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Objective: Familial Mediterranean Fever (FMF) is an autosomal recessively inherited auto inflammatory disorder.
MEFV gene, causing FMF, encodes pyrin that is associatedwith the interleukin-1 (IL-1) related inflammation cas-
cade. The aim of this study was to investigate the relationship of interleukin-1 receptor antagonist (IL-1Ra) and
interleukin-4 (IL-4) polymorphisms with the risk of FMF in the Turkish population.
Methods: This study included 160 patients with FMF (74men, 86women) and 120 healthy controls (50 men, 70
women), respectively. Genotyping of IL-1Ra rs2234663 polymorphismwas evaluated by gel electrophoresis after
polymerase chain reaction (PCR). The IL-4 rs79071878 polymorphismwas determined by PCR-based restriction
fragment length polymorphism (PCR-RFLP) analysis. The results of analyses were evaluated for statistical signif-
icance.
Results: Therewas no significant difference in IL-1Ra genotype and allele distributions between FMF and the con-
trol groups (p N 0.05). However, a significant associationwas observed between FMF patients and control groups
according to IL-4 genotype distribution (p= 0.016), but no association was found in the allelic frequency of IL-4
between FMF patients and the controls (p N 0.05, OR: 1.131, CI 95%: 0.71–1.81).
Conclusions: The IL-4 rs79071878 polymorphism, was associated whereas the IL-1Ra rs2234663 polymorphism
was not associated with FMF risk in the Turkish population. Larger studies with different ethnicities are needed
to determine the impact of IL-1Ra and IL-4 polymorphism on the risk of developing FMF.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Familial Mediterranean Fever (FMF; OMIM 249100) is a recessively
inherited auto-inflammatory disorder. FMF has been predominantly
found in ethnic groups living around the Mediterranean basin (Jews,
Arabs, Turks, and Armenians). FMF is clinically characterized by recur-
rent and self-limited attacks of fever, arthritis, erysipelas-like skin
disease, abdominal pain, and inflammation of serous membranes
(Yigit et al., 2014a). MEFV, the gene responsible for FMF, encodes
the pyrin protein (Grattagliano et al., 2014). Pyrin takes a role in
the events that are related to the innate immune system, which is re-
sponsible for primary defense against noxious agents and external path-
ogens (Portincasa et al., 2013). In a so-called inflammasome complex,

pyrin and other proteins are likely to prompt the conversion of pro-
interleukin (IL)-1β to interleukin-1β (IL-1β), and pyrin plays a funda-
mental role in the development of fever, inflammation and apoptosis
(Portincasa et al., 2013). It is considered that variant forms of pyrin in-
appropriately trigger neutrophil activation, causing unprovoked and
short-lived bursts of systemic inflammation that are clinically seen in
FMF (Lachmann et al., 2006).

Interleukin-1 (IL-1) are molecules that have a regulatory role in initi-
ating and modulating immunologic and inflammatory events (Cai et al.,
2014). The interleukin-1 receptor antagonist (IL-1Ra) (also called IL-
1RN) is included in the IL-1 family (Perrier et al., 2006). IL-1Ra is an im-
portant anti-inflammatory molecule that competes with interleukin-1
alpha (IL-1α) and interleukin-1 beta (IL-1β) thus inhibits the activities
of these cytokines and modulates a number of IL1-related immune and
inflammatory activities (Granowitz et al., 1991; Arend et al., 1998). IL-
1Ra gene is a polymorphic that causes quantitative differences in IL-1Ra
and IL-1β production (Kamenarska et al., 2014). In the second intron of
the IL-1Ra gene, there is a variable tandem repeat polymorphism
(VNTR) 86 base pairs in length (Jaiswal et al., 2012). The number of rep-
etitions in this sequence ranges between 2 and 6. The most frequent is
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allele 1 (four repeats) followed by allele 2 (2 repeats) in general popula-
tion. The other three alleles are rarely seen, i.e. less than 1% in most pop-
ulations. The role of IL-1Ra VNTR polymorphism in the development of
inflammatory diseases has been the subject of any research (Fischer
et al., 1992).

Interleukin-4 (IL-4) is the main cytokine secreted by T helper 2 lym-
phocytes (Th2), basophils andmast cells and is mappedwithin the cyto-
kine gene cluster on chromosome 5q31.1 (Song et al., 2013). IL-4 plays a
key regulatory role in humoral and adaptive immune responses andneg-
atively regulates the production of pro-inflammatory cytokines (Cuneo
and Autieri, 2009). IL-4 contains several polymorphisms. One of these
is a VNTR polymorphism in its third intron which is associated with IL-
4 production (rs79071878). This polymorphism contains three alleles:
a P1 allele (2 repeats = 183 bp), a P2 allele (3 repeats = 253 bp) and a
P3 allele (4 repeats) (Birbian et al., 2014; Kazemi, 2010). The allele
with three repeats is the most common one, and the allele with two
repeats is rare. It is reported that another rare allele of four repeats
exists only in a few populations (Mout et al., 1991). It has been
established that P1 allele causes an increase in IL-4 expression more
than P2 allele (Yigit et al., 2014b). The purpose of this study was to eval-
uate the distribution of the IL-1Ra rs2234663 and IL-4 rs79071878 poly-
morphisms in Turkish patients with FMF and to determine whether
these polymorphisms are a risk factor for the development of FMF.

2. Materials and methods

2.1. Patients

160 patients with FMF (74 men and, 86 women) and 120 healthy
controls (50 men and, 70 women) who presented to Samsun Training
and Research Hospital and Giresun University, Faculty of Medicine, De-
partment of Medical Genetic and Gaziosmanpasa University, Faculty of
Medicine, Department of Internal Medicine were included in the
study. All the participants were informed of the study protocol and
their written informed consent was received. Subjects included in the
study were of Turkish origin from the Central Black Sea region of
Turkey. All patients were different from our previous study subjects
(Yigit et al., 2014a) and had come from different regions. The diagnosis
of FMF was carried out according to Tel Hashomer criteria. The protocol
of the study was approved by the Clinical Studies Ethics Committee of
Trabzon Kanuni Education and Research Hospital (2015/06-04), and
the study was conducted in accordance with the Helsinki Declaration.

2.2. Genotyping

Genomic DNAs isolated from whole blood collected from FMF pa-
tients and the control groups by the standard procedures (Sigma-Al-
drich, St. Louis, MI, USA) were stored at −20 °C. The rs2234663
polymorphism of IL-1Ra and the rs79071878 polymorphism of IL-4
were analyzed according to the protocols described previously, respec-
tively (Tarlow et al., 1993; Mout et al., 1991). The rs2234663 of IL-1Ra
gene was analyzed by polymerase chain reaction (PCR). PCR reaction
was performed in a 25 μL final volume containing 25 pM of each primer,
0.1 mM of dNTP, 0.5 μg of genomic DNA, 1.5 mM of MgCl, 2 and 2.5 μL of
PCR buffer and 1.5 unit of Taq DNA polymerase according to the follow-
ing protocols: initial denaturation at 94 °C for 4 min; 30 cycles of dena-
turation at 94 °C for 45 s, annealing at 51 °C for 30 s, and extension at
72 °C for 45 s; and final extension at 72 °C for 5min. Two oligonucleotide
primers forward: 5′-CTC AGC AAC ACT CCT AT-3′ and reverse: 5′-TTC
CAC CAC ATG GAA C-3′ based on flanking region of the IL-1Ra gene
were used. PCR products were separated by electrophoresis on a 3% aga-
rose gel and visualized by ethidium bromide staining. Five different al-
leles of IL-1Ra were described as follows: allele 1 four repeats (410 bp);
allele 2, two repeats (240 bp); allele 3, five repeats (500 bp); allele 4,
three repeats (325 bp) and allele 5, six repeats (595 bp).

For IL-4, PCR was performed in a 25 μl reaction mixture containing
50 ng DNA, 0.8 μM of each primer, 200 μM of each dNTP, 2.5 mM
MgCl, 1.5 units Taq polymerase, 2.5 μl 10× KCl buffer. Amplification
was performed using the forward 5′ AGG CTG AAA GGG GGA AAG C-
3′ and reverse 5′-CTG TTC ACC TCA ACT GCT CC-3′ primers, with initial
denaturation at 95 °C for 5 min, 30 cycles of denaturation at 94 °C for
30 s, annealing at 58 °C for 45 s, extension at 72 °C for 1 min and final
extension at 72 °C for 10 min. The PCR products were separated on a
3% agarose gel and visualized by ethidium bromide staining. The PCR
products were of 183 bp for the P1 allele and 253 bp for the P2 allele.

2.3. Statistical analysis

All statistical analyses of data were performed using the computer
software SPSS version 15.0 for Windows and OpenEpi Info software
package program. Genotype distributions and allele frequencies were
compared between FMF patient and controls by χ2 test and Fisher's
exact test. Odds ratio (OR) and 95% confidence intervals (CIs) were cal-
culated. P values of 0.05 or less were considered statistically significant.

3. Results

In the present study, a total of 280 subjects, including 160 FMF pa-
tients and 120 adult healthy controls were genotyped for the IL-1Ra
and IL-4 polymorphisms. Baseline clinical and demographic features of
the patient and control groups are shown in Table 1. The mean age ±
standard deviation (SD) was 19.69 ± 12.69 in patients and 19.53 ±
12.60 in the control group. There were 86 (53.9%) women and 74
(46.1%) men in the patient group and 70 (58.3%) women and 50
(41.7%) men in the control group. Five alleles were observed in
patients and control subjects. The overall distribution of IL-1Ra
genotypes did not differ significantly between FMF cases and controls.
The most frequent genotype observed was 1.1 (50.0%) followed by 1.2
(37.22%) in the patient group. Two alleles, 1 and 2, were the most fre-
quent ones. In study, we detected the following IL-1Ra alleles in the pa-
tient group: IL-1Ra 1 (70.83%), IL-1Ra 2 (26.94%), IL-1Ra 3 (0.55%), IL-
1Ra 4 (1.66%), and IL-1Ra 5 (0%). No significant difference was observed
in the IL-1Ra allele frequencies between patients and the control group

Table 1
Demographic and clinical characteristics of the study and control groups.

Characteristic Control group,
n (%)

Study group, n(%)

Gender, male/female 50/70
(41.7/58.3)

74/86 (46.1/53.9)

Age, mean ± SD, year 19.53 ± 12.60 19.69 ± 12.69
Age of first symptoms, mean ± SD, year 10.47 ± 6.86
Age of onset, mean ± SD, year 16.27 ± 9.40
The frequency of attacks, mean ± SD, day 24.88 ± 14.53
Usage of colchicine

No/Yes 54/106 (33.8/66.2)
Family history

No 83 (51.9)
Yes
1. degree 53 (33.1)
2. degree 19 (11.7)
3. degree 5 (3.2)

Fewer
No/Yes 27/133(16.9/83.1)

Abdominal pain
No/Yes 14/146 (9.1/90.9)

Thoracic Pain
No/Yes 114/46 (71.4/28.6)

Joint involvement
No/Yes 52/108 (32.5/67.5)

Appendicitis
No/Yes 142/18 (89/11)

Erythema
No/Yes 133/27 (83.1/28.6)

SD: Standard deviation.
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