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Introduction
Familial Mediterranean fever (FMF), is
an autosomal recessive disease which
primarily affects populations surround-
ing the Mediterranean basin (1). It is
ch a ra c t e ri zed by re c u rrent at t a cks of
fever and peritonitis, pleuritis, arthritis
or erysipelas-like skin lesion. The most
notorious aspect of FMF is amyloidosis
which deposits in the kidneys leading
to proteinuria and end stage renal fail-
ure. Despite its striking symptoms pat-
tern FMF was first recognized as a no-
sological entity only in 1947. It took
another 25 years until colchicine was
found to be the drug of choice for FMF
(2). This alkaloid aborts FMF attacks
and the development of amyloidosis is
inhibited. Recently, the gene related to
FMF (MEFV) was cloned and some of
the mutations associated with the dis-
ease have been isolated (3, 4). This step
p rovided molecular diagnosis of the
disease. Nonetheless, a number of puz-
zling questions and observations, old
and new concerning this fa s c i n at i n g
disease remain to be explained. These
include atypical clinical presentations,
mode of inheritance, mode and rate of
response to colchicine, and issues relat-
ed to genotype-phenotype correlation.
We will attempt to discuss these issues
in the light of our current knowledge of
the pathogenesis and genetics of FMF
(Table I).

Autosomal dominant transmission
The mode of inheritance of FMF has
been the subject to some controversies.
The observation that in the vast majo-
rity of affected families, the disease oc-
curs in members of one generation sup-
ports a recessive mode of inheritance.
Furthermore, in families where the dis-
ease occurred in two or more succes-
s ive ge n e rat i o n s , high prevalence of
consanguinity could explain this obser-
vation. Genetic epidemiological studies
have also supported the recessive mode

of transmission of FMF (1). However,
in 1954, Reimann published a pedigree
tracing the occurrence of FMF in 5 suc-
c e s s ive ge n e rations of an A rm e n i a n
family living in Lebanon (5). He sug-
gested a dominant mode of tra n s-
mission and did not consider the pos-
sibility of high consanguinity in this
family which seems very likely. How-
ever, in a later study by Yuval et al. the
issue of autosomal dominant inheri-
tance of FMF was raised once more
(6). In 2 out of 77 families which they
studied, FMF occurred in 4 consecutive
ge n e rations while no consanguinity
was evident. Recently, Booth et al. de-
scribed 5 families in whom a dominant
inheritance of FMF was suggested (7).
In this study, dominant FMF was asso-
ciated with the pyrin variant E148Q/
M694I encoded on a single allele or
with hetero z y gosity for the simple
deletion mutation encoded pyrin 694.
Sequencing the complete coding region
failed to detect any abnormality in the
second MEFV allele in any of the fa-
milies. By haplotype analysis it wa s
shown that consanguinity was not high
in these families.
Whenever the possibility of dominant
inheritance is raised we have to be con-
cerned about the exact diagnosis of the
p atients. Some of them may have a
dominant periodic disease such as
Hibernian fever. In fact in two reports
from Finland and from the USA the
authors described patients with autoso-
mal dominant FMF-like syndrome with
amyloidosis which were found to be
H i b e rnian fever (8, 9). Howeve r, t h e
clinical picture in the patients of Booth
et al. was indistinguishable from that of
other FMF patients. Moreover, in addi-
tion to the mutations associated with
F M F, t h ey responded to colch i c i n e
treatment and some of them even had
amyloidosis. At present we remain with
the question whether FMF is an autoso-
mal recessive or autosomal dominant
hereditary disease. The enigma of two
modes of transmission which are pre-
sent in the same disease remained to be
explained.
While it is inherently likely that differ-
ent mutations will impair the function
of a particular protein to differing ex-
tent it seems that the methionine

Table I. Enigmas in FMF.

Autosomal dominant transmission
Non-familial cases
Phenotype II FMF
Genotype - Phenotype in-correlation
Defective gene in neutrophils and polyserositis
None - response to colchicine
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residue at position 694 may have an
i m p o rtant role in the phy s i o l ogy of
py rin. Patients homozygous for the
M694V mu t ation ex p e rience more
severe disease and are more prone to
develop amyloidosis (10,11). Homozy-
gosity for deletion of M694 have not
been identified, suggesting the possi-
bility that such complex of mutations is
not compat i ble with life. A “ s eve re ”
mutation such as methionine deletion
at position 694 may lead to 50% of the
complement py rin activity and this
amount of pyrin may be not enough to
prevent symptomatic disease. The pres-
ence of two mutations one of which is
in 694 position - on the same allele may
have a similar effect on pyrin activity
as methionine deletion on a single
allele. The variable penetrance of auto-
somal dominant FMF, i n d i c ates that
s u s c eptibility to FMF diffe rs fro m
patient to patient just as the case in
“typical” dual allele MEFV mutations.
Although, it remains likely that in areas
where FMF is prevalent, in most fami-
lies in which FMF affects successive
ge n e rat i o n s , i n h e ritance is pseudo-
dominance, in regions where the dis-
ease is rare, the possibility of dominant
inheritance should be considered.

Non-familial cases
In some families FMF appears sporadi-
cally without any family history for the
disease. These cases are more prevalent
among ethnic groups where the disease
is uncommon. Since FMF is a prime
example of hereditary disease one must
explain the enigma of non-familial oc-
currence of this disease. Several expla-
nations could be offered. First it is pos-
sible that other familial members bear
mutations which do not cause clinical
m a n i fe s t ations of FMF such as the
cases with individuals homozygous for
the E148Q sequence variant (12). Sec-
ond, it may present a new appearance
of mutations in sporadic FMF cases. In
fact, many of the mutations found in
populations where FMF is rare, are not
detected in Turks, Armenians, Jews or
Arabs where the disease is more preva-
lent (13). Th i rd, one always should
consider the possibility of misdiagnosis
of FMF instead of another known or
yet unknown periodic disease (14).

FMF-Phenotype II
C u rre n t ly, in most FMF patients the
development of amyloidosis is prevent-
ed by colchicine treatment. Amyloido-
sis still occurs in those who are untreat-
ed or noncompliant symptomatic FMF
p at i e n t s , u s u a l ly in adolescence or
early adulthood. Nevertheless, in some
cases FMF first presentation (even in
childhood) can be pro t e i nu ria or ne-
phrotic syndrome due to renal amyloi-
dosis. Namely, in these patients there is
no history of typical recurrent attacks
of fever, peritonitis, pleuritis or arthri-
tis. It has been suggested to call this
form of presentation phenotype II FMF
(15). In a recent study Melikoglu et al.
investigated the prevalence of “pheno-
type II” by looking for pro t e i nu ri a
among the asymptomatic relatives of
p atients with FMF complicated by
a myloidosis (16). As a control they
chose asymptomatic re l at ives of pa-
tients with juvenile ch ronic art h ri t i s
(JCA) who also had amyloidosis. They
found only 2 asymptomatic individuals
with significant proteinuria among the
461 screened FMF relatives and one
out of 269 screened individuals from
the JCA relatives group. Rectal biopsy
was negative for amyloidosis in all in-
stances of proteinuria. They concluded
that “phenotype II” - if at all - is an in-
frequent occurrence among relatives of
FMF patients with amyloidosis. 
The type of amyloid fiber wh i ch
deposits in FMF is AA - the typical
substance of secondary amy l o i d o s i s .
These fibers may deposit in the kidneys
of patients having chronic inflammato-
ry diseases such as osteomyelitis, endo-
carditis, rheumatoid arthritis, etc. The
t raditional pat h ogenic ex p l a n ation is
t h at in these diseases the process of
chronic inflammation leads to chronic
stimulation of many acute phase reac-
tants including the serum amyloid A
p rotein (SAA) the pre c u rsor of A A
(17). Following many years of active
disease the SAA fi b e rs ch a n ge their
p hysical pro p e rties and adopt the 
pleated sheet configuration thus lead-
ing to amyloid deposition. According
to this mechanism it was suggested that
in FMF the recurrent attacks result in
an elevation of SAA and amyloidosis
(1). Indeed, in a recent study it was

shown that the plasma concentration of
SAA frequently exceeded 1000 mg/L
(normal < 3) during FMF attacks (18).
These extremely high levels of SAA
may lead to AA amyloidosis. Now how
can we explain phenotype II FMF amy-
loidosis which appears in early child-
hood and is not preceded with a history
of FMF attacks? Here we face another
enigma.
L a chmann et al. m e a s u red the SAA
levels at two-weeks intervals on 10 oc-
casions in 165 Turkish individuals of
whom 42 had FMF (18). They found
that in asymptomatic FMF patients the
SAA levels were significantly higher
than those found in normal healthy vol-
unteers. Furthermore, they found high-
er SAA levels even in healthy individu-
als (in the study group), heterozygous
for the E148Q mutations. In another
study Akar et al. found in 8 asympto-
matic individuals who were either ho-
mozygous or compound heterozygous
for MEFV mutations, high SAA levels
(19). It is therefore suggested that FMF
has an active sub-clinical phase and the
frequency and severity of this asympto-
m atic infl a m m at o ry process pre s u m-
ably related to the risk of AA amyloi-
dosis. Occasional short clinical attacks
may add to that risk. 
Other hypotheses have been offe re d.
First, that the phenotype II is the result
of a particular genotype. Several stud-
ies (10,11,20), but not all (21), have
claimed that there is a significant corre-
l ation between homozygosity fo r
M694V and amyloidosis (the main
m a n i fe s t ation of phenotype II). Sec-
o n d, t h at the early development of
amyloidosis is a parallel genetic pro-
cess which is not related to the inflam-
matory component of FMF. This idea
of “two genes two diseases” had alrea-
dy been proposed by Eliakim many
years ago (1).

Genotype-phenotype correlation
Familial Mediterranean fever can be
expressed in variable degrees of severi-
ty. There are patients who have several
attacks per month whereas others expe-
rience only few if any, attacks per year.
Furthermore, there may be differences
in clinical manife s t ations betwe e n
FMF patients and even within the same
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patient at various times. 
Years ago it was observed that different
ethnic groups va ry in the extent of
severity of the disease and the rates of
amyloidosis (22). Jews originating in
North-Africa have more severe disease
compared with those originating from
Iraq. The isolation of the MEFV gene
and identifi c ation of the mu t at i o n s
causing disease opened the way for the
i nve s t i gation of ge n o t y p e - p h e n o t y p e
correlation. Indeed, it was found that
most of the FMF patients of Nort h
African origin bear the M694V muta-
tion whereas the Iraqi Jews have more
A726V and other mu t ations (3, 4 ) .
These observation led some investiga-
tors to relate the severity of the disease
and the relatively high occurrence of
a myloidosis to the presence of the
M694V mutation. On the other hand,
the A726V mutation was considered as
a sequence alteration causing a milder
disease with “protective effect” against
a myloidosis (3). Recent studies con-
firmed the association between severe
disease and homozygosity to M694V
while the E148Q mutation was found
to be associated with less severe dis-
ease (10,11,20,23,24). Other investi-
gators however, claimed that there was
no strict correlation between the muta-
tions and the clinical manifestations of
FMF (21). 
The ability to make a molecular diag-
nosis of FMF based on PCR technique
has brought further dilemmas. Fi rs t ,
patients were recognized with typical
FMF clinical manife s t ations and ye t
with no known MEFV mutations. On
the other hand, t h e re are indiv i d u a l s
who have a molecular diagnosis of
FMF (homozygotes or compound het-
erozygotes) and yet they are not symp-
tomatic at all (12). 
These observations reflect three further
issues about the lack of genotype phe-
notype corre l ation wh i ch need to be
addressed. 
In cases where similar genotypes result
in diffe rent clinical manife s t ations it
has to be assumed that other genetic or
environmental factors play an impor-
tant role. Support for the role of envi-
ronmental factor/s can be found in the
o b s e rvation that A rmenian FMF pa-
tients living in the United States devel-

op significantly less amyloidosis, com-
pared with Armenian FMF patients liv-
ing in Armenia (25). Support for a ge-
netic modifier can be found in a recent
study by Touitou et al. who reported
that the presence of the Major Histo-
compatibility Complex class I chain-
related gene A (MICA) A9 in FMF pa-
tients homozygous for M694V muta-
tion was associated with more severe
disease whereas the presence of MICA
A4 lead to less frequent attacks (26).
This is the first study identifying a new
genetic modifier wh i ch may ex p l a i n
partially the variation in clinical mani-
festations of FMF in patients bearing
similar mutations. 
To explain cases of patients with typi-
cal clinical manifestations for FMF and
yet lacking the known mutations, there
are a number of answers. First, that the
diagnosis is not accurate and these pa-
tients have another periodic disease
such as those recently identified (27-
29). Second, these patients may bear
yet unidentified mu t ations. A l t h o u g h
28 diffe rent mu t ations have been
rep o rt e d, most pro b ably more are to
come. Third, it is possible that there are
a dditional genes causing FMF other
than MEFV. The possibility of ge n e
heterogeneity has already been raised
by Akarsu et al. (30). We have also sug-
gested this explanation in our study of
the “Chuetas” - a small community in
Mallorca - in whom we could not find a
known mutation in more than 60% of
the FMF patients (31). 
In cases wh e re an asymptomatic in-
d ividual has a genetic diagnosis of
FMF made incidentally through genet-
ic screening, one should assume low
penetrance owing to yet unknown ge-
netic modifi e rs. In patients homozy-
gous for the E148Q sequence alteration
yet asymptomat i c, we hy p o t h e s i ze d
that it is a polymorphism rather than a
disease causing mu t ation (12). Th i s
mutation can cause a full blown disease
when other concomitant genetic or en-
vironmental factor/s exist.

Defective gene in neutrophils and
polyserositis
A synonym for familial Mediterranean
fever is “Recurrent Polyserositis” (1).
This name was coined by Rachmile-

witz et al. to denote that the main target
of the disease are serosal tissues such
as the peritoneum, pleura, pericard and
synovium. It is therefore likely that the
genetic defect should be present in
enzymes or cytokines found exclusive-
ly in these tissues. Further support for
this possibility can be found in the
studies of Matzner et al. who showed
that the amount of C5a inhibitor was
lower in peritoneum and synovia from
FMF patients compared with norm a l
i n d ividuals (32). These results led
Matzner to suggest that the cause for
FMF attack is the genetic lack of C5a
inhibitor which allows enhanced neu-
trophil chemotaxis by the C5a compo-
nent of the complement at the inflam-
matory site. 
The isolation of the MEFV gene re-
vealed that this gene is expressed al-
most exclusively in mature neutrophils
and not in the serous tissues (3, 4). This
finding was unexpected and opened
new questions as to the involvement of
the serous tissues. Namely, what is the
relationship between the defective gene
in the neutrophils and the serous mem-
b ranes infl a m m at i o n ? Furt h e rm o re,
what causes the characteristic periodic-
ity of this disease? 
Several hypotheses may be offered to
explain at least some of these ques-
tions. One hypothesis which may ex-
plain the relationship between the gene
defect in neutrophils and the serositis is
as follows: In every individual the sero-
sal tissues are rep e at e d ly exposed to
various non-significant physical stimu-
li. These initiate a cascade of cytokine
ex c retion wh i ch re a ches the neutro-
phils in order to recruit them for the
potential infl a m m at o ry pro c e s s , i . e.
serositis. In healthy individuals the sig-
nals received by the neutrophils do not
enhance the migration of these cells
due to their (direct or indirect) depres-
sion by the marenostrin/pyrin, the pro-
duct of the MEFV gene. In FMF pa-
tients, where this protein or its function
is lacking the signals cause an effective
migration of neutrophils to the stimu-
lated serous tissues leading to a full
blown attack. Why do the attacks last
24 to 96 hours and why are they period-
ic ? We suggest that the stimuli initiat-
ing the disease are delivered in “quanti-
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ty units” which lead to the excretion of
distinct amounts of cytokines able to
act for a period of time. Furthermore, it
can be assumed that there are counter
balancing systems - as in other physio-
logical processes in the body - which
play a role in the rhythmicity of the dis-
ease.

Non-response to colchicine
Since 1972 colchicine is the drug of
choice for FMF as it prevents the at-
tacks of FMF and inhibits the develop-
ment of amyloidosis in the majority of
those treated properly. About 65% of
FMF patients respond with complete
remission and 20-30% experience sig-
nificant improvement with a reduction
in the number and severity of the at-
t a cks (15). A partial ex p l a n ation fo r
non-response can be found in the study
by Pe t e rs who showed that in many
cases of non-responders a thorough in-
vestigation reveals that the patients are
actually non-compliant (33). 
Colchicine exerts its effect in several
ways. It inhibits the migration of neu-
t rophils to the infl a m m at o ry area by
disturbing microtubule motility (34). It
has also been reported that colchicine
can decrease the expression of endothe-
lial adhesion molecules affecting the
transfer of neutrophils through the en-
dothelium (35). Another proposal for
colchicine action is that it can up-regu-
late the MEFV gene in neutrophils (15,
36). The remaining question is why 5-
10% of FMF patients who are true non-
responders do not respond to colchi-
cine treatment ? 
C o l chicine is absorbed in the small
intestines (37). In a pharm a c o k i n e t i c
s t u dy wh e re colch i c i n e s e rum leve l s
we re measured fo l l owing oral admi-
nistration of the drug, two populations
were evident: one where plasma con-
centrations peak appeared half an hour
after ingestion, whereas in the second
only two hours after the drug ingestion.
This variation, in colchicine absorption
may be due either to a primary change
in intestinal absorption, or due to other
factors such as food components or me-
dications which may interfere with col-
chicine absorption (34). Enhanced me-
tabolism may lower plasma levels de-
spite taking colchicine regularly at re-

commended dose. The main metabo-
lism of colchicine takes place in the
liver by the isoform 3A4 of the cyto-
chrome 450 system. It may be possible
that the activity of this enzyme is inhib-
ited or enhanced by other drugs or food
components. In addition, variation in
the delivery of colchicine to its effec-
t ive targets may also exist. Wh e t h e r
these putat ive pharmacokinetic ch a n-
ges explain non-response of FMF pa-
tients to colchicine remain to be stud-
ied.
FMF continues to puzzle and fascinate
i nve s t i gat o rs. Recent progress has
given some answers as to its etiology.
H oweve r, m a ny questions rega rd i n g
p at h ogenesis and the mechanism of
action of colchicine remain unan-
swered. Their elucidation will provide
added value to our understanding of in-
flammation.
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