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Abstract

Objective: An inhibitory protein of inflammation pyrin/marenostrin is 
encoded by the Mediterranean fever (MEFV) gene. Mutations of this gene 
are known to cause familial Mediterranean fever (FMF) disease. A relation 
between mutations of the MEFV gene and rheumatic diseases was also 
suggested. The aim of the present study was to investigate the frequency 
of four common mutations of the MEFV gene in 110 rheumatoid arthritis 
(RA) patients and 98 healthy controls (HC) inhabiting a region of eastern 
Turkey. 
Material and Methods: DNA extraction was realized by salting out 
method from peripheral blood lymphocytes of all subjects included 
in the study. Polymerase chain reactions (PCR) amplification of exon 
10 was performed by the appropriate primers, and single-nucleotide 
polymorphisms (SNPs) were detected by specific restriction endonucleases 
recognizing the mutational DNA or wild-type DNA regions. 
Results: Mutation frequency of RA patients was higher than in HC, but 
this result was not statistically significant (p>0.05). 
Conclusion: The MEFV mutation rate of RA patients living in eastern 
Turkey was not significantly different from HC. Further studies are needed 
to investigate other gene mutations that may affect RA etiopathogenesis.
Key Words: Rheumatoid arthritis, Mediterranean fever, pyrin, single-
nucleotide polymorphisms

Özet

Amaç: Enflamasyonu inhibe edici bir protein olan pyrin/marenostrin, Ailevi 
Akdeniz ateşi (AAA) geni tarafından kodlanır. Bu gendeki mutasyonların, 
AAA hastalığına sebep olduğu bilinir. Akdeniz ateşi geninin mutasyonları 
ile romatolojik hastalıklar arasında da bir ilişki olduğu ileri sürülmüştür. Bu 
çalışmanın amacı AAA geninin en sık rastlanan 4 mutasyonunun frekansını, 
Türkiye’nin doğusunda yaşayan 110 romatoid artrit (RA) hastasında ve 98 
sağlıklı kontrol (SK) bireylerinde araştırmaktır.
Gereç ve Yöntemler: DNA eldesi, çalışmaya dahil edilen bütün bireylerin 
periferal lenfositlerinden “salting out” metoduyla gerçekleştirilmiştir. Ekzon 
10’un polymerase chain reactions (PCR) amplifikasyonu uygun primerler 
yardımıyla yapılmış ve tek nükleotid polimorfizimleri (TNP) mutasyonel 
veya yabanıl tip DNA bölgelerini tanıyan spesifik restriksiyon endonükleazlar 
yardımıyla belirlenmiştir. 
Bulgular: Bu çalışmada, romatoid artrit hastalarının mutasyon frekansı, 
SK bireylerinden daha yüksek bulundu. Ancak, bu sonuç istatistiksel olarak 
anlamlı değildi (p>0,05). 
Sonuç: Türkiye’nin doğusunda yaşayan RA hastalarındaki AAA mutasyon 
oranı, SK bireylerinden anlamlı derecede farklı değildi. Romatoid artrit 
etyopatogenezinde etkili olabilecek diğer gen mutasyonlarını araştırmak için 
yeni çalışmalara ihtiyaç bulunmaktadır.
Anahtar Kelimeler: Romatoid artrit, Akdeniz ateşi, pyrin, tek nükleotid 
polimorfizimleri
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Introduction

Rheumatoid arthritis (RA) is a chronic and inflammatory dis-
ease characterized by synovial inflammation that causes cartilage 
and bone destruction as well as systemic defects, including cardio-
vascular, pulmonary, psychological, and skeletal disorders (1,2).  
Symmetrically affected joints and inflammation are the main 
symptoms of RA, separating it from other forms of arthritis (3).  
The etiology of RA is unclear, but it has been suggested that 
the inflammatory and autoimmune activities lead to destruction 
of joint surfaces. This destruction restricts the joint motion and 
causes some deformities (1,4). 

Pyrin/marenostrin protein is involved in the anti-inflammato-
ry pathway (5). Mutated forms of pyrin are frequently found in 
familial Mediterranean fever (FMF) patients. The gene encoding 
pyrin is known as Mediterranean fever (MEFV) gene (6). Until the 
discovery of this gene, the function of pyrin was unknown (7).  
Later, it was found that pyrin was upregulated by anti-inflam-
matory signals, such as IL-10 and IL-4 (8). The function of pyrin 
is thought to inhibit the inflammation process by binding to 
apoptosis-associated speck-like (ASC) protein with its pyrin 
domain (PYD) and reduce the activity of caspase-1 (7). When 
non-functional or low levels of pyrin are expressed, caspase 1 
activates and leads to stimulation of IL-1β, which causes inflam-
mation (7). Increased or inhibited inflammasome activity may 
be the molecular basis of the symptoms associated with pyrin-
related autoinflammatory disorders, like RA. 

In the current study, we aimed to determine the four most 
common mutations in exon 10 of the MEFV gene, which are 
responsible for more than 80% of FMF alleles of FMF disease, 
in RA patients and healthy controls (HC) inhabiting a region of 
eastern Turkey.

Material and Methods

The blood samples were collected from 110 RA patients (42 
males and 68 females) and 98 age-/sex-matched HC (42 males 
and 56 females). Patients with other inflammatory, autoim-
mune, acute, or chronic infectious diseases and diabetes mel-
litus were excluded from the study. Mean age of the RA patients 
and HC was 41±15.21 and 42±13.89 years, respectively. DNA 
extraction was realized by salting out method from peripheral 
blood lymphocytes (9). The oligonucleotide primers were se-
lected from an earlier study (10) and optimized for appropri-
ate annealing temperatures in our laboratory. Polymerase chain 
reactions (PCRs) were performed according to these annealing 
temperatures in a final volume of 25 µL. Genotyping was per-
formed by restriction enzyme digestion of amplicons according 
to protocols provided by the supplier of the enzymes. The four 
most common observed mutations (M680I, M694V, M694I, and 
V726A) of the MEFV gene were analyzed in this study. The study 
was approved by the local ethics committee of Yüzüncü Yıl Uni-
versity Faculty of Medicine, and the patients’ written informed 
consent was obtained.

The restriction enzymes and expected fragment sizes after the 
digestion are given in Table 1. Digested fragments were moni-
tored in agarose gels at concentrations of between 3% and 4%. 

Statistical Analysis
Descriptive statistics were expressed as count and percent. 

Chi-square test was used to test the significance of the distribu-
tion of mutations between RA patients and HC. Statistical signifi-
cance levels were considered as 5%, and the Statistical Package 
for the Social Sciences (SPSS) (ver. 13) statistical program was 
used for all statistical computations. 

Results

The mutation frequencies of RA patients and HC are sum-
marized in Table 2. 12.9% of RA patients were heterozygous for 
the four most common MEFV gene mutations. The total muta-
tion frequency of HC was 9.7%. Statistical analyses showed that 
there was no statistically significant difference between the re-
sults obtained from RA patients and HC (p>0.05). Although no 
statistically significant difference was found between all normal 
and mutant genotypes in both patient and control groups, the 
frequency of the mutant genotype was higher in RA patients 
than HC (Table 3). The observed frequencies of genotypes in RA 
patients and HC were consistent with the expected frequencies 
according to the Hardy-Weinberg law.

Discussion

In this study, we aimed to determine the mutation frequency 
of the MEFV gene in RA patients by examining the status of the 
four most common mutations of this gene. For this purpose, the 
M680I, M694V, M694I, and V726A mutations were investigated 
in DNA samples isolated from peripheral blood of 110 RA pa-
tients and 98 HC. In the design stage of this study, we expected 
statistically significant results between RA patients and HC in 
terms of these mutations, due to the role of inflammation in the 
etiology of RA and also the role the MEFV gene product, pyrin, in 
anti-inflammatory processes (11). After laboratory analysis, we 
detected a mutation frequency of the MEFV gene of 12.9% and 
9.7% in RA patients and HC, respectively. Although our data 
supported that the mutation rate of this gene is higher in RA 
patients than HC, this result was not significantly different. 

In a similar study performed by Rabinovich et al. (12) con-
ducted in totally 98 Israeli RA patients, consisting of 74 females 
and 24 males, mutations M694V and V726A, which we also 
determined in the current study, were investigated. Mutation 
frequency of M694V was 4%. The E148Q mutation of exon 2 
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Table 1. Restriction enzymes and expected fragment sizes

 Restriction Expected DNA 
SNP Enzyme fragments

M680I Hinf I Wild; 126 bp+234 bp 
  Mutant; 360 bp

M694V Hph I Wild; 195 bp+23 bp 
  Mutant; 218 bp

M694I Pag I Wild; 195 bp 
  Mutant; 182 bp+13 bp

V726A Alu I Wild; 360 bp 
  Mutant; 320 bp+40 bp

SNP: single-nucleotide polymorphism; bp: base pair
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was also evaluated, and its mutation rate was reported as 12%. 
In that study, the total mutation frequency was determined as 
17% in RA patients. One of the striking points was that all of the 
determined E148Q mutations (12%) were obtained from female 
patients. These data are consistent with the earlier finding that 
females have more risk for RA than males (1). But, these findings 
are contradicted by the results obtained from another study car-
ried out in parents of FMF patients by Chetrit et al. (13). In this 
study, parents of FMF patients were found to be homozygously 
mutated for the E148Q mutation. Interestingly, these mutation 
carriers have no symptom for FMF. As a result of this study, it 
was suggested that E148Q mutations were not found to be the 

cause of FMF disease and inflammation and that this mutation 
should be considered as a “sequence variant.” 

In the study of Koca et al. (14) in which RA patients and HC 
were compared, 8 total mutations were analyzed. The mutation 
rate of MEFV was defined as 25.2% and 23.3% in RA patients and 
HC, respectively. Interestingly, in that study, mutation rates of 
E148Q and M694V were higher in HC than RA patients (E148Q 
RA: 9.7%, HC: 12.6% and M694V RA: 1.9, HC: 5.8%). The rea-
son for the high total frequency of MEFV was the E148Q muta-
tion. In an MEFV mutation screening study of Yilmaz et al. (15) 
conducted in a Turkish population, like the study of Koca et al. 
(14), the mutation rate obtained from HC was 2.4%. This value 

Table 2. Genotype frequencies of rheumatoid arthritis patients and healthy controls

 Patient group Control group Genotype frequencies Genotype frequencies 
Genotype n=110 n=98 of patient group of control group

M680I 

MM 107 97 0.97 0.99

MI 3 1 0.03 0.01

II 0 0 0.00 0.00

M694V  

MM 108 97 0.98 0.99

MV 3 1 0.02 0.01

VV 0 0 0.00 0.00

M694I

MM 108 95 0.98 0.97

MI 2 3 0.02 0.03

II 0 0 0.00 0.00

V726A

VV 103 93 0.94 0.95

VA 7 5 0.06 0.05

AA 0 0 0.00 0.00

Table 3. Statistical results for crosstable of genotype and groups

 Patient group Control group 
Genotype n=110 n=98 OR (95% CI) p value

M680I    

MM 107 97

MI 3 1 2.716 (0.278-26.583) 0.801

M694V    

MM 108 97 

MV 2 1 1.796 (0.160-20.122) 0.232

M694I    

MM 108 95

MI 2 3 0.586 (0.966-3.584) 0.341

V726A    

VV 103 93

VA 7 5 1.264 (0.388-4.119) 0.152

OR: odds ratio
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was quite low when compared to the value of Koca et al. (14).  
High MEFV mutation rates in studies by Rabinovich et al. (12) 
and Koca et al. (14) resulted from E148Q. Mutation rates of 
M694V, M694I, M680I, and V726A in both studies were close to 
each other and the current study. 

In a previous study conducted in FMF patients in which 
expression of the MEFV gene was determined, diminished ex-
pression of this gene was reported in M694V mutation carrier 
patients (16). The findings of Ustek et al. (11) were in consistent 
with the results of Notarnicola et al. (16). In both studies, altera-
tion in the expression of the MEFV gene was investigated in FMF 
patients in acute attack and attack-free periods. They showed 
lower mRNA levels of MEFV in blood samples collected during 
acute attack periods than attack-free periods, which may indi-
cate that a decrement of MEFV gene expression might trigger 
FMF attacks. The researchers concluded that decreased MEFV 
expression is related with acute inflammation (11). 

Data obtained from this study revealed that there is no re-
markable relationship between the M680I, M694V, M694I, and 
V726A mutations observed in 10th exon of the MEFV gene and 
RA. Our finding is consistent with the results of two other previ-
ous studies (12,14). However, we realized a discrepancy while 
we compared the results of those studies to each other in terms 
of the E148Q mutation. Whereas Rabinovich et al. (12) reported 
a higher E148Q mutation rate in RA patients than HC, Koca et al. 
(14) reported a lower rate of this mutation in RA patients. 

A limitation of this study is that the numbers of RA patients and 
HC could be much higher. In addition, more sensitive techniques, 
apart from restriction fragment length polymorphism (RFLP) and 
amplification refractory mutation system (ARMS), could be used.

Conclusion

In conclusion, although we expected statistically significant 
results between RA patients and HC in terms of the M680I, 
M694V, M694I, and V726A mutations in the design stage of 
this study, we saw that the MEFV mutation rate between these 
two groups was slightly different from each other. New research 
is needed to examine all mutations of the MEFV gene that may 
affect RA etiopathogenesis.
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