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Abstract

Objective: Familial Mediterranean fever (FMF) is the most common autoinflammatory disease. Most
of the identified disease-causing mutations are located on exon 10. As the number of studies about
the effect of the exonal location of the mutation and its phenotypic expression is limited, we aimed
to investigate whether the exonic location of the Mediterranean fever (MEFV) mutation has an effect
on the clinical manifestation in patients with FMF.

Methods: Study population was derived from the main FMF registry that included 2246 patients from
15 different rheumatology clinics. We categorized the mutations according to their exon locations
and retrieved the clinical and demographic information from the database.

Results: Patients having the MEFV mutations on exon 2 or 10 (n:1526) were divided into three sub-
groups according to the location of the MEFV mutations: Group 1 (exon 2 mutations), Group 2 (exon
10 mutations), and Group 3 (both exon 2 and exon 10 mutations). Group 2 patients were of a signifi-
cantly younger age at onset, and erysipel-like erythema, arthritis, amyloidosis, and a family history of
FMF were more common in this group.

Conclusion: Patients with FMF and exon 10 mutations show more severe clinical symptoms and out-
come. Exon 2 mutations tend to have a better outcome.

Keywords: E148Q, exon 2, exon 10, familial Mediterranean fever, M694V/

Introduction

Familial Mediterranean fever (FMF) is the most common form of autoinflammatory disease and inherited
autosomal recessively. The responsible gene for FMF is located in the short arm of chromosome 16 and
named MEFV (Mediterranean fever) (1).

So far, over 300 sequence variations have been identified in the MEFV gene (2). Most of the identified mu-
tations, including M694V, M680I, M694l, and V/726A, are located on exon 10, whereas some mutations such
as E148Q and R2020Q are located on exon 2 (1). It has been reported that there is a genotype-phenotype
relation in FMF, such as a more severe disease with M694V and a milder disease course in patients carrying
E148Q (3,4). Mutations located on exon 2, mostly E148Q, are commonly considered to lead to a better out-
come, less frequent attacks, and amyloidosis (3, 4). Currently there are a limited number of reports address-
ing exonal location and its phenotypic expression in FMF. Additionally, studies on this subject provided
conflicting results. Therefore, in the current study, we aimed to investigate whether the exonic location of
the MEFV mutation has an effect on the clinical manifestation in patients with FMF.

Methods

Patients

Study population was derived from the main FMF registry that included 2246 (34.5+11.9 years, 46.7% male)
patients from 15 adult rheumatology clinics located in different geographical parts of Turkey (5). The pa-
tients in this registry were diagnosed according to the Tel-Hashomer or Sheba Medical Center criteria (6, 7).
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We categorized the mutations
according to their exon locations
(exon 2 and 10) and retrieved the
clinical and demographic infor-
mation from the database. A more
detailed description of the nation-
al FMF registry has been previously
published (5).

The study complies with the Decla-
ration of Helsinki and was approved
by the local ethical committee of
Eskisehir  Osmangazi  University
(decision date: 27.08.2012; decision
number: 2012/184).

Genetic analysis

There were 1719 patients with
available genotype information,
which was done by the PCR re-
striction fragment length poly-
morphism  (PCR-RFLP) or the
reverse hybridization assay (FMF
StripAssay), depending on the lab-
oratory of the participating clinics.

Statistical analysis

The normality was tested using
the Shapiro-Wilk method. Based
on the results, most of the vari-
ables showed non-normal distri-
bution. Comparison of the con-
tinuous variables was done by the
Kruskal-Wallis test, and the nomi-
nal or ordinal data were analyzed
by a chi-squared test. Continuous
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variables were presented as medi-
an and 25-75" percentiles, and the
categorical variables are expressed
in frequencies and percentages. As
there were multiple groups, Bon-
ferroni’s correction (post hoc test)
was used to reduce the probability
of a Type | error. The adjusted crit-
ical significance level was <0.016.

Statistical comparisons were per-
formed using the Statistical Pack-
age for Social Sciences (SPSS) ver-
sion 21.0 (IBM Corp.; Armonk, NY,
USA).

Results

There were 1719 patients includ-
ed in the MEFV mutation analysis.
One hundred and fifty-four out
of 1719 patients did not have any
detectable mutation, 39 had rare
mutations located in other exons.
Remaining 1526 patients (medi-
an age 31 [24 to 41] years, 48.4%
male) were divided into three sub-
groups according to the location
of the MEFV mutations: Group 1
(exon 2 mutations: E148Q and
R202Q), Group 2 (exon 10 muta-
tions: M694V, V726A, M680I, M694,
R761H, K695R), and Group 3 (com-
pound heterozygous; having both
exon 2 and exon 10 mutations).
The distribution of the MEFV muta-
tions by groups is listed in Table 1.

Table 1. The detailed list of mutations by groups

MEFV mutations Group 1(n=82), (n, %)
E148Q homozygous 1(1.2)
E148Q heterozygous 71(86.6)
E148Q/R202Q 1(1.2)
R202Q heterozygous 9(11)

Group 2 (n=1304), (n, %)
M694V homozygous 414 (31.7)
M694V heterozygous 293(22.5)
M694V compound heterozygous 293(22.5)
Non-M694V homozygous 80(6.1)
Non-M694V heterozygous 127(9.8)
Non-M694V compound heterozygous 97 (7.4)

Group 3 (n=140), (n, %)
E148Q/M694V 93(66.4)
E148Q/Non-M694V 35(25)
R202Q/M694V 12(8.6)

The comparison of three groups
showed that patients with exon
2 mutations had female predom-
inance (65.9%) when compared
to Group 2 (51.7%) and Group 3
(42.9%) (p<0.001). Patients with
isolated exon 10 mutations (14[8-
21]) were of a significantly younger
age at onset when compared to
Group 1 (20[13-26]) and Group 3
(19[13-25]) (p<0.001). The demo-
graphic and clinical features of the
patients are summarized in Table 2.

The frequency of fever, peritoni-
tis, pleuritis, myalgia, vasculitis,
chronic renal failure (CRF), and a
family history of CRF was similar in
all groups. But erysipelas like ery-
thema (ELE), arthritis, amyloidosis,
and a family history of FMF were
more common in patients with
only exon 10 mutations (p<0.05)
(Table 2).

Discussion

The MEFV gene is located on the
short arm of chromosome 16
and has 10 exons. Most of the
disease-causing mutations are
located in the 10th exon. On the
other hand, E148Q, one of the
commonest mutations observed
in FMF patients is located in the
exon 2, together with R202Q. The
mutations in exon 10 of the MEFV
gene, such as M694V, V726A,
M680I, Me94l, R761H, K695R, are
considered to cause FMF symp-
toms (1). In addition, certain mu-
tations such as M694V are respon-
sible for an early onset and severe
outcome, including amyloidosis
(5). In general, exon 2 mutations,
particularly E148Q have been re-
ported to be associated with a
late onset disease and favorable
outcome (1). Amyloidosis is the
most serious complication of FMF
and is generally linked with the
M694V genotype. In a previous
report, it has been shown that pa-
tients homozygous for the M694V
genotype had six-fold risk of am-
yloidosis compared to patients
with FMF carrying other MEFV
gene mutations (5). Aside from
amyloidosis, there has been in-
terest to identify clinical features
associated with severe disease.
Some studies suggested that
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Table 2. Summary of the demographic and clinical features of the patients

Group 1 (Patients with Group 2 (Patients with Group 3 (Patients with Bonferroni's
exon 2 mutations) exon 10 mutations) exon 2 and 10 mutations) correction
n:82 n:1304 n:140 p (post hoc test)
Sex [M n (%)] 28(34.1) 630(48.3) 80(57.1) 0.001 1-2: p=0.016
1-3: p=0.012
2-3:p=0.05
Age at baseline clinical visit
[Median (%25-%75)] 26.5(19.75-37) 24(18-34) 27.5(21.25-37.75) 0.114
Age at onset of symptoms
[Median (%25-%75)] 20(13-26) 14(8-21) 19 (13-25) <0.001 2-3:<0.001
2-1:<0.001
1-3:0.931
Fever 71(86.6) 1196 (91.7) 128(91.4) 0.274
Peritonitis 78(95.1) 1232 (94.5) 131(93.6) 0.871
Pleuritis 37(45.1) 653 (50.1) 68 (48.6) 0.660
ELE* 3(3.7) 351(26.9) 24(17.1) <0.001 1-2: <0.001
1-3:0.003
2-3:0.01
Arthritis 22(26.8) 594 (45.6) 45(32.1) <0.0001 1-2:0.01
1-3:0.45
2-3:0.002
Myalgia 12(14.6) 199(15.3) 19(13.6) 0.863
Vasculitis 2(2.4) 100(7.7) 5(3.6) 0.490
Amyloidosis 3(3.7) 133(10.2) 6(4.3) 0.014 1-2:0.02
1-3:1
2-3:0.05
CRF** 1(1.2) 69(5.3) 3(2.1) 0.75
Family history of FMF 32(39) 780 (59.8) 73(52.1) <0.001 1-2: <0.001
1-3:0.07
2-3:0.08
Family history of amyloidosis 5(6.1) 267 (20.5) 25(17.9) 0.005 1-2:0.01
1-3:0.01
2-3:0.51
Family history of CRF 3(3.7) 79(6.1) 7(5) 0.606

Data are given as n (%); *ELE: erysipel-like erythema; **CRF: chronic renal failure

patients with ELE had a more severe clinical
course and were also related to M694V ho-
mozygosity and amyloidosis (8). In a previous
study, researchers showed that amyloidosis,
arthritis, family history of FMF, and presence
of the M694V allele had been clustered in a
severe outcome group (9). In this study, we
showed that patients with isolated exon 2
mutations had a higher percentages of fe-
males, late onset of disease, lower rates of self,
and a family history of amyloidosis, ELE, and
arthritis compared to patients with exon 10
mutations. Taken together, our results are in
line with the reports suggesting a favorable
clinical course in patients with exon 2 muta-
tions.

In our study, 86.5% of the patients in Group 1
had E148Q mutations, and the most common
mutation in Group 2 was the homozygous
M694V mutation (31.6%). Considered together
with a milder disease course, our findings may
support the notion that E148Q may be a poly-
morphism rather than a disease-causing mu-
tation (10). However, there is still no consensus
about whether the E148Q mutation is patho-
genic or a simple polymorphysm. In a study
from Japan by Migita et al. (11), the E148Q mu-
tation was found to be higher in FMF patients
compared to the healthy population, and
these patients had milder disease (11). There
is also a possibility that mutations in the other
allele may affect the pathogenity of E148Q. On

the other hand, M694V is nearly always blamed
for causing a more severe disease (5, 12). As we
noted earlier, the other mutation in exon 2 is
R202Q. This mutation is reported as one of the
most common mutations in some geographic
areas of Turkey (13-15). R202Q is also consid-
ered to be a polymorphysm and is found to be
positive in healthy population (16). Some data
suggest that R202Q may be pathogenic when
itis in homozygous pattern (16).

Current study has some limitations. One of
them is the lack of data to calculate the severi-
ty score for FMF. The other one is the lack of full
sequencing and therefore the absence of rare
mutations in exon 2 and 10.
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In conclusion, despite the limitations, we rep-
licated that FMF patients with exon 10 muta-
tions show more severe clinical symptoms and
outcome. A close and careful monitoring of
FMF patients with exon 10 mutations and their
first degree relatives may help to diagnose FMF
and its complications earlier. Further follow-up
of patients with E148Q and R202Q mutations
is needed to determine whether these are dis-
ease-causing mutations or polymorphisms,
and a more detailed genetic testing with clin-
ical confirmation is needed to make the final
decision.

Ethics Committee Approval: Ethics committee approv-
al was received for this study from the Ethics Com-
mittee of Eskisehir Osmangazi University (Decision
Date: August 27, 2012; Approval No: 2012/184).

Informed Consent: Written informed consent was
obtained from the patients who participated in this
study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - S.Y.B, TK, LS., Design
-SYB, HD, IS, TK. Supervision - SA, KA, UK, HD,
EE, BK, MS, M.C, TK; Data Collection and/or Pro-
cessing-S.YB, DS, S.S, HE, LK, SYO, FY,SY, DEB,
M.AT, S.Y, V.Y. YP, CB, GY.C, SE, EG, TK; Analysis
and/or Interpretation - S.YB, ES, .S, TK; Literature
Search - S.YB, TK, LS., Writing Manuscript - S.Y.B, TK,
1.S,; Critical Review - DS, S.S, HE, LK, SYO, EY, S,
DEB,MAT,SY,VY.YP,CB,GYC,SE, EG,SA, KA,
UK, HD., EE,BK,MS, M.C, TK, LS, Patient Manage-
ment - SYB, DS, SS., HE, LK, SYO, EY, S.Y, DEB,
MAT,SY, VY, YP,CB,GYC,SE, EG, TK.

Yasar Bilge et al. Exon 2 mutations in familial mediterranean fever

Conflict of Interest: The authors have no conflict of
interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

References

1. Sari |, Birlik M, Kasifoglu T. Familial Mediterra-
nean fever: an updated review. Eur J Rheumatol
2014; 1: 21-3. [CrossRef]

2. Available from: URL: http/fmfigh.cnrsfr/IS-
SAID/infevers/index.php

3. Ece A Cakmak E, Uluca U, Kelekci S, Yolbas |,
Gunes A, et al. The MEFV mutations and their
clinical correlations in children with familial
Mediterranean fever in southeast Turkey. Rheu-
matol Int 2014; 34: 207-12. [CrossRef]

4. Jarjour RA. Familial Mediterranean fever in Syr-
ian patients: MEFV gene mutations and geno-
type-phenotype correlation. Mol Biol Rep 2010;
37:1-5.[CrossRef]

5. Kasifoglu T, Bilge SY, Sari I, Solmaz D, Senel S,
Emmungil H, et al. Amyloidosis and its related
factors in Turkish patients with familial Mediter-
ranean fever: a multi centre study. Rheumatolo-
gy (Oxford) 2014; 53: 741-5. [CrossRef]

6.  Livneh A, Langevitz P, Zemer D, Zaks N, Kees S,
Lidar T, et al. Criteria for the diagnosis of familial
Mediterranean fever. Arthritis Rheum 1997; 40:
1879-85. [CrossRef]

7. Pras M. Familial Mediterranean fever: from the
clinical syndrome to the cloning of the pyrin gene.
Scand J Rheumatol 1998; 27: 92-7. [CrossRef]

8. Lidar M, Doron A, Barzilai A, Feld O, Zaks N,
Livneh A, et al. Erysipelas-like erythema as the
presenting feature of familial Mediterranean
fever. J Eur Acad Dermatol Venereol 2013; 27:
912-5. [CrossRef]

9.

Akar S, Solmaz D, Kasifoglu T, Yasar Bilge S, Sari
I, Gumus ZZ, et al. Different disease subtypes
with distinct clinical expression in familial Med-
iterranean fever: results of a cluster analysis.
Rheumatology 2016; 55: 343-6. [CrossRef]
Tchernitchko D, Legendre M, Cazeneuve C,
Delahaye A, Niel F, Amselem S.The E148Q MEFV
allele is not implicated in the development of
familial Mediterranean fever. Hum Mutat 2013;
22:339-40. [CrossRef]

Migita K, IzumiY, Jiuchi Y, Iwanaga N, Kawahara
C, Agematsu K, et al. Familial Mediterranean fe-
ver is no longer a rare disease in Japan. Arthritis
Res Ther 2016: 30; 18: 175.

Cekin N, Akyurek ME, Pinarbasi E, Ozen F. MEFV
mutations and their relation to major clinical
symptoms of Familial Mediterranean Fever.
Gene 2017; 30; 626: 9-13. [CrossRef]

Kilinc M, Ganiyusufoglu E, Sager H, Celik A, OI-
gar S, Cetin GY, et al. The report of sequence
analysis on familial Mediterranean fever gene
(MEFV) in South-eastern Mediterranean region
(Kahramanmaras) of Turkey. Rheumatol Int
2016; 36: 25-31. [CrossRef]

Sayin Kocakap DB, Giinel-Ozcan A, Cabuk F, En-
sari C. The frequency of Familial Mediterranean
fever gene mutations and genotypes at Kirik-
kale and comparison with the mean of regional
MEFV mutation frequency of Turkey. Mol Biol
Rep 2014; 41: 1419-26. [CrossRef]

Gunesacar R, Celik MM, Arica V, Elmacioglu S,
Ozturk OH. Frequency of MEFV gene mutations
in Hatay province, Mediterranean region of Tur-
key and report of a novel missense mutation
(1247V). Gene 2014; 10; 546: 195-9. [CrossRef]
Yigit S, Karakus N, Tasliyurt T, Kaya SU, Bozkurt N,
Kisacik B. Significance of MEFV gene R202Q poly-
morphism in Turkish familial Mediterranean fe-
ver patients. Gene 2012; 10506: 43-5. [CrossRef]

37


https://doi.org/10.5152/eurjrheum.2014.006
https://doi.org/10.1007/s00296-013-2858-1
https://doi.org/10.1007/s11033-009-9475-9
https://doi.org/10.1093/rheumatology/ket400
https://doi.org/10.1002/art.1780401023
https://doi.org/10.1080/030097498440949
https://doi.org/10.1111/j.1468-3083.2011.04442.x
https://doi.org/10.1093/rheumatology/kev315
https://doi.org/10.1002/humu.9182
https://doi.org/10.1016/j.gene.2017.05.013
https://doi.org/10.1007/s00296-015-3329-7
https://doi.org/10.1007/s11033-013-2986-4
https://doi.org/10.1016/j.gene.2014.06.019
https://doi.org/10.1016/j.gene.2012.06.074



