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Chapter 9
Familial Mediterranean Fever

Selcan Demir, Ilkin Elif Giinel, and Seza Ozen

Familial Mediterranean fever is the most common autoinflammatory disease (AID)
over the world. FMF affects primarily the ethnic groups from the eastern
Mediterranean basin such as Turks, Armenians, Arabs, and non-Ashkenazi Jews [1].
FMF is associated with mutations of the MEFV gene on chromosome 16p, which
codes for the pyrin protein [2, 3]. Mutated pyrin causes an excessive inflammatory
response via uncontrolled production of interleukin (IL)-1 [4]. Although the respon-
sible gene for FMF has been identified, the molecular and genetic studies showed
that the pathogenesis, inheritance, and penetrance of FMF are more complicated. It
has been 20 years since the gene associated with FMF has been defined. However,
the past 20 years have taught us that the chapter is not closed and that there is still
much to be investigated.

Clinically FMF is characterized by recurrent and self-limited attacks of fever and
polyserositis. The most significant complication of the chronic inflammation in
FMF is secondary amyloidosis.

Colchicine is still the mainstay of FMF treatment. The regular use of colchicine
can reduce the severity and frequency of inflammatory attacks and suppress chronic
subclinical inflammation and prevent complications [5—8]. Recent advances in
molecular studies have led new therapeutic options in FMF. If colchicine fails, anti-
IL-1 therapy is a promising second-line therapy.
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Genetics

The mutations in the MEFV gene, which are composed of 10 exons, were first
described in 1997. The MEFV gene is located on chromosome 16 (16p 13.3) and
encodes a protein consisting of 781 amino acids termed pyrin or marenostrin [2, 3,
9], which is a part of the NLRP3 inflammasome complex. Mutant pyrin causes an
exaggerated inflammation with excessive production of IL-1 [4]. To date, there are
about 300 known sequence variants of MEFV, and all reported mutations and the
associated phenotypes are recorded in the INFEVERS database (http://fmf.igh.cnrs.
fr/ISSAID/infevers/) [10]. However, some of them are not associated with the FMF
phenotype and their significance is not clear. The most common pathogenic muta-
tions worldwide are the p.M694V, M6941, M680I, and V726A. In 2009, Booty et al.
showed that screening for the set of most common mutations appears sufficient to
diagnose FMF in presence of clinical symptoms [11]. In 2012, Shinar et al. proposed
recommendations for interpretation of genetic testing for FMF [12]. The consensus
was set to test for 14 variants (the first 9 are defined as clearly pathogenic, and the
other 5 are variants of uncertain significance): M694V, M6941, M680I, V726A,
R761H, A744S, E167D, T2671, 1692del, K695R, E148Q, P369S, F479L, and
I591T.In 2015, the SHARE (Single Hub and Access point for pediatric Rheumatology
in Europe) initiative has established evidence-based recommendations for genetic
diagnosis of FMF [10]. These recommendations are presented in Table 9.1.

Table 9.1 Recommendations for familial Mediterranean fever (FMF) genetic diagnosis

Recommendation Strength of evidence

1. FMF is a clinical diagnosis, which can be supported but not excluded | B
by genetic testing

2. Consider patients homozygous for M694V at risk of developing, with | B
very high probability, a severe phenotype

3. FMF patients carrying two of the common mutated alleles B
(homozygotes or compound heterozygotes), especially for M694V
mutation or mutations at position 680-694 on exon 10, must be
considered at risk of having a more severe disease

4. The E148Q variant is common, of unknown pathogenic significance, | B
and as the only MEFV variant does not support the diagnosis of FMF

5. Patients homozygous for M694V mutation are at risk of early-onset C
disease

6. Individuals homozygous for M694V who are not reporting symptoms | A
should be evaluated and followed closely in order to consider therapy

7. For individuals with two pathogenic mutations for FMF who do not B
report symptoms, if there are risk factors for AA amyloidosis (such as
the country, family history, and persistently elevated inflammatory
markers, particularly serum amyloid A protein), close follow-up should
be started and treatment considered

8. Consultation with an autoinflammatory disease specialist may be C
helpful in order to aid in the indication and interpretation of the genetic
testing and diagnosis

Adapted from Ref. [10]
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The MEFV gene mutations in exon 10 are associated with the most severe form
of disease, and genetic variants on exon 2 and on exon 3 are associated with milder
form of disease. M694V is the most common mutation, which has been associated
with severe disease, early onset, and a higher risk of AA amyloidosis [10, 13].
According to the SHARE recommendations, the patients carrying two mutated
alleles in position 680-694 on exon 10 must be considered at risk of having more
severe disease [10]. The second most frequent mutation after M694V is the E148Q
on exon 2, and its pathogenic role is still controversial. E148Q is a common variant
in the general population. Ben-Chetrit et al. showed a similar frequency for E148Q
mutation in patients and healthy controls [14]. Tchernitchko et al. demonstrated that
E148Q allele frequency was comparable among patients and asymptomatic rela-
tives, and they concluded E148Q as a benign polymorphism [15]. However, some
reports suggest that patients with homozygous E148Q might have FMF phenotype
[16, 17]. In 2012, Shinar et al. has defined E148Q as a variant of unknown signifi-
cance in a consensus conference [12], and according to the SHARE recommenda-
tions, this fact is also highlighted [10].

The inheritance of FMF is autosomal recessive inheritance. However, a substan-
tial number of clinically FMF patients have only one MEVF mutation. Furthermore,
10-20% of patients who meet the diagnostic criteria for FMF have no demonstrable
MEFV mutations [11, 13]. Because of the incomplete penetrance and the varying
expression of FMF phenotype, it has been suggested that there are additional fac-
tors like modifier genes, epigenetics, or environmental factors affecting the expres-
sion of the disease. Marek et al. studied the clinical and genetic features of
heterozygous FMF patients and performed haplotype studies. They showed that the
heterozygous patients tend to have milder disease, but the disease could not be
practically distinguished clinically from that in homozygous patients [18]. Federici
et al. suggested a “dose effect” associated with the MEFV gene mutations. They
demonstrated an increasing symptom frequency from patients carrying a single
low-penetrance mutation to patients with high-penetrance mutations [19].
Lachmann et al. demonstrated that both basal and peak acute phase protein concen-
trations were higher in MEFV heterozygotes than in wild-type controls, demon-
strating a “pro-inflammatory” condition among FMF carriers [20]. In addition,
Kalyoncu et al. showed that acute rheumatic fever, arthralgia, and febrile episodes
of more than four times per year were more frequent in asymptomatic heterozygous
parents of children with FMF [21]. It has been shown that serum amyloid could
increase the severity of the symptoms of FMF by activating NLRP3 inflammasome,
resulting in excessive IL-1B secretion [22]. Supporting this observation, the pres-
ence of SAALI allele was strongly associated with renal amyloidosis in FMF patients
[23, 24].

The first study showing the effect of environment on FMF was in 1974. Schwabe
et al. reported that the Armenian FMF patients who lived in the USA did not develop
renal amyloidosis [25]. In the same line, Touitou et al. analyzed the features of 2482
FMF patients from 14 different countries, and they concluded that the country
recruitment, rather than MEFV genotype, was the most important risk factor for
renal amyloidosis in FMF [26]. Our group has shown that Turkish FMF children
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who live in Germany have a milder disease phenotype compared with the ones
living in Turkey [16]. This observation was subsequently confirmed in the Eurofever
registry [16].

Pathogenesis

The MEFV gene encodes pyrin, 781 amino acid protein, expressed mainly in cells
polymorph nuclear neutrophils, eosinophils, and monocyte series [27]. Pyrin is
essential to form inflammasomes, multiprotein complexes playing a major role in
both innate and adaptive immune systems [28]. Pyrin consists of three fundamental
domains: N-terminal RING domain, B-box domain, and C-terminal coiled-coil
domain. It has an additional C-terminal. B30.2/rfp/PRY/SPRY domain is where
most of the major disease associated mutations are clustered [29]. Pyrin interacts
with the inflammasome adaptor protein (ASC) and modulates caspase-1 and IL-1
activation [30]. Mutation of pyrin causes an exaggerated inflammation via excessive
IL-1 production [4]. Until recently there were conflicting results on whether the
mutations on MEFV gene were gain-of-function mutations [11, 31] or loss-of-
function [32, 33] mutations. In 2011, with the generation of knock-in mice harbor-
ing the mouse pyrin protein fused to the human B30.2 domain containing
FMF-associated mutations, large amounts of IL-1f secretion have been shown in an
ASC and caspase-1-dependent, NLRP3-independent manner [34]. These data [34]
and several later studies [35, 36] supported that FMF-associated mutations are gain
of function and pyrin itself promotes ASC oligomerization and forms a caspase-1-
activating complex.

Twenty years after the identification of the gene, we recently have understood the
function of pyrin. Xu et al. have also demonstrated that the modification and inacti-
vation of Rho GTPases by different pathogenic bacteria toxins induce the activation
of the pyrin inflammasome [36]. They suggested that pyrin senses a downstream
event in the actin cytoskeleton pathway rather than directly recognizing Rho modi-
fication [36]. Park et al. has enlightened these mechanisms further. They demon-
strated that pyrin is phosphorylated by RhoA-activated serine-threonine kinases
(PKN1 and PKN2) and binds to regulatory 14-3-3 protein leading to inactivation of
the pyrin inflammasome formation. In the presence of several bacterial toxins and
FMF causing MEFV mutations, RhoA is inactivated resulting in a lowered threshold
for activation of the pyrin inflammasome [37]. Gao et al. have observed that site-
specific dephosphorylation and microtubule dynamics influenced activation of pyrin
inflammasome. Targeting drugs, including colchicine, blocked activation of the
pyrin inflammasome by inhibiting oligomerization of pyrin with ASC. It did not
affect pyrin dephosphorylation and 14-3-3 dissociation [38]. Moreover, Gorp et al.
have showed that pyrin inflammasome activation led by microtubules formation is
not effective in FMF patients that harbor mutations in B30.2/SPRY domain [39].
Although recent studies have elucidated more about the mechanism of pyrin, there
are still many questions that we need to answer about the pathogenesis of FMF.
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Clinical Manifestations

Clinical episode usually starts during childhood or adolescence, 90% of them having
had an onset of the disease by age 20 [1, 40, 41]. FMF attacks can last for 12-72 h.
Attacks are characterized by fever and serositis along with an increase in acute phase
reactants. The serositis may manifest as peritoneal, pleural, joint, or skin inflammation,
sometimes in combination. Abdominal pain with fever is the most frequent presenta-
tion. Pain can be generalized or focused in a quadrant, sometimes mimicking acute
appendicitis, and the range is from mild to severe [1, 41, 42]. Pleural pain is generally
unilateral. Rarely, a small effusion, friction rub, or atelectasis may be present [42]. Joint
manifestations, especially arthralgia which is more common than arthritis, can some-
times be the first sign of the disease in children [43]. FMF arthritis is usually monoar-
ticular; however in children, it may have involvement of several joints symmetrically or
asymmetrically, with pain and large effusions [41, 44, 45]. The aspirate will be sterile
but may have leukocyte counts as high as 100,000/mm?. Three clinical phenotypes have
been suggested for FMF: type 1, which is usually associated with recurrent short epi-
sodes of inflammation and serositis; type 2, characterized by the evidence of reactive
amyloid-associated (AA) amyloidosis, the most common complication of FMF, as the
first clinical manifestation of the disease in an otherwise asymptomatic individual; and
type 3, known as the “silent” homozygous or compound heterozygote state, in which
two MEFV mutations are found without signs or symptoms of FMF nor of AA amyloi-
dosis [46]. Twenty percent of patients have the so-called exertional leg pain, muscle
pain in the lower extremities after physical exercise [47]. Colchicine-induced myopathy
is a very rare side effect [47, 48]. The only cutaneous finding in FMF is the erysipeloid
erythematous rash on the dorsum of the foot, ankle, or lower leg [41, 44, 49, 50].

Pericarditis is a rare condition [51]. In prepubescent boys, unilateral acute scrotal
pain episodes may rarely occur [41, 52]. In patients with FMF, certain rheumatic
diseases such as Behget disease [53, 54], polyarteritis nodosa [53, 55], microscopic
polyarteritis [56], and glomerulonephritis [57, 58] are more frequent as compared to
the healthy population. The increase in these rheumatic diseases has been suggested
to be due to the inflammatory milieu [21]. Neurological symptoms are rare; how-
ever headache may rarely occur in pediatric patients.

Laboratory Investigations

Acute phase reactants such as ESR, C-reactive protein, and serum amyloid A (SAA)
increase during FMF attacks [44]. Elevation of acute phase serum proteins in
between attacks is accepted to reflect ongoing inflammation and susceptibility to
develop systemic amyloidosis, which is the most serious sequela of FMF [59-61].
Systemic amyloidosis presents with SAA deposition mainly in the kidney but also
in many organs such as the gastrointestinal tract, spleen, kidneys, adrenals, thyroid,
and lungs [1]. There are some predisposing risk factors for amyloidosis such as a
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positive family history of this complication, male sex, the a/a genotype at the SAA1
locus, and poor compliance with colchicine therapy. Many studies confirm that
M694V mutation is more common in patients with amyloidosis, arthritis, and ery-
sipeloid erythema [43, 62—65]. Microalbuminuria is an early indicator of impaired
renal function. It is recommended to do periodic urinalysis which is an important
part of continuing care for FMF patients. Amyloidosis can be confirmed by biopsy
of the kidney or rectum, if proteinuria is detected [66].

Diagnosis

Since FMF usually requires lifelong treatment, it is crucial to establish a timely, cor-
rect diagnosis. The diagnosis of FMF relies mainly on clinical findings, and molecu-
lar analysis of the MEFV gene provides genetic confirmation [46]. The presence of
short (12-72 h), recurrent (three or more) febrile episodes and abdominal, chest,
joint, or skin manifestations with no discernible infectious cause suggest a clinical
diagnosis of FMF [67, 68]. The supportive factors can be positive family history,
onset before the age of 20, ethnicity, and favorable response to colchicine therapy.
There are some sets of classification and diagnostic criteria for FMF. The first set of
criteria was created for adults by the experts in Tel Hashomer Hospital [1]. Livneh
et al. [67] revised the criteria in 1997, excluding some manifestations of the Tel
Hashomer criteria especially amyloidosis. However, there were clear differences
between adult and pediatric FMF cases such as the fever-only attacks in some chil-
dren and inability of some pediatric patients to express the severity and exact location
of the pain. Although the Tel Hashomer criteria were very successful in diagnosing
the patients, the specificity was low (54.6%) in children [69] In 2009, Turkish pedia-
tricians [69] defined criteria for children with FMF as well (Table 9.2) [68]. Among
Turkish children, the criteria (two out of five criteria for diagnosis) reached a sensi-
tivity and specificity of 88.8% and 92.2%, respectively [68]. There are more than 50
mutations described in MEFV [70]; however a number of sequence variants are not
pathogenic. The exchange of valine or isoleucine for methionine at position 694
(M694V and M694I), the substitution of alanine for valine at position 726 (V726A)
and the substitution of isoleucine for methionine at residue 680 (M680I) are the most
common mutations among patients. Exon 2 of MEFV includes a number of missense
substitutions, most of which are variants of unknown significance; the most well

Table 9.2 Turkish FMF pediatric criteria
Fever (axillary, >38 °C, > 3 attacks of 6—72-h duration)
Abdominal pain (>3 attacks of 6-72-h duration)
Chest pain (>3 attacks of 6-72-h duration)
Arthritis (oligoarthritis, >3 attacks of 6—72-h duration)
Family history of FMF

Adapted from Ref. [68]
Diagnosis: 2 out of 5 criteria
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known is the substitution of glutamine for glutamic acid at residue 148 (E148Q).
Despite complete sequencing of the coding region of MEFV, it is more likely 30 %
of patients with clinical signs of FMF just have one demonstrable mutation [11, 18,
71]. Recently mutations in exon 2 of MEFV (S242R and E244K) have been associ-
ated with neutrophilic dermatoses, inherited in a dominant fashion [72].

Treatment

An international group of experts published recommendations for the management
of FMF in 2016 [73]. These recommendations are presented in Table 9.3. According
to these recommendations, the main goal of treatment should be complete control of
unprovoked attacks and minimizing subclinical inflammation between attacks.
Colchicine has been the mainstay of FMF treatment since 1972 [74]. Colchicine can
reduce the frequency and severity of attacks and suppress subclinical inflammation
between attacks and improve quality of life [5-7]. Furthermore, it prevents the
development of secondary amyloidosis in patients with FMF [8]. Colchicine is gen-
erally safe and well tolerated in children [75]. Colchicine is known to prevent
microtubule elongation by binding to tubulin monomers and inhibit polymer forma-
tion, which is necessary for pyrin inflammasome assembly [76]. It is recommended
that colchicine should be started as soon as the patient is clinically diagnosed.
Physicians should follow up these asymptomatic individuals regularly [73]. If the
asymptomatic patient has M694V homozygous mutations, which is more com-
monly associated with the secondary amyloidosis, the physician may start colchi-
cine treatment, especially in countries where amyloidosis is frequent [ 12]. Colchicine
treatment is generally started at the subtherapeutic dose of 0.5 mg/day (or 0.6 mg/
day depending on the available drug formulation) and monitored according to dis-
ease activity and the patient’s tolerance. Higher doses up to 2 mg/day can be used to
control ongoing disease activity and amyloidosis [73]. The major side effects of
colchicine are gastrointestinal, diarrhea, and transient elevation of transaminases.

A minority group of FMF patients do not respond to colchicine or are intolerant
to the drug because of its side effects. Since the mutation in the pyrin protein has
been clearly associated with increased IL-1 production, anti-IL-1 treatment has
emerged as a promising second-line therapy in patients with resistant disease [30,
77]. Several studies have reported successful results in colchicine-resistant patients
with IL-1-blocking agents [78—80]. IL-1 blockade can also reverse proteinuria in
patients with secondary amyloidosis [77, 79, 80]. However, there is no evidence for
using anti-IL-1 treatment without colchicine to prevent amyloidosis. Thus, a maxi-
mal tolerated dose of colchicine is recommended with anti-IL-1 treatment [73].
Anti-TNF treatment can be successful, especially in patients with FMF and chronic
arthritis and sacroiliitis [81].

The Autoinflammatory Disease Activity Index (AIDAI), which is a patient-based
symptom diary, is used to monitor disease activity in FMF and other autoinflamma-
tory diseases. AIDAI contains 13 symptoms, and it should be scored daily by
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Table 9.3 The European League Against Rheumatism recommendations for the management of
FMF with grade of recommendation

Recommendation Grade

1. Ideally, FMF should be diagnosed and initially treated by a physician with D
experience in FMF

2. The ultimate goal of treatment in FMF is to reach complete control of unprovoked | C
attacks and minimizing subclinical inflammation in between attacks

3. Treatment with colchicine should start as soon as a clinical diagnosis is made A

4. Dosing can be in single or divided doses, depending on tolerance and compliance | D

5. The persistence of attacks or of subclinical inflammation represents an indication |C
to increase the colchicine dose

6. Compliant patients not responding to the maximum tolerated dose of colchicine B
can be considered nonrespondent or resistant; alternative biological treatments are
indicated in these patients

7. FMF treatment needs to be intensified in AA amyloidosis using the maximal C
tolerated dose of colchicine and supplemented with biologics as required

8. Periods of physical or emotional stress can trigger FMF attacks, and it may be D
appropriate to increase the dose of colchicine temporarily

9. Response, toxicity, and compliance should be monitored every 6 months D

10. Liver enzymes should be monitored regularly in patients with FMF treated with | D
colchicine; if liver enzymes are elevated greater than twofold the upper limit of
normal, colchicine should be reduced and the cause further investigated

11. In patients with decreased renal function, the risk of toxicity is very high, and C
therefore signs of colchicine toxicity, as well as CPK, should be carefully monitored
and colchicine dose reduced accordingly

12. Colchicine toxicity is a serious complication and should be adequately suspected | C
and prevented

13. When suspecting an attack, always consider other possible causes. During the C
attacks, continue the usual dose of colchicine and use NSAID

14. Colchicine should not be discontinued during conception, pregnancy, or C
lactation; current evidence does not justify amniocentesis

15. In general, men do not need to stop colchicine prior to conception; in the rare C
case of azoospermia or oligospermia proven to be related to colchicine, temporary
dose reduction or discontinuation may be needed

16. Chronic arthritis in a patient with FMF might need additional medications, such | C
as DMARD:s, intra-articular steroid injections, or biologics

17. In protracted febrile myalgia, glucocorticoids lead to the resolution of symptoms; | C
NSAID and IL-1-blockade might also be a treatment option; NSAIDs are suggested
for the treatment of exertional leg pain

18. If a patient is stable with no attacks for more than 5 years and no elevated APR, |D
dose reduction could be considered after expert consultation and with continued
monitoring

Adapted from Ref. [73]

APR acute phase reactants, CPK creatinine phosphokinase, DMARDs disease-modifying antirheu-
matic drugs, FMF familial Mediterranean fever, /L-/ interleukin-1, NSAID nonsteroidal anti-
inflammatory drugs

Grades of recommendation: A high, B moderate, C low, D very low
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Fig. 9.1 Autoinflammatory Diseases Activity Index diary. Notes: each line refers to a day in a
month (Adapted from Ref. [82])

patients or by parents as yes or no (Fig. 9.1). AIDAI score is very easy to use, and it
provides to assess disease activity and response to therapy [82].

The research in the past 20 years has taught us a lot about the clinical and patho-
genic characteristics of FMF. However much remains to be investigated. Why do
some patients have more severe disease? Why do some heterozygotes display the
phenotype? What is the phenotype-genotype correlation in regard to the many vari-
ants that have been identified? Are all pyrin mutations associated with a FMF phe-
notype? What is the effect of environment? These are questions that will keep us
working on the field in the years to come.
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