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Abstract Familial Mediterranean fever (FMF) is an auto-
somal recessive disorder characterized by intermittent epi-
sodes of fever with serositis, arthritis, or eriseplemya.
Plasminogen activator inhibitor 1 (PAI-1) is a key element
in the inhibition of fibrinolysis by inactivating tissue-type
and urokinase-type plasminogen activators. We evaluated
the association of PAI-1 -675 4G/5G polymorphism with
the severity of FMF disease. For this purpose, 89 FMF
patients with M694V homozygous mutation and 95 healthy
controls from Iranian Azeri Turks were selected. Detection
of this polymorphism was performed by polymerase chain
reaction using allele-specific primers. No significant associ-
ation was found between patients and control group. How-
ever, these data showed that FMF patients with M694V
homozygous mutation carrying 4G/4G genotype have a
reduced risk for development of pleuritis (odds ratios (OR)
0.36; 95 % confidence intervals (CI) 0.5–0.85; P value0
0.007) compared with 5G/5G homozygotes who have in-
creased risk for development of amyloidosis (OR02.46; 95
%CI01.29–4.72; P value00.001), pleuritis (OR02.55; 95
%CI01.31–4.99; P value00.001), and fever (OR04.68; 95

%CI02.04–10.96; P value00.000). Furthermore, the allelic
frequency of the 4G among the patients with pleuritis was
significantly low (OR00.5, 95 % CI00.27–0.92, P value0
0.008). Conclusion Our data suggest a protective role for the
4G allele against pleuritis in FMF patients with M694V
homozygous mutation in this cohort. More evaluation of
this polymorphism may be important and require further
studies.

Keywords Familial Mediterranean fever . Plasminogen
activator inhibitor 1 4G/5G Polymorphism . Amyloidosis .

Iranian Azeri Turks

Introduction

Familial Mediterranean fever (FMF) (MIM 249100) is an
autosomal recessive autoinflammatory disorder characterized
by painful episodes of fever with serositis, arthritis, or erysip-
elas-like skin lesions and may be complicated by amyloidosis
[32]. The disease mostly occurs in Armenians, Sephardic
Jews, North African, Turks, and Arabs [2, 4]. Amyloidosis
due to chronic inflammation leading to renal failure is one of
the most severe complications of this disease [24, 32]. During
FMF attacks, not only a developed acute-phase response
occurs but also high levels of inflammatory mediators like
tumor necrosis factor–alpha, interleukin-6, and serum
amyloid-A can be found [22, 23, 29]. The gene responsible
for FMF, MEFV, is located on chromosome 16p13.3 and
composed of 10 exons which encode a protein, called pyrin
or marenostrin [39, 42]. Pyrin is expressed mainly in neutro-
phils and myeloid cell lineage [2, 9] and suppresses inflam-
matory process by inactivating the immune response; without
this control, an inflammatory reaction occurs [39, 42]. Differ-
ent mutations have been identified in theMEFV gene and the
most frequent causative mutations are V726A, M694V,
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M694I, M680I, and E148Q [7, 17]. Phenotype–genotype
correlation of the disease shows that M694V mutation is a
significant factor in predicting the development of amyloid-
osis [3, 4]. Therefore, patients who are homozygous for
M694V mutation have severe FMF disease and a greater
tendency to develop amyloidosis [8, 36].

Plasminogen activator inhibitor type-1 (PAI-1) is a glyco-
protein with a molecular weight of approximately 50 kDa [18,
21]. PAI-1 is member of a superfamily of serine protease
inhibitors and is the major plasminogen activator inhibitor in
humans [6]. It is synthesized by the vascular endothelium and
also exists in platelets [37]. Hormones, cytokines, and growth
factors can induce PAI-1 production [6, 12, 28]. PAI-1 is a key
element in the inhibition of fibrinolysis by inactivating tissue-
type and urokinase-type plasminogen activators [18, 27, 35,
40, 41]. The PAI-1 not only inhibits the fibrinolytic system,
but it is also involved in regulation of cell migration, invasion,
and adhesion during the inflammatory process [1].

The human PAI-1 gene is located on the long arm of
chromosome 7 and includes nine exons and eight introns
[38]. Various polymorphisms have been studied within the
gene, including a HindIII restriction fragment length poly-
morphism, a cytosine–adenine (CA) dinucleotide repeat and
a single nucleotide insertion/deletion (4G/5G) polymor-
phism 675 bp upstream of the transcriptional start site in
the promoter [10, 11]. Subjects with the 4G/4G genotype
have significantly higher PAI-1 concentrations than those
with the 4G/5G or 5G/5G genotype [15] because both 4G
and 5G alleles can bind a transcriptional activator, while the
5G allele also binds a repressor protein at this site and
resulting in lower transcription of the PAI-1 gene [27]. There
are numerous PAI-1 antagonists like angiotensin-converting
enzyme inhibitors and insulin-sensitizing agents that de-
crease plasma levels of PAI-1. These drugs can use for some
disorders such as amyloidosis [31]. The association of PAI-1
4G/5G polymorphism with susceptibility to several disor-
ders like coronary artery disease [25], acute myocardial
infarction [20], type 2 diabetes [30], and other diseases like
Buerger’s disease [28] has been shown.

We hypothesized that PAI-1 4G/5G polymorphism may
have an effect on the severity of FMF and it may be an
important risk factor for having amyloidosis in the presence
of M694V homozygous mutation. Therefore, the aim of this
study was to investigate the effect of this polymorphism on
the severity of FMF disease and progression of amyloidosis
in FMF patients with M694V homozygous mutation of
Azeri Turkish ethnic group from North West of Iran.

Materials and methods

This case–control study included 89 FMF patients with
M694V homozygous mutation and 95 healthy, unrelated,

age- and sex-matched individuals as a control group. All
samples were tested for the M694V mutation by using ampli-
fication refractory mutation system (ARMS) PCR [14, 16]
and confirmed by sequencing method (Sanger method) on
only 15 patients and 10 control subjects using 5′-GATT
GGCGCTCAGGCACAT-3′ and 5′-GGCTCCGTGGGC
ACAGTAAC-3′ primers (forward and reverse, respectively).
All subjects were selected from Iranian Azeri Turkish popu-
lation, and clinical diagnosis was made according to criteria of
familial Mediterranean fever [26].

Informed written consent was obtained from all subjects,
and genomic DNA was extracted by a salting-out method
from peripheral white blood cells. Detection of −675 4G/5G
polymorphism of PAI-1 gene promoter was carried out by
the ARMS-PCR assay using an upstream control primer (5′-
AAGCTTTTACCATGGTAACCCCTGGT-3′), a 4G or 5G
al l e l e - spec i f i c p r imer (5 ′ -AGAGTCTGGACAC
GTGGGGA-3′ or 5′-AGAGTCTGGACACGTGGGGG-3,
respectively), and a common downstream primer (5′-
TGCAGCCAGCCACGTGATTGTCTAG-3′). These pri-
mers amplify 138-bp fragment for 5G or 4G alleles at an
annealing temperature of 55 °C and also 256-bp fragment
for positive control. The PCR amplification started with
DNA denaturing for 3 min at 95 °C, followed by 30 cycles
each consisting of 20 s at 95 °C, 10 s at 55 °C, and 20 s at
72 °C, and final extension was one cycle of 3 min at 72 °C.
Amplified products were separated by electrophoresis in
1.5 % agarose gels and visualized using ethidium bromide.
Subjects were classified into 4G/4G, 4G/5G, or 5G/5G
according to the presence of the 138 bp fragment produced
by the two allele-specific primers. Furthermore, the se-
quencing method was used for confirming the samples.
For this purpose, 20 samples of each patient and control
groups were selected and promoter region of the PAI-1 gene
(675 4G/5G) was amplified using the following primers: 5′-
AAGCTTTTACCATGGTAACCCCTGGT-3′ and 5 ′-
TGCAGCCAGCCACGTGATTGTCTAG-3′ (forward
and reverse primers, respectively) and sequencing of
these PCR products were performed by the method of
Sanger.

We analyzed the association of PAI-1 4G/5G poly-
morphism between FMF patients and healthy controls
using chi square and Fisher exact test. The SPSS soft-
ware (version 16.0), VassarStat, and JavaStat websites
(statpages.org/ctab2x2.html) were used for all of the
genetic data analyses. The distribution of PAI-1 4G/5G
genotypes for deviation from Hardy–Weinberg equilibri-
um was tested by Fisher’s exact test (p>0.05). The odds
ratios (OR) and confidence intervals (CI) at the 95 %
significance level were estimated for all data. PAI-1 4G/
5G polymorphism frequency was calculated for each
clinical manifestation discretely, and the significance of
the differences of observed alleles and genotypes
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between patients with or without a specific clinical
symptom was tested using chi square test and

comparing confidence intervals. Probability values less
than 0.05 were considered statistically significant.

Fig. 1 Sequence results of
MEFV gene in order to confirm
genotype of FMF patients. a
M694V homozygous genotype;
b normal genotype

Fig. 2 Sequence result of PAI-1
gene in order to confirm 4G/5G
polymorphism. a 5G/5G which
arrow displays an inserted
guanine; b 4G/4G; c 4G/5G
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Results

We analyzed allelic and genotypic frequencies of PAI-1 4G/
5G polymorphism in 89 FMF patients with/without particular
symptoms and 95 control individuals. Mean age of first
symptoms in our study was 6.9, and the female-to-male ratio
was estimated 0.79 (females 42, 44.21 %; males 53, 55.78 %)
in controls and 0.85 (females 41, 46.06 %; males 48, 53.93 %)
in patients. The frequency of each symptom in FMF patients
with M694V homozygous mutation was: 89.4 % (76/85)
peritonitis, 88 % (73/83) fever, 48 % (39/81) pleuritis, 49 %
(41/83) arthritis, 27 % (20/74) myalgia, 35 % (27/76) amy-
loidosis, and 19 % (13/67) erysipelas-like erythema.

Twenty samples of each patient and control groups for
4G/5G genotype and also 15 patients and 10 control group
genotypes for M964V mutation were confirmed using se-
quencing method (Figs. 1 and 2). Genotypic distribution and
allelic frequencies of PAI-1 4G/5G polymorphism showed
no significant difference between FMF patients and control
individuals in this cohort (Table 1). A comparison between
patients with/without specific features regarding PAI-1 4G/
5G genotypes and alleles were performed. Results revealed
a significant genotypic difference between patients with/

without amyloidosis (4G/5G, P value00.008; 5G/5G, P
value00.001), pleuritis (5G/5G, P value00.001), fever
(4G/5G, P value00.000; 5G/5G, P value00.000), and eri-
seplemya (4G/5G, P value00.027) (Tables 2 and 3); in
addition, a significant difference was seen in the allelic
frequencies between patients with/without pleuritis (4G, P
value00.008; 5G, P value00.007) (Table 3). Our data sug-
gest a protective role for the 4G allele against pleuritis in
FMF patients with M694V mutation from Iranian Azeri
Turkish ethnic group.

Furthermore, the allelic and genotypic analysis of this
polymorphism between controls and patients with/without
symptoms were evaluated separately, that there was signif-
icant difference in genotype distribution and allelic frequen-
cy among some groups (Table 4).

Discussion

Familial Mediterranean fever is an autosomal recessive
autoinflammatory disorder characterized by intermittent epi-
sodes of fever with serositis, arthritis, or erysipelas-like skin
lesions. Genetic and non-genetic risk factors can be

Table 1 Genotype and allele
distribution from wild type to
risk groups

Genotypes and Alleles FMF (n 89) Control (n095) Odds ratio (95 %CI) P value

n F n F

4 G/4 G 15 0.1685 23 0.2421 0.63 (0.29–1.34) 0.539

4 G/5 G 45 0.5056 46 0.4842 1.08 (0.60–1.97) 0.388

5 G/5 G 29 0.3258 26 0.2736 1.343 (0.69–2.58) 0.177

4 G 75 0.4213 92 0.4842 0.77 (0.42–1.4) 0.215

5 G 103 0.5786 98 0.5157 1.28 (0.71–2.34) 0.181

Table 2 Genotype and allele
distribution of PAI-1 4G/5G
polymorphism between FMF
patients with/without specific
features

*P<0.05 (in genotypes); **P<0.05
(in genotypes and alleles)

Features 4G/4G 4G/5G 5G/5G 4G 5G

Fever (n083) * With 13 (0.1780) 35 (0.7494) 25 (0.3424) 0.4178 0.5821

Without 1 (0.1) 8(0.8) 1(0.1) 0.5 0.5

Pleuritis (n081) ** With 4 (0.1025) 19 (0.4871) 16 (0.4102) 0.3461 0.6538

Without 10 (0.2380) 23 (0.5476) 9 (0.2142) 0.5119 0.4880

Amyloidosis(n083) * With 4 (0.1481) 11 (0.4074) 12 (0.4444) 0.3518 0.6481

Without 9 (0.1836) 28 (0.5714) 12 (0.2448) 0.4693 0.5306

Arthritis(n083) With 6 (0.1463) 24 (0.5853) 11 (0.2682) 0.4390 0.5609

Without 8 (0.1904) 21 (0.5) 13 (0.3095) 0.4404 0.5595

Peritonitis(n085) With 13 (0.1710) 40 (0.5263) 23 (0.3026) 0.4342 0.5657

Without 1 (0.1111) 5 (0.5555) 3 (0.3333) 0.3888 0.6111

Myalgia(n074) With 4 (0.2) 10 (0.5) 6 (0.3) 0.45 0.55

Without 9 (0.1666) 30 (0.5555) 15 (0.2777) 0.4444 0.5555

Eriseplemya(n067) * With 3 (0.2307) 6 (0.4615) 4 (0.3076) 0.4615 0.5384

Without 9 (0.1666) 32 (0.5925) 13 (0.2407) 0.4629 0.5370
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associated with FMF disease. In other words, many modifier
genes and environmental factors can affect the FMF
phenotypes.

PAI-1 is the main inhibitor of fibrinolysis by inactivating
tissue-type and urokinase-type plasminogen activators. Ele-
vated plasma levels of this protein related to a deletion/
insertion polymorphism (4G/5G) within the PAI-1 locus.
This polymorphism affects the binding of transcription reg-
ulating proteins of PAI-1 gene. We hypothesized that PAI-1
may be a modifier gene and possibly affect the development
of FMF disease. However, our study revealed no genotypic
and allelic association between cases and controls for 4G/5G
polymorphism in this cohort. Moreover, we tested all de-
clared symptoms of FMF disease regarding PAI-1 -675 4G/
5G polymorphism to study its function in the severity of
disease. For this purpose, we compared the allelic and
genotypic frequencies of patients with/without particular
symptoms. Among the features, amyloidosis (4G/5G, P
value00.008; 5G/5G, P value00.001), pleuritis (4G/4G, P
value00.007; 5G/5G, P value00.001), fever (4G/5G, P
value00.000; 5G/5G, P value00.000), and eriseplemya
(4G/5G, P value00.027) had statistically significant differ-
ence between patients with/without mentioned symptoms.
These data showed that PAI-1 4G/4G homozygotes have a
markedly reduced risk for development of pleuritis (OR0

0.36; 95 %CI00.5–0.85; P value00.007) and also 4G/5G
genotypes have low risk for development of eriseplemya (P
value00.027) and amyloidosis (P value00.000) compared
with PAI-1 5G/5G homozygotes who have increased risk for
development of amyloidosis (OR02.46; 95 %CI01.29–
4.72; P value00.001), pleuritis (OR02.55; 95 %CI01.31–
4.99; P value00.001), and fever (OR04.68; 95 %CI02.04–
10.96; P value00.000). Furthermore, the allelic frequency
of the 4G among the patients with pleuritis was low (P
value00.008, OR00.5, 95 %CI00.27–0.92). Therefore,
these data showed that patients with 5G/5G genotype are
more susceptible to amyloidosis, pleuritis, and fever, while
4G/4G genotypes show noticeably lower sensitivity to
pleuritis, and also 4G/5G genotypes have reduced sensitiv-
ity to eriseplemya and amyloidosis. Therefore, 4G allele
likely has a protective role against pleuritis in FMF patients
with M694V homozygous mutation from Iranian Azeri
Turkish population. This is the first study of the PAI-1 gene
polymorphism (−675 4G/5G) in Azeri Turkish FMF patients
from North West of Iran.

The association of PAI-1 4G/5G polymorphism with sus-
ceptibility to several disorders like coronary artery disease,
acute myocardial infarction, type 2 diabetes, and other dis-
eases like Buerger’s disease has been shown. Some of these
studies have revealed that increased PAI-1 levels are associ-
ated with the 4G allele of this polymorphism, and carrying
4G/4G genotype have increased susceptibility to several
disorders. Lima et al. reported that patients with coronaryT
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artery disease carrying 4G/4G genotype had considerably
higher plasma PAI-1 levels compared with 5G/5G genotypes
[25]. Isordia-Salas et al. showed that subjects with 4G allele
have higher concentrations of PAl-1, which possibly com-
plicated in events cause ST elevation myocardial infarction
[20]. Meigs et al. reported that 4G/4G homozygotes having
high PAI-1 levels which increase risk for type 2 diabetes

[30]. Demirel et al. measured PAI-1 levels in FMF patients
and showed that there are statistically higher levels of PAI-1
during the severe attack period compared with the attack-
free period [13]. Some studies reported converse association
between PAI-1 4G/5G polymorphism and severity of com-
plications. Roest et al. reported that PAI-1 4G/4G homozy-
gotes had a reduced risk of cerebrovascular mortality

Table 4 Genotype and allele distribution of PAI-1 4G/5G polymorphism between controls and patients with/without features

Features 4G/4G 4G/5G 5G/5G 4G 5G

Fever (n083) With 13 (0.1780) 35 (0.7494) 25 (0.3424) 0.4178 0.5821

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.67 3.18 1.38 0.76 1.3

P value 0.112 0.000* 0.128 0.153 0.168

Without 1 (0.1) 8(0.8) 1 (0.1) 0.5 0.5

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.34 4.26 0.29 1.06 0.93

P value 0.006* 0.000* 0.001* 0.467 0.42

Pleuritis (n081) with 4 (0.1025) 19 (0.4871) 16 (0.4102) 0.3461 0.6538

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.35 1.01 1.84 0.56 1.77

P value 0.005* 0.507 0.014* 0.022* 0.023*

without 10 (0.2380) 23 (0.5476) 9 (0.2142) 0.5119 0.4880

Controls 23(0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.97 1.28 0.72 1.11 0.89

P value 0.434 0.191 0.171 0.316 0.355

Amyloidosis(n083) with 4 (0.1481) 11 (0.4074) 12 (0.4444) 0.3518 0.6481

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.54 0.73 2.12 0.57 1.73

P value 0.036* 0.123 0.005* 0.035* 0.027*

without 9 (0.1836) 28 (0.5714) 12 (0.2448) 0.4693 0.5306

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.7 1.42 0.86 0.94 1.06

P value 0.168 0.113 0.324 0.37 0.4

Arthritis(n083) with 6 (0.1463) 24 (0.5853) 11 (0.2682) 0.4390 0.5609

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.53 1.5 0.97 0.9 1.2

P value 0.039* 0.079 0.426 0.324 0.254

without 8 (0.1904) 21(0.5) 13 (0.3095) 0.4404 0.5595

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.73 1.06 1.19 0.83 1.19

P value 0.233 0.46 0.338 0.312 0.261

Peritonitis(n085) with 13 (0.1710) 40 (0.5263) 23 (0.3026) 0.4342 0.5657

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.64 1.18 1.15 0.81 1.22

P value 0.135 0.283 0.299 0.246 0.233

without 1 (0.1111) 5 (0.5555) 3 (0.3333) 0.3888 0.6111

Controls 23 (0.2421) 46 (0.4842) 26 (0.2736) 92 (0.4842) 98 (0.5157)

OR 0.39 1.33 1.32 0.67 1.47

P value 0.011* 0.162 0.166 0.07 0.084

*P<0.05
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compared with PAI-1 5G/5G homozygotes [34]. Bentley et
al. showed that 5G/5G genotype relative to 4G/4G is asso-
ciated with increased stroke risk [5]. Reiner et al. showed
that women with PAI-1 5G/5G genotype had increased
risk of hemorrhagic stroke [33], and Hoekstra et al. also
reported a protective effect of the 4G allele against
stroke [19].

Therefore, previous studies revealed that 4G/4G ge-
notype is a risk factor in the pathogenesis of some
diseases or their clinical manifestations, whereas the
results of our study do not support this hypothesis.
However, we found a significantly reduced risk for
FMF symptoms in PAI-1 4G/4G homozygotes compared
with PAI-1 5G/5G homozygotes. In conclusion, our
results suggest a protective role for the 4G allele and
4G/4G genotype against pleuritis and 4G/5G genotype
against eriseplemya and amyloidosis. Furthermore, the
5G allele probably is a risk factor for development of
pleuritis and 5G/5G genotype for having fever, pleuritis,
and amyloidosis in FMF patients with M694V homozy-
gous mutation from Iranian Azeri Turkish ethnic group.
More evaluation of this polymorphism may be important
and require further studies.
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