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Abstract

Background: Familial Mediterranean fever (FMF) is the most common type of periodic fever syndrome. The disease is most preva-
lent in the western Mediterranean population, but today it is widespread in the world due to the large ethnic migrations of Turks,
Jews, Arabs and Armenians. The MEFV gene is the only gene known to be associated with the disease.
Objectives: The aim of this study was to characterize pathogenic mutations in patients with typical FMF symptoms by sequencing
the entire MEFV gene.
Methods: This is a descriptive-analytical study that was performed during ten years from 2009 to 2019. On 252 patients after clinical
diagnosis based on existing criteria to determine mutations referred to Tehran Medical Genetics Laboratory and the whole sequenc-
ing method for MEFV gene was used to determine mutations.
Results: Out of 252 patients, 143 (56.7%) had pathogenic variants, and 109 (43.3%) had no variants reported as pathogenic mutations.
Variants were identified as fallow: (1) 8.7% as homozygous; (2) 22.2% as compound heterozygous; (3) 25.7% as heterozygous. The most
common variants were M694V (c.2080A>G) and E148Q (c.442G>C).
Conclusions: This study showed that the age of onset of the disease was in the first and second decades of life amongst our pa-
tients and the most common complaints of patients were periodic fever and abdominal pain. The most frequent allele was M694V
(c.2080A>G) followed by E148Q (c.442G>C) allele.
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1. Background

Familial Mediterranean fever (FMF) is characterized by
acute, self-limited episodes of fever and polyserositis re-
curring at irregular intervals (1, 2). Recent studies show
that the symptoms of some FMF heterozygotes range from
mild to classic. Symptoms of autosomal recessive het-
erozygous inheritance are altered by incomplete penetra-
tion or expression. It is characterized by fever and muscle
aches, pleurisy, arthritis, or inflammation of the skin and
subcutaneous tissue. The most important complication
of FMF disease is the development of amyloidosis, which
eventually leads to kidney failure. Symptoms of this dis-
ease can appear in the first 10 years of life and according
to the latest statistics, more than 80% of patients show
symptoms of this disease in childhood and adolescence.

Symptoms of recurrence include fever and severe abdom-
inal pain that usually lasts one to three days and resolves
spontaneously. The gene associated with this disease is the
MEFV gene, which was first identified on the short arm of
chromosome 16 (16p13.3) in 1997 and was independently
characterized by spatial cloning by two working teams (3-
5). By gene cloning, four mutations in exon 10 were iden-
tified as M694I (c.2082G>A), M694V (c.2080A>G), M680I
(c.2040G>A), V726A (c.2177T>C). These four mutations and
the E148Q (c.442G>C) mutation in exon 2 are the most com-
mon of the 59 hypothetical mutations identified so far that
are thought to be associated with the disease (3, 4). Among
them, M694V (c.2080A>G) mutation has the highest fre-
quency in connection with acute FMF disease. However, it
should be noted that incomplete penetration, alteration of
MEFV gene expression and the possibility of the presence
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of other possible genetic factors can affect the expression
of this gene in patients (6, 7). The gene has 10 exons, it en-
codes 781-amino acid protein called Pyrin or Marenostrin
with a molecular weight of 86,000 daltons. This protein is
mainly expressed in granulocytes and is thought to be in-
volved in apoptosis (3, 4).

Pyrin also plays a negative regulatory role in the
body’s inflammatory reactions. The initial diagnosis of
FMF is mainly based on clinical manifestations, ethnic-
ity, family history, and response to colchicine (8). While
the definitive diagnosis of this disease is determined by
examining the MEFV gene and identifying mutations in
the exons of the MEFV gene. Mutations in the MEFV gene
are detectable in 50 - 80% of cases, but not all existing
mutations are currently detectable and there are known
and common mutations in 80% of patients. Although the
clinical signs of the disease are specific and typical, it is
important to determine the type of mutation to diagnose
the disease. However, it should be noted that the absence
of mutations in the MEFV gene does not rule out the
possibility of disease (9). To date, more than 90 disease-
related mutations have been identified, but a total of 389
variant sequences have been identified in the FMF gene
(http://www.fmf.igh.cnrs.fr/ISSAID/infevers/search.php).
Because the MEFV gene is the only gene associated with the
disease, it was studied in this study for possible mutations.

2. Objectives

Our aim was to investigate the spectrum and distribu-
tion of MEFV mutations in Iranian patients using a compre-
hensive method of mutation identification.

3. Methods

During a period from 2009 to 2019, 252 patients with
symptoms similar to those of FMF were referred to Tehran
Medical Genetics Laboratory (Akbari) by rheumatology
and internist specialists. In most of these patients, symp-
toms of fever, periodic abdominal pain, and inflamma-
tion of the pleura, swelling of the joints, muscle pain,
diarrhea in children, and constipation in adults. Treat-
ment was observed in response to colchicine. Informa-
tion such as date of birth, race, sex, symptoms and fam-
ily history were mentioned in the questionnaires prepared
for each patient. Written consent was obtained from pa-
tients or their companions at the time of sampling. 5
cc of peripheral blood was collected in tubes containing
EDTA as anticoagulant. Genomic DNA was extracted us-
ing the salting out method. Primers were designed for all
exons of MEFV gene and then PCR conditions were opti-
mized for sequencing with forward and reverse primers

(Table 1). After replicating the target regions, the sequences
were compared with the Cambridge reference sequences
available at the NCBI site. The types of polymorphisms
and mutations were identified from the FMF Database
(http://fmf.igh.cnrs.fr/ISSAID/infevers/).

4. Results

In this study, out of 252 patients who were referred, 140
(55.5%) were male. The average age of men was 17.95 years
and their age range were between 1 and 48 years. The aver-
age age of women was 17.3 years and their age range were
between 2 and 63 years. The age of more than 63.5% of pa-
tients (160 patients) was under 20 years. In this study, pe-
riodic fever and abdominal pain were the most common
clinical manifestations observed among patients. Out of
252 patients, 143 (56.7%) had pathogenic variants, whereas
in 109 (43.3%) no reported pathogenic mutations were ob-
served while these patients showed the clinical picture of
FMF patients and responded well to the treatment. Vari-
ants were identified in 8.7% of the patients as homozygous,
22.2% of patients with variant as compound heterozygous,
and 25.7% of mutant patients as heterozygous (Table 2).
Most variants were M694V (c.2080A>G), E148Q (c.442G>C)
and R202Q (c.605G>A) (Figure 1), respectively. In a person
with symptoms of fever, periodic abdominal pain, and con-
stipation, an unreported mutation D308N (c.922G>A) was
observed as a compound heterozygote with a G304R (c.
910G>A) mutation (Figure 2).

5. Discussion

Our results show that common mutations consist of
more than 30% of the identified alleles (Table 2). M694V
(c.2080A>G) is the most common mutation, accounting
for about 27.3% of the mutations detectable in this study,
with M694V/M694V (c.2080A>G)/(c.2080A>G) accounting
for 4.4% of homozygous variants (Table 2), as reported in
other studies (10-14). The E148Q (c.442G>C) variant then
shows the highest frequency (Table 2), which is similar
to that seen in Europeans (7). In each pathogenic variant
form, there was no statistical difference in the relation-
ship between clinical symptoms and type of mutation.
The only notable point was the frequency of fevers in
R202Q mutations, which, although more common than
other mutations, was not statistically significant. Patients
with the M694V compound heterozygous mutation have
had more severe and sometimes refractory heartburn. In
these patients, serum ferritin levels sometimes increased
and protein was observed in the urine. Compared to the
other FMF patients in our study, these patients required
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Table 1. Sequence of Primers (5’-3 ’) Used to Sequence All Exons of MEFV Gene

Exon Forward Reverse PCR.P (bp)

1 AGTCTGGAGGAGAACAGTTGAC TCTCAAAGAACAGGTGTTCCAG 897

2 TTCTCTCTCCTCTGCCCTGAATC CTCACTACATTCACCAGGCTGGTC 866

3 GAACTCGCACATCTCAGGCAAG CCCAAGAATGCTGGTTAATGCAC 569

4 CTCTTTCCTGAGCACCCCTC CCATCTTTCTGCAGTAGTCACC 600

5-6 GTTCCAGACAATATCGCCTCCTG CTTAGCCCAGCTCCACTCCAAAC 1258

7-8-9 a GGTGTGCCCTGTGGAGAATGTAG CGGAGAGCCCAGAACAATGATAC 1138

10 GAACCCTGTAGGGATGTTGC CTAGTCGGCATTCCGTGAC 662

a The primer was designed so that it is displayed in sequencing with Forward exon 7 and 8 and Reverse exon 9 primer.

Figure 1. Electrogram; A, M694V (c.2080A>G) variant; B, E148Q (c.442G>C) variant

Figure 2. Electrogram of the new MEFV D308N variant (c.922G>A). A, wild type; B, G>A change in nucleotide 922 in exon 3, conversion of aspartic acid to asparagine changes
to codon 308

higher doses of colchicine to control the disease and
sometimes even continued use of steroids in addition to
daily colchicine to maintain proteinuria. In 109 (43.3%)
no pathogenicity variants were observed, this may be due

to various reasons, including the presence of rare and
unknown mutations (in the promoter region, inside the
introns or in untranslated region 3), genetic heterogeneity
(15, 16) the presence of modifying genes (17) and envi-
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Table 2. Frequency of Variant Genotypes in 252 Patients

State of Variant and Genotypes No (%)

Homozygous Sum = 22 (8.7)

M694V/M694V 11 (4.4)

E148Q/ E148Q 3 (1.2)

M694I/M694I 1 (0.4)

R761H/R761H 1 (0.4)

M680I/M680I 1 (0.4)

M680IGC/M680IGC 1 (0.4)

R202Q/R202Q 4 (1.6)

Compound Heterozygous Sum = 56 (22.2)

A744S/E148Q 1 (0.4)

E148Q/M680IGC 1 (0.4)

E148Q/M694V 5 (2)

E148Q/R761H 1 (0.4)

M680I/V726A 1 (0.4)

A744S/P115T 1 (0.4)

E147V/E148Q/V726A 1 (0.4)

E148Q/A744S 1 (0.4)

E148Q/M694I 1 (0.4)

E148Q/R202Q 5 (2)

E148Q/R761H 1 (0.4)

F479L/V726L 1 (0.4)

L110P/E148Q/R408Q 1 (0.4)

M694I/V726A 2 (0.8)

M694L/R761H 2 (0.8)

M694V/M694I 1 (0.4)

M694V/R761H 2 (0.8)

M694V/V726A 4 (1.6)

R202Q /M694V 9 (3.6)

R202Q/E148Q/I519T 1 (0.4)

R202Q/E474K 1 (0.4)

R202Q/M694L 2 (0.8)

R202Q/M694V/M680I 1 (0.4)

R202Q/M694V/R761H 1 (0.4)

R408Q/P369S 1 (0.4)

R761H/M680I 2 (0.8)

R761H/V726A 3 (1.2)

V726A/M680I 2 (0.8)

G304R/D308N* 1 (0.4)

One Identified Variant Sum = 65 (25.7)

M680IGC/N 1 (0.4)

E148Q/N 21 (8.3)

M680I/N 1 (0.4)

M694V/N 5 (2)

A744S/N 4 (1.6)

G304R/N 1 (0.4)

P364L/N 1 (0.4)

R202Q/N 26 (10.3)

R653H/N 1 (0.4)

V726A/N 3 (1.2)

M680ILe/N 1 (0.4)

No Variant 109 (43.3)

ronmental factors. Misdiagnosis with other hereditary
recurrent febrile syndromes is also possible. It is involved
in a relatively high percentage of non-mutant alleles (10).
Molecular analysis of the MEFV gene in a patient with the
variant D308N (c.922G>A) showed that the exon 3 gene was

heterozygous. This variant replaces the amino acid aspar-
tic acid with asparagine. The mutation R202Q (c.605G>A)
had an overall frequency of about 10.3%, and shows the
highest frequency in the patient group with heterozygous
variants. R202Q (c.605G>A) was first identified in exon 2
in the MEFV gene by Bernot et al. (1998) who proposed this
variant as a general polymorphism (2). In addition, in the
FMF database, R202Q (c.605G>A) is shown as a polymor-
phism associated with linkage disequilibrium with M694V
(http://www.fmf.igh.cnrs.fr/ISSAID/infevers/search.php).
According to this study, in our population, this mutation
can be considered pathogenic as evaluated in Turkish
FMF patients. There was a high association between MEFV
gene R202Q polymorphism and FMF (18). In a study of
26 FMF patients in Greece, the R202Q (c.605G>A) variant
was found to be homozygous in 4 patients but was not
observed in 60 healthy individuals. The change in R202Q
(c.605G>A) may be more of a mutation than a polymor-
phism, and it has a dose-dependent effect in patients with
homozygous genotype (19). In later years, it was reported
that R202Q (c.605G>A) homozygosity was associated with
the disease and could be regarded as a mutation (20).
Miyoshi et al. (2008) reported the compound heterozy-
gous composition of E148Q / R202Q (c.442G>C)/(c.605G>A)
in a Japanese patient who had FMF disease (21). As shown in
Table 2, about 2% of patients have this heterozygous com-
bination E148Q/R202Q, (c.442G>C)/(c.605G>A) which can
be the cause of the symptoms in these people. However,
R202Q (c.605G>A) heterozygosity has been observed in
163 healthy Japanese individuals out of 170 examined (22).
This high frequency of R202Q (c.605G>A) heterozygous
mode can be a reason that in this mode does not affect the
onset of symptoms (23). This study showed that the most
common age of onset of the disease is in the first and sec-
ond decades of life and the most common complaints of
patients are periodic fever and abdominal pain. The most
common allele was M694V (c.2080A>G) in patients and
the second most frequent allele was in E148Q (c.442G>C).
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