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Öz

Amaç
Ailesel Akdeniz Ateşi (FMF) olası tanısı olan hasta-
larda MEFV gen mutasyon varyantlarının sıklığı ve 
dağılımını değerlendirmeyi amaçladık.

Gereç ve Yöntem
Eylül 2018 ve Eylül 2019 arasında FMF hedef mutas-
yon analizi yapılan hastalar retrospektif olarak ince-
lendi. Yirmi altı farklı MEFV gen mutasyon varyantı in-
celendi. Çalışma katılımcılarının demografik ve klinik 
verileri hasta listelerinden ve hastane elektronik veri 
tabanı sisteminden toplanmıştır.

Bulgular
Refere edilen 910 hastanın 350'sinde (%38.5) FMF 
mutasyonu pozitif bulundu. Toplamda, MEFV genin-
de 41 farklı genotip ve 26 farklı mutasyon tespit et-
tik. En yaygın mutasyon ve genotip sırasıyla M694V 
ve heterozigot M694V idi. İki yüz yetmiş altı hasta-
da (%78.9) tek bir mutasyon vardı. Yetmiş dört has-
tada bileşik heterozigot mutasyon vardı (%21.1). En 
yaygın bileşik heterozigot mutasyon P369S/R408Q 

(%23.3) idi. Beş kurucu mutasyon, tespit edilen tüm 
mutasyonların yüzde yetmiş beşini oluşturdu. Genel 
olarak diğer çalışmalarda incelenmeyen nadir mutas-
yonlar 15 hastada (%4.2) iki farklı bileşik heterozigot 
genotip formunda mevcuttu. Bu nadir mutasyonların 
toplam alel sıklığı %5 idi.

Sonuç
Bu çalışmada, MEFV mutasyonlarının genişletilmiş 
bir panelini inceledik ve literatürde Türk hastalarda 
yapılan önceki çalışmaların çoğundan daha kompleks 
genotipler tespit ettik.

Anahtar Kelimeler: Ailesel Akdeniz Ateşi; MEFV; 
Mutasyon; M694V

Abstract 

Objective
We aimed to evaluate frequency and distribution 
MEFV gene mutation variants in patients with pre-
sumptive diagnosis of Familial Mediterranean Fever 
(FMF).  
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Material and Methods
Patients who had undergone FMF targeted mutation 
analysis between September 2018 and September 
2019 were retrospectively analyzed. Twenty-six dis-
tinct MEFV gene mutation variants were studied. De-
mographic and clinical data of study participants were 
collected from patient charts and hospital electronic 
database system. 

Results
Out of 910 referred patients, 350 (38.5%) were found 
to have a positive FMF mutation. In total, we dete-
cted 41 different genotypes and 26 different mutati-
ons in the MEFV gene. The most common mutation 
and genotype were M694V and heterozygous M694V, 
respectively. Two hundred and seventy-six patients 
(78.9%) had a single mutation. Seventy-four patients 
had compound heterozygous mutation (21.1%). The 

most common compound heterozygous mutations 
were P369S/R408Q (23.3%). Five founder mutations 
constituted the seventy-five percent of the all mutati-
ons detected. Rare mutations that generally not exa-
mined in other studies were present in 15 patients 
(%4.2) in the form of two different compound heteroz-
ygous genotype. The total allele frequency of these 
rare mutations was 5%.

Conclusion
In this study, we examined an extended panel of 
MEFV mutations and detected more complex geno-
types than most of the previous studies conducted in 
Turkish patients in the literature. 

Keywords: Familial Mediterranean Fever; MEFV; 
Mutation; M694V

Introduction

Familial Mediterranean Fever (FMF) is the most com-
mon form of the autoinflammatory disorders. The 
disease is characterized by recurrent self-limited at-
tacks of fever and serositis (1). Turkey has the highest 
prevalence of the disease reportedly (2). The general 
prevalence is around 0.1% but as high as 1% in some 
parts of the Anatolia (3). FMF is also common among 
other ethnic groups, including Arabs, Jews, and Ar-
menians, among others. 

FMF is inherited as autosomal recessive and caused 
by a mutation in the Mediterranean fever gene (MEFV) 
which is located on the  chromosome 16 and codes 
pyrin protein. Pyrin takes part in the innate immune 
system, and the mutated form of the protein leads to 
an exaggerated inflammatory reaction via increased 
production of interleukin-1 (4). The diagnosis of FMF 
is based on the demonstration of two mutations with-
in the MEFV gene in patients with suggestive clinical 
symptoms. However, the MEFV gene mutations can-
not be detected in 10-20% of the patients who have 
a typical FMF clinical picture and/or response to col-
chicine. It has been suggested that this might be due 
to the mutations in upstream or downstream to MEFV 
associated inflammatory pathways (5). 

More than 300 MEFV gene mutations have been re-
ported to date. However, the five founder mutations, 
M694V, V726A, M680I, M694I, and E148Q, are re-
sponsible for approximately 80% of the total FMF 
cases (6). The most commonly reported genotype is 
homozygous M694V. Several single-center and mul-
ticenter studies have reported relative frequencies of 

FMF gene mutations in Turkey untill now (7-12). How-
ever, almost all of the studies that examined mutation 
frequency and type have used up to 12 different mu-
tation types. 

We think that knowledge about the relative frequen-
cies of less commonly seen MEFV mutation types 
would facilitate genetic diagnosis efforts and reduce 
the percentage of patients who have clinically sug-
gestive FMF but a negative genetic analysis. Thus, 
we aimed to evaluate FMF patients who were referred 
to our genetic center with a presumptive clinical diag-
nosis of FMF using genetic analysis that involved 26 
MEFV gene mutation variants. 

Materials and Methods

Design and Setting
This was a retrospective analysis of patients with a 
pre-diagnosis of familial Mediterranean fever (FMF) 
who were referred from various outpatient clinics in-
cluding pediatrics, and rheumatology, among others. 
The study included patients who had undergone FMF 
targeted mutation analysis between September 2018 
and September 2019 at the Medical Genetics Depart-
ment of Uludag University Faculty of Medicine, Bursa. 
The study protocol was approved by the Uludag Uni-
versity Clinical Studies Ethical Committee (No:2020-
5/14).

Data Collection
Demographic and clinical data of study participants 
were collected from patient charts and hospital elec-
tronic database system, including patient sex and age, 
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family history of FMF, history of appendectomy opera-
tion, presence of abdominal pain, recurrent fever, joint 
pain and swelling, and systemic AA amyloidosis. 

Genetic Analysis of FMF
Peripheral venous blood samples were used for mu-
tation analysis. The DNAs were isolated from the 
peripheral blood. Each area involving particular mu-
tations (E148Q, P369S, F479L, M680I G>C/G>A, 
M694V, M694I, K695R, V726A, A744S, R761H, 
E84K, G304R, E148V, E167D, T267I, L110P, P283L, 
E230K/Q, G632S, R42W, R653H, R408Q, I591T, and 
R354W) in exons 1, 2, 3, 5, 9 and 10 of the MEFV gene 
was amplified via reverse transcriptase-polymerase 
chain reaction (RT-PCR) using special primaries with 
an internal control (SNP Biotechnology, FMF-26 Mul-
tiplex  Real Time PCR Kit, Ankara, Türkiye). Mutation 
analysis of determined amplification was performed 
simultaneously with RT-PCR. Allele frequencies, mu-
tation types and rates were also analyzed. 

Statistical Analysis
Statistical analysis of the study data was performed 
with Statistical Package for Social Sciences-SPSS 23 
(ABD, Chicago, Illinois, USA). Categorical variables 
were expressed as number and percentage. Contin-
uous numerical variables were expressed as mean 
+/- standard deviation. Bar chart depicting respective 
frequencies of genotypes was constructed with Micro-
soft Excel 2019.

Results

Clinical and Demographic Characteristics
A total of 910 patients (476 (52.3%) females) who 
were referred to our center with a presumptive diagno-
sis of FMF were included in the study. The mean age 
of the entire group was 15.8 ± 13.4 years. Of these, 
350 patients (38.5%) were found to have a positive 
FMF mutation. In the whole group, the most common 

symptom was recurrent abdominal pain in both sexes. 
On the other hand, the second most common symp-
toms were joint pain and recurrent fever in males and 
females, respectively. Twenty patients (2.2%) had bi-
opsy-proven AA amyloidosis (Table 1). 

Among 350 patients who had FMF mutation, 182 
patients (48%) were female. The mean age of the 
patients was 16.9 ± 13.8 years. The most common 
symptom was recurrent abdominal pain in females, 
whereas recurrent fever in males. The second most 
frequent symptoms were recurrent abdominal pain 
and joint pain in males and females, respectively. In 
total, 5.4% of the cohort had biopsy-proven AA amy-
loidosis (Table 2). 

FMF Mutation Analysis
In total, we detected 41 different genotypes and 26 
different mutations in the MEFV gene. Out of 350 
mutation-positive patients, 276 patients (78.9%) 
had a single mutation. The most prevalent mutation 
in the genotype analysis was heterozygous M694V 
(n=97, 27.7%). The second and third most common-
ly encountered mutations were heterozygous E148Q 
(16.2%) and homozygous M694V (8.8%), respective-
ly. Overall, 12 different FMF mutations were detect-
ed as a single mutation in genotype analysis of mu-
tation-positive patients. Mutations G632S and T267I 
were the least common of all, seen in only 1 patient 
for each. Most of the single mutations were heterozy-
gous (83%). Most of the patients who had heterozy-
gous mutation had M694V mutation. 

Seventy-four patients had compound heterozygous 
mutation (21.1%). In total, we found 24 distinct se-
quence variations of compound heterozygous muta-
tions. The most common compound heterozygous 
mutation was P369S/R408Q (23.3%). The distribution 
of studied mutations is shown in Table 3. 
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Table 1 Clinicodemographic features of the entire study population  

Signs and/or symptoms Female n (%) Male n (%) Total n (%)
Recurrent abdominal pain 201 (42.2%) 164 (37.8%) 365 (40.1%)

Recurrent fever 150 (31.5%) 168 (38.7%) 318 (34.9%)

Joint pain 196 (41.2%) 146 (33.6%) 342 (37.6%)

Joint swelling 59 (12.4%) 42 (9.7%) 101 (11.1%)

History of appendectomy 20 (4.2%) 27 (6.2%) 47 (5.2%)

Amyloidosis 12 (2.5%) 8 (1.8%) 20 (2.2%)

Total 476 (100%) 434 (100%) 910
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Overall, we studied five founder mutations in our 
patients. The most common of these was M694V 
(38.1%), E148Q (20.4%), and V726A (8.9%). Five 
founder mutations constituted the seventy-five per-
cent of the all mutations detected (Table 4)

We studied rate and allele frequencies of rare muta-
tions that generally have not been examined in the 
literature, including E167D, E230K, G632S, I591T, 
L110P, R408Q, R635H, R671H, T267I. The most 

common of these mutations was R408Q, which was 
present in 15 patients (%4.2) in two different com-
pound heterozygous genotypes. The total allele fre-
quency of these rare mutations was 5%.

The complex genotype rate among 350 patients with 
at least one MEFV mutations was 3.7%. The most 
common complex genotype variant was E148Q/ 
P369S/ R408Q triplet. We also detected a quartet 
complex genotype in two patients (Figure 1). 

000

t

Table 2 Clinicodemographic features of genetically confirmed FMF patients  

Signs and/or symptoms Female n (%) Male n (%) Total n (%)
Recurrent abdominal pain 71 (39%) 62 (36.9%) 133 (38%)

Recurrent fever 54 (29.7%) 66 (39.3%) 120 (34.3%)

Joint pain 67 (36.8%) 52 (31%) 119 (34%)

Joint swelling 17 (9.3%) 13 (7.7%) 30 (8.6%)

History of appendectomy 12 (6.6%) 22 (13.1%) 34 (9.7%)

Amyloidosis 11 (6%) 8 (4.8%) 19 (5.4%)

Total 182 (100%)  168 (100%) 350

Figure 1
Bar-chart demonstrating frequency of observed genotypes

Table 4 Allele Frequency of founder mutations

Mutation Number of alleles Frequency (%)
M694V 185 38.1%

E148Q 99 20.4%

V726A 43 8.9%

M680I 33 6.8%

M694I 6 1.2%
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Table 3 Distribution of simple and compound FMF mutations 

Genotype Mutation type Patient number n (%)

M694V
Heterozygous (n=97) 
Homozygous (n=31)

128 (46.4%)

E148Q
Heterozygous (n=57)
Homozygous (n=6)

63 (22.8%)

V726A
Heterozygous (n=23)
Homozygous (n=6)

29 (10.5%)

M680I
Heterozygous (n=18)
Homozygous (n=2)

20 (7.3%)

R761H
Heterozygous (n=10)
Homozygous (n=1)

11 (4.0%)

A744S Heterozygous 8 (2.9%)

K695R Heterozygous 7 (2.5%)

M694I Heterozygous 4 (1.5%)

P369S Heterozygous 2 (0.7%)

I591T Heterozygous 2 (0.7%)

G632S Heterozygous 1 (0.4%)

T267I Heterozygous 1 (0.4%)

Total simple mutation 276 

P369S/ R408Q Heterozygous 14 (23%)

M694V/ E148Q Heterozygous 10 (16.4%)

M694V/ M680I Heterozygous 6 (9.8%)

V726A/ M694V Heterozygous 6 (9.8%)

V726A/ M680I Heterozygous 4 (6.6%)

M694V/ R761H Heterozygous 3 (4.9%)

M694V/ E148Q Heterozygous 2 (3.3%)

E148Q/ M680I Heterozygous 2 (3.3%)

E148Q/ L110P Heterozygous 2 (3.3%)

P369S/ R635H Heterozygous 1 (1.6%)

P369S/ I591T Heterozygous 1 (1.6%)

P369S/ A744S Heterozygous 1 (1.6%)

M694V/ E230K Heterozygous 1 (1.6%)

V726A/ R671H Heterozygous 1 (1.6%)

P369S/ V726A Heterozygous 1 (1.6%)

M680I/ I591T Heterozygous 1 (1.6%)

G632S/ R635H Heterozygous 1 (1.6 %)

E148Q/ V726A Heterozygous 1 (1.6%)

E148Q/ R408Q Heterozygous 1 (1.6%)

E148Q/ P369S Heterozygous 1 ((1.6%)

E148Q/ K695R Heterozygous 1 (1.6%)

Total compound heterozygotes 61

E148Q/ P369S/ R408Q Heterozygous 10 (76.9%)

M694V/ E148Q/ P369S/ R408Q Heterozygous 2 (15.4%)

V726A / E167D/ F479L Heterozygous 1 (7.7%)

Complex mutations 13

Total 350
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Discussion

The salient findings of this current study were as fol-
lows; (i) The most common mutation and genotype 
were M694V and heterozygous M694V, respectively. 
(ii) Seventy-four patients (21.1%) had compound het-
erozygous mutation. The most common compound 
heterozygous mutation was P369S/R408Q (23.3%). 
(iii) Five founder mutations constituted the seven-
ty-five percent of all mutations detected. (iv) Rare mu-
tations that generally not examined in other studies 
was present in 15 patients (%4.2) in the form of two 
different compound heterozygous genotype. The total 
allele frequency of these rare mutations was 5%.

To the best of our knowledge, this present study is 
among the few studies that examined rare mutations 
of FMF. We, in total, investigated the rate and allele 
frequencies of 26 different MEFV mutations. Twelve 
of these mutations have rarely been studied in the 
literature in Turkish patients. Overall, 15 patients 
(4.2%) have these rare mutations, and the total al-
lele frequency was 5%. If we could not have studied 
these rare mutations, 15 patients would have been 
deemed to have one heterozygous mutation errone-
ously. Thus, the inclusion of these rare mutations in 
the routine genetic panels of FMF mutations might 
impact the diagnosis and prospective treatment of 
several patients. 

It is well-known that up to 10-20% of patients who were 
deemed to have FMF based on the clinical findings do 
not have any detectible MEFV mutation. For instance, 
Coskun et al. (9) reported that there was no mutations 
in 54.3% of their study cohort. The authors only stud-
ied 12 different mutations in their patients. The nega-
tive MEFV mutation rate was also reported with other 
studies ranging between 9% and 61% (12-15). In our 
study, we found that 61.5% of the referred patients 
did not have the MEFV gene mutation. Although we 
performed a much larger MEFV gene variant mutation 
analysis, almost two-thirds of our patients were muta-
tion free. Several explanations account for this; first, 
the refereed patients might actually not have FMF. 
Second, some of these patients might have much rar-
er mutations that we did not study or not currently de-
fined mutations, considering the number of described 
mutations is now over 300. However, it is clear, when 
we include more mutations in our standard MEFV 
variant panels, these negative MEFV mutation ratios 
inevitably would reduce to some extent. 

Several studies in recent years have evaluated the 
frequency of the MEFV gene mutations in various 
parts of Turkey (7, 8, 10, 13, 14, 16). In addition, a 

number of multicenter studies also evaluated the 
same variables in larger cohorts of FMF patients (12, 
17). However, in almost all of these previous studies, 
12 MEFV mutations at best were studied. Gumus et 
al. studied the MEFV gene with a 24 mutation pan-
el in Turkish and Syrian refugee patients (18). In the 
majority of the studies, the most commonly detected 
mutation was M694V mutation. However, some stud-
ies reported R202Q (7), V726A (10), and R202Q (11) 
as the most frequent MEFV mutation in their respec-
tive cohorts. The M694V mutation was also the most 
common mutation in our study. 

According to the ethnic buildup of the examined area, 
the genotype of MEFV mutations also shows varia-
tion. Yasar Bilge and colleagues (12), in their multi-
center study, reported homozygous M694V genotype 
as the most common, whereas Yildirim et al. found 
that heterozygous M69V was the most commonly en-
countered genotype (8). We found that heterozygous 
MEFV was the most commonly seen genotype. 

Complex MEFV genotype means the presence of 
more than 2 different mutations in the MEFV gene 
simultaneously. Most of these genotypes involve 3 
mutations, while very rarely four mutations can be 
seen. Complex genotype rates were reported less 
than 1.5% of all detected genotypes in several Turk-
ish studies (8, 15, 19, 20). Predictably, these studies 
used more narrow genetic panels consisting of fewer 
mutations. One study from southeastern Turkey re-
ported the frequency of complex genotype as being 
5.1%. The authors used a larger panel that contained 
more mutations similar to the one that we used in 
our study (18). Our results showed that 3.7% of the 
patients had a complex genotype. So, it is plausible 
to speculate that the more different number of MEFV 
mutations you use, the more complex genotypes you 
detect. 

Some limitations of this present study should be men-
tioned. First, since the retrospective nature of the 
study and patients were referred from various clinics, 
we did not know how many of the patients fulfilled the 
FMF diagnostic criteria. Second, we conducted a ret-
rospective single-center study whose results are dif-
ficult to generalize to other regions of Turkey. Lastly, 
we did not evaluate phenotype-genotype association 
since we did not make sure the referral notes about 
the patients were complete and comprehensive. 

Despite these limitations, we conducted a relatively 
large single-center study. More importantly, we ex-
amined more MEFV mutations more than most of 
the previous older studies in the literature. Notably, 
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we detected a greater number of complex genotypes 
than most previous studies had done. 

Conclusion

In conclusion, the most common mutation and gen-
otype were M694V and heterozygous M694V, re-
spectively. Five founder mutations constituted the 
seventy-five percent of all mutations detected. Rare 
mutations that generally not examined in other stud-
ies was present in 15 patients (%4.2) in the form of 
two different compound heterozygous genotype. The 
total allele frequency of these rare mutations was 5%. 
The complex genotype rate was more than most pre-
vious studies reported. 
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