earlier (Table 1). Mutation of different components of the
multi protein inflammasome complex [32,33] accounts for AIDs in the
group of Cryopyrin-Associated Periodic Syndromes (CAPS), where
fever is usually an ancillary feature [2].

FMF is the result of mutations in the MEFV (Mediterranean Fever)
gene, consisting of 10 exons located on chromosome 16p13.3. MEFV
encodesa 781 amino acid (86kDa) protein (pyrin or marenostrin) which
effectively regulates the transcription of intranuclear peptides involved
in inflammation [34]. Pyrin has a key role in the innate immune
system, and is expressed in the cytoplasm of neutrophils, eosinophils,
dendritic cells, mature monocytes, serosal and synovial fibroblasts,
and cells derived from the colon and prostate cancer [35]. Pyrin is
also detected in spleen, lung and muscle, when leucocyte infiltration
occurs [3]. Pyrin co-localizes with microtubules, suggesting a potential
activity for microtubule-destabilizing agents such as colchicine [36].
Pyrin is a regulatory component of the inflammasome, an intracellular
complex required for conversion of pro-interleukin (IL)-1p to IL-
1B[37-40]. The activated inflammasome plays a fundamental role in
fever, inflammation and apoptosis[33]. “Normal” pyrin negatively
appears to inhibit the cleavage of pro-ILI1P by activated caspase-1
[39,41]. Dysregulation of the inflammasome due to mutated pyrin
(a large percentage of FMF-associated pyrin mutations reside in the
~200-residue C-terminal B30.2 domain), has been proposed as the main
mechanism for FMF (Figures 1A and 1B). As pyrin is the inhibitor of the
complement-derived mediator of inflammation C5a, FMF patients lack
inhibition of neutrophil chemotaxis due to unregulated production of
IL-1p. Thus, as pyrin regulates the inflammatory response by blocking
intracellular signal pathways via nuclear factor kf (NF-kp) or caspase
1, the absence of pyrin function due to mutated MEFV leads to the
over secretion of inflammatory cytokines[42]. On the clinical ground,
the acute FMF attacks develop because of neutrophil activation at the
serosal and synovial surfaces. The key role of neutrophils in FMF is
supported by their presence in the serosal fluid, by the expression of
pyrin in neutrophils, and by the fast effect of colchicine in preventing
the attacks [3].

Systemic reactive (secondary) or AA amyloid in FMF is the
consequence of deposition in tissue of fibrils of fragment of Serum
Amyloid A (SAA) protein, a major acute phase reactant [43]. Among
the several forms identified, acute SAA1 and SAA2 are High-Density
Lipoproteins (HDL)-associated apolipoproteins inducible by pro-
inflammatory cytokines like interleukin 1 (IL-1), interleukin 6 (IL-

6), lipopolysaccharide (LPS) and Tumor Necrosis Factor (TNF)
[44]. SAAI>SAA2 are precursors for tissue AA deposition during
ongoing acute and chronic inflammation and AA amyloidosis is
almost invariably related to increased levels of SAA in blood [45-47].
Beside the specific genetic background of FMF, other factors appear
to play a role in governing the severity of AA amyloidosis, including
frequency of attacks, the effect of therapy, individual susceptibility
and amyloidogenetic potential depending on both type and size of
fragments [48-50].

Diagnosis
Clinical presentation

In 90% of FMF patients, the first attack occurs before 20 years of
age [51] and comprises recurrent sudden episodes of febrile severe
pain (due to serositis at one or more sites with peritonitis, pleuritis,
and synovitis), lasting 1-3 days and resolving spontaneously (Table 1).

Clinical manifestations

The event triggering FMF is difficult to establish and frequency of
the attacks can be variable. Fever can be the only symptom, reaching
also 38-40°C and can precede other symptoms [24]. Prodromic
symptoms are discomfort, physical, emotional, neuropsychological
complaints [52]. Abdominal painful attack is the most common
symptom occurring in about 95% of patient [53-56]. Pain can be
localized and afterwards becomes generalized. An dynamic ileus,
tenderness, guarding, and rigidity may occur. The clinical picture
resembling acute abdomen during attacks might erroneously lead to
unnecessary laparotomy and appendectomy. In between the attacks,
patients are completely symptom-free. During attacks, a recurrent
peritoneal inflammation occurs, and visceral adhesions might develop
later [57]. Constipation is typical, while late diarrhea occurs in 10-
20% of FMF patients[54]. Arthritis is another common feature of
FMF, usually presenting as monoarticular. The large joint of the lower
extremities is most frequently affected. Although symptoms can last
for more than one month, arthritis generally is not associated with
joint destruction [54]. FMF patients with arthritis are usually younger
when fever starts, and have more erysipelas-like rashes and myalgia.
Vasculitis is more frequent in the presence of arthritis[55]. In one-third
of patients, unilateral pleuritis occurs leading to acute febrile attacks
of chest pain, either isolated or associated with abdominal and joint
attacks [24,54,56]. Pericarditis occurs in less than 1% of patients[58].
Other clinical manifestations include pelvic inflammatory disease,
inflammation of the tunica vaginalis with painful scrotal swelling
mimicking testicular torsion and orchitis , Henoch-Schénlein purpura,
Behget disease and polyarteritis nodosa and protracted abdominal
febrile myalgia [59-61].
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Figure 1: Targets and action of therapeutic agents in Familial Mediterranean fever (FMF). A central role in innate immunity is played by the inflammasomes,
a group of multi protein cytoplasmic complexes. Among different inflammasomes, the NALP3 inflammasome is the best investigated and the different components
comprise NALP3, ASC, CARDINAL, and caspase 1 [154]. A) Putative events likely involved in the formation of NALP3 inflammasome [155]. Under the action of
exogenous and host ligands (e.g., ATP, bacterial messenger RNA, uric acid crystals, low intracellular potassium, skin irritants, muramyl dipeptide), the inflammasome
is activated (first event: NALP3 oligomerization) followed by recruitment of ASC via PYD domain and caspase 1 via homotypic CARD interaction of ASC. A second
molecule of procaspase-1 is recruited via the interaction of CARDINAL with NAPL3 (FIIND-NAD domains, respectively and by the CARDINAL CARD domain vs.
procaspase-1). This key steps trigger the activation of caspase-1 from its precursor procaspase-1, and ultimately to the generation of active IL-18 from its inactive
precursor pro-IL-18 [33]. Inflammasome activity is normally dampened down by some cytoplasmic proteins, including pyrin [39,78], which is expressed in the cytoplasm
of neutrophils, eosinophils, dendritic cells, mature monocytes, serosal and synovial fibroblasts, and cells derived from the colon and prostate cancer (see text). In FMF,
the mutated MEFV gene encoding pyrin is associated with abnormal NALP3 inflammasome pathway [38,39]. Alternative, slightly different pathways of inflammasome
assembly leading to IL-1f cannot be excluded [39].

B) Formation of NALP3 inflammasome with respect to therapeutic agents showing efficacy in FMF.

(a) Pyrin in FMF is genetically mutated and is unable to inhibit the C5a activation promoted by the activated caspase-1. The consequence is the onset of a full-blown
inflammation. The biology of interleukin (IL)-1 is shown, starting in the cell nucleus from DNA pathway. Steps include intracellular processing of pro-IL-18 into active
IL-1B. This step is triggered by the inflammasome.

(b) IL-1B binds the ligand-binding chain IL-1RI, and this step is followed by recruitment of a co-receptor chain accessory protein IL-1RAcP. At this stage, the two
anti-IL-1B agents rilonacept and canakinumab are effective. Both bind IL-1B and block its binding to the receptors.

(c) Anakinra is the homolog of the human IL-1 receptor antagonist (rhIL-1Ra) and acts as competitive inhibitor of IL-1 activation. Rilonacept, canakinumab, and
anakinra reduce or block the IL-1B dependent inflammation.

(d) Etanercept acts as anti-TNF-a agent by binding the TNF-a (tumor necrosis factor-a). The TNF receptor (TNFR) is unable to induce the inflammasome.

(e) Colchicine (IUPAC Name: N-[(7S)-1,2,3,10-tetramethoxy-9-ox0-6,7-dihydro-5Hbenzo[a]heptalen-7-yl] acetamide; Molecular Formula: C22H25NO6; Molecular
Weight:399.437) acts on Tubulin-a and -B (high-affinity binding site) and binds irreversibly tubulin. This step prevents the dockage of tubulin into the (+) ends of
microtubules.

There is structural imbalance or instability of microtubules in maintaining cell structure, in cell division (mitosis and meiosis)-including the formation of mitotic
spindles, and in motion. Colchicine inhibits acute phase reactants and NALP3 and blocks the induction of inflammasome.

Abbreviations:

- ASC- apoptosis-associated speck-like protein containing a CARD

- CARD- caspase-recruitment domain

- FIIND- domain with function to find

- IL- interleukin

- LRR- leucine-rich repeat

- NACHT- domain present in NAIP (neuronal apoptosis inhibitor protein), major histocompatibility complex class Il transactivator, HET-E (incompatibility locus
protein from Podospora anserina) and telomerase-associated protein

- NAD- NACHTassociated domain

- NALP3- NACHT domain, LRR domain, and pyrin domain-containing protein

- PYD- pyrin domain

Adapted from Grattagliano et al. Novel Therapeutics for the Treatment of Familial Mediterranean Fever: from colchicine to biologics. Clin Pharmacol Ther. 2013 [2].
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AA amyloidosis

A severe complication of FMF is the AA (secondary) amyloidosis,
which is dominating glomerular involvement and end-stage renal
disease [8,62]. In western world, the overall autoptic prevalence of
AA amyloidosis is 0.5-0.9%[63]but it is higher in FMF populations,
ranging from 4% to 11% according to studies [63-66]. Prevalence is
approaching 30% in Sephardic Jews (higher than Ashkenazi Jews)
[67] and is more than 60% in Turkey [5,68]. After the introduction of
colchicine, the incidence of amyloidosis has markedly decreased, but is
still a major problem in Armenia and Turkey, with a prevalence of 13%
in a large (2838 patients) survey[55].

In FMF, the sequence will involve increased SAA, AA secondary
glomerular amyloidosis, or more rarely tubular or vascular level, heavy
proteinuria, clinically apparent nephrotic syndrome with end-stage
renal fajlure. Although clinical criteria and proteinuria (greater than
0.5 g of protein per 24 h) might suggest amyloidosis, the ultimate
diagnosis of amyloidosis is established by biopsy of the bone marrow,
periumbilical fat or rectum[69]. Phenotypically, fever and pain attacks
can precede the development of amyloidosis. Rarely, renal amyloidosis
can develop without preceding typical attacks of FMF[70]. Amyloidosis
might affect gastrointestinal tract, vascular system, heart, thyroid, and
testes. In FMF patients an additional complication is a subclinical
cardiac autonomic dysfunction, similar to dysautonomia described
in a variety of rheumatic disorders[71]. Country may represent the
primary risk factor for renal amyloidosis in FMF pointing to possible
environmental origin of amyloidosis susceptibility[72].

Other biomarkers and Imaging studies

There are no common biomarkers, but patients with FMF
might display increased values of erythrocyte sedimentation rate
and leukocytosis [56,73]. Decreased albumin levels and a significant
increase of fibrinogen, C-reactive protein, the p2 and a2 globulin,
haptoglobin and lipoproteins were detected during the different
phases of FMF. These laboratory findings occurred especially during
and immediately after the attacks, and even more markedly in the
progression of amyloidosis [56]. Compared to the remission period,
the concentration of serum amyloid A protein (SAA) during the attacks
increases significantly [74]. Soluble phospholipase A2 type II (PLA2)
increased by 50 times during attacks, while PLA2 is nearly undetectable
during periods of remission [74]. PLA2 releases arachidonic acid, which
is the precursor of prostaglandins and leukotrienes, a condition that
might contribute to the inflammatory process. The immunoglobulins
(Ig) were also measured in the serum of patients FMF [73]. The results
show an increase of 23%, 13%, 17% and 13% of the IgA, IgM, IgD and
IgG, respectively.

There is no specific imaging study for the diagnosis of FMF,
although during the acute attack findings of peritoneal irritation are
visible by computed tomography, and might include mesenteric
pathology with engorged vessels and thickened mesenteric folds,
mesenteric lymphadenopathy, ascites, and signs of focal peritonitis[75]

Diagnostic criteria

The diagnosis of FMF relies on clinical criteria, family history,
historical, geographical, and ethnic considerations, response to
colchicine treatment, and genetic analysis of known mutations
[3,54,72]. A number of differential diagnoses must be taken into
account to rule out other illnesses which include different hereditary
periodic fever syndromes (i.e., hyper-IgD syndrome or Tumor Necrosis

Factor Receptor-1-Associated Periodic Syndrome (TRAPS)) [24],
surgical emergencies (i.e., pancreatitis, peritonitis due to perforated
peptic ulcer, appendicitis) and a miscellanea of rheumatologic (i.e.,
systemic lupus erythematosus) and other conditions (i.e., vasculitis,
acute intermittent porphyria etc.) [3].

Thus, the diagnosis of FMF which is mainly based on clinical
ground an therapeutic efficacy of colchicine (see below: therapy).
Genetic testing is available but some patients with clinical evidence of
FMF have only one mutation or no MEFV mutation (see below: genetic
testing). The presence of intermittent episodes of fever in otherwise
healthy subjects, serositis, response to colchicine and absence of other
plausible illnesses are suggestive of FMF. Although there are no strict
Evidence Based Medicine (EBM) diagnostic criteria for FMF, “Tel
Hashomer” criteria have been proposed since 1997 (Figure 2). The
diagnosis is considered definitive if 2 major criteria or 1 major criterion
plus 2 minor criteria exist. The diagnosis is considered probable in the
presence of 1 major plus 1 minor criterion [76]. The same authors
proposed an exhaustive list of detailed criteria (major, minor, and
supportive) [3,76]. Although the detailed criteria provide a good yield
in diagnosing FMF in adult subjects (up to 95-99% sensitivity and 99%
specificity depending on symptom combination), the specificity is low
(55%) in children [77], who have a poor ability to describe symptoms.
A new sensitive and specific set of clinical criteria has been proposed
for the diagnosis of FMF in childhood [77].

Genetic testing

Genetic testing of FMF is based on detection of MEFV mutations
(Figure 3) and may also have a therapeutic value when integrated with
clinical evaluation (Figure 2). As FMF is an inherited disease with
an autosomal recessive trait, two mutations would be required for
developing clinical manifestations. However, a large variability has
been described and a subgroup of patients have only one identifiable
mutations [78,79] while others have no identifiable mutations [78,80].
Modifier genes at new susceptibility loci might exists and research is
active in this field. PCR-based double-stranded automated sequencing
is used to perform a MEFV full sequence analysis [81,82]. According
to the Hereditary Autoinflammatory Disorders Registry (Infevers
database), more than 280 MEFV sequence variants have been identified
nearly all are located on exon 10 between amino acids 680 and 761[83-
86]. An abnormally small, nonfunctional pyrin may result from a few
mutations deleting small amounts of DNA from the MEFV gene. Most
MEFYV gene mutations, however, cause the change of one of the protein
building blocks (amino acids) in pyrin.

The first three mutations in MEFV were identified in 1997 [57,87]:
M694V (A->G substitution at nucleotide 2080 with formation of valine
instead of methionine), M680IGC (G~>C substitution at nucleotide
2040 with formation of methionine instead of isoleucine), and V726A
(T>C substitution at nucleotide 2177 with valine formation instead
of alanine). Another mutation of MEFV gene is located on exon
1 at amino acid 148. The evaluation of the role of type of mutation
on FMF phenotype is of great interest. Phenotypic expression can
vary with MEFV mutation. For example, the M694V mutation in the
presence of homozygosity leads to a more severe form of the disease
and amyloidosis, which is more frequent in certain ethnic groups
[88-91]. In a Israeli FMF pediatric population, the 3 most common
MEFV mutations (M694V, V726A, and E148Q) was related to clinical
presentation and disease severity by using the Tel Hashomer severity
score [80]. M694V homozygotes has been shown to be associated
with a more severe form of FMF if compared with compound M694V
heterozygotes, V726A, M680I and E148Q [10]. Homozygous patients
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TEL HASHOMER CRITERIA FOR CLINICAL DIAGNOSIS
OF FAMILIAL MEDITERRANEAN FEVER

MAJOR CRITERIA MINOR CRITERIA
Recurrent febrile episodes with serositis Recurrent febrile episodes
Amyloidosis (AA) without predisposing disease Erysipelas-like erythema
Favorable response to colchicine treatment FMF in first-degree relative
\ P
-..____\\ /,/
-
2 Major OR L— "~ 1 Major PLUS
1 Major + 2 Minor 1 Minor
Genetic testing

.5 ) | Further investigations

Figure 2: Clinical criteria (Tel Hashomer criteria) for the diagnosis of Familial Mediterranean fever (FMF). The clinical diagnosis of FMF is considered definitive in
the presence of least two major criteria, or one major plus two minor criteria. The diagnosis of FMF is probable in the presence of one major criterion plus one minor
criterion. Adapted from Livneh et al. Criteria for the diagnosis of Familial Mediterranean Fever. Arthritis Rheum. 1997; 40:1879-85 [76]. After identification of the first
mutations in MEFV in 1997 [34,57], a role for genetic testing must be considered during the diagnostic workup.
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Figure 3: Sequence variants of MEFV gene (NM_000243.2). The 10 exons on chromosome 16p13.3 are shown, with the sequence variant usual names. MEFV
encodes a 781 amino acid (86kDa) protein (pyrin or marenostrin). In FMF, pyrin function is dysregulated with abnormal transcription of intranuclear peptides involved
in inflammation. See text for further details. From INFEVERS — INternet periodic FEVERS — website: an online database for autoinflammatory mutationCopyright.
Accessed 08-03-2014 [84-86]. Available at http://fmf.igh.cnrs.fr/ISSAID/infevers/.
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are phenotypically more predisposed to arthritis, dermatological
lesions, higher fever with more frequent attacks, and splenomegaly
[92,93]. The E148Q mutation might be associated with the mildest and
least penetrant form of FMF[94]. In our geographical area in Southern
Italy, about 47% of identified subjects carried E148Q/R761H mutations
in compound heterozygosity [16,95] (Portincasa et al, presentation at
the 48th Annual Scientific Meeting of the European Society of Clinical
Investigation, Utrecht, 2014). Some patients with symptoms highly
suggestive for FMF exist without identifiable mutations in MEFV,
a finding suggesting that other genes could be implicated in FMF
phenotype.

MEFV mutations might be associated with the Inflammatory
Bowel Disease (IBD) [96]. However, no sound evidences exists that
MEFV mutations contribute to IBD susceptibility , despite one IBD
locus exists in the pericentromeric region of the same chromosome [9].

Treatment

It is compulsory to treat symptomatic FMF patients for preventing
the acute attacks and the development and progression of secondary
(AA) amyloidosis. In 1972 Goldfinger at the Massachusetts General
Hospital in Boston reported the consistent beneficial effect 0f0.6-1.8 mg
colchicine daily in five patients with FMF [97]. Colchicine is a tricyclic
alkaloid, the main features of which include a trimethoxyphenyl ring, a
seven membered ring with an acetamide at the seventh position, and a
tropolonic ring (Figure 1B). Colchicine is an anti-gout and antimitotic
agent that works to decrease leucocyte motility and phagocytosis
in inflammatory responses [97,98]. In 2009 the drug has been
approved by FDA for the treatment of FMF in USA. [99] (Table 2).
Other (unlabeled) indications of colchicine (0.5-1.0 mg/day) include
recurrent pericarditis due to previous autoimmune or idiopathic cause
[100,101] and patients with primary biliary cirrhosis unresponsive to
the hydrophilic bile acid ursodeoxycholic acid [102,103].

The biological target of colchicine is tubulin, a globular protein
involved in the composition of microtubules[104]. Colchicine blocks
tubulin polymerization interfering white blood cells migration and
degranulation (Figure 1B). Also, colchicine interferes with activation
of NALP3 (Nacht domain-, leucine-rich repeat-, and PYD-containing
protein 3, also called cryopyrin) inflammasome [105]. Colchicine
has an oral bioavailability of 50% and is absorbed in the jejunum
and ileum into the enterohepatic circulation [106]. A second peak of
serum concentration is generally observed 5-7 hours later [107]. After
a single i.v. injection, colchicine plasma half-life is 20 min, while after
oral administration is 60 min [108,109]. Colchicine is excreted mainly

Patients Dosing**
1.2-2.4 mg/day p.o. in 1-2 divided doses
Adults The dose can be increased or decreased in 0.3 mg/day

amount based on efficacy or adverse effects
Children 4-6 years 0.3-1.8 mg/day in 1-2 divided doses
Children 7-12 years 0.9-1.8 mg/day in 1-2 divided doses
Children >12 years Adult dosing

Table 2: Recommended dosing of colchicine* in symptomatic Familial
Mediterranean Fever [4].

*approved by FDA in USA in october 2009 for use in FMF patients [99]; **dosing
to be adjusted in case of renal impairment and in case of dialysis (cholchicine
is NOT removed). Contraindications exist during renal or hepatic impairment for
combined colchicine and P-glycoprotein or strong CYP3A4 inhibitors. Dosing to be
adjusted for concomitant therapy with P-glycoprotein inhibitors (eg, cyclosporine,
ranolazine) or CYP3A4 inhibitors (strong: clarithromycin, ketoconazole, atazanavir,
darunavir, indinavir, itraconazole, lopinavir/ritonavir, nefazodone, nelfinavir,
ritonavir, saquinavir, telithromycin, tipranavir; moderate: erythromycin, fluconazole,
grapefruit juice, verapamil, diltiazem, aprepitant, fosamprenavir).

by hepatic metabolism via oxidative demethylation by the cytochrome
P450 system (isoform CYP 3A4). Metabolites of colchicine are 2- and
3-demethylcolchicine.

Colchicine has been recommended to prevent attacks in FMF
patients, and this choice has EBM strength which is supported since
1974 by three double-blind, placebo-controlled trials using a crossover
design [110-112]. Colchicine treatment should be started as soon as the
FMF diagnosis is set, based on a clinical and genetic ground (Figure
2), and even in the presence of a single MEFV mutation associated
with typical clinical manifestations [79]. As short-term therapy,
administration of colchicine at 0.6-1.8 mg/day has been suggested in
the USA [111]. In a long-term study, however, colchicine was given
at 1.0-3.0 mg/day for 15 years and induced a good/partial response
in severity, duration and frequency of attacks (87% of FMF patients
treated) [113]. In patients older than 12 years the colchicine dose
ranges from 1.0-2.4 mg/day in 1-2 oral daily doses. Patients receiving
lower doses had significantly fewer adverse events in respect to patients
treated with higher dose [2]. Colchicine, however, might not totally
prevent febrile attacks [76].

Colchicine acts also as a preventive agent of amyloidosis and may
reduce the renal damage by reversing the proteinuria when irreversible
glomerular damage is absent [114-117]. Colchicine is also effective
among FMF patients with nephrotic proteinuria, by preventing the
progression of disease and reducing the proteinuria, although the dose
should be higher (1.5-2.0 mg/day), and renal damage is not severe
[116].

Colchicine administration (optimal dosage 1.5-2.0 mg/day) can
also prevent the recurrence of renal injury after kidney transplant,
while, in presence of severe hepatic or impairment the dose must be
lowered (Table 2) [3]. According to our local experience in Apulia
and available formulation of colchicine in Italy, total remission of
symptomatic FMF patients was achieved with a dosage of 1.0-1.5 mg/
day. Colchicine should be avoided in patients with severe hepatobiliary
dysfunction [118].

During pregnancy, colchicine should be continued, even in patients
with symptomatic remission. The use of this drug has not shown
an increase in miscarriage, stillbirth or teratogenic effects in FMF
patients[2]. Colchicine administration is safe also in FMF children
[119], although dosing is lower (Table 2).

Potential adverse effects of colchicine (high dosing) include
abdominal pain, nausea, vomiting, diarrhea, hematological
toxicity (bone marrow suppression with transient leukopenia) and
neuromyopathy in patients with renal impairment. Symptomatic
treatment (e.g., loperamide in case of diarrhea) to maintain the
effective dosage of colchicine or the dose reduction of colchicine
should be considered in these patients [3]. Acute toxicity of colchicine
is estimated to be 0.9 mg/kg [120]. Results about the possibility of
gonadal toxicity in males are inconsistent [121,122].

Oral administration of colchicine interferes with vitamin B12
absorption via reduced intrinsic factor receptors on the intestinal
mucosa; lactose intolerance has been described as well [2]. FMF patients
are partially responsive to colchicine in 30-40% of cases [98,123],
resistant to colchicine in 5-10% of cases [54] and are intolerant to
colchicine in 5-10% of cases, especially due to gastrointestinal adverse
effects [124]. It has been recently reported that FMF patients mainly
carrying E148Q/R761H mutations in compound heterozygosity, the
positive response rate to colchicine was 97% [15,95]. Mechanisms
affecting colchicine unresponsivenessinclude decreased gastrointestinal
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absorption or decreased intraleucocyte concentration [125]. In a group
of patients displaying a prodromic syndrome, intermittent therapy
with colchicine is an option to improve compliance [126]. However, the
persistent low-grade inflammatory status in FMF occurs also during
the intercritical phases. During colchicine treatment it is advisable to
monitor proteinuria and markers of inflammation, including SAA
levels[127]. Furthermore, for the treatment of pain it is important to
consider the administration of Non-Steroideal Anti-Inflammatory
Drugs (NSAIDs) because colchicine cannot block an established attack
[24]. According to the consensus statement developed in Germany,
Austria, and Turkey examining the use of colchicine in children and
adolescents with symptomatic FMF, the therapy with colchicine is safe,
effective, and should continue for life [119]. The available literature
supports a recommentation based on grade of strength 1 (strong)
and grade of evidence B (moderate) for the use of colchicine in
symptomatic FMF patients starting from age of 4 years (International
GRADE: Grading of Recommendation Assessment, Development, and
Evaluation workgroup [128-130] (Table 2).

Other therapeutic agents such as IL-1p inhibitors (anakinra,
rilonacept, canakinumab) have been proposed in colchicine-resistant
or colchicine-intolerant patients (Figure 1B). No EBM criteria are
available in this therapeutic context, so far due to the scant number
of reports and lack of controlled trials. Anakinra is a recombinant
non-glycosylated homolog of the human IL-1 receptor antagonist
(rhIL-1Ra) and acts as competitive inhibitor of IL-1 activation[2].
Anakinra inhibits the IL-1 proinflammatory pathway binding IL-1a
and IL-1p to the IL-1 receptor type I [131]. A case of FMF patient with
gastrointestinal toxicity and ongoing dialysis has been successfully
treated with anakinra because not eligible for colchicine treatment
[39]. Furthermore, anakinra has been given also in a child who had
severe FMF attacks despite colchicine therapy [132]. As reported in
several studies, anakinra has been administrated to at least 30 FMF
patients [39,132-146], and the majority of patients carried the M694V
mutation in heterozygous state, presenting a severe FMF phenotype
and a high risk of amyloidosis. Anakinra advised doses ranged from
100 to 200 mg/day three times /week in adults and 1 mg/kg/day in
children. It has been found that anakinra displayed a time-dependent
benefit [39,132,140], significantly improved abdominal pain and
fever, with a consequent decrease of FMF attacks [133,136]. Anakinra
is advisable in secondary amyloidosis, patients candidates for renal
transplantation, patients unresponsive to colchicine [133,141,144,146],
and patients experiencing major side effects with colchicine [133-135,
140]. Side effects include local pain and erythema due to subcutaneous
injection, and the major complications are acute interstitial pneumonia
[146], neutropenia [145], grade II acute rejection according to Banff
classification and also hypertension requiring therapy [137,140].

Rilonacept, an IL-1 decoy receptor, is another alternative
experimental treatment for colchicine-unresponsive or intolerant
patients. This molecule is a dimeric fusion protein constituted by
the extracellular domains of the IL-1 receptor I and the IL-1 adaptor
protein. This means that the IL-1 receptor accessory protein is bound
to the Fc portion of human IgGl, resulting in ‘trapping’ of IL-1.
Rilonacept links to IL-13 with 100 times greater affinity than that of
the native receptor, while and to IL-1a with lower affinity. Therefore,
it blocks the interaction between IL-1 and endogenous cell surface
receptors, resulting in the reduction of the IL-1-mediated signal
transduction and thus the inflammation [147]. Rilonacept has a longer
half-life (6.3-8.6 days) that allows its administration once a week.
Administration of this agent begins with a subcutaneous loading dose,
followed by a weekly injection of half the loading dose. It has been

reported a small randomized placebo-controlled trial in which 12 FMF
patients colchicine-resistant or intolerant were treated subcutaneously
with rilonacept at 2.2 mg/kg (maximum 160 mg) once weekly for 3
months. Rilonacept significantly reduced the fever episodes by 76%,
improving the quality of life [148], but failed to reduce the duration of
the attacks.

Canakinumab is a fully human selective anti-IL-1p monoclonal
antibody that binds human IL-1P neutralizing its proinflammatory
effects. It has been developed for immune disorders treatment and, it
has been recently approved by FDA for the treatment of cryopyrin-
associated periodic syndromes and for the treatment of systemic
juvenile idiopathic arthritis, adult and juvenile rheumatoid arthritis,
and gouty arthritis. Canakinumab differs by anakinra and rilonacept
because of its high specificity for IL-1B. It has 26 days half-life, and
administration every two months inhibits IL-1f action for a longer
time [149]. A very limited clinical experience is available in FMF and
further studies are required. In one case canakinumab was given as
a first-line agent with a complete clinical remission[150]. Beneficial
effects of canakinumab have been reported in a FMF patient with
severe Henoch-Schonleinpurpura [150] and in a patient unresponsive
to colchicine and anakinra [151] .

Several proinflammatory effects of TNF are mediated by TNF
receptor type I (TNFRI). Therefore, itis believed that its blockade might
be a valid treatment for these conditions. In FMF patients with atypical
symptoms, anti-TNF-a agents have been initially used with partial
benefits [152]. Furthermore, beneficial effects of TNF inhibitors were
reported in 10 patients with FMF and chronic arthritis or sacroilitis
[153]. Etanercept, a recombinant human soluble fusion protein might
be an option as an anti-TNF-a agent, but requires further studies and
careful screening of selected patients.

Conclusion

FMF is common among subjects with Mediterranean origin.
Advances about pathophysiology, clinical aspects, genetics and therapy
have increased our knowledge of FMF disease. Historical geographical
and ethnical factors are also key aspects that help to finalize the
diagnosis. Although FMF is transmitted by autosomal recessive
inheritance, genetic diagnosis is not reached in all patients with
symptoms highly suggestive for FMF. After the discovery by Stephen
Goldfinger in 1972, colchicine remains the mainstay treatment to
prevent the acute febrile attacks, and the development and progression
of secondary (AA) amyloidosis. In colchicine-resistant or colchicine-
intolerant FMF patients, alternative treatments are being investigated.

Acknowledgement

Publication costs partly supported by unrestricted grant from ACARPIA
Servicos Pharmaceuticos LDA.

References

1. Grateau G (2004) Clinical and genetic aspects of the hereditary periodic fever
syndromes. Rheumatology (Oxford) 43: 410-415.

2. Grattagliano |, Bonfrate L, Ruggiero V, Scaccianoce G, Palasciano G, et al.
(2014) Novel therapeutics for the treatment of familial Mediterranean fever:
from colchicine to biologics. ClinPharmacolTher 95: 89-97.

3. Portincasa P, Scaccianoce G, Palasciano G (2013) Familial mediterranean
fever: a fascinating model of inherited autoinflammatory disorder. Eur J Clin
Invest 43: 1314-1327.

4. Tunca M, Ozdogan H (2005) Molecular and genetic characteristics of hereditary
autoinflammatory diseases. Curr Drug Targets Inflamm Allergy 4: 77-80.

5. Ben-Chetrit E, Levy M. (1998) Familial Mediterranean fever. Lancet 351: 659-
664.

J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal

Volume 5 « Issue 5 » 1000248


http://www.ncbi.nlm.nih.gov/pubmed/14983109
http://www.ncbi.nlm.nih.gov/pubmed/14983109
http://www.ncbi.nlm.nih.gov/pubmed/23867542
http://www.ncbi.nlm.nih.gov/pubmed/23867542
http://www.ncbi.nlm.nih.gov/pubmed/23867542
http://www.ncbi.nlm.nih.gov/pubmed/24117178
http://www.ncbi.nlm.nih.gov/pubmed/24117178
http://www.ncbi.nlm.nih.gov/pubmed/24117178
mailto:http://www.ncbi.nlm.nih.gov/pubmed/15720239
mailto:http://www.ncbi.nlm.nih.gov/pubmed/15720239

Citation: Wang DQH, Bonfrate L, de Bari O, Wang TY, Portincasa P (2014) Familial Mediterranean Fever: From Pathogenesis to Treatment. J Genet

Syndr Gene Ther 5: 248. doi:10.4172/2157-7412.1000248

Page 8 of 11

20.

21.

22.

23.

24.

25.
26.
27.
28.

29.

30.

.Daniels M, Shohat T, Brenner-Ullman A, Shohat M

Ben-Chetrit E, Touitou | (2009) Familial mediterranean Fever in the world.
Arthritis Rheum 61: 1447-1453.

Kastner DL, Aksentijevich |, Goldbach-Mansky R (2010) Autoinflammatory
disease reloaded: a clinical perspective. Cell 140: 784-790.

van der Hilst JC, Simon A, Drenth JP (2005) Hereditary periodic fever and
reactive amyloidosis. ClinExp Med 5: 87-98.

Cattan D, Notarnicola C, Molinari N, Touitou | (2000) Inflammatory bowel
disease in non-Ashkenazi Jews with familial Mediterranean fever. Lancet 355:
378-379.

. Gershoni-Baruch R, Brik R, Shinawi M, Livheh A (2002) The differential

contribution of MEFV mutant alleles to the clinical profile of familial
Mediterranean fever. Eur J Hum Genet 10: 145-149.

. Rogers DB, Shohat M, Petersen GM, Bickal J, Congleton J, et al. (1989)

Familial Mediterranean fever in Armenians: autosomal recessive inheritance
with high gene frequency. Am J Med Genet 34: 168-172.

(1995) Familial
Mediterranean fever: high gene frequency among the non-Ashkenazic and
Ashkenazic Jewish populations in Israel. Am J Med Genet 55: 311-314.

.Yilmaz E, Ozen S, Balci B, Duzova A, Topaloglu R, et al. (2001) Mutation

frequency of Familial Mediterranean Fever and evidence for a high carrier rate
in the Turkish population. Eur J Hum Genet 9: 553-555.

.La Regina M, Nucera G, Diaco M, Procopio A, Gasbarrini G, et al. (2003)

Familial Mediterranean fever is no longer a rare disease in ltaly. Eur J Hum
Genet 11: 50-56.

. Portincasa P, Ruggiero V, Bonfrate L, Castorani. L., Scaccianoce G, et

al. (2012) Impaired gastrointestinal motorfunction in patients with Familial
Mediterranean fever. Eur J Clin Invest: 42:87.

. Portincasa P, Ruggiero V, Bonfrate L, Scaccianoce G, Piglionica D, et al. (2012)

A novel cluster of patients with Familial Mediterranean Fever (FMF) displayed
abnormal gastrointestinal motorfunction. Gastroenterology 142: S16-S17.

. Anonymous. (1999) Case records of the Massachusetts General Hospital.

Weekly clinicopathological exercises. Case 25-1999. A 16-year-old boy with
recurrent abdominal pain. N Engl J Med 341: 593-599.

. Wekell P, Friman V, Balci-Peynircioglu B, Yilmaz E, Fasth A, et al. (2013)

Familial Mediterranean Fever -- an increasingly important childhood disease in
Sweden. ActaPaediatr 102: 193-198.

. Ebrahimi-Fakhari D, Schonland SO, Hegenbart U, Lohse P, Beimler J, et al.

(2013) Familial Mediterranean fever in Germany: clinical presentation and
amyloidosis risk. Scand J Rheumatol 42: 52-58.

Kim S, lkusaka M, Mikasa G, Basugi A, Ohira Y, et al. (2007) Clinical study of
7 cases of familial Mediterranean fever with MEFV gene mutation. Intern Med
46: 221-225.

Tomiyama N, Higashiuesato Y, Oda T, Baba E, Harada M, et al. (2008) MEFV
mutation analysis of familial Mediterranean fever in Japan. ClinExpRheumatol
26: 13-17.

Arasawa S, Nakase H, Ozaki Y, Uza N, Matsuura M, et al. (2012) Mediterranean
mimicker. Lancet 380: 2052.

Lim AL, Jang HJ, Han JW, Song YK, Song WJ, et al. (2012) Familial
Mediterranean fever: the first adult case in Korea. J Korean Med Sci 27: 1424-
1427.

Drenth JP, van der Meer JW (2001) Hereditary periodic fever. N Engl J Med
345: 1748-1757.

Alt HL, Barker,MH ( 1930) Fever of unknown origin. JAMA 94: 1457-1461.
Siegal S (1945) Benign paroxysmal peritonitis. Ann Intern Med 23: 1-21.
Siegal S (1949) Benign paroxysmal peritonitis. Gastroenterology 12: 234-247.

Eliakim M LM, Ehrenfeld M (1981) Recurrentpolyserositis
Mediterranean fever). Elsevier/North Holland Biomedical, Amsterdam.

(familial

Reimann HA (1949) Periodic disease; periodic fever, periodic abdominalgia,
cyclic  neutropenia, intermittent arthralgia, angioneurotic —edema,
anaphylactoidpurpura and periodic paralysis. J Am Med Assoc 141: 175-183.

Heller H, Sohar E, Sherf L (1958) Familial Mediterranean fever. AMA Arch
Intern Med 102: 50-71.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

Stehlik C, Reed JC (2004) The PYRIN connection: novel players in innate
immunity and inflammation. J Exp Med 200: 551-558.

Neven B, Prieur AM, Quartier ditMaire P (2008) Cryopyrinopathies: update on
pathogenesis and treatment. Nat ClinPractRheumatol 4: 481-489.

Drenth JP, van der Meer JW (2006) Theinflammasome--a linebacker of innate
defense. N Engl J Med 355: 730-732.

Anonymous. (1997) Ancient missense mutations in a new member of the RoRet
gene family are likely to cause familial Mediterranean fever. The International
FMF Consortium. Cell 90: 797-807.

Tidow N, Chen X, Miiller C, Kawano S, Gombart AF, et al. (2000) Hematopoietic-
specific expression of MEFV, the gene mutated in familial Mediterranean fever,
and subcellular localization of its corresponding protein, pyrin. Blood 95: 1451-
1455.

Masters SL, Simon A, Aksentijevich |, Kastner DL (2009) Horror
autoinflammaticus: the molecular pathophysiology of autoinflammatory disease
(*). Annu Rev Immunol 27: 621-668.

Stehlik C1, Reed JC (2004) The PYRIN connection: novel players in innate
immunity and inflammation. J Exp Med 200: 551-558.

Chae JJ, Komarow HD, Cheng J, Wood G, Raben N, et al. (2003) Targeted
disruption of pyrin, the FMF protein, causes heightened sensitivity to endotoxin
and a defect in macrophage apoptosis. Mol Cell 11: 591-604.

Chae JJ, Wood G, Masters SL, Richard K, Park G, et al. (2006) The B30.2
domain of pyrin, the familial Mediterranean fever protein, interacts directly with
caspase-1 to modulate IL-1beta production. ProcNatlAcadSci U S A 103: 9982-
9987.

Chae JJ, Cho YH, Lee GS, Cheng J, Liu PP, et al. (2011) Gain-of-function
Pyrin mutations induce NLRP3 protein-independent interleukin-112 activation
and severe autoinflammation in mice. Immunity 34: 755-768.

Papin S, Cuenin S, Agostini L, Martinon F, Werner S, et al. (2007) The SPRY
domain of Pyrin, mutated in familial Mediterranean fever patients, interacts with
inflammasome components and inhibits prolL-1beta processing. Cell Death
Differ 14: 1457-1466.

Ting JP, Kastner DL, Hoffman HM (2006) CATERPILLERS, pyrin and hereditary
immunological disorders. Nat Rev Immunol 6: 183-195.

Kisilevsky R, Manley PN (2012) Acute-phase serum amyloid A: perspectives
on its physiological and pathological roles. Amyloid 19: 5-14.

Thorn CF, Lu ZY, Whitehead AS (2004) Regulation of the human acute phase
serum amyloid A genes by tumour necrosis factor-alpha, interleukin-6 and
glucocorticoids in hepatic and epithelial cell lines. Scand J Immunol 59: 152-
158.

van der Hilst JC (2011) Recent insights into the pathogenesis of type AA
amyloidosis. ScientificWorldJournal 11: 641-650.

Grateau G (2003) Musculoskeletal disorders in secondary amyloidosis and
hereditary fevers. Best Pract Res ClinRheumatol 17: 929-944.

Gertz MA, Skinner M, Sipe JD, Cohen AS, Kyle RA (1985) Serum amyloid A
protein and C-reactive protein in systemic amyloidosis. ClinExpRheumatol 3:
317-320.

Gorevic PD (2013) Amyloid and inflammation. ProcNatlAcadSci U S A 110:
16291-16292.

Westermark GT1, Sletten K, Westermark P (1989) Massive vascular AA-
amyloidosis: a histologically and biochemically distinctive subtype of reactive
systemic amyloidosis. Scand J Immunol 30: 605-613.

Westermark GT, Westermark P, Sletten K (1987) Amyloid fibril protein AA.
Characterization of uncommon subspecies from a patient with rheumatoid
arthritis. Lab Invest 57: 57-64.

Bakkaloglu A (2003) Familial Mediterranean fever. PediatrNephrol 18: 853-859.

Lidar M, Yaqubov M, Zaks N, Ben-Horin S, Langevitz P, et al. (2006) The
prodrome: a prominent yet overlooked pre-attack manifestation of familial
Mediterranean fever. J Rheumatol 33: 1089-1092.

Livneh A, Langevitz P, Zemer D, Padeh S, Migdal A, et al. (1996) The changing
face of familial Mediterranean fever. Semin Arthritis Rheum 26: 612-627.

Onen F (2006) Familial Mediterranean fever. Rheumatolint 26: 489-496.

J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal

Volume 5 « Issue 5 » 1000248


http://www.ncbi.nlm.nih.gov/pubmed/19790133
http://www.ncbi.nlm.nih.gov/pubmed/19790133
http://www.ncbi.nlm.nih.gov/pubmed/20303869
http://www.ncbi.nlm.nih.gov/pubmed/20303869
http://www.ncbi.nlm.nih.gov/pubmed/16284730
http://www.ncbi.nlm.nih.gov/pubmed/16284730
http://www.ncbi.nlm.nih.gov/pubmed/10665562
http://www.ncbi.nlm.nih.gov/pubmed/10665562
http://www.ncbi.nlm.nih.gov/pubmed/10665562
http://www.ncbi.nlm.nih.gov/pubmed/11938447
http://www.ncbi.nlm.nih.gov/pubmed/11938447
http://www.ncbi.nlm.nih.gov/pubmed/11938447
http://www.ncbi.nlm.nih.gov/pubmed/2816993
http://www.ncbi.nlm.nih.gov/pubmed/2816993
http://www.ncbi.nlm.nih.gov/pubmed/2816993
http://www.ncbi.nlm.nih.gov/pubmed/7726228
http://www.ncbi.nlm.nih.gov/pubmed/7726228
http://www.ncbi.nlm.nih.gov/pubmed/7726228
http://www.ncbi.nlm.nih.gov/pubmed/11464248
http://www.ncbi.nlm.nih.gov/pubmed/11464248
http://www.ncbi.nlm.nih.gov/pubmed/11464248
http://www.ncbi.nlm.nih.gov/pubmed/12529705
http://www.ncbi.nlm.nih.gov/pubmed/12529705
http://www.ncbi.nlm.nih.gov/pubmed/12529705
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10451466
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10451466
mailto:http://www.ncbi.nlm.nih.gov/pubmed/10451466
mailto:http://www.ncbi.nlm.nih.gov/pubmed/23194659
mailto:http://www.ncbi.nlm.nih.gov/pubmed/23194659
mailto:http://www.ncbi.nlm.nih.gov/pubmed/23194659
mailto:http://www.ncbi.nlm.nih.gov/pubmed/23137073
mailto:http://www.ncbi.nlm.nih.gov/pubmed/23137073
mailto:http://www.ncbi.nlm.nih.gov/pubmed/23137073
http://www.ncbi.nlm.nih.gov/pubmed/17329916
http://www.ncbi.nlm.nih.gov/pubmed/17329916
http://www.ncbi.nlm.nih.gov/pubmed/17329916
http://www.ncbi.nlm.nih.gov/pubmed/18328141
http://www.ncbi.nlm.nih.gov/pubmed/18328141
http://www.ncbi.nlm.nih.gov/pubmed/18328141
http://www.ncbi.nlm.nih.gov/pubmed/23217869
http://www.ncbi.nlm.nih.gov/pubmed/23217869
http://www.ncbi.nlm.nih.gov/pubmed/23166428
http://www.ncbi.nlm.nih.gov/pubmed/23166428
http://www.ncbi.nlm.nih.gov/pubmed/23166428
http://www.ncbi.nlm.nih.gov/pubmed/11742050
http://www.ncbi.nlm.nih.gov/pubmed/11742050
http://www.ncbi.nlm.nih.gov/pubmed/18124924
http://www.ncbi.nlm.nih.gov/pubmed/18139542
http://www.ncbi.nlm.nih.gov/pubmed/18139542
http://www.ncbi.nlm.nih.gov/pubmed/18139542
http://www.ncbi.nlm.nih.gov/pubmed/13558745
http://www.ncbi.nlm.nih.gov/pubmed/13558745
http://www.ncbi.nlm.nih.gov/pubmed/15353551
http://www.ncbi.nlm.nih.gov/pubmed/15353551
http://www.ncbi.nlm.nih.gov/pubmed/18665151
http://www.ncbi.nlm.nih.gov/pubmed/18665151
http://www.ncbi.nlm.nih.gov/pubmed/16914711
http://www.ncbi.nlm.nih.gov/pubmed/16914711
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9288758
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9288758
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9288758
http://www.ncbi.nlm.nih.gov/pubmed/10666224
http://www.ncbi.nlm.nih.gov/pubmed/10666224
http://www.ncbi.nlm.nih.gov/pubmed/10666224
http://www.ncbi.nlm.nih.gov/pubmed/10666224
http://www.ncbi.nlm.nih.gov/pubmed/19302049
http://www.ncbi.nlm.nih.gov/pubmed/19302049
http://www.ncbi.nlm.nih.gov/pubmed/19302049
http://www.ncbi.nlm.nih.gov/pubmed/15353551
http://www.ncbi.nlm.nih.gov/pubmed/15353551
http://www.ncbi.nlm.nih.gov/pubmed/12667444
http://www.ncbi.nlm.nih.gov/pubmed/12667444
http://www.ncbi.nlm.nih.gov/pubmed/12667444
http://www.ncbi.nlm.nih.gov/pubmed/16785446
http://www.ncbi.nlm.nih.gov/pubmed/16785446
http://www.ncbi.nlm.nih.gov/pubmed/16785446
http://www.ncbi.nlm.nih.gov/pubmed/16785446
http://www.ncbi.nlm.nih.gov/pubmed/21600797
http://www.ncbi.nlm.nih.gov/pubmed/21600797
http://www.ncbi.nlm.nih.gov/pubmed/21600797
http://www.ncbi.nlm.nih.gov/pubmed/17431422
http://www.ncbi.nlm.nih.gov/pubmed/17431422
http://www.ncbi.nlm.nih.gov/pubmed/17431422
http://www.ncbi.nlm.nih.gov/pubmed/17431422
http://www.ncbi.nlm.nih.gov/pubmed/16498449
http://www.ncbi.nlm.nih.gov/pubmed/16498449
http://www.ncbi.nlm.nih.gov/pubmed/22320226
http://www.ncbi.nlm.nih.gov/pubmed/22320226
http://www.ncbi.nlm.nih.gov/pubmed/14871291
http://www.ncbi.nlm.nih.gov/pubmed/14871291
http://www.ncbi.nlm.nih.gov/pubmed/14871291
http://www.ncbi.nlm.nih.gov/pubmed/14871291
http://www.ncbi.nlm.nih.gov/pubmed/21403980
http://www.ncbi.nlm.nih.gov/pubmed/21403980
http://www.ncbi.nlm.nih.gov/pubmed/15123044
http://www.ncbi.nlm.nih.gov/pubmed/15123044
http://www.ncbi.nlm.nih.gov/pubmed/4085162
http://www.ncbi.nlm.nih.gov/pubmed/4085162
http://www.ncbi.nlm.nih.gov/pubmed/4085162
http://www.ncbi.nlm.nih.gov/pubmed/24067661
http://www.ncbi.nlm.nih.gov/pubmed/24067661
http://www.ncbi.nlm.nih.gov/pubmed/2587936
http://www.ncbi.nlm.nih.gov/pubmed/2587936
http://www.ncbi.nlm.nih.gov/pubmed/2587936
http://www.ncbi.nlm.nih.gov/pubmed/3298850
http://www.ncbi.nlm.nih.gov/pubmed/3298850
http://www.ncbi.nlm.nih.gov/pubmed/3298850
http://www.ncbi.nlm.nih.gov/pubmed/12836090
http://www.ncbi.nlm.nih.gov/pubmed/16755655
http://www.ncbi.nlm.nih.gov/pubmed/16755655
http://www.ncbi.nlm.nih.gov/pubmed/16755655
http://www.ncbi.nlm.nih.gov/pubmed/8989806
http://www.ncbi.nlm.nih.gov/pubmed/8989806
http://www.ncbi.nlm.nih.gov/pubmed/16283319

Citation: Wang DQH, Bonfrate L, de Bari O, Wang TY, Portincasa P (2014) Familial Mediterranean Fever: From Pathogenesis to Treatment. J Genet

Syndr Gene Ther 5: 248. doi:10.4172/2157-7412.1000248

Page 9 of 11

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Tunca M, Akar S, Onen F, Ozdogan H, Kasapcopur O, et al. (2005) Familial
Mediterranean fever (FMF) in Turkey: results of a nationwide multicenter study.
Medicine (Baltimore) 84: 1-11.

Sohar E, Gafni J, Pras M, Heller H (1967) Familial Mediterranean fever. A
survey of 470 cases and review of the literature. Am J Med 43: 227-253.

French FMF Consortium (1997) A candidate gene for familial Mediterranean
fever. Nat Genet 17: 25-31.

Kees S, Langevitz P, Zemer D, Padeh S, Pras M, et al. (1997) Attacks of
pericarditis as a manifestation of familial Mediterranean fever (FMF). QJM 90:
643-647.

Eshel G, Vinograd |, Barr J, Zemer D (1994) Acute scrotal pain complicating
familial Mediterranean fever in children. Br J Surg 81: 894-896.

Ozen S, Ben-Chetrit E, Bakkaloglu A, Gur H, Tinaztepe K, et al. (2001)
Polyarteritisnodosa in patients with Familial Mediterranean Fever (FMF): a
concomitant disease or a feature of FMF? Semin Arthritis Rheum 30: 281-287.

Ertekin V, SelimoAYlu MA, Alp H, Yilmaz N (2005) Familial Mediterranean
fever protracted febrile myalgia in children: report of two cases. Rheumatolint
25: 398-400.

Lachmann HJ, Goodman HJ, Gilbertson JA, Gallimore JR, Sabin CA, et al.
(2007) Natural history and outcome in systemic AA amyloidosis. N Engl J Med
356: 2361-2371.

Simms RW, Prout MN, Cohen AS (1994) The epidemiology of AL and AA
amyloidosis. BaillieresClinRheumatol 8: 627-634.

Girnius S, Dember L, Doros G, Skinner M (2011) The changing face of AA
amyloidosis: a single center experience. Amyloid 18 Suppl 1: 226-228.

Hunter J, McGregor L (2011) Do inflammatory rheumatic diseases still cause
as much harm through amyloidosis? Amyloid 18 Suppl 1: 208-210.

Gillmore JD, Lovat LB, Persey MR, Pepys MB, Hawkins PN. (2001) Amyloid load
and clinical outcome in AA amyloidosis in relation to circulating concentration of
serum amyloid A protein. Lancet 358: 24-29.

Pras M (2000) Amyloidosis of familial mediterranean fever and the MEFV gene.
Amyloid 7: 289-293.

Ensari C, Ensari A, Tumer N, Ertug E (2005) Clinicopathological and
epidemiological analysis of amyloidosis in Turkish patients. Nephrol Dial
Transplant 20: 1721-1725.

Livneh A, Langevitz P (2000) Diagnostic and treatment concerns in familial
Mediterranean fever. Baillieres Best Pract Res ClinRheumatol 14: 477-498.

Balci B, Tinaztepe K, Yilmaz E, Guger S, Ozen S, et al. (2002) MEFV gene
mutations in familial Mediterranean fever phenotype Il patients with renal
amyloidosis in childhood: a retrospective clinicopathological and molecular
study. Nephrol Dial Transplant 17: 1921-1923.

Rozenbaum M, Naschitz JE, Yudashkin M, Rosner |, Sabo E, et al. (2002)
Cardiovascular autonomic dysfunction in familial Mediterranean fever.
J.Rheumatol. 29: 987-989.

Touitou I, Sarkisian T, Medlej-Hashim M, Tunca M, Livneh A, et al. (2007)
Country as the primary risk factor for renal amyloidosis in familial mediterranean
fever. Arthritis and Rheumatism 56: 1706-1712.

Livneh A, Drenth JP, Klasen IS, Langevitz P, George J, et al. (1997) Familial
Mediterranean fever and hyperimmunoglobulinemia D syndrome: two diseases
with distinct clinical, serologic, and genetic features. J Rheumatol 24: 1558-
1563.

Gang N, Drenth JP, Langevitz P, Zemer D, Brezniak N, et al. (1999) Activation
of the cytokine network in familial Mediterranean fever. J Rheumatol 26: 890-
897.

Zissin R, Rathaus V, Gayer G, Shapiro-Feinberg M, Hertz M (2003) CT findings
in patients with familial Mediterranean fever during an acute abdominal attack.
Br J Radiol 76: 22-25.

Livneh A, Langevitz P, Zemer D, Zaks N, Kees S, et al. (1997) Criteria for the
diagnosis of familial Mediterranean fever. Arthritis Rheum 40: 1879-1885.

Yalginkaya F, Ozen S, Ozgakar ZB, Aktay N, Cakar N, et al. (2009) A new
set of criteria for the diagnosis of familial Mediterranean fever in childhood.
Rheumatology (Oxford) 48: 395-398.

Samuels J, Aksentijevich I, Torosyan Y, Centola M, Deng Z, et al. (1998)

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Familial Mediterranean fever at the millennium. Clinical spectrum, ancient
mutations, and a survey of 100 American referrals to the National Institutes of
Health. Medicine (Baltimore) 77: 268-297.

Booty MG, Chae JJ, Masters SL, Remmers EF, Barham B, et al. (2009) Familial
Mediterranean fever with a single MEFV mutation: where is the second hit?
Arthritis Rheum 60: 1851-1861.

Padeh S, Shinar Y, Pras E, Zemer D, Langevitz P, et al. (2003) Clinical
and diagnostic value of genetic testing in 216 Israeli children with Familial
Mediterranean fever. J Rheumatol 30: 185-190.

Babior BM, Matzner Y (1997) The familial Mediterranean fever gene--cloned at
last. N Engl J Med 337: 1548-1549.

Holmes AH, Booth DR, Hawkins PN (1998) Familial Mediterranean fever gene.
N Engl J Med 338: 992-993.

Infevers. Infevers: an online database for autoinflammatory mutations.
Copyright.

Milhavet F, Cuisset L, Hoffman HM, Slim R, El-Shanti H, et al. (2008) The
infeversautoinflammatory mutation online registry: update with new genes and
functions. Hum Mutat 29: 803-808.

Touitou |, Lesage S, McDermott M, Cuisset L, Hoffman H, et al. (2004) Infevers:
an evolving mutation database for auto-inflammatory syndromes. Hum Mutat
24:194-198.

Sarrauste de Menthiere C, Terriere S, Pugnére D, Ruiz M, Demaille J, et al.
(2003) INFEVERS: the Registry for FMF and hereditary inflammatory disorders
mutations. Nucleic Acids Res 31: 282-285.

Consortium TIF(1997) Ancient missense mutations in a new member of
the RoRet gene family are likely to cause familial Mediterranean fever. The
International FMF Consortium. Cell 90: 797-807.

Mimouni A, Magal N, Stoffman N, Shohat T, Minasian A, et al. (2000) Familial
Mediterranean fever: effects of genotype and ethnicity on inflammatory attacks
and amyloidosis. Pediatrics 105: E70.

Akar N, Akar E, Yalginkaya F (2001) E148Q of the MEFV gene causes
amyloidosis in familial Mediterranean fever patients. Pediatrics 108: 215.

Shohat M, Magal N, Shohat T, Chen X, Dagan T, et al. (1999) Phenotype-
genotype correlation in familial Mediterranean fever: evidence for an association
between Met694Val and amyloidosis. Eur J Hum Genet 7: 287-292.

Livneh A, Langevitz P, Shinar Y, Zaks N, Kastner DL, et al. (1999)
MEFV mutation analysis in patients suffering from amyloidosis of familial
Mediterranean fever. Amyloid 6: 1-6.

Shinar Y, Livneh A, Langevitz P, Zaks N, Aksentijevich |, et al. (2000)
Genotype-phenotype assessment of common genotypes among patients with
familial Mediterranean fever. J Rheumatol 27: 1703-1707.

KonéPaut |, Dubuc M, Sportouch J, Minodier P, Garnier JM, et al. (2000)
Phenotype-genotype correlation in 91 patients with familial Mediterranean
fever reveals a high frequency of cutaneomucous features. Rheumatology
(Oxford) 39: 1275-1279.

Touitou | (2001) The spectrum of Familial Mediterranean Fever (FMF)
mutations. Eur J Hum Genet 9: 473-483.

Portincasa P, Stella A, Bagnulo R, Ruggiero V, Bonfrate L, et al. (2013)
Genotypical/phenotypical characterization of a novel cluster of patients with
familial Mediterranean fever (FMF) in Apulia and Lucania in Southern Italy. Eur
J Clin Invest 43: 72-72.

Villani AC, Lemire M, Louis E, Silverberg MS, Collette C, et al. (2009) Genetic
variation in the familial Mediterranean fever gene (MEFV) and risk for Crohn’s
disease and ulcerative colitis. PLoS One 4: e7154.

Goldfinger SE (1972) Colchicine for familial Mediterranean fever. N Engl J Med
287: 1302.

Lidar M, Scherrmann JM, Shinar Y, Chetrit A, Niel E, et al. (2004) Colchicine
nonresponsiveness in familial Mediterranean fever: clinical, genetic,
pharmacokinetic, and socioeconomic characterization. Semin Arthritis Rheum
33:273-282.

FDA (2009) U.S. Food and Drug Administration - Information for Healthcare
Professionals: New Safety Information for Colchicine (marketed as Colcrys).

100.Imazio M, Brucato A, Cemin R, Ferrua S, Belli R, et al. (2011) Colchicine for

J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal

Volume 5 « Issue 5 » 1000248


http://www.ncbi.nlm.nih.gov/pubmed/15643295
http://www.ncbi.nlm.nih.gov/pubmed/15643295
http://www.ncbi.nlm.nih.gov/pubmed/15643295
http://www.ncbi.nlm.nih.gov/pubmed/5340644
http://www.ncbi.nlm.nih.gov/pubmed/5340644
http://www.ncbi.nlm.nih.gov/pubmed/9288094
http://www.ncbi.nlm.nih.gov/pubmed/9288094
http://www.ncbi.nlm.nih.gov/pubmed/9415347
http://www.ncbi.nlm.nih.gov/pubmed/9415347
http://www.ncbi.nlm.nih.gov/pubmed/9415347
http://www.ncbi.nlm.nih.gov/pubmed/8044614
http://www.ncbi.nlm.nih.gov/pubmed/8044614
http://www.ncbi.nlm.nih.gov/pubmed/11182028
http://www.ncbi.nlm.nih.gov/pubmed/11182028
http://www.ncbi.nlm.nih.gov/pubmed/11182028
http://www.ncbi.nlm.nih.gov/pubmed/15965640
http://www.ncbi.nlm.nih.gov/pubmed/15965640
http://www.ncbi.nlm.nih.gov/pubmed/15965640
http://www.ncbi.nlm.nih.gov/pubmed/17554117
http://www.ncbi.nlm.nih.gov/pubmed/17554117
http://www.ncbi.nlm.nih.gov/pubmed/17554117
http://www.ncbi.nlm.nih.gov/pubmed/7954866
http://www.ncbi.nlm.nih.gov/pubmed/7954866
http://www.ncbi.nlm.nih.gov/pubmed/21838497
http://www.ncbi.nlm.nih.gov/pubmed/21838497
http://www.ncbi.nlm.nih.gov/pubmed/21838490
http://www.ncbi.nlm.nih.gov/pubmed/21838490
mailto:http://www.ncbi.nlm.nih.gov/pubmed/11454373
mailto:http://www.ncbi.nlm.nih.gov/pubmed/11454373
mailto:http://www.ncbi.nlm.nih.gov/pubmed/11454373
http://www.ncbi.nlm.nih.gov/pubmed/11132099
http://www.ncbi.nlm.nih.gov/pubmed/11132099
http://www.ncbi.nlm.nih.gov/pubmed/15972323
http://www.ncbi.nlm.nih.gov/pubmed/15972323
http://www.ncbi.nlm.nih.gov/pubmed/15972323
http://www.ncbi.nlm.nih.gov/pubmed/10985982
http://www.ncbi.nlm.nih.gov/pubmed/10985982
http://www.ncbi.nlm.nih.gov/pubmed/12401847
http://www.ncbi.nlm.nih.gov/pubmed/12401847
http://www.ncbi.nlm.nih.gov/pubmed/12401847
http://www.ncbi.nlm.nih.gov/pubmed/12401847
http://www.ncbi.nlm.nih.gov/pubmed/9263151
http://www.ncbi.nlm.nih.gov/pubmed/9263151
http://www.ncbi.nlm.nih.gov/pubmed/9263151
http://www.ncbi.nlm.nih.gov/pubmed/9263151
http://www.ncbi.nlm.nih.gov/pubmed/10229412
http://www.ncbi.nlm.nih.gov/pubmed/10229412
http://www.ncbi.nlm.nih.gov/pubmed/10229412
http://www.ncbi.nlm.nih.gov/pubmed/12595321
http://www.ncbi.nlm.nih.gov/pubmed/12595321
http://www.ncbi.nlm.nih.gov/pubmed/12595321
http://www.ncbi.nlm.nih.gov/pubmed/9336425
http://www.ncbi.nlm.nih.gov/pubmed/9336425
http://www.ncbi.nlm.nih.gov/pubmed/19193696
http://www.ncbi.nlm.nih.gov/pubmed/19193696
http://www.ncbi.nlm.nih.gov/pubmed/19193696
http://www.ncbi.nlm.nih.gov/pubmed/9715731
http://www.ncbi.nlm.nih.gov/pubmed/9715731
http://www.ncbi.nlm.nih.gov/pubmed/9715731
http://www.ncbi.nlm.nih.gov/pubmed/9715731
http://www.ncbi.nlm.nih.gov/pubmed/19479870
http://www.ncbi.nlm.nih.gov/pubmed/19479870
http://www.ncbi.nlm.nih.gov/pubmed/19479870
http://www.ncbi.nlm.nih.gov/pubmed/12508410
http://www.ncbi.nlm.nih.gov/pubmed/12508410
http://www.ncbi.nlm.nih.gov/pubmed/12508410
http://www.ncbi.nlm.nih.gov/pubmed/9366590
http://www.ncbi.nlm.nih.gov/pubmed/9366590
http://www.ncbi.nlm.nih.gov/pubmed/9527613
http://www.ncbi.nlm.nih.gov/pubmed/9527613
mailto:http://fmf.igh.cnrs.fr/ISSAID/infevers/
mailto:http://fmf.igh.cnrs.fr/ISSAID/infevers/
http://www.ncbi.nlm.nih.gov/pubmed/18409191
http://www.ncbi.nlm.nih.gov/pubmed/18409191
http://www.ncbi.nlm.nih.gov/pubmed/18409191
http://www.ncbi.nlm.nih.gov/pubmed/15300846
http://www.ncbi.nlm.nih.gov/pubmed/15300846
http://www.ncbi.nlm.nih.gov/pubmed/15300846
http://www.ncbi.nlm.nih.gov/pubmed/12520003
http://www.ncbi.nlm.nih.gov/pubmed/12520003
http://www.ncbi.nlm.nih.gov/pubmed/12520003
http://www.ncbi.nlm.nih.gov/pubmed/9288758
http://www.ncbi.nlm.nih.gov/pubmed/9288758
http://www.ncbi.nlm.nih.gov/pubmed/9288758
http://www.ncbi.nlm.nih.gov/pubmed/10799634
http://www.ncbi.nlm.nih.gov/pubmed/10799634
http://www.ncbi.nlm.nih.gov/pubmed/10799634
http://www.ncbi.nlm.nih.gov/pubmed/11452963
http://www.ncbi.nlm.nih.gov/pubmed/11452963
http://www.ncbi.nlm.nih.gov/pubmed/10234504
http://www.ncbi.nlm.nih.gov/pubmed/10234504
http://www.ncbi.nlm.nih.gov/pubmed/10234504
http://www.ncbi.nlm.nih.gov/pubmed/10211405
http://www.ncbi.nlm.nih.gov/pubmed/10211405
http://www.ncbi.nlm.nih.gov/pubmed/10211405
http://www.ncbi.nlm.nih.gov/pubmed/10914855
http://www.ncbi.nlm.nih.gov/pubmed/10914855
http://www.ncbi.nlm.nih.gov/pubmed/10914855
http://www.ncbi.nlm.nih.gov/pubmed/11085810
http://www.ncbi.nlm.nih.gov/pubmed/11085810
http://www.ncbi.nlm.nih.gov/pubmed/11085810
http://www.ncbi.nlm.nih.gov/pubmed/11085810
http://www.ncbi.nlm.nih.gov/pubmed/11464238
http://www.ncbi.nlm.nih.gov/pubmed/11464238
http://www.ncbi.nlm.nih.gov/pubmed/19784369
http://www.ncbi.nlm.nih.gov/pubmed/19784369
http://www.ncbi.nlm.nih.gov/pubmed/19784369
http://www.ncbi.nlm.nih.gov/pubmed/4636899
http://www.ncbi.nlm.nih.gov/pubmed/4636899
http://www.ncbi.nlm.nih.gov/pubmed/14978665
http://www.ncbi.nlm.nih.gov/pubmed/14978665
http://www.ncbi.nlm.nih.gov/pubmed/14978665
http://www.ncbi.nlm.nih.gov/pubmed/14978665
http://www.ncbi.nlm.nih.gov/pubmed/21873705

Citation: Wang DQH, Bonfrate L, de Bari O, Wang TY, Portincasa P (2014) Familial Mediterranean Fever: From Pathogenesis to Treatment. J Genet

Syndr Gene Ther 5: 248. doi:10.4172/2157-7412.1000248

Page 10 of 11

recurrent pericarditis (CORP): a randomized trial. Ann Intern Med 155: 409-
414.

101.Imazio M, Brucato A, Cemin R, Ferrua S, Maggiolini S, et al. (2013) A
randomized trial of colchicine for acute pericarditis. N Engl J Med 369: 1522-
1528.

102.Lee YM, Kaplan MM (2005) The natural history of PBC: has it changed?
Semin Liver Dis 25: 321-326.

103.Kaplan MM, Alling DW, Zimmerman HJ, Wolfe HJ, Sepersky RA, et al. (1986)
A prospective trial of colchicine for primary biliary cirrhosis. N Engl J Med 315:
1448-1454.

104.Shelanski ML, Taylor EW (1968) Properties of the protein subunit of central-
pair and outer-doublet microtubules of sea urchin flagella. J Cell Biol 38: 304-
315.

105.Pope RM, Tschopp J (2007) The role of interleukin-1 and the inflammasome in
gout: implications for therapy. Arthritis Rheum 56: 3183-3188.

106.Cerquaglia C, Diaco M, Nucera G, La Regina M, Montalto M, et al. (2005)
Pharmacological and clinical basis of treatment of Familial Mediterranean
Fever (FMF) with colchicine or analogues: an update. Curr Drug Targets
Inflamm Allergy 4: 117-124.

107.Ferron GM, Rochdi M, Jusko WJ, Scherrmann JM (1996) Oral absorption
characteristics and pharmacokinetics of colchicine in healthy volunteers after
single and multiple doses. J ClinPharmacol 36: 874-883.

108.Wallace SL, Ertel NH (1973) Plasma levels of colchicine after oral
administration of a single dose. Metabolism 22: 749-753.

109.Bourdon R, Galliot M (1976) [Determination of colchicine in biological fluids].
Ann BiolClin (Paris) 34: 393-401.

110. Goldstein RC, Schwabe AD (1974) Prophylactic colchicine therapy in familial
Mediterranean fever. A controlled, double-blind study. Ann Intern Med 81: 792-
794.

111. Dinarello CA, Wolff SM, Goldfinger SE, Dale DC, Alling DW (1974) Colchicine
therapy for familial mediterranean fever. A double-blind trial. N Engl J Med
291: 934-937.

112.Zemer D, Revach M, Pras M, Modan B, Schor S, et al. (1974) A controlled
trial of colchicine in preventing attacks of familial mediterranean fever. N Engl
J Med 291: 932-934.

113.Ben-Chetrit E, Levy M (1991) Colchicine prophylaxis in familial Mediterranean
fever: reappraisal after 15 years. Semin Arthritis Rheum 20: 241-246.

114.Zemer D, Pras M, Sohar E, Modan M, Cabili S, et al. (1986) Colchicine in the
prevention and treatment of the amyloidosis of familial Mediterranean fever. N
Engl J Med 314: 1001-1005.

115. Saatci U, Bakkaloglu A, Ozen S, Besbas N (1993) Familial Mediterranean
fever and amyloidosis in children. ActaPaediatr 82: 705-706.

116.Livneh A, Zemer D, Langevitz P, Laor A, Sohar E, et al. (1994) Colchicine
treatment of AA amyloidosis of familial Mediterranean fever. An analysis of
factors affecting outcome. Arthritis Rheum 37: 1804-1811.

117.Livneh A, Zemer D, Siegal B, Laor A, Sohar E, et al. (1992) Colchicine prevents
kidney transplant amyloidosis in familial Mediterranean fever. Nephron 60:
418-422.

118. Terkeltaub RA (2009) Colchicine update: 2008. Semin Arthritis Rheum 38:
411-419.

119. Kallinich T, Haffner D, Niehues T, Huss K, Lainka E, et al. (2007) Colchicine
use in children and adolescents with familial Mediterranean fever: literature
review and consensus statement. Pediatrics 119: e474-483.

120.Ben-Chetrit E, Levy M (1998) Colchicine: 1998 update. Semin Arthritis Rheum
28: 48-59.

121.Bremner WJ, Paulsen CA (1976) Colchicine and testicular function in man. N
Engl J Med 294: 1384-1385.

122.Ehrenfeld M, Levy M, Margalioth EJ, Eliakim M (1986) The effects of long-
term colchicine therapy on male fertility in patients with familial Mediterranean
fever. Andrologia 18: 420-426.

123.Ben-Chetrit E, Ozdogan H (2008) Non-response to colchicine in FMF--
definition, causes and suggested solutions. ClinExpRheumatol 26: S49-51.

124.Putterman C, Ben-Chetrit E, Caraco Y, Levy M (1991) Colchicine intoxication:
clinical pharmacology, risk factors, features, and management. Semin Arthritis
Rheum 21: 143-155.

125.Niel E, Scherrmann JM (2006) Colchicine today. Joint Bone Spine 73: 672-
678.

126.Wright DG, Wolff SM, Fauci AS, Alling DW (1977) Efficacy of intermittent
colchicine therapy in familial Mediterranean fever. Ann Intern Med 86: 162-
165.

127.Duzova A, Bakkaloglu A, Besbas N, Topaloglu R, Ozen S, et al. (2003) Role
of A-SAA in monitoring subclinical inflammation and in colchicine dosage in
familial Mediterranean fever. ClinExpRheumatol 21: 509-514.

128.Guyatt GH, Oxman AD, Kunz R, Falck-Ytter Y, Vist GE, et al. (2008) Going
from evidence to recommendations. BMJ 336: 1049-1051.

129.Guyatt GH, Oxman AD, Kunz R, Jaeschke R, Helfand M, et al. (2008)
Incorporating considerations of resources use into grading recommendations.
BMJ 336: 1170-1173.

130.Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, et al. (2008) GRADE:
an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ 336: 924-926.

131.Mitroulis I, Skendros P, Ritis K (2010) Targeting IL-1beta in disease; the
expanding role of NLRP3 inflammasome. Eur J Intern Med 21: 157-163.

132.Kuijk LM, Govers AM, Frenkel J, Hofhuis WJ (2007) Effective treatment of
a colchicine-resistant familial Mediterranean fever patient with anakinra. Ann
Rheum Dis 66: 1545-1546.

133.Meinzer U, Quartier P, Alexandra JF, Hentgen V, Retornaz F, et al. (2011)
Interleukin-1 targeting drugs in familial Mediterranean fever: a case series and
a review of the literature. Semin Arthritis Rheum 41: 265-271.

134.Soriano A, Verecchia E, Afeltra A, Landolfi R, Manna R (2013) IL-1i2 biological
treatment of familial Mediterranean fever. Clin Rev Allergy Immunol 45: 117-
130.

135.Petropoulou AD, Robin M, Socié G, Galicier L (2010) Transmission of
familial Mediterranean fever mutation after bone marrow transplantation and
successful treatment with anakinra. Transplantation 90: 102-103.

136.Mitroulis |, Papadopoulos VP, Konstantinidis T, Ritis K (2008) Anakinra
suppresses familial Mediterranean fever crises in a colchicine-resistant
patient. Neth J Med 66: 489-491.

137.Moser C, Pohl G, Haslinger |, Knapp S, Rowczenio D, et al. (2009) Successful
treatment of familial Mediterranean fever with Anakinra and outcome after
renal transplantation. Nephrol Dial Transplant 24: 676-678.

138.Bilginer Y, Ayaz NA, Ozen S (2010) Anti-IL-1 treatment for secondary
amyloidosis in an adolescent with FMF and Behget'’s disease. ClinRheumatol
29: 209-210.

139.Hennig S, Bayegan K, Uffmann M, Thalhammer F, Winkler S (2012)
Pneumonia in a patient with familial Mediterranean fever successfully treated
with anakinra--case report and review. Rheumatolint 32: 1801-1804.

140.Belkhir R, Moulonguet-Doleris L, Hachulla E, Prinseau J, Baglin A, et al.
(2007) Treatment of familial Mediterranean fever with anakinra. Ann.Intern.
Med. 146: 825-141.

141.Roldan R, Ruiz AM, Miranda MD, Collantes E. (2008) Anakinra: new
therapeutic approach in children with Familial Mediterranean Fever resistant
to colchicine. Joint Bone Spine 75: 504-505.

142.Calligaris L, Marchetti F, Tommasini A, Ventura A (2008) The efficacy of
anakinra in an adolescent with colchicine-resistant familial Mediterranean
fever. Eur J Pediatr 167: 695-696.

143.Alpay N, Sumnu A, CalAAykan Y, YazAcA H, TA rkmen A, et al. (2012)
Efficacy of anakinra treatment in a patient with colchicine-resistant familial
Mediterranean fever. Rheumatolint 32: 3277-3279.

144.0zen S, Bilginer Y, AktayAyaz N, Calguneri M (2011) Anti-interleukin 1
treatment for patients with familial Mediterranean fever resistant to colchicine.
J Rheumatol 38: 516-518.

145. StankovicStojanovic K, Delmas Y, Torres PU, Peltier J, Pelle G, et al. (2012)
Dramatic beneficial effect of interleukin-1 inhibitor treatment in patients with
familial Mediterranean fever complicated with amyloidosis and renal failure.
Nephrol Dial Transplant 27: 1898-1901.

J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal

Volume 5 « Issue 5 » 1000248


http://www.ncbi.nlm.nih.gov/pubmed/21873705
http://www.ncbi.nlm.nih.gov/pubmed/21873705
http://www.ncbi.nlm.nih.gov/pubmed/23992557
http://www.ncbi.nlm.nih.gov/pubmed/23992557
http://www.ncbi.nlm.nih.gov/pubmed/23992557
http://www.ncbi.nlm.nih.gov/pubmed/16143947
http://www.ncbi.nlm.nih.gov/pubmed/16143947
http://www.ncbi.nlm.nih.gov/pubmed/3537784
http://www.ncbi.nlm.nih.gov/pubmed/3537784
http://www.ncbi.nlm.nih.gov/pubmed/3537784
http://www.ncbi.nlm.nih.gov/pubmed/5664206
http://www.ncbi.nlm.nih.gov/pubmed/5664206
http://www.ncbi.nlm.nih.gov/pubmed/5664206
http://www.ncbi.nlm.nih.gov/pubmed/17907163
http://www.ncbi.nlm.nih.gov/pubmed/17907163
http://www.ncbi.nlm.nih.gov/pubmed/15720245
http://www.ncbi.nlm.nih.gov/pubmed/15720245
http://www.ncbi.nlm.nih.gov/pubmed/15720245
http://www.ncbi.nlm.nih.gov/pubmed/15720245
http://www.ncbi.nlm.nih.gov/pubmed/8930773
http://www.ncbi.nlm.nih.gov/pubmed/8930773
http://www.ncbi.nlm.nih.gov/pubmed/8930773
http://www.ncbi.nlm.nih.gov/pubmed/4704719
http://www.ncbi.nlm.nih.gov/pubmed/4704719
http://www.ncbi.nlm.nih.gov/pubmed/1026126
http://www.ncbi.nlm.nih.gov/pubmed/1026126
http://www.ncbi.nlm.nih.gov/pubmed/4611296
http://www.ncbi.nlm.nih.gov/pubmed/4611296
http://www.ncbi.nlm.nih.gov/pubmed/4611296
http://www.ncbi.nlm.nih.gov/pubmed/4606353
http://www.ncbi.nlm.nih.gov/pubmed/4606353
http://www.ncbi.nlm.nih.gov/pubmed/4606353
http://www.ncbi.nlm.nih.gov/pubmed/4606109
http://www.ncbi.nlm.nih.gov/pubmed/4606109
http://www.ncbi.nlm.nih.gov/pubmed/4606109
http://www.ncbi.nlm.nih.gov/pubmed/2042056
http://www.ncbi.nlm.nih.gov/pubmed/2042056
http://www.ncbi.nlm.nih.gov/pubmed/3515182
http://www.ncbi.nlm.nih.gov/pubmed/3515182
http://www.ncbi.nlm.nih.gov/pubmed/3515182
http://www.ncbi.nlm.nih.gov/pubmed/8374224
http://www.ncbi.nlm.nih.gov/pubmed/8374224
http://www.ncbi.nlm.nih.gov/pubmed/7986228
http://www.ncbi.nlm.nih.gov/pubmed/7986228
http://www.ncbi.nlm.nih.gov/pubmed/7986228
http://www.ncbi.nlm.nih.gov/pubmed/1584316
http://www.ncbi.nlm.nih.gov/pubmed/1584316
http://www.ncbi.nlm.nih.gov/pubmed/1584316
http://www.ncbi.nlm.nih.gov/pubmed/18973929
http://www.ncbi.nlm.nih.gov/pubmed/18973929
http://www.ncbi.nlm.nih.gov/pubmed/17242135
http://www.ncbi.nlm.nih.gov/pubmed/17242135
http://www.ncbi.nlm.nih.gov/pubmed/17242135
http://www.ncbi.nlm.nih.gov/pubmed/9726336
http://www.ncbi.nlm.nih.gov/pubmed/9726336
http://www.ncbi.nlm.nih.gov/pubmed/1264178
http://www.ncbi.nlm.nih.gov/pubmed/1264178
http://www.ncbi.nlm.nih.gov/pubmed/3752545
http://www.ncbi.nlm.nih.gov/pubmed/3752545
http://www.ncbi.nlm.nih.gov/pubmed/3752545
http://www.ncbi.nlm.nih.gov/pubmed/19026114
http://www.ncbi.nlm.nih.gov/pubmed/19026114
http://www.ncbi.nlm.nih.gov/pubmed/1788551
http://www.ncbi.nlm.nih.gov/pubmed/1788551
http://www.ncbi.nlm.nih.gov/pubmed/1788551
http://www.ncbi.nlm.nih.gov/pubmed/17067838
http://www.ncbi.nlm.nih.gov/pubmed/17067838
http://www.ncbi.nlm.nih.gov/pubmed/319724
http://www.ncbi.nlm.nih.gov/pubmed/319724
http://www.ncbi.nlm.nih.gov/pubmed/319724
http://www.ncbi.nlm.nih.gov/pubmed/12942707
http://www.ncbi.nlm.nih.gov/pubmed/12942707
http://www.ncbi.nlm.nih.gov/pubmed/12942707
http://www.ncbi.nlm.nih.gov/pubmed/18467413
http://www.ncbi.nlm.nih.gov/pubmed/18467413
mailto:http://www.ncbi.nlm.nih.gov/pubmed/18497416
mailto:http://www.ncbi.nlm.nih.gov/pubmed/18497416
mailto:http://www.ncbi.nlm.nih.gov/pubmed/18497416
mailto:http://www.ncbi.nlm.nih.gov/pubmed/18436948
mailto:http://www.ncbi.nlm.nih.gov/pubmed/18436948
mailto:http://www.ncbi.nlm.nih.gov/pubmed/18436948
http://www.ncbi.nlm.nih.gov/pubmed/20493414
http://www.ncbi.nlm.nih.gov/pubmed/20493414
http://www.ncbi.nlm.nih.gov/pubmed/17934085
http://www.ncbi.nlm.nih.gov/pubmed/17934085
http://www.ncbi.nlm.nih.gov/pubmed/17934085
http://www.ncbi.nlm.nih.gov/pubmed/21277619
http://www.ncbi.nlm.nih.gov/pubmed/21277619
http://www.ncbi.nlm.nih.gov/pubmed/21277619
http://www.ncbi.nlm.nih.gov/pubmed/23322405
http://www.ncbi.nlm.nih.gov/pubmed/23322405
http://www.ncbi.nlm.nih.gov/pubmed/23322405
http://www.ncbi.nlm.nih.gov/pubmed/20606570
http://www.ncbi.nlm.nih.gov/pubmed/20606570
http://www.ncbi.nlm.nih.gov/pubmed/20606570
http://www.ncbi.nlm.nih.gov/pubmed/19075317
http://www.ncbi.nlm.nih.gov/pubmed/19075317
http://www.ncbi.nlm.nih.gov/pubmed/19075317
http://www.ncbi.nlm.nih.gov/pubmed/19033248
http://www.ncbi.nlm.nih.gov/pubmed/19033248
http://www.ncbi.nlm.nih.gov/pubmed/19033248
http://www.ncbi.nlm.nih.gov/pubmed/19774408
http://www.ncbi.nlm.nih.gov/pubmed/19774408
http://www.ncbi.nlm.nih.gov/pubmed/19774408
http://www.ncbi.nlm.nih.gov/pubmed/20352226
http://www.ncbi.nlm.nih.gov/pubmed/20352226
http://www.ncbi.nlm.nih.gov/pubmed/20352226
http://www.ncbi.nlm.nih.gov/pubmed/17588171
http://www.ncbi.nlm.nih.gov/pubmed/17588171
http://www.ncbi.nlm.nih.gov/pubmed/17588171
http://www.ncbi.nlm.nih.gov/pubmed/20386914
http://www.ncbi.nlm.nih.gov/pubmed/20386914
http://www.ncbi.nlm.nih.gov/pubmed/20386914
http://www.ncbi.nlm.nih.gov/pubmed/21159830
http://www.ncbi.nlm.nih.gov/pubmed/21159830
http://www.ncbi.nlm.nih.gov/pubmed/21159830
http://www.ncbi.nlm.nih.gov/pubmed/21931121
http://www.ncbi.nlm.nih.gov/pubmed/21931121
http://www.ncbi.nlm.nih.gov/pubmed/21931121
http://www.ncbi.nlm.nih.gov/pubmed/21931121

Citation: Wang DQH, Bonfrate L, de Bari O, Wang TY, Portincasa P (2014) Familial Mediterranean Fever: From Pathogenesis to Treatment. J Genet

Syndr Gene Ther 5: 248. doi:10.4172/2157-7412.1000248

Page 11 of 11

146.Gattringer R, Lagler H, Gattringer KB, Knapp S, Burgmann H, et al. (2007)
Anakinra in two adolescent female patients suffering from colchicine-resistant
familial Mediterranean fever: effective but risky. Eur J Clin Invest 37: 912-914.

147.Economides AN, Carpenter LR, Rudge JS, Wong V, Koehler-Stec EM, et
al. (2003) Cytokine traps: multi-component, high-affinity blockers of cytokine
action. Nat Med 9: 47-52.

148.Hashkes PJ, Spalding SJ, Giannini EH, Huang B, Johnson A, et al. (2012)
Rilonacept for colchicine-resistant or -intolerant familial Mediterranean fever:
a randomized trial. Ann Intern Med 157: 533-541.

149.Alten R, Gram H, Joosten LA, van den Berg WB, Sieper J, et al. (2008)
The human anti-IL-1 beta monoclonal antibody ACZ885 is effective in joint
inflammation models in mice and in a proof-of-concept study in patients with
rheumatoid arthritis. Arthritis Res Ther 10: R67.

150.Mitroulis |, Skendros P, Oikonomou A, Tzioufas AG, Ritis K. (2011) The efficacy
of canakinumab in the treatment of a patient with familial Mediterranean fever
and longstanding destructive arthritis. Ann Rheum Dis 70: 1347-1348.

151.Hacihamdioglu DO, Ozen S. (2012) Canakinumab induces remission in a
patient with resistant familial Mediterranean fever. Rheumatology (Oxford) 51:
1041.

152.Ryan JG, Masters SL, Booty MG, Habal N, Alexander JD, et al. (2010) Clinical
features and functional significance of the P369S/R408Q variant in pyrin, the
familial Mediterranean fever protein. Ann Rheum Dis 69: 1383-1388.

153.Bilgen SA, Kilic L, Akdogan A, Kiraz S, Kalyoncu U, et al. (2011) Effects of
anti-tumor necrosis factor agents for familial mediterranean fever patients with
chronic arthritis and/or sacroiliitis who were resistant to colchicine treatment. J
ClinRheumatol 17: 358-362.

154.Dinarello CA. (1998) Interleukin-1 beta, interleukin-18, and the interleukin-1
beta converting enzyme. Ann N Y AcadSci 856: 1-11.

155.Church LD, Cook GP, McDermott MF. (2008) Primer: inflammasomes
and interleukin 1B in inflammatory disorders. Nature Clinical Practice
Rheumatology 4: 34-42.

J Genet Syndr Gene Ther
ISSN: 2157-7412 JGSGT, an open access journal

Volume 5 « Issue 5 » 1000248


http://www.ncbi.nlm.nih.gov/pubmed/17973784
http://www.ncbi.nlm.nih.gov/pubmed/17973784
http://www.ncbi.nlm.nih.gov/pubmed/17973784
http://www.ncbi.nlm.nih.gov/pubmed/12483208
http://www.ncbi.nlm.nih.gov/pubmed/12483208
http://www.ncbi.nlm.nih.gov/pubmed/12483208
http://www.ncbi.nlm.nih.gov/pubmed/23070486
http://www.ncbi.nlm.nih.gov/pubmed/23070486
http://www.ncbi.nlm.nih.gov/pubmed/23070486
mailto:http://www.ncbi.nlm.nih.gov/pubmed/21345814
mailto:http://www.ncbi.nlm.nih.gov/pubmed/21345814
mailto:http://www.ncbi.nlm.nih.gov/pubmed/21345814
mailto:http://www.ncbi.nlm.nih.gov/pubmed/22403182.
mailto:http://www.ncbi.nlm.nih.gov/pubmed/22403182.
mailto:http://www.ncbi.nlm.nih.gov/pubmed/22403182.
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19934105
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19934105
mailto:http://www.ncbi.nlm.nih.gov/pubmed/19934105
mailto:http://www.ncbi.nlm.nih.gov/pubmed/21946459
mailto:http://www.ncbi.nlm.nih.gov/pubmed/21946459
mailto:http://www.ncbi.nlm.nih.gov/pubmed/21946459
mailto:http://www.ncbi.nlm.nih.gov/pubmed/21946459
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9917859
mailto:http://www.ncbi.nlm.nih.gov/pubmed/9917859

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Pathophysiology 
	Diagnosis 
	Clinical presentation 
	Clinical manifestations 
	AA amyloidosis 
	Other biomarkers and Imaging studies 
	Diagnostic criteria 
	Genetic testing 

	Treatment 
	Conclusion 
	Acknowledgement
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Table 2
	References

