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Abstract
Familial Mediterranean Fever (FMF), which is an autosomal recessive disease characterized by recurrent self-limiting 
fever, peritonitis, pleuritis, arthritis and erysipelas-like erythemas, has been common among ethnic groups such as Turk-
ish, Armenian, Arabic and Jewish. The clinical presentation is caused by mutations in the MEFV gene encoding the Pyrin 
protein. In this study, we aimed to present a new mutation that has not been previously defined from the mutations in the 
MEFV gene which is responsible for the genetic pathology of familial Mediterranean fever and to evaluate the frequency of 
distribution of the MEFV gene mutation among different ethnic groups living in our region. In present retrospective study, 
a total of 2639 clinically suspected FMF patients who were referred to Hatay Mustafa Kemal University Hospital between 
2010 and 2017 were recorded. MEFV gene mutations were observed using DNA sequence analysis. MEFV mutations were 
found in 2079 of the 2639 patients (78.7%) Among these patients 184 (6.97%) were homozygous, while 1365 (51.72%) were 
heterozygous. The most frequently observed mutation was R202Q (1319, 19.55%) followed by E148Q (n = 476, 7.05%), 
M694V (n = 439, 6.51%), V726A (n = 146, 2.16%) and M680I (n = 135, 2%). In a case clinically diagnosed as FMF, a new 
mutation called S145G (p. Ser145Gly, c.433A > G) was identified in exon 2 of the MEFV gene. Besides, addition of a new 
pathogenic MEFV variant to the literature, the relationship between the FMF clinic and homozygous form of R202Q, which 
was previously considered as a polymorphism, was highlighted.
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Introduction

Familial Mediterranean Fever (OMIM: 249100,FMF) is 
an autosomal recessive disease characterized by recurrent 
self-limiting fever, peritonitis, pleuritis, arthritis and erysip-
elas-like erythemas [1]. It has been common among ethnic 
groups such as Turkish, Armenian, Arabic and Jewish. FMF 
prevalence in Turkey is about 1:400 to 1:1000. It is estimated 
that Turkey has more than 100,000 patients with FMF and 
the carrier rate is 1:5 [2–4]. Tel Hashomer criteria and Sim-
plified FMF diagnosis criteria suggested by Livneh et al. 
are used in clinical diagnosis [5, 6]. Acute phase reactants 
such as erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), fibrinogen, haptoglobin, C3, C4 and clini-
cal symptoms are supported by ethnic origin and family 
history. However, many patients presenting with atypical 
attacks may be difficult to diagnose and may cause delay 
in treatment. MEFV (Mediterranean fever) genetic testing 
is used as a diagnostic aid, especially in atypical cases [7]. 
The most serious complication of FMF is the development 
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of serum amyloid A (SAA) amyloidosis, which primar-
ily affects the kidneys but may also include other organs. 
It is more prevalent in Armenians (28.1%), Jews of Israel 
(24.2%), Turks (21.5%) and less in Arabs, and Iranian Azeri 
Turks, Syrians. Renal amyloidosis accounted for 35% and 
60% of deaths in men and women in a study conducted in 
Israel. The preferred treatment for renal amyloidosis is col-
chicine therapy. The reason for the low prevalence of FMF-
related amyloidosis in Arabs may be the collection of these 
data after colchicine was used as standard therapy [8–12].

The MEFV gene encodes a protein of 781 amino acids 
named Pyrin/Marenostrin. The pyrin gene is mostly 
expressed in monocytes, neutrophils, eosinophils and fibro-
blasts. The function of pyrin is to suppress inflammation 
by autophagy of innate immune regulators. The mutation 
product, pyrin variants in FMF patients, progress through 
neutrophil activation and uncontrolled interleukin-1 (IL-1) 
production and causes inflammation that self-limiting and 
repetitive in all serous membranes, especially peritoneum, 
pleura and joints [8]. Differences in the clinical cases and 
development of amyloidosis are affected by the type of 
MEFV mutations. The gene that causes FMF (Mediterranean 
fever gene, MEFV) is found in the short arm of chromosome 
16p13.3 and consists of 10 exons separated by 9 introns. 
Mutations have been found especially in exons 2, 3, 5 and 
10 of the MEFV gene. The MEFV online database infevers 
shows more than 377 alleles defined as mutations and poly-
morphisms [13]. The most common mutations are M694V, 
M680I, V726A, M694I in exon 10 and E148Q, E148V in 
exon 2. M694V homozygous mutation is with more severe 
clinic feature than other mutations. Five founder mutations, 
V726A, M694V, M694I, M680I and E148Q account for 74% 
of FMF genotypes from typical cases (Armenians, Arabs, 
Jews, and Turks) [14].

In the Mediterranean region, which includes our prov-
ince, FMF is very common and the frequency of mutations 
varies according to each region. All genetic mutations that 
cause clinical FMF have not been clarified. Therefore, in 
present study our aim is to investigate the frequency and 
clinical characteristics of patients in our province and to find 
new mutations that may cause disease in patients diagnosed 
with clinical FMF.

Material and method

A total of 2639 clinically suspected FMF patients referred to 
Hatay Mustafa Kemal University Hospital between 2010 and 
2017 were enrolled in this study. The demographic data of 
the patients were collected through the Hospital Information 
Management System (HIS).

Genomic DNA was isolated from the whole blood sample 
with EDTA using the isolation kit (Macherey-Nagel GmbH 

& amp; Co.KG, Germany). In PCR amplification, for-
ward and reverse primers were used in 4 different tubes for 
Exon 2, Exon 3, Exon 5 and Exon 10 MEFV gene regions. 
Amplification samples were sequenced according to the 
ABI PRISM BigDye Terminator Cycle Sequensing Ready 
Reaction Kit (Applied Biosystems, Foster City, CA, USA). 
Sequence reactions were analyzed by automatic fluorescence 
radiated sequence reader (ABI PRISM 3500, Applied Bio-
systems). Mutations were confirmed by the sequence appear-
ance of antisense DNA strands.).

All statistical calculations were performed using the 
SPSS 22 (IBM SPSS Statistics for Windows, Version 20.0. 
Armonk, NY: IBM Corp). Statistical significance for all 
analyses was accepted of p < 0.05. Categorical values were 
expressed as percentages, frequency and non-categorical 
variables were given as the mean ± standard deviation (SD). 
Chi-square tests were used to analyze categorical data. Stu-
dent t test and Mean Whitney U test were used to analyze 
continuous data.

Informed consent to participate was not obtained from 
the subjects as it was a retrospective study based on archive 
scanning. Permission was obtained from the Chief Physician 
of the Hatay Mustafa Kemal University (HMKU) Health 
Practice and Research Hospital for the use of genetic data 
results and clinical features. In addition, the study was 
approved by the Ethics Committee of the HMKU Faculty of 
Medicine (2018/138). We recalled the patient with the new 
mutation and confirmed the patient’s mutation and clinical 
findings. Informed consent was obtained from this patient.

Results

A total of 2639 patients (1374 female, 1265 male, aged 
between 0 and 82) enrolled in this study. The mean age 
of patients was 16.5 ± 14.2 years. Out of 2639 patients, 
1793 (67.9%) were in pediatric group (< 18 years) and 846 
(32.1%) were in adult (≥ 18 years) group. The rate of alleles 
carrying one of the identified mutations was 39.7% in 6748 
total alleles coming from 2639 suspected FMF patients; and 
45 different genotypes and 24 different mutations, includ-
ing a new mutation, were detected in these patients. The 
MEFV mutations in patients are shown in Table 1. MEFV 
mutations were found in 2079 of the 2639 patients (78.7%). 
Among these patients 184 (6.97%) were homozygous, while 
1365 (51.72%) were heterozygous. The compound heterozy-
gous mutation was detected in 340 (12.88%) patients while 
complex alleles were 188 (7.12%). The MEFV mutation 
frequency was presented in Table 2. The most frequently 
observed mutation was R202Q (1319, 19.55%) followed 
by E148Q (n = 476, 7.05%), M694V (n = 439, 6.51%), 
V726A (n = 146, 2.16%) and M680I (n = 135, 2%). E148 
homozygote mutation was found to be significantly higher in 
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Table 1   The MEFV mutation 
genotype distribution of patients

Mutation n %

Homozygous
 R202Q homozygous 107 4.05
 E148Q homozygous 27 1.02
 M680I homozygous 19 0.72
 M694V homozygous 14 0.53
 M694I homozygous 11 0.42
 V726A homozygous 3 0.11
 G196W homozygous 2 0.08
 A744S homozygous 1 0.04
Total 184 6.97
Heterozygous
 R202Q heterozygous 795 30.13
 E148Q heterozygous 318 12.05
 M694V heterozygous 81 3.07
 V726A heterozygous 53 2.01
 M680I heterozygous 35 1.33
 A744S heterozygous 26 0.99
 M694I heterozygous 12 0.45
 R761H heterozygous 12 0.45
 K695R heterozygous 11 0.42
 R241K heterozygous 6 0.23
 E167D heterozygous 3 0.11
 M680L heterozygous 3 0.11
 D661N heterozygous 2 0.08
 G632A heterozygous 2 0.08
 A744T heterozygous 1 0.04
 E125E heterozygous 1 0.04
 N766H heterozygous 1 0.04
 T681I heterozygous 1 0.04
 V659F heterozygous 1 0.04
 L110P heterozygous 1 0.04
Total 1365 51.72
Compound heterozygous
 R202Q heterozygous/M694V heterozygous 126 4.77
 R202Q heterozygous/E148Q heterozygous 59 2.24
 V726A heterozygous/M680I heterozygous 27 1.02
 E148Q heterozygous/M694V heterozygous 18 0.68
 R202Q heterozygous/M680I heterozygous 17 0.64
 R202Q heterozygous/A744S heterozygous 14 0.53
 R202Q heterozygous/V726A heterozygous 12 0.45
 M694V heterozygous/V726A heterozygous 11 0.42
 M694V heterozygous/M680I heterozygous 10 0.38
 E148Q heterozygous/R761H heterozygous 6 0.23
 E148Q heterozygous/V726A heterozygous 6 0.23
 M694I heterozygous/V726A heterozygous 4 0.15
 E148Q heterozygous/P706P heterozygous 3 0.11
 M680I heterozygous/A744S heterozygous 3 0.11
 R202Q heterozygous/R761H heterozygous 3 0.11
 E148Q heterozygous/A744S heterozygous 2 0.08
 E148Q heterozygous/M694I heterozygous 2 0.08
 M694V heterozygous/R761H heterozygous 2 0.08
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Table 1   (continued) Mutation n %

 R202Q heterozygous/G632A heterozygous 2 0.08
 A744S heterozygous/R761H heterozygous 1 0.04
 E148Q heterozygous/G632A heterozygous 1 0.04
 E148Q heterozygous/K695R heterozygous 1 0.04
 E148Q heterozygous/M680I heterozygous 1 0.04
 E148Q heterozygous/R241K heterozygous 1 0.04
 M680I heterozygous/R761H heterozygous 1 0.04
 M694V heterozygous/A744S heterozygous 1 0.04
 M694V heterozygous/M694I heterozygous 1 0.04
 R202Q heterozygous/K695R heterozygous 1 0.04
 R202Q heterozygous/M694I heterozygous 1 0.04
 R202Q heterozygous/ V704I heterozygous 1 0.04
 V726A heterozygous/R761H heterozygous 1 0.04
 E148Q heterozygous/L110P heterozygous 1 0.04
Total 340 12.88
Complex allels
 R202Q homozygous/M694V homozygous 61 2.31
 R202Q heterozygous/M694V heterozygous/V726A heterozygous 22 0.83
 R202Q homozygous/M694V heterozygous 22 0.83
 R202Q heterozygous/E148Q heterozygous/M694V heterozygous 17 0.64
 R202Q heterozygous/M694V heterozygous/M680I heterozygous 16 0.61
 R202Q heterozygous/M694V homozygous 15 0.57
 R202Q heterozygous/E148Q heterozygous/M694V heterozygous 5 0.19
 R202Q heterozygous/M694V heterozygous/R761H heterozygous 5 0.19
 R202Q heterozygous/V726A heterozygous/M680I heterozygous 4 0.15
 R202Q heterozygous/E148Q heterozygous/M694V heterozygous 2 0.08
 R202Q heterozygous/ M694V heterozygous/M694I heterozygous 2 0.08
 E148Q heterozygous/V726A heterozygous/M680I heterozygous 1 0.04
 E148Q heterozygous/V726A heterozygous/R761H heterozygous 1 0.04
 E148Q homozygous/M694V heterozygous 1 0.04
 G196W heterozygous/M694I homozygous 1 0.04
 M694V homozygous/R761H heterozygous 1 0.04
 R202Q heterozygous/E148Q heterozygous/M694V homozygous 1 0.04
 R202Q heterozygous/E148Q heterozygous/E230K heterozygous 1 0.04
 R202Q heterozygous/E148Q homozygous 1 0.04
 R202Q heterozygous/M694V heterozygous/A744S heterozygous 1 0.04
 R202Q heterozygous/M694V heterozygous/ M680I heterozygous 1 0.04
 R202Q heterozygous/R241K heterozygous/M694V heterozygous 1 0.04
nnR202Q heterozygous /M694V homozygous 1 0.04
 R202Q homozygous/M694V heterozygous 1 0.04
 R202Q homozygous/E148Q heterozygous 1 0.04
 R202Q homozygous/V726A heterozygous 1 0.04
 R241K heterozygous/M694I homozygous 1 0.04
Total 188 7.12
Number of patients with identified mutations 2076 78.7
Number of patients with no identified mutations 563 21.3
Total patient number 2639 100.0
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children than in adults (p < 0.05). In other mutations, signifi-
cance was not found between age and frequency of mutation. 
The most common clinical symptoms of the patients were 
abdominal pain (97.89%) and fever (92.46%).

Arthritis, arthralgia, and myalgia were more common 
in patients with R202Q mutations. While the frequency of 
abdominal pain was similar among mutations, the rate of 
appendectomy was more common in patients with R202Q 
mutations. Erysipelas-like erythema were more common 
in patients with E148Q mutations. Vasculitis was similar 
in frequency among the mutations. All clinical findings of 
the patients are summarized in Table 3 together with their 
genotypes.

Discussion

MEFV mutation predominantly affects people living in or 
originating from areas around the Mediterranean basin, 
mainly Arabs, Armenians, Turks and Jews. The most com-
mon mutations in Arabs are V726A, M680I and M694V, 

while in Armenians this order is seen as M694V, M680I, 
and V726 [4, 14]. In a large study of 1387 patients in Egypt, 
the most common mutations were E148Q (38.6%), M694I 
(18.1%) and V726A (15.8%) [15]. In the Jewish popula-
tion, different mutation distributions are observed according 
to different ethnic origin. M694V and E148Q in the Jews 
of North Africa, E148Q, V726A in the Askenazi Jews are 
more common. In a study conducted in Azeri Turks in Iran, 
M694V (40.2%), E148Q (13.7%) and V726A (13.7%) muta-
tions were observed [16]. Although Mutation Frequency 
shows more variability according to regions in Turkey, 
the most common mutations are M694V M680I, V726A, 
E148Q [2–4]. The reason of the differences in mutation 
carriage rate might arise from geographical differences 
among the patients from the all studies of Turkey. In addi-
tion, MEFV gene frequency were evaluated for suspected 
patients or clinical diagnosed patients (Tel Hashomer, Sim-
plified FMF diagnosis criteria) in various studies from Tur-
key. Therefore, it is assumed that the differences in MEFV 
gene mutation frequency are caused by these conditions. In 
our study of 2639 clinically suspected FMF patients the most 
common MEFV mutations were R202Q (19.55%), E148Q 
(7.05%), M694V (6.51%), V726A (2.16%), and M680I (2%) 
(Table 2). Our patients with R202Q mutation had clinical 
findings and benefited from colchicine treatment hence we 
accepted R202Q as a mutation similarly studies by Barut 
et al., Comak et al., Gumus, Kılınc et al. (Table 3) [17–20]. 
However, in some other articles, R202Q is still not consid-
ered as a mutation [21–24].

The most common mutation was R202Q which was 
detected in 1319 patients and observed in 19.55% of alles 
in our study while it was found to be 59.6%, 23.7%, 21.4% 

Table 2   The MEFV mutation frequencies in present study

Mutation type n %
(total mutation)

% (total allel)

Common mutations
 R202Q 1319 49.29 19.55
 E148Q 476 17.79 7.05
 M694V 439 16.41 6.51
 V726A 146 5.46 2.16
 M680I 135 5.04 2.00
 A744S 49 1.83 0.73
 R761H 33 1.23 0.49
 M694I 35 1.31 0.52

Rare mutations
 K695R 12 0.45 0.18
 R241K 9 0.34 0.13
 E167D 3 0.11 0.04
 M680L 3 0.11 0.04
 S179N 3 0.11 0.04
 G196W 3 0.11 0.04
 D661N 2 0.07 0.03
 L110P 2 0.07 0.03
 A744T 1 0.04 0.01
 E125E 1 0.04 0.01
 G632A 1 0.04 0.01
 N766H 1 0.04 0.01
 T681I 1 0.04 0.01
 V659F 1 0.04 0.01
 V704I 1 0.04 0.01
 Total 2676 100.00 39.66

Table 3   Comparison of the clinical features of the patients with their 
genotypes

a Erysipel-like erythema
b Amyloidosis
c HSP

Clinical symptoms R202Q
n (%)

E148Q
n (%)

M694V
n (%)

Abdominal pain 877 (97.22) 302 (87.53) 93 (97.89)
Fever 743 (82.37) 319 (92.46) 84 (88.42)
Arthralgia 569 (63.08) 208 (60.28) 47 (49.47)
Myalgia 692 (76.71) 228 (66.08) 56 (58.94)
Headache 317 (35.14) 97 (28.11) 29 (30.52)
Arthritis 278 (30.82) 71 (20.57) 21 (22.10)
ELEa 241 (26.71) 28 (81.15) 14 (14.73)
Chest pain 124 (13.74) 17 (4.92) 20 (21.05)
Renal failureb 43 (47.67) 2 (0.57) 6 (6.31)
Appendectomi 98 (10.86) 2 (0.57) 5 (5.26)
Vasculitisc 94 (10.42) 37 (10.72) 12 (12.63)
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in studies by Yigit et al., Kocakap et al., Günesacar et al. 
[25–27]. The frequencies of homozygous, heterozygous, 
compound heterozygous and complex alleles of the R202Q 
mutation were 4.05% (n = 107), 30.13% (n = 795), 8.94% 
(n = 236) and 6.86% (n = 181), respectively in present study. 
Out of the distribution of patients, the most common cases 
consisted of patients with heterozygous R202Q (30.13%) 
and heterozygous E148Q (12.05%) (Table 1). The most 
frequently observed compound heterozygote and complex 
alleles were R202Q heterozygote/M694V heterozygote 
(n = 126, 6.01%) and R202Q Homozygote/M694V Homozy-
gous (n = 61, 2.31%).

R202Q mutation was reported as a prevalent polymor-
phism. However, in recent studies, a higher frequency of 
R202Q was found among patients with FMF compared 
to healthy controls, suggesting that R202Q may be a 
disease-causing mutation [28–30]. In the study of Ritis, 
while homozygous R202Q was detected in four of 26 FMF 
patients, no R202Q homozygous mutation was found in 
any of 60 healthy individuals and the difference between 
groups was statistically significant [31]. Similarly, while 
R202Q heterozygote frequency was similar between patient 
and healthy groups in a study by Yigit et al., homozygous 
R202Q was significantly higher in FMF patients compared 
to healthy group. Comak et al. found that seven patients 
(23.3%) with the R202Q mutation had typical FMF epi-
sodes. Two of these FMF patients (3.6%) had heterozygous 
R202Q mutation. In 19 patients (63.3%) with homozygous 
R202Q mutation, at least one symptom of abdominal pain, 
fever, arthralgia/myalgia, arthritis or chest pain was observed 
[19]. In addition, Ozturk et al. presented R202Q homozygote 
mutation in two amyloidosis patients and R202Q homozy-
gote mutation was not found in the healthy group [26, 30, 
32]. Thus, the homozygote form of R202Q may be a risk 
factor in the development of FMF clinic. Furthermore 
R202Q (c.605G > A) was reported to be in linkage disequi-
librium with M694V [13]. The most frequent compound 
heterozygous was R202Q/M694V genotype in the present 
study. But FMF patients have a higher frequency R202Q 
mutation than M694V frequency, therefore there might be 
FMF patients carrying R202Q without linkage disequilib-
rium with M694V [30]. In our study, it was detected that the 
most common mutation in our region was R202Q, the clini-
cal findings of these patients were similar to the diagnostic 
clinical findings of FMF reported in the literature, and all 
patients responded to colchicine treatment [33, 34]. In this 
study, unnecessary surgical intervention (appendectomy) 
and renal failure were found to be more common in patients 
with homozygous and heterozygous R202Q mutations. In 
addition, other clinical findings of FMF patients with R202Q 
mutation were seen with a similar frequency to patients with 
the M694V mutation (Table 3). These data support that 
R202Q may be mutation rather than polymorphism. Thus, 

we think that the R202Q may be a risk factor in the develop-
ment of the FMF clinic and R202Q mutation analysis should 
be added to the routine molecular diagnosis of FMF patients.

Remarkably, in this study unlike other studies; we 
detected the S145G mutation which it has the feature of not 
being defined previously in a case that clinically diagnosed 
as FMF and benefiting from colchicine treatment. It was 
learned that the case has frequency of attacks of 4–8 weeks, 
seen as fever and abdominal pain also received response 
from colchicine treatment as in patients with other defined 
mutations of the gene. In the case clinically diagnosed as 
FMF, but who has without frequent mutations of the MEFV 
gene, the whole exome sequence analysis was performed 
and a new mutation called S145G (p.Ser145Gly, c.433A>G) 
was identified in exon 2 of the MEFV gene (https​://infev​
ers.umai-montp​ellie​r.fr/web/detai​l_mutat​ion.php). There is 
no biochemical test that can make the definitive diagnosis 
of FMF and the diagnosis is based on clinical findings (Tel 
Hashomer criteria). Therefore, it causes many examinations, 
which worrying, tiring the patients and their families and 
costly. Further it may cause unnecessary surgical interven-
tions in some of these patients. Generally, the screening of 
the most common mutations in order to diagnose confirms 
the FMF diagnosis of the majority of cases in clinical prac-
tice. So, determining regional mutations is very important 
in order not to misdiagnose patients. However, for confirm 
the diagnosis in the rarely cases which they have atypical 
clinical finding and the most common mutations are not 
available, it is considered that ’whole sequence analysis’ is 
recommended [35, 36].

The second most common mutation was E148Q which 
was described as a disease causing mutation with low pen-
etrance and mild symptoms in literature [4, 21, 37]. In our 
study, the frequency of unnecessary surgical intervention 
due to severe abdominal pain and renal failure was found 
moderate low in patients with E148Q mutation. This result 
may be related to the milder FMF clinic in patients with 
E148Q mutation. However, skin findings in the form of ery-
sipel-like erythema were more common in these patients. 
Therefore, we think that FMF should be kept in mind in 
atypical cases presenting with recurrent erythematous skin 
findings and especially without severe abdominal pain 
(Table 3). E148Q was the most second frequent mutation 
between 8.9% to 26.88% reported similarly in other studies 
by Kilinc et al., Oztuzcu et al., Cekin et al. [20–22] while 
it was reported the most common mutations with 34.1%, 
30.8% and 30.7% in studies by Yeşilada et al., Evliyaoğlu 
et al. and Ece et al. [37–39]. M694V is the third most com-
mon mutation (6.51%) in this study, similar to Kılınç et al. 
and Güneşacar et al. [20, 27]. The studies made by Evliyao-
glu et al., Yesilada et al., Coskun et al. and Gumus reported 
M694V as the second most common mutation [18, 38–40]. 
M694V was the most commonly observed mutation, which 

https://infevers.umai-montpellier.fr/web/detail_mutation.php
https://infevers.umai-montpellier.fr/web/detail_mutation.php
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was found between 14.7% to 53.8% of the MEFVs alleles in 
Turkish Patients with FMF [2, 3, 17, 22–24, 40–48]. In our 
study, the third and fourth most commonly seen mutations 
were V726A and M680I G/C which were observed 2.16% 
and 2% of carrier alleles, respectively. The rare mutations 
are listed in Table 2. During molecular analysis of MEFV 
gene in our laboratory, P708T, G296A, H739N, I247L, 
I640F, M470V variants were detected in the literature for 
the first time in FMF patient.

We detected at least one mutation in 2079 (78.77%) of 
the 2639 patients in our study group. The ratio of finding 
mutation in patients ranged between 45.6 and 67.7% in other 
studies from Turkey [3, 20, 21, 24, 25, 44, 45]. When the 
patients are evaluated in terms of MEFV gene mutation 
genotypes, it is remarkable that the most common mutation 
in both the homozygous and heterozygous genotype group 
was R202Q. In addition, when the clinical findings of the 
patients were compared with their genotype groups, the fact 
that the findings were found at similar rates in M694V muta-
tion in both homozygous and heterozygous groups, it sup-
ports our opinion that R202Q should be considered as one 
of the responsible mutations from FMF (Table 3). This result 
may have been higher than other studies because we consid-
ered R202Q as a mutation in our study. Another studies may 
be that these patients are early diagnosed because of that 
with the frequent occurrence of the disease in Hatay. The 
limitation of our study is the absence of a healthy patient 
group. Although all patients have typical FMF clinical find-
ings, studies comparing R202Q ratio with healthy group are 
needed.

In conclusion, we think that the R202Q mutation analy-
sis should be added to the routine molecular diagnosis of 
FMF patients, and that the screening of the new mutation 
(S145G) we presented before the whole sequence analysis in 
the evaluation of selected cases will be both more economi-
cal and faster. Additionally, the three most common muta-
tions in this study were R202Q (19.55%), E148Q (7.05%), 
and M694V (6.51%), respectively. The distribution rate of 
MEFV mutations differs from other regions where FMF is 
prevalent in the world, because the study group consists of 
many ethnic groups living in our region and confirms the 
mutational heterogeneity of FMF. Because of the risk of 
complications such as amyloidosis in patients with FMF, 
physicians should not waste time diagnosing the disease and 
initiating treatment.

Acknowledgements  The authors thank Hatay Mustafa Kemal Univer-
sity Hospital for contribution.

Author contributions  AA, general coordinator, who created the pro-
ject. AA and SD designed the research study, organizated the project 
and performed the research. SEC performed PCR based experiments 
and analysis of DNA sequencing data. HFE and CE analysed the data 
and performed statistical analysis. AA and CE wrote comprehensive 

literature review. AA, SD and HFE wrote the paper. All authors 
approved the final version of the manuscript and submission of the 
manuscript.

Funding  No funding was received to assist with the preparation of 
this manuscript.

Data availability  The datasets used for the current study are available 
from the corresponding author on reasonable request.

Compliance with ethical standards 

Conflicts of interest  The authors declare that there is no conflict of 
interest in our publication.

Ethics approval  The study has been approved by the ethics committee 
of Hatay Mustafa Kemal University Faculty of Medicine (2018/138).

Informed consent  Informed consent was not obtained from the patients 
due to be a retrospective study. Therefore, genetic analysis results and 
patient data were used with permission from Hatay Mustafa Kemal 
University Health Practice and Research Hospital. All authors give 
consent for participation of the current study. All authors give consent 
for publication of the manuscript in Molecular Biology Reports.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Zarouk WA, El-Bassyouni HT, Ramadan A, Fayez AG, Esmaiel 
NN, Foda BM et  al (2018) Screening of the most common 
MEFV mutations in a large cohort of Egyptian patients with 
Familial Mediterranean fever. Gene Rep 11:23–28. https​://doi.
org/10.1016/j.genre​p.2018.01.008

	 2.	 Tunca M, Akar S, Onen F, Ozdogan H, Kasapcopur O, Yalçınkaya 
F et al (2005) Familial Mediterranean fever (FMF) in Turkey: 
results of a nationwide multicenter study. Medicine 84:1–11

	 3.	 Yilmaz E, Ozen S, Balci B, Duzova A, Topaloglu R, Besbas N 
et al (2001) Mutation frequency of Familial Mediterranean Fever 
and evidence for a high carrier rate in the Turkish population. Eur 
J Hum Genet 9:553–555. https​://doi.org/10.1038/sj.ejhg.52006​74

	 4.	 Ben-Chetrit E, Touitou I (2009) Familial Mediterranean fever 
in the world. Arthritis Care Res 61(10):1447–1453. https​://doi.
org/10.1002/art.24458​

	 5.	 Pras M (1998) Familial Mediterranean fever: from the clinical 
syndrome to the cloning of the pyrin gene: editorial reviEW. 
Scand J Rheumatol 27(2):92–97. https​://doi.org/10.1080/03009​
74984​40949​

	 6.	 Livneh A, Langevitz P, Zemer D, Zaks N, Kees S, Lidar T et al 
(1997) Criteria for the diagnosis of familial mediterranean fever. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.genrep.2018.01.008
https://doi.org/10.1016/j.genrep.2018.01.008
https://doi.org/10.1038/sj.ejhg.5200674
https://doi.org/10.1002/art.24458
https://doi.org/10.1002/art.24458
https://doi.org/10.1080/030097498440949
https://doi.org/10.1080/030097498440949


2032	 Molecular Biology Reports (2021) 48:2025–2033

1 3

Arthritis Rheum 40(10):1879–1885. https​://doi.org/10.1002/
art.17804​01023​

	 7.	 Berkun Y, Eisenstein EM (2014) Diagnostic criteria of familial 
Mediterranean fever. Autoimmun Rev 13(4):388–390. https​://doi.
org/10.1016/j.autre​v.2014.01.045

	 8.	 Twig G, Livneh A, Vivante A, Afek A, Shamiss A, Derazne E 
et al (2014) Mortality risk factors associated with familial Medi-
terranean fever among a cohort of 1.25 million adolescents. Ann 
Rheum Dis 73(4):704. https​://doi.org/10.1136/annrh​eumdi​s-2012-
20293​2

	 9.	 Esmaeili M, Bonyadi M, Rafeey M, Sakha K, Somi MH (2008) 
Common MEFV mutation analysis in Iranian Azeri Turkish 
patients with Familial Mediterranean Fever. Semin Arthritis 
Rheum 37(5):334–338. https​://doi.org/10.1016/j.semar​thrit​
.2007.08.005

	10.	 Jarjour RA (2010) Familial Mediterranean fever in Syrian 
patients: MEFV gene mutations and genotype–phenotype cor-
relation. Mol Biol Rep 37(1):1–5. https​://doi.org/10.1007/s1103​
3-009-9475-9

	11.	 El-Shanti H, Majeed HA, El-Khateeb M (2006) Familial Mediter-
ranean fever in Arabs. The Lancet 367(9515):1016–1024. https​://
doi.org/10.1016/S0140​-6736(06)68430​-4

	12.	 Touitou I, Sarkisian T, Medlej-Hashim M, Tunca M, Livneh A, 
Cattan D et al (2007) Country as the primary risk factor for renal 
amyloidosis in familial mediterranean fever. Arthritis Rheum 
56(5):1706–1712. https​://doi.org/10.1002/art.22507​

	13.	 Infevers: an online database for autoinflammatory mutations. 
Copyright. https​://infev​ers.umai-montp​ellie​r.fr/. Accessed 5 May 
2019.

	14.	 Touitou I (2001) The spectrum of Familial Mediterranean Fever 
(FMF) mutations. Eur J Hum Genet 9(7):473–483. https​://doi.
org/10.1038/sj.ejhg.52006​58

	15.	 Mansour AR, El-Shayeb A, El Habachi N, Khodair MA, Elwazzan 
D, Abdeen N et al (2019) Molecular patterns of MEFV gene muta-
tions in Egyptian patients with Familial Mediterranean Fever: a 
retrospective cohort study. Int J Inflam 2019:2578760. https​://doi.
org/10.1155/2019/25787​60

	16.	 Mohammadnejad L, Farajnia S (2013) Mediterranean Fever gene 
analysis in the azeri turk population with familial mediterranean 
Fever: evidence for new mutations associated with disease. Cell J 
15(2):152–159

	17.	 Barut K, Sahin S, Adrovic A, Sinoplu AB, Yucel G, Pamuk G et al 
(2018) Familial Mediterranean fever in childhood: a single-center 
experience. Rheumatol Int 38(1):67–74. https​://doi.org/10.1007/
s0029​6-017-3796-0

	18.	 Gumus E (2018) The frequency of MEFV gene mutations and 
genotypes in Sanliurfa province, South-Eastern region of Tur-
key, after the Syrian Civil War by using next generation sequenc-
ing and report of a Novel Exon 4 Mutation (I423T). J Clin Med 
7(5):105

	19.	 Comak E, Akman S, Koyun M, Dogan CS, Gokceoglu AU, Arikan 
Y et al (2014) Clinical evaluation of R202Q alteration of MEFV 
genes in Turkish children. Clin Rheumatol 33(12):1765–1771. 
https​://doi.org/10.1007/s1006​7-014-2602-6

	20.	 Kilinc M, Ganiyusufoglu E, Sager H, Celik A, Olgar S, Cetin GY 
et al (2016) The report of sequence analysis on familial Mediter-
ranean fever gene (MEFV) in South-eastern Mediterranean region 
(Kahramanmaraş) of Turkey. Rheumatol Int 36(1):25–31. https​://
doi.org/10.1007/s0029​6-015-3329-7

	21.	 Cekin N, Akyurek ME, Pinarbasi E, Ozen F (2017) MEFV muta-
tions and their relation to major clinical symptoms of Familial 
Mediterranean Fever. Gene 626:9–13. https​://doi.org/10.1016/j.
gene.2017.05.013

	22.	 Oztuzcu S, Ulaşlı M, Ergun S, Iğci YZ, Iğci M, Bayraktar R et al 
(2014) Screening of common and novel familial mediterranean 

fever mutations in south-east part of Turkey. Mol Biol Rep 
41(4):2601–2607. https​://doi.org/10.1007/s1103​3-014-3118-5

	23.	 Dundar M, Emirogullari EF, Kiraz A, Taheri S, Baskol M 
(2011) Common Familial Mediterranean Fever gene mutations 
in a Turkish cohort. Mol Biol Rep 38(8):5065–5069. https​://doi.
org/10.1007/s1103​3-010-0652-7

	24.	 Doğan HO, Koca Y, Erden G, Karaaslan Y, Bozat H (2012) 
Evaluating MEFV mutation frequency in Turkish familial Medi-
terranean fever suspected patients and gender correlation: a ret-
rospective study. Mol Biol Rep 39(5):6193–6196. https​://doi.
org/10.1007/s1103​3-011-1437-3

	25.	 Sayın Kocakap DB, Günel-Özcan A, Çabuk F, Ensari C (2014) 
The frequency of Familial Mediterranean fever gene mutations 
and genotypes at Kirikkale and comparison with the mean of 
regional MEFV mutation frequency of Turkey. Mol Biol Rep 
41(3):1419–1426. https​://doi.org/10.1007/s1103​3-013-2986-4

	26.	 Yigit S, Karakus N, Tasliyurt T, Kaya SU, Bozkurt N, Kisacik 
B (2012) Significance of MEFV gene R202Q polymorphism in 
Turkish familial Mediterranean fever patients. Gene 506(1):43–
45. https​://doi.org/10.1016/j.gene.2012.06.074

	27.	 Gunesacar R, Celik MM, Arica V, Elmacioglu S, Ozturk OH 
(2014) Frequency of MEFV gene mutations in Hatay prov-
ince, Mediterranean region of Turkey and report of a novel 
missense mutation (I247V). Gene 546(2):195–199. https​://doi.
org/10.1016/j.gene.2014.06.019

	28.	 Celep G, Durmaz ZH, Erdogan Y, Akpinar S, Kaya SA, Guckan 
R (2019) The spectrum of MEFV gene mutations and geno-
types in the Middle Northern Region of Turkey. Eurasian J Med 
51(3):252–256. https​://doi.org/10.5152/euras​ianjm​ed.2019.18396​

	29.	 Sönmezgöz E, Özer S, Gül A, Yılmaz R, Kasap T, Takcı Ş et al 
(2019) Clinical and demographic evaluation according to MEFV 
genes in patients with Familial Mediterranean Fever. Biochem 
Genet 57(2):289–300. https​://doi.org/10.1007/s1052​8-018-9889-y

	30.	 Öztürk A, Özçakar B, Ekim M, Akar N (2008) Is MEFVGene 
Arg202Gln (605 G> A) a disease-causing mutation? Turk J Med 
Sci 38(3):205–208

	31.	 Ritis K, Giaglis S, Spathari N, Micheli A, Zonios D, Tzoano-
poulos D et al (2004) Non-isotopic RNase cleavage assay for 
mutation detection in MEFV, the gene responsible for familial 
Mediterranean fever, in a cohort of Greek patients. Ann Rheum 
Dis 63(4):438–443. https​://doi.org/10.1136/ard.2003.00925​8

	32.	 Giaglis S, Papadopoulos V, Kambas K, Doumas M, Tsironidou V, 
Rafail S et al (2007) MEFV alterations and population genetics 
analysis in a large cohort of Greek patients with familial Mediter-
ranean fever. Clin Genet 71(5):458–467. https​://doi.org/10.111
1/j.1399-0004.2007.00789​.x

	33.	 Kliegman RMSB, St Geme JW, Schor NF (2016) Hereditary 
periodic fever syndromes and other systemic autoinflammatory 
diseases. Nelson textbook of pediatrics. Elsevier, Philadelphia, 
pp 1193–1198

	34.	 Shohat M, Halpern GJ (2011) Familial Mediterranean fever—a 
review. Genet Med 13(6):487–498

	35.	 Lidar M, Livneh A (2007) Familial Mediterranean fever: clini-
cal, molecular and management advancements. Neth J Med 
65(9):318–324

	36.	 Lachmann HJ, Şengül B, Yavuzşen TU, Booth DR, Booth SE, 
Bybee A et al (2006) Clinical and subclinical inflammation in 
patients with familial Mediterranean fever and in heterozygous 
carriers of MEFV mutations. Rheumatology 45(6):746–750. https​
://doi.org/10.1093/rheum​atolo​gy/kei27​9

	37.	 Ece A, Çakmak E, Uluca Ü, Kelekçi S, Yolbaş İ, Güneş A et al 
(2014) The MEFV mutations and their clinical correlations in 
children with familial Mediterranean fever in southeast Turkey. 
Rheumatol Int 34(2):207–212. https​://doi.org/10.1007/s0029​
6-013-2858-1

https://doi.org/10.1002/art.1780401023
https://doi.org/10.1002/art.1780401023
https://doi.org/10.1016/j.autrev.2014.01.045
https://doi.org/10.1016/j.autrev.2014.01.045
https://doi.org/10.1136/annrheumdis-2012-202932
https://doi.org/10.1136/annrheumdis-2012-202932
https://doi.org/10.1016/j.semarthrit.2007.08.005
https://doi.org/10.1016/j.semarthrit.2007.08.005
https://doi.org/10.1007/s11033-009-9475-9
https://doi.org/10.1007/s11033-009-9475-9
https://doi.org/10.1016/S0140-6736(06)68430-4
https://doi.org/10.1016/S0140-6736(06)68430-4
https://doi.org/10.1002/art.22507
https://infevers.umai-montpellier.fr/
https://doi.org/10.1038/sj.ejhg.5200658
https://doi.org/10.1038/sj.ejhg.5200658
https://doi.org/10.1155/2019/2578760
https://doi.org/10.1155/2019/2578760
https://doi.org/10.1007/s00296-017-3796-0
https://doi.org/10.1007/s00296-017-3796-0
https://doi.org/10.1007/s10067-014-2602-6
https://doi.org/10.1007/s00296-015-3329-7
https://doi.org/10.1007/s00296-015-3329-7
https://doi.org/10.1016/j.gene.2017.05.013
https://doi.org/10.1016/j.gene.2017.05.013
https://doi.org/10.1007/s11033-014-3118-5
https://doi.org/10.1007/s11033-010-0652-7
https://doi.org/10.1007/s11033-010-0652-7
https://doi.org/10.1007/s11033-011-1437-3
https://doi.org/10.1007/s11033-011-1437-3
https://doi.org/10.1007/s11033-013-2986-4
https://doi.org/10.1016/j.gene.2012.06.074
https://doi.org/10.1016/j.gene.2014.06.019
https://doi.org/10.1016/j.gene.2014.06.019
https://doi.org/10.5152/eurasianjmed.2019.18396
https://doi.org/10.1007/s10528-018-9889-y
https://doi.org/10.1136/ard.2003.009258
https://doi.org/10.1111/j.1399-0004.2007.00789.x
https://doi.org/10.1111/j.1399-0004.2007.00789.x
https://doi.org/10.1093/rheumatology/kei279
https://doi.org/10.1093/rheumatology/kei279
https://doi.org/10.1007/s00296-013-2858-1
https://doi.org/10.1007/s00296-013-2858-1


2033Molecular Biology Reports (2021) 48:2025–2033	

1 3

	38.	 Yesilada E, Taskapan H, Gulbay G (2012) Prevalence of known 
mutations and a novel missense mutation (M694K) in the MEFV 
gene in a population from the Eastern Anatolia Region of Turkey. 
Gene 511(2):371–374

	39.	 Evliyaoğlu O (2009) Common MEFV gene mutations in children 
with FMF in Diyarbakır, Turkey. Dicle Med J 36:80–84. https​://
doi.org/10.5798/dicle​medj.0921.2009.02.0001

	40.	 Coşkun S, Ustyol L, Bayram Y, Bektaş MS, Gulsen S, Çim A, 
Uluca U, Savaş D (2015) The spectrum of MEFV gene mutations 
and genotypes in Van province, the eastern region of Turkey, and 
report of a novel mutation (R361T). Gene 562(1):128–131

	41.	 Albayrak F, Selcuk NY, Odabas AR, Cetinkaya R, Pirim I (2010) 
Genotype–phenotype correlation in patients with familial Medi-
terranean fever in East Anatolia (Turkey). Genet Test MolBiomark 
14(3):325–328

	42.	 Demirkaya E, Tunca Y, Gok F, Ozen S, Gul D (2008) A very 
frequent mutation and remarkable association of R761H with 
M694V mutations in Turkish familial Mediterranean fever 
patients. Clin Rheumatol 27(6):729–732. https​://doi.org/10.1007/
s1006​7-007-0780-1

	43.	 Üreten K, Gönülalan G, Akbal E, Güneş F, Akyürek Ö, Özbek 
M, Öztürk MA (2010) Demographic, clinical and mutational 
characteristics of Turkish familial Mediterranean fever patients: 
results of a single center in Central Anatolia. Rheumatol Int 
30(7):911–915

	44.	 Ozdemir O, Sezgin I, Kurtulgan HK, Candan F, Koksal B, Sumer 
H et al (2011) Prevalence of known mutations in the MEFV gene 
in a population screening with high rate of carriers. Mol Biol Rep 
38(5):3195–3200. https​://doi.org/10.1007/s1103​3-010-9991-7

	45.	 Akin H, Onay H, Turker E, Cogulu O, Ozkinay F (2010) MEFV 
mutations in patients with familial Mediterranean fever from the 
Aegean region of Turkey. Mol Biol Rep 37(1):93–98. https​://doi.
org/10.1007/s1103​3-009-9543-1

	46.	 Yasar Bilge N, Sari I, Solmaz D, Senel S, Emmungil H, Kiliç L, 
Yilmaz Oner S et al (2019) The distribution of MEFV mutations 
in Turkish FMF patients: multicenter study representing results 
of Anatolia (1303–6165)

	47.	 Yilmaz G, Senes M, Kayalp D, Yucel D (2016) Is Turkish MEFV 
mutations spectrum different among regions? J Clin Lab Anal 
30(5):641–644. https​://doi.org/10.1002/jcla.21915​

	48.	 Öksuz MF, Karkucak M, Görukmez O, Ocakoğlu G, Yıldız A, 
Ture M et al (2017) Investigation of MEFV gene polymorphisms 
(G138G and A165A) in adult patients with familial Mediterra-
nean fever. Revista Brasileira de Reumatologia (English Edition) 
57(6):501–506. https​://doi.org/10.1016/j.rbre.2016.02.004

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.5798/diclemedj.0921.2009.02.0001
https://doi.org/10.5798/diclemedj.0921.2009.02.0001
https://doi.org/10.1007/s10067-007-0780-1
https://doi.org/10.1007/s10067-007-0780-1
https://doi.org/10.1007/s11033-010-9991-7
https://doi.org/10.1007/s11033-009-9543-1
https://doi.org/10.1007/s11033-009-9543-1
https://doi.org/10.1002/jcla.21915
https://doi.org/10.1016/j.rbre.2016.02.004

	Presentation of a new mutation in FMF and evaluating the frequency of distribution of the MEFV gene mutation in our region with clinical findings
	Abstract
	Introduction
	Material and method
	Results
	Discussion
	Acknowledgements 
	References




