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Abstract
Objective: Familial Mediterranean fever (FMF) is an autosomal recessive disorder char-
acterized by recurrent febrile attacks accompanied by serosal and synovial membrane in-
flammation. FMF is caused by mutations in the MEFV gene and are found usually among 
Mediterranean populations, Armenians, Turks, Arabs and Jews. The aim of this study was 
to determine the frequency of MEFV gene mutations among FMF patients in the Azeri 
Turk population in North-West of Iran. 

Materials and Methods: In this descriptive study, 130 FMF patients with Azeri Turk origin 
were screened for mutations in four exons (2, 3, 5 and10) of MEFV gene. Genomic DNA 
was extracted from whole blood and entered in ARMS-PCR and PCR-RFLP reactions. 
When cases were negative in ARMS-PCR and PCR-RFLP, the exons were amplified and 
subjected to direct sequencing.

Results: Our results showed that the most common mutations in this study population 
was M694V (40.19%) followed by E148Q (17.64%), V726A (13.72%), M680I (12.74%) 
and M694I (2.94%) mutations. Four new mutations including K618N, K716M, S614F and 
G136E were identified in our study. 

Conclusion: The prevalence of five common mutations in our study was highly similar 
to previous studies analysing the Mediterranean basin populations. Investigation by se-
quencing also revealed four new variants in the study population. The main  genotype- 
phenotype correlation finding was the presence of M694V mutation in homozygote or 
compound heterozygote state in the patients with renal manifestations.
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Introduction

Familial Mediterranean fever (FMF), the most 
common hereditary periodic fever, is an autoso-
mal recessive acute inflammatory disorder charac-
terized by relapsing self-resolving febrile attacks 
and inflammation. It is accompanied by peritoni-
tis, pleuritis, arthritis, skin rash and pain. The most 
severe complication of FMF is secondary ami-
loidosis commonly influencing the kidneys (11% 

of cases), and sometimes the adrenals, intestine, 
spleen, lung and testis (1-3). Moreover, clinical 
characteristics of the disease are different among 
patients from different ethnic groups (4). FMF 
mainly affects people from the Mediterranean ba-
sin countries especially Turks, Arabs, Armenians, 
and Sephardic Jews with a genetic prevalence of 
6-8%. However, sporadic cases are also reported 
from other ethnicities (1, 2, 5). The carrier frequen-
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cy for MEFV mutations in the populations that are 
more affected is very high, ranging from 37-39% in 
Armenians and Iraqi Jews and up to 20% in Turks, 
North African and Ashkenazi Jews, and Arabs. De-
spite high carrier prevalence in these populations, 
the frequency of FMF is less than anticipated, im-
plying that the disease is either under diagnosed or 
that disease-related mutations have low penetrance 
(6). Until recently, the diagnosis of FMF was based 
on clinical signs, ethnicity, family history and re-
sponse to colchicine. The identification of FMF 
causing gene (MEFV) has led to many studies ana-
lyzing the frequency of various mutations in differ-
ent populations (7). The gene responsible for FMF 
(MEFV) is located on chromosome 16p13.3 and 
includes 10 exons. MEFV encodes a 781-amino-
acid protein termed pyrin/marenostrin which prob-
ably assists the negative regulation of granulocyte-
mediated inflammation. Nowadays, more than 200 
sequence variants have been reported in the MEFV 
gene but not all are pathologic (1, 2). Most of these 
mutations are substitutions in exon 10. Five most 
commonly observed mutations i.e M694V, M680I, 
M694I, V726A and E148Q are responsible for a 
large percentage (about 65-95%) of observed mu-
tations in different ethnic groups (1). 

Iran is a country with different ethnic groups, in-
cluding Persian (51%), Azeri Turk (24%), Kurd 
(7%), Arab (3%), and other smaller groups, such as 
Armenian. Although there are several FMF suscepti-
ble ethnic groups in Iran, the prevalence of FMF re-
lated mutations in the Iranian population has not been 
well defined. Only few MEFV gene mutational stud-
ies have been carried out about common FMF muta-
tions in the Iranian population (5, 8-10). In this study 
the frequency of mutations in 4 exons of MEFV gene 
were investigated in clinically diagnosed FMF pa-
tients of Azeri Turk origin.

Materials and Methods
Patients 

This descriptive study was carried out in the mo-
lecular biology lab in Tabriz biotechnology research 
center over a three year period of 2008-2010. The 
subjects include 130 (78 males, 52 females) Azeri 
Turk individuals living in the North West region of 
Iran. The subjects included 117 patients who fulfilled 
published diagnostic criteria for FMF and 13 of their 
asymptomatic first-degree relatives. The clinical 
inclusion and exclusion criteria were based on the 

standard Tell Hoshomer criteria for FMF diagnosis 
(2). A complete medical report and family history was 
collected for each individual and all of them provided 
informed consent before entering the study. This re-
search was approved by the Ethical Committee of Ta-
briz University of Medical Sciences.

DNA extraction and PCR analysis 

DNA was extracted from peripheral blood 
leukocytes of the patients by standard methods 
(5, 11). According to previous studies, ARMS-
PCR (amplification refractory mutation sys-
tem-PCR) and PCR-RFLP (PCR-restriction 
fragment length polymorphism) techniques 
were reliable methods to detect the point mu-
tations (12, 13). Accordingly, we decided to 
use these techniques for detection of common 
MEFV mutations. Four common mutations in 
exon 10 (Met694Val, Met680Ile, Val726Ala, 
Met694Ile) were investigated by ARMS PCR 
and E148Q mutation in exon 2 was detected by 
PCR-RFLP using Ava1 restriction enzyme (Fer-
mentas, Lithuania). The primers were designed 
by Oligo software version 5.0 and the expected 
product sizes are shown in table 1. Polymer-
ase chain reaction (PCR) was performed in 25 
microliter reaction volumes containing 100 ng 
genomic DNA, 25 pmols primers (MWG, Ger-
many), 0.2 mM dNTPs (Fermentas, Lithuania), 
2.5 mL reaction buffer (Fermentas, Lithuania) 
and 1U Taq DNA polymerase (Fermentas, 
Lithuania). Cycling conditions were 94˚C, four 
minutes, followed by 30 cycles of denatura-
tion at 94˚C, one minute, annealing (at 58˚C 
for M694V and V726A, 66˚C for M680I, 64˚C 
for M694I and 63˚C for E148Q), 30 seconds, 
extension at 72˚C for 30 seconds and a final 
extension of  72˚C for 5 minutes. PCR reac-
tions were carried out in a thermo cycler (Ep-
pendorf, Germany). The proper positive and 
negative controls were used for each reaction. 
PCR products and restriction enzyme-digested 
fragments were separated by electrophoresis 
on a 2% agarose gel (Sigma Aldrich, Germa-
ny). Ethidium bromide staining of the agarose 
gel was used to detect the amplified fragments. 
The results of PCR-RFLP and ARMS-PCR 
were checked by sequencing of randomly se-
lected samples.
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Table 1: The sequence of oligonucleotides used in ARMS-PCR and PCR-RFLP methods and expected product sizes
Expected product sizeSequencePrimer name

183 bp

5'-TATCATTGTTCTGGGCTC-3'
5'-TGGTACTCATTTTCCTTCAC-3'
5'-TGGTACTCATTTTCCTTCAT-3'

M694V common
Mutant
Normal

183 bp

5'-TATCATTGTTCTGGGCTC-3'
5'-CTGGTACTCATTTTCCTTT-3'
5'-CTGGTACTCATTTTCCTTC-3'

M694I common
Mutant
Normal

197 bp

5'- GGAAACAAGTGGGAGAGGCTGC-3'
5'- GTAGCCATTCTCTAGCGACAGTGCC -3'
5'- GTAGCCATTCTCTAGCGACAGTGCG -3'

M680I common
Mutant
Normal

230 bp

5'- TTGGAGACAAGACAGCATGGATCC-3'
5'- GTCACATTGTAAAAGGAGATGCTTGCTG-3'
5'-CTGTCACATTGTAAAAGGAGATGCTTGCTA-3'

V726A common
Mutant
Normal

247 bp
5´- ATATTCCACACAAGAAAACGGC-3´
5´- GAGGCTTGCCCTGCGCG-3´

E148Q forward
E148Q reverse

Direct Sequencing 
Direct sequencing was used for samples with nega-

tive results in ARMS-PCR and PCR-RFLP. Entire 
exons (2, 3, 5, 10) were amplified and subjected to se-
quencing by dideoxy method using sequencing prim-
ers (Table 2). The sequencing results were compared 
with the MEFV reference coding sequence available 
at NCBI with GenBank accession number AF111163.

Table 2: The sequence of primers used in direct  sequencingmethod

5´- TTGCATCTGGTTGTCCTTCC - 3´FMF-E2-F

5´- CCGATATAAAGTAGGAA
AGAACAC- 3´

FMF-E2-R

5´-’TCCACTGCATGTCCCCAGG-3´FMF-E3-F

5´- CAAGTGCCTGGCAGAGA
AGAGC-3´

FMF-E3-R

5´- CATACTGATAGGCACAGG
GGACC -3´

FMF-E5-F

5´- TCCACGTCCACCCACAGCAC -3´FMF-E5-R

5´-CCCATGGACCCCTACCTAGG- 3´FMF-E10-F

5´-AAGAGAGATGCAGTGTTGGGC-3´FMF-E10-R

Statistical analysis 

Descriptive statistics including Mean, per-
centage and standard deviation were used for 
the analysis of data obtained in this study. The 
significance of  differences between the means 
was assessed by t test analysis.

Results

Clinical criteria

According to the recorded demographic 
data, all of the patients were from Azeri Turk 
origin. The age range of subjects was between 
4 months to 51years (mean of 22 ± 14.4 years) 
and the mean age of onset was 5.2 ± 3.9 years. 
Analysis of clinical symptoms according to 
the Tel-Hashomer criteria (2) showed a clas-
sic pattern where fever (84.03%) and perito-
nitis (78.15%) were the most common clinical 
symptoms. Clinical criteria is summarized in 
table 3.

Table 3: Frequency of FMF symptoms in our cohort study
Erysipelas-like erhythemaRenal manifestationsArthritisPleuritisPeritonitisFeverClinical symptom

7 (5.88)19 (15.96)58 (48.73)50 (42.01)93 (78.15)100 (84.03)No (%) 
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MEFV genotyping 
Molecular diagnosis of mutations was carried out by 

ARMS-PCR, PCR-RFLP and sequencing methods. A 
total of twenty one different genotypes were identified 
between 78 FMF patients. No MEFV mutations were 
found in 52 cases. Among 117 cases with FMF diagnosis 
and 13 asymptomatic relatives, 28 (21.53%) patients had 
homozygote mutations, 26 (19.95%) cases were found 
to have one heterozygote mutation and the remaining 
24 (18.46%) were compound heterozygotes (Table 4). 
Four healthy relatives of patients were found to carry one 
heterozygote MEFV mutation (M694V and M680I), two 
of them were parents of an affected child with M694V/
M680I compound heterozygote genotype. Two remain-
ing relatives were parents of two patients with single 
heterozygote M694V and M680I mutations. Figures 1-5 
show mutation analysis for 5 common MEFV gene mu-
tations by ARMS-PCR and PCR-RFLP.

Table 4: MEFV genotypes in 130 FMF patients from 
North-West of Iran

Number (%)GenotypeMutation

6 (4.61) M694V/-

Heterozygote 

8 (6.15) E148Q/-

3 (2.3)V726A/-

1 (0.76)M694I/-

2 (1.53)R761H/-

2 (1.53)A744S/-

4 (3.07)new variant /- 

6 (4.61)M694V/V726A

Compound 
heterozygote

6 (4.61) M694V/M680I

4 (3.07)M694V/E148Q

2 (1.53)M680I/V726A

2 (1.53)V726A/E148Q

2 (1.53)M694V/M694I

2 (1.53)G632A / new 
 variant

17 (13.07)M694V

Homozygote

5 (3.84)M680I

4 (3.07)E148Q

1 (0.76)V726A

1 (0.76)New variant

78 (60)Total patients 
with mutation

M694V accounted for the majority of FMF 
mutations with a frequency of 40.19% fol-
lowed by E148Q (17.64%), V726A (13.72%), 
M680I (12.74%) and M694I (2.94%). Other/
novel mutations detected by complete exon 
sequencing were found in 11(8.42%) cases as 
shown in table 4. The results also indicated 
that five common missense mutations namely 
M64V, M680I, M694I, V726A and E148Q ac-
counted for 87.25% of detected MEFV muta-
tions. 

Fig 1: ARMS-PCR result for M694V mutation. Detection 
of four common MEFV gene mutations by ARMS-PCR. 
For each mutation, the ARMS assay consists of two PCR 
reactions specific for the normal and mutant alleles. 
Lane1, 3, 5 and 7 are reactions for mutant alleles and 
lanes 2, 4, 6 and 8 are reactions for normal alleles. Lane 
9 and 10 are for no DNA controls and lane 11 is the DNA 
ladder.

Fig 2: ARMS-PCR result for M680I mutation. Detec-
tion of four common MEFV gene mutations by ARMS-
PCR. For each mutation, the ARMS assay consists of 
two PCR reactions specific for the normal and mutant 
alleles. Lane1, 3, 5 and 7 are reactions for mutant alleles 
and lanes 2, 4, 6 and 8 are reactions for normal alleles. 
Lane 9 and 10 are for no DNA controls and lane 11 is 
the DNA ladder.
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Fig 3: ARMS-PCR result for V726A mutation. Detection of 
four common MEFV gene mutations by ARMS-PCR. For 
each mutation, the ARMS assay consists of two PCR reac-
tions specific for the normal and mutant alleles. Lane1, 3, 5 
and 7 are reactions for mutant alleles and lanes 2, 4, 6 and 
8 are reactions for normal alleles. Lane 9 and 10 are for no 
DNA controls and lane 11 is the DNA ladder.
 

Fig 4: ARMS-PCR result for M694I mutation. Detection of four 
common MEFV gene mutations by ARMS-PCR. For each mu-
tation, the ARMS assay consists of two PCR reactions specific for 
the normal and mutant alleles. Lane1, 3, 5 and 7 are reactions for 
mutant alleles and lanes 2, 4, 6 and 8 are reactions for normal 
alleles. Lane 9 and 10 are for no DNA controls and lane 11 is 
the DNA ladder.

Fig 5: PCR-RFLP analysis of E148-Q mutation in FMF pa-
tients. Lane 1. undigested PCR product; lane 2, mutant heterozy-
gote; lanes 3 and 4, mutant homozygote, lane 5, normal and lane 
6. size marker.

Sequencing analysis

In the course of screening via direct sequencing, sev-
en different mutations were found in 11 patients with 
negative results in ARMS- and RFLP- PCR. Three of 
these mutations i.e. A744S, G632A and R761H have 
been reported in previous studies, whereas four mu-
tations were novel to this study. Nucleotide change 
1853G>C causing lysine-to-asparagine substitution 
in codon 618 (K618N) was detected in homozygote 
and heterozygote form in one and three symptomatic 
FMF cases respectively. Also this new variant was 
found in a compound heterozygote state with G632A, 
a previously reported mutation, in two patients. Pa-
tient affected by K618N homozygote mutation have a 
severe form of disease whereas other new mutations 
was found in the symptomatic patients with mild to 
moderate state. All other novel variants were found on 
only one MEFV allele in the symptomatic patients as 
summarized in table 5.

Table 5: The list of novel variants of MEFV gene found in this study
Number of exonNumber of affected patients StateAmino acid changeNucleotide change

101Heterozygote K716 M2147A>T

103Heterozygote K618N1853G>C

101Homozygote K618N1853G>C

101HeterozygoteS614F1841C>T

21HeterozygoteG136E407G>A
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 Genotype-phenotype correlation 
Among 13 cases with renal manifestation, six pa-

tients were homozygote for the M694V mutation and 
2 cases were M680I homozygotes. The remaining 5 
affected people were compound heterozygotes with 
the following genotypes: M694V/M680I in 2 cases, 
M694V/M694I, M694V/V726A and G632A/K618N in 
one patient. The results also indicated that homozygote 
M694V mutation is associated with the severe form of 
the disease (p<0.05). However, there was no signifi-
cant association between other clinical criteria and the 
specific mutations (p>0.05).

Discussion
The allele frequency of MEFV mutations varies 

among ethnic groups. The Iranian Azeri Turk ethnic-
ity is considered to be a susceptible population to FMF, 
but there are scant reports on the prevalence of MEFV 
mutations in this population (1, 2, 9, 14). In the present 
study we have analyzed the frequency of MEFV muta-
tions in Azeri Turk population living in North West of 
Iran. This is the first study that was undertaken by se-
quencing method for mutation analysis of four MEFV 
exons in this ethnic group. 

The results of our study indicated that M694V vari-
ant was the most common mutation (40.19%) in this 
cohort study, followed by E148Q (17.64%), V726A 
(13.72%), M680I (12.74%) and M694I (2.94%). 
These results are consistent with previous studies in 
Azeri Turk population by PCR and Strip assay meth-
ods (8- 10). However in a study on 36 FMF patients 
in the central part of Iran (Tehran city), the most com-
mon mutations were M680I, M694V, V726A, E148Q 
and M694I with the frequency of 23.6, 22.6, 15.3, 6.9  
and 2.8%, respectively (10). The different frequency 
distribution of mutations may be related to the small 
sample size or genetic heterogeneity. Also the mutation 
frequency in our study group was in agreement with 
studies in Turks (3, 15-18), Armenians (2, 19, 20) and 
Jews (3, 21-23). M694V, V726A, E148Q and M680I, 
which were the four most common mutations in our 
cohort study, were also the most frequent reported mu-
tations in Mediterranean populations (2, 3). The geno-
type frequency in our study and their comparison to 
other studies are summarized in table 6.

It has been shown that some rare MEFV mutations 
tend to be over represented in particular ethnic groups, 
but have been sporadically seen in other populations. 
For instance, R761H is more prevalent in Armenians 
and Turks, K695R in Jews,  A744S in Arabs and F479L 
in Armenians (1). Screening by sequencing found sev-

en rare mutations in our study population, where three 
of them (R761H, A744S, G632A) had previously been 
reported in FMF subjects in other studies and four mu-
tations (K716 M, K618N, S614F, G136E) were novel. 
K618M mutation was detected in homozygote once and 
compound heterozygote state in three symptomatic FMF 
patients. The other three mutations were found in het-
erozygote form in FMF affected patients in the absence 
of any other mutations. All of these new variants were 
found in patients with clinical symptoms characteristic 
of FMF. Two of these novel changes were discovered in 
compound heterozygote form with G632A, a mutation 
known to be associated with FMF.  Also no other muta-
tions were identified in the complete exon sequencing of 
MEFV in patients affected with one novel heterozygote 
mutation. Consequently, these changes may be consid-
ered as FMF causes mutation and recommended to study 
in future studies. Also, the relevance of these novel muta-
tions to FMF should be confirmed by studying in a large 
patients group and control subjects in different ethnic 
groups.

Different studies reported a significant association 
between M694V mutation and the severity of disease 
(3, 27, 28). It has been shown that patients with ho-
mozygote M694V mutation have an earlier onset and 
higher frequency of arthritis compared to the other 
genotypes. Also the prevalence of renal amyloidosis is 
higher in M694V homozygous patients than in patients 
with other MEFV genotypes (29-31). In this study we 
found an association between M694V mutation and 
severity of the disease and renal manifestation. But, we 
did not find any association between specific mutation 
or genotypes and other clinical features, such as, age 
of onset, attack frequency etc. 

The presence of only one MEFV mutation in clini-
cally diagnosed FMF patients have always been a sub-
ject of concern. At first, some researchers supposed 
the presence of mutations in the second MEFV allele, 
but a number of studies have not detected any other 
mutation in the complete gene sequencing (18, 32). It 
has been suggested that modifying genes such as ma-
jor histocompatibility complex (MHC) class-I-chain-
related gene A (MICA) and serum amyloid A (SAA) 
could be a possible reason for such observations.  In 
some cases, FMF has been reported as a dominant 
state with low penetrance (6, 33). Our results are con-
sistent with the hypothesis about the clinical implica-
tions of some FMF mutations in heterozygous forms. 
The frequency of heterozygote subjects in our study 
was 19.95%. So it seems that, the presence of a given 
mutation is enough to cause FMF clinical symptoms 
in some patients.
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Table 6: The MEFV mutation frequency in our cohort study in comparison to other study populations
Other/new mutationsM694IM680IV726AE148QM694VDescent/ references

1 (0-3)7 (0-14)13 (6-31)11 (2-14)3.5 (1-13)45 (41-73)Turkish (3, 15-18)

6 (2-10)0 (0-1)1 (0-8)3 (0-12)5 (4-10)65 (56-100)Jewish (3, 21-23)

2 (1-5)2 (0-10)20 (5-27)19 (11-26)3 (1-11) 37 (21-52)Armenian (3, 19, 20)

3 (0-7)12 (0-42)7 (0-21)14 (0-29)6 (0-11)20 (9-23)Arabs (3, 24-26)

19 (10-28)2 (2-3)17 (12-23)16 (15-17)12 (6-16)39 (22-54)Iranian (8-10)

8.422.9412.7413.7217.6440.19Our study

Conclusion
This study analyzed the spectrum of MEFV mu-

tations among FMF patients of Azeri Turk origin 
in the North West region of Iran. A genotype-phe-
notype correlation showed an association between 
the M694V mutation and the severe form of the 
disease and renal manifestation. Also the results of 
our study revealed presence of novel mutations in 
Iranian Azeri Turk population.
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