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Exon 2: Is it the good police in familial mediterranean 
fever?

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, M694I, and V726A, are located on exon 10, whereas some mutations such 
as E148Q and R202Q 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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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
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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 
Eskişehir 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 

variables were presented as medi-
an and 25-75th 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 I 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, M694I, 
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.

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, M694I, 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 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)

Content of this journal is licensed under a Creative 
Commons Attribution-NonCommercial 4.0 
International License.
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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 
it is 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.

.

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
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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.
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