Mutations/polymorphisms in a monogenetic autoinflammatory
disease may be susceptibility markers for certain rheumatic
diseases: lessons from the bedside for the benchside
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ABSTRACT

Certain vasculitides have an increased
prevalence among patients with famil-
ial Mediterranean fever (FMF). Sub-
sequently, it was noticed that patients
with certain rheumatic diseases had an
increased carrier rate for mutations in
the MEFV gene including seronegative
spondyloarhtropatheis, Henoch Schon-
lein purpura, polyarteritis nodosa and
some forms of juvenile idiopathic ar-
thritis. Furthermore in populations
where the disease is rare, certain poly-
morphisms have been associated with
a severe inflammatory complication in
arthritis. The effect of these polymor-
phisms are probably through the up-
regulation of the innate immune system
which serves as the initial response to
the environmental trigger. It may be
suggested for the aforementioned clini-
cal associations that mutations/poly-
morphisms in the MEFV gene may well
be susceptibility factors for the disease
or a more severe course of the disease
for a number of rheumatic diseases

Diseases that do not demonstrate Mende-
lian inheritance but that are presumably
dependent on interactions of multiple
genes for disease occurrence have been
defined to have a “complex mode of in-
heritance”. Many of the common diseas-
es including a majority of theumatic dis-
eases are complex genetic trait diseases.
Many gene associations have been de-
scribed in diseases such as rheumatoid
arthritis (RA), juvenile idiopathic arthri-
tis (JTA) and vasculitis however familial
cases are rare (1-3). In the recent years
advances in technology has enabled us
to do elegant studies to identify genetic
susceptibility factors in rheumatic dis-
eases, especially rheumatoid arthritis.
Genome wide association studies have
identified a number of risk loci for RA
including the HLA region, protein tyro-
sine phosphatase non-receptor type 22
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(PTPN22), STA4 and the TRAF1/C5
loci (4, 5). Among these, PTPN22 has
been associated with many autoimmune
diseases including diabetes mellitus, JIA
and systemic lupus erythematosus (SLE)
(6). The association of PTPN22 was sig-
nificant in many western populations
that it was studied. On the other hand,
a Japanese study showed that this poly-
morphism was not a significant risk fac-
tor in their RA patients thus highlighting
the importance of ethnic differences in
the genetic interactions underlying the
rheumatic diseases (7).

Vasculitides are rarer than RA and ge-
nome wide association studies have not
been yet performed in this group of pa-
tients. However, they have also been as-
sociated with a number of genetic poly-
morphisms. On the other hand, a certain
(“MRL”) mouse model has provided
some insights into occurrence of vascu-
litis. In an elegant review, Nose has sug-
gested that (8) in studies of susceptibility
loci to vasculitis in MRL mouse models,
development of systemic vasculitis is a
cumulative effect of multiple gene loci,
each of which by itself did not have a
significant effect to induce the related
phenotype, thus indicating a polygenic
system. Some of the susceptibility loci
seemed to be common to those in other
collagen diseases as well.

Familial Mediterranean fever (FMF) is
an autoinflammatory disease caused by
mutations in the Mediterranean Fever
(MEFV) gene (9, 10). The identifica-
tion of the genes and proteins involved
in the autoinflammatory diseases have
shed light to our understanding of the
inflammatory pathway in general. The
mutations of the MEFV gene are as-
sociated with in increased IL-1beta
production and an enhanced innate
immune system response (11). In the
last decade we and others have been in-
volved in research regarding the clini-
cal implications of the inflammation
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associated with mutations in the MEFV
gene. FMF is an autosomal recessive
disease and the patients have high
acute phase inflammatory markers and
attacks of manifest clinical inflamma-
tion (9, 10). One of the breakthrough
findings was the increased inflamma-
tion in the carriers of MEFV mutation
(12, 13). In fact the mean ESR and CRP
levels were higher than normal in these
carriers (12, 13). Furthermore we start-
ed to note that inflammatory diseases
were increased among the carriers for
MEFV mutations (14).

Certain rheumatic diseases have an in-
creased prevalence among patients with
FMEF. We initially noted in small series
that certain vasculitides were increased
among these patients (13, 15). In both
pediatric and adult series of Behget’s
disease showed an increased frequency
of MEFV mutations (in a single allele)
suggesting that the mutated MEFV al-
lele was acting as a susceptibility factor
(16, 17). Finally in a multicenter study
in Turkey in almost 3000 patients (with
a significant percentage of children) we
showed that indeed polyarteritis no-
dosa (24 patients, 0.9%) and Henoch-
Schonlein purpura (HSP) (75 patients,
2.7%), Behget’s disease (14 patients,
0.5%), seronegative spondyloarthritis
(64 patients, 2.3%) and chronic inflam-
matory arthritis (37 patients, 1.3%) had
a higher frequency as expected in the
normal population (18). In a collabora-
tive study with Israel we also suggested
that patients with FMF and PAN had
some specific features (15).
Subsequently we started to realize that
patients with certain rheumatic dis-
eases had an increased carrier rate for
mutations in the MEFV gene. In a pedi-
atric cohort we showed that the mu-
tated MEFV allele frequency among
patients with rheumatic diseases was
significantly higher than those in con-
trols (p<0.05) (13). Studies form Israel
showed an increased rate of MEFV
mutations among seronegative spondy-
loarhtropatheis and a more severe RA
among carriers for these mutations (19,
20). Brik et al. (21) showed increased
MEFV mutations among children with
HSP. Subsequently we showed a high
carrier rate of MEFV mutations among
childhood PAN patients in Turkey (22).

All these values reached statistical sig-
nificance and were from two countries
with a very high carrier rate for MEFV
mutations. However, there were studies
from other ethnic groups as well.
E148Q is a mutation in the MEFV gene
associated with a low penetrance. In
fact some consider it to be a polymor-
phism since it has such a high frequen-
¢y in our populations reaching 17/100
in the Turkish population (23). On the
other hand in a recent study from Japan
E148Q was the most frequent mutation
associated with the FMF phenotype
among their 14 patients (24). We have
also described an E148Q homozygote
patient with severe phenotype who re-
sponded to colchicines (25). An inter-
esting report came from the group of Dr
Hawkins where they showed that three
of their patients who developed amy-
loidosis secondary to inflammatory ar-
thritis were carriers for E148Q although
none of the 76 healthy British controls
had E148Q (26). Furthermore among
the 5 Indian patients who developed
amyloidosis secondary to inflammatory
arthritis 3 were homozygous and one
was heterozygous for E148Q. The au-
thors suggested that general upregula-
tion of the inflammatory response in in-
dividuals with pyrin Q148 was the most
likely explanation for their increased
susceptibility to AA amyloidosis (26)
or more intense inflammation.

On the other hand, in a recent study
Ustek et al. (27) have observed a genetic
association between 3’-UTR SNPs and
the FMF patients with no coding region
mutations and have suggested a role for
3’-UTR sequences in the regulation of
MEFV expression. Subsequently, in a
large group of JIA patients in the UK,
Day et al. (28) showed significant as-
sociations with two autoinflammatory
genes in the subgroup of patients with
psoriatic JIA (MEFV SNP1s224204 and
NLRP3 SNP rs3806265). The authors
concluded that the findings supported
the use of monogenic loci as candidates
for investigating the genetic compo-
nent of complex disease and provide
preliminary evidence of association be-
tween SNPs in autoinflammatory genes
and psoriatic JIA and that their findings
raised the interesting possibility of a
shared disease mechanism between the
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hereditary periodic fever syndromes
and psoriatic JTA (28). Finally in a re-
cent study we showed that MEFV mu-
tations were increased among patients
with systemic JIA (29). Systemic JIA
is now regarded as a polygenic au-
toinflammatory disease (30). We thus
suggested that mutations in the gene
causing a monogenic autoinflammatory
disease, was a susceptibility factor for a
polygenic autoinflammatory disease, at
least in a Turkish cohort (29).

Ethnic factors are involved in rheumatic
diseases and there may be differences in
the SNP associations in different popu-
lations. We suggest that the aforemen-
tioned clinical associations all of which
reach substantial significance suggest
that mutations/ polymorphisms in the
MEFV gene are susceptibility factors
for the disease or a more severe course
of the disease for a number of rheumatic
diseases — at least in the eastern Medi-
terranean population. These mutations
are not specific to one disease similar to
the nonspecific effect of PTPN22 in a
number of autoimmune diseases. The ef-
fect of these polymorphisms is probably
through the upregulation of the innate
immune system which serve as the ini-
tial response to the environmental trig-
ger. Further studies need to elucidate if
there are shared environmental triggers
for the diseases that are increased. It is
again noteworthy that MEFV mutations
have never been associated with au-
toimmune diseases. We have suggested
that the increased CRP and SAP in these
individuals offers an increase clearance
of autoantibodies and hence SLE or
other strictly autoimmune diseases have
not been associated with MEFV muta-
tions (25). McDermott (31) has recently
suggested that diseases should be cat-
egorized ranging from autoimmune to
autoinflammatory ones, where FMF is
a classic example of an autoinflamma-
tory disease with no autoimmunity. The
mutations in the MEFV gene may well
act as susceptibility factors the group of
diseases with autoinflammatory com-
ponent, at least through the state of a
more intense inflammatory response.
Whether polymorphisms in the autoin-
flammatory disease genes will serve as
susceptibility factors in other popula-
tions awaits more studies.



Mutations/polymorphisms in the gene for FMF / S. Ozen

References

1

10.

. PLENGE RM, PADYUKOV L, REMMERS EF

et al.: Replication of putative candidate-
gene associations with rheumatoid arthritis
in >4,000 samples from North America and
Sweden: association of susceptibility with
PTPN22, CTLA4, and PADI4. Am J Hum
Genet 2005; 77: 1044-60.

. PHELAN JD, THOMPSON SD, GLASS DN: Sus-

ceptibility to JRA/JIA: complementing gen-
eral autoimmune and arthritis traits. Genes
Immun 2006; 7: 1-10.

. BARTFAI Z, GAEDE KI, RUSSELL KA et al.:

Different gender-associated genotype risks
of Wegener’s granulomatosis and micro-
scopic polyangiitis. Clin Immunol 2003; 109:
330-7.

. PLENGE RM, SEIELSTAD M, PADYUKOV L et

al.: TRAF1-C5 as arisk locus for rheumatoid
arthritis--a genomewide study. N Engl J Med
2007; 357: 1199-209.

. KARLSON EW, CHIBNIK LB, CUI J et al.:

Associations between human leukocyte an-
tigen, PTPN22, CTLA4 genotypes and rheu-
matoid arthritis phenotypes of autoantibody
status, age at diagnosis and erosions in a
large cohort study. Ann Rheum Dis 2008; 67:
358-63.

. LEEYH,RHO YH, CHOI SJ et al.: The PTPN22

C1858T functional polymorphism and au-
toimmune diseases-a meta-analysis. Rheu-
matology (Oxford) 2007; 46: 49-56.

. IKARI K, MOMOHARA S, INOUE E et al.:

Haplotype analysis revealed no association
between the PTPN22 gene and RA in a Japa-
nese population. Rheumatology (Oxford)
2006; 45: 1345-8.

. NOSE M: A proposal concept of a polygene

network in systemic vasculitis: lessons from
MRL mouse models. Allergol Int 2007; 56:
79-86.

. CENTOLA M, AKSENTIJEVICH I, KASTNER

DL: The hereditary periodic fever syndromes:
molecular analysis of a new family of inflam-
matory diseases. Hum Mol Genet 1998; 7:
1581-8.

SAMUELS J, OZEN S: Familial Mediterran-
ean fever and the other autoinflammatory

11.

12.

14.

15.

16.

17.

18.

20.

syndromes: evaluation of the patient with
recurrent fever. Curr Opin Rheumatol 2006;
18: 108-17.

CHAE JJ, WOOD G, RICHARDK et al.: The fa-
milial Mediterranean fever protein, pyrin, is
cleaved by caspase-1 and activates NF-kap-
paB through its N-terminal fragment. Blood
2008; 112: 1794-803.

LACHMANN HJ, SENGUL B, YAVUZSEN TU
et al.: Clinical and subclinical inflammation
in patients with familial Mediterranean fever
and in heterozygous carriers of MEFV muta-
tions. Rheumatology (Oxford) 2006; 45: 746-
50.

. OZEN S, BAKKALOGLU A, YILMAZE et al.:

Mutations in the gene for familial Mediter-
ranean fever: do they predispose to inflam-
mation? J Rheumatol 2003; 30: 2014-8.
KALYONCU M, ACAR BC, CAKAR N et al.:
Are carriers for MEFV mutations “healthy”?
Clin Exp Rheumatol 2006; 24 (Suppl. 42):
S120-2.

OZEN S, BEN-CHETRIT E, BAKKALOGLU A
et al.: Polyarteritis nodosa in patients with
Familial Mediterranean Fever (FMF): a con-
comitant disease or a feature of FMF? Semin
Arthritis Rheum 2001; 30: 281-7.

TOUITOU I, MAGNE X, MOLINARI N et al.:
MEFV mutations in Behget’s disease. Hum
Mutat 2000; 16: 271-2.

LIVNEH A, AKSENTIJEVICH I, LANGEVITZ P
et al.: A single mutated MEFV allele in Is-
raeli patients suffering from familial Medi-
terranean fever and Behget’s disease. Eur J
Hum Genet 2001; 9: 191-6.

TUNCA M, AKAR S, ONEN F et al. and THE
TURKISH FMF STUDY GROUP: Familial Medi-
terranean fever (FMF) in Turkey: results of
a nationwide multicenter study. Medicine
(Baltimore) 2005; 84: 1-11.

. RABINOVICH E, LIVNEH A, LANGEVITZ P et

al.: Severe disease in patients with rheuma-
toid arthritis carrying a mutation in the Medi-
terranean fever gene. Ann Rheum Dis 2005;
64: 1009-14.

LANGEVITZ P, LIVNEH A, ZEMER D, SHEMER
J, PRAS M: Seronegative spondylo-arthropa-
thy in familial Mediterranean fever. Semin

S-31

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Arthritis Rheum 1997; 27: 67-72.
GERSHONI-BARUCH R, BROZA Y, BRIK R:
Prevalence and significance of mutations
in the familial Mediterranean fever gene in
Henoch-Schoénlein purpura. J Pediatr 2003;
143: 658-61.

YALCINKAYA F, OZCAKAR ZB, KASAPCOP-
UR O et al.: Prevalence of the MEFV gene
mutations in childhood polyarteritis nodosa.
J Pediatr 2007; 151: 675-8.

YILMAZ E, OZEN S, BALCI B et al.: Mutation
frequency of Familial Mediterranean Fever
and evidence for a high carrier rate in the
Turkish population. Eur J Hum Genet 2001;
9: 553-5.

TOMIYAMA N, HIGASHIUESATO Y, ODA T
et al.: MEFV mutation analysis of famil-
ial Mediterranean fever in Japan. Clin Exp
Rheumatol 2008; 26: 13-7.

OZEN S, BESBAS N, BAKKALOGLU A, YIL-
MAZ E: Pyrin Q148 mutation and familial
Mediterranean fever. QJM 2002; 95: 32-3.
BOOTH DR, LACHMANN HJ, GILLMORE JD,
BOOTH SE, HAWKINS PN: Prevalence and
significance of the familial Mediterranean
fever gene mutation encoding pyrin Q148.
QJM 2001; 94: 527-31.

USTEK D, EKMEKCI C, OKU B et al.: MEFV
gene 3’-UTR Alu repeat polymorphisms
in patients with FMF. Clin Exp Rheumatol
2008; 26 (Suppl. 50): S72-6.

DAY TG, RAMANAN AV, HINKS A et al.: Au-
toinflammatory genes and susceptibility to
psoriatic juvenile idiopathic arthritis. Arthri-
tis Rheum 2008; 58: 2142-6.

AYAZ NA, OZEN S, BILGINER Y et al.:
MEFV mutations in systemic onset juvenile
idiopathic arthritis. Rheumatology (Oxford)
200); 48: 23-5 [Epub 2008 Nov 4]

OZEN S, HOFFMAN HM, FRENKEL J, KAST-
NER D: FMF and beyond: a new horizon.
Fourth International Congress on the Sys-
temic Autoinflammatory Diseases held in
Bethesda, USA, 6-10 November 2005. Ann
Rheum Dis 2006; 65: 961-4.

MCGONAGLE D, MCDERMOTT MF: A pro-
posed classification of the immunological
diseases. PLoS Med 2006; 3: €297.



