
Abstract. – BACKGROUND: Febrile seizures
(FS) represent the most common form of child-
hood seizures that occurs in 2-5 % of the chil-
dren younger than 6 years. There have been
many recent reports on the molecular genetic
and pathogenesis of FC. It has been recognized
that there is significant genetic component for
susceptibility of FC with different reported mu-
tation. FEB1, FEB2, FEB4, SCNA1, SCNA2,
GABRG2 and IL-1ββ are related to with febrile
convulsions (FCs). Interleukin 1ββ (IL-1ββ) is a cy-
tokine that contributes to febrile inflammatory
responses. There are conflicting results on in-
creasing this cytokine in serum during FC.

AIM: The determine the association between
mutations of MEFV gene product pyrine and
febrile seizures. 

PATIENTS AND METHODS: The study was
carried out on 104 children that were diagnosed
as FS and 96 healthy children. MEFV gene mu-
tations were detected and analyzed with Pyro-
Mark Q24. PCR was performed using the Pyro-
Mark PCR Kit and pyrosequencing reaction was
conducted on instrument instructions.

RESULTS: M694V is the most common muta-
tion in our patient group and we found a signifi-
cant association between MEFV gene muta-
tions and FSs. Of 104 patients, 68 were het-
erozygotes for any mutation and 10 patients
were compound. 17.7% of control group were
heterozygotes for any studied mutation.Statisti-
cal analyses showed that there was strongly
significant statistical difference between re-
sults obtained from FS and control group (X =
46.20, p < 0.0001).

CONCLUSIONS: MEFV gene mutations, espe-
cially M694V mutation, are positively associat-
ed with FSs.
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Introduction

Febrile seizures (FSs) are the most commonest
form of convulsions occuring between the age of
3 months and 5 years1. The incidence of FSs is
between 2-5%1,2. These type of convulsions are
associated with a rapidly raising temperature that
reaches 39°C or higher without evidence of in-
tracranial infection or other defineable causes
like acute electrolyte imbalance2. FSs result from
the combination of genetic and environmental
factors. The exact mechanism of inheritance is
still unclear1,3,4. They tend to occur in families so,
children who have febrile seizure more often
tend to have FSs in close relatives2,4. Several
genes like FEB1, FEB2, FEB4, SCNA1, SCNA2,
GABRG2 and IL-1β have been reported to be as-
sociated with febrile convulsions (FCs)3,5. 

IL-1β is one of the proinflammatory cy-
tokines acting as a pyrogens, causing fever
when administered into the lateral cerebral ven-
tricules or peripherally6,5. Additionaly, fever of
any cause induce IL-1β synthesis in brain mi-
croglia and the released IL-1β binds to the type
1 receptors that are sensitive to seizures, leading
to enhanced neuronal excitability and decreased
seizure treshold6,7. Dube et al7 have shown the
requirement of IL-1β expression and presence
of IL-1RI (type 1 receptor) in an experimental
model. In this study, IL-1β receptor deficient
mice were resistant to experimental FS and high
IL-1β doses induced seizure. Serdaroglu et al8

also showed a positive correlation between IL-
1β -511 and IL1 receptor antagonist intron 2
variable tandem repeat polymorphism and FS.
Kira et al9 have found an association between
IL-1β promotor polymormphism and FS while
Chou et al10 have found a correlation between
IL-Ra allele I and FS.
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IL-1β is generated from the cleavage of pro-
IL-1β by caspase-1. Full length pyrin, product of
Mediterranean fever (MEFV) gene, competes
with caspase-1 for binding to ASC (Apoptosis-
associated Speck-like Protein containing a cas-
pase activation and recruitment domain: CARD),
a known caspase-1 activator11. And this leads to
the prevention of formation of active form of IL-
1β11. In addition, pyrine has an important role in
NF-κB transcription factor activation that modu-
lates the transcription of inflammatory genes12.

The objective of the present study was to in-
vestigate the association between mutations of
MEFV gene product pyrine and febrile seizures.

Patients and Methods

The blood samples were collected from 104 chil-
dren that were diagnosed as FS and age/sex matched
96 healthy children (HC). Mean age of FC patients
was 6.58±4.01 and HC was 7.22± 4.79 years. Ge-
nomic DNA was isolated using the QIAamp DNA
Mini Kit (Qiagen, Maryland, Germany) and used as
template in PCR reactions. PCR was performed us-
ing the PyroMark PCR Kit (Qiagen, Maryland, Ger-
many). Following 15 min of denaturation at 95°C
the DNA was amplified for 45 cycles with the fol-
lowing conditions: 15 sec at 95°C, 30 sec at 60°C
and 30 sec at 72°C. Prior to pyrosequencing, PCR
product is biotinylated and bound to Streptavidin-
coated sepharose beads which are captured with
vacuum tool. After washing and denaturating steps

single-stranded DNA is generated. This template
DNA is released into the Pyrosequencing reaction
plate containing the sequencing primer, and after
primer annealing, the plate is placed into the Pyro-
Mark instrument. Pyrosequencing reaction was con-
ducted on the PyroMark Q24 instrument according
to the manufacturer’s instructions (Qiagen, Mary-
land, Germany). PyroMark Q24MDx software used
for analysis of our results.

Statistical analysis
Descriptive statistics were expressed as count

and percent. Chi square test was used to test the
significance of the distribution of mutations be-
tween FS patients and HC. Statistical significance
levels were considered as 5% and SPSS ver. 16
(SPSS Inc., Chicago, IL, USA) statistical pro-
gram was used for all statistical computations.

Results

All the mutations obtained from the febrile
convulsion patients and healthy subjects were
heterozigotes mutations. Of 104 patients, 68
(65.38%) were heterozygotes for any mutation
and 10 (0.9%) patients were compound heterozy-
gotes (4 patients for E148Q/M694V and 6 pa-
tients for M694V/V726A). 17.7% of control
group were heterozygotes for any studied muta-
tion. The gentotype frequencies of studied
MEFV polymorphisms are shown in Table I. 
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Genotype Control group Patient group Genotype frequencies Genotype frequencies 
N=96 N=104 of controls of patients

E148Q
EE 86 88 0.90 0.85
EQ 10 16 0.10 0.15
QQ 0 0 0.00 0.00

M680I
MM 93 94 0.97 0.90
MI 3 10 0.03 0.10
II 0 0 0.00 0.00

M694V
MM 94 64 0.98 0.62
MV 2 40 0.02 0.38
VV 0 0 0.00 0.00

V726A
VV 94 92 0.98 0.88
VA 2 12 0.02 0.12
AA 0 0 0.00 0.00

Table I. Genotype frequencies of patient and control group.



Statistical analyses showed that there was
strongly significant statistical difference between
results obtained from FS and control group (X =
46.20, p < 0.0001). The main difference derived
from the M694V mutation (X = 39.62, p <
0.0001). Additionaly, there was a significant corre-
lation between V726A mutation (X = 6.82; p =
0.009) and a poor correlation between M680I mu-
tation (X = 3.44, p = 0.064). However, the number
of E148Q mutations was found higher but there
was not any statistical correlation between FS and
control group. The results of statistical analyses are
given in Table II. The distribution of the genotypes
in the control population was in Hardy-Weinberg
equilibrium.

Discussion

In the present study, we found a significant as-
sociation between MEFV gene mutations and
FSs. The highest mutation frequency was ob-
served in M694V substitution. Also Koksal et al13

have found the same results, M694V has the
highest mutation frequency. In a previous study
carried out by Notarnicola et al14 on FMF patients
where expression of MEFV gene was determined,
diminished expression of this gene was reported
in M694V mutation carrier patients and control
group. Also Ustek at al15 have found the same re-
sults and concluded that decreased MEFV expres-
sion is associated with acute inflammation14,15. 

Evidence indicate an association between de-
creased MEFV gene expression and IL-1β forma-
tion. IL-1β is one of the pro-inflammatory cy-
tokines that are postulated to be involved in the de-

velopment of FSs6-10. Dube et al7 have found that
IL-1β receptor deficient mice were resistant to ex-
perimental FC. Additionally, they found that high
IL-1β doses induced seizures only in IL-1β recep-
tor expressing mice7. Feld et al16 showed that pyrin
seems to comprise a part of the inflammasome NL-
RP3 (NLR Family, Pyrin domain-containing 3),
that regulates the level of IL-1β (interleukin 1-β)
and thereby the degree of inflammation. Virta et
al17 reported an increased frequency of IL-1β-511
T in children with FS compared to healthy con-
trols. Vezzani et al18 reported that locally synthe-
sized endogenous IL-1 RA reduces concentrations
of IL-1β and limits the fever. Like IL-1RA regula-
tion, MEFV gene product pyrin may play a role in
formation and regulation of mature IL-1β. In this
process, pro-IL-1β is converted to mature IL-1β by
Caspase-1/Interleukin-1 converting enzyme19. ASC
(apoptosis-associated speck-like protein containing
a CARD) is a known caspase-1 activator that stim-
ulates autocatalysis of caspase-120,21. Pyrine com-
petes with caspase-1 for binding to ASC and pre-
vents the formation of mature IL-1β11,12. As de-
scribed above, decreased expression of pyrine may
be a reason of reduced formation of IL-1β and thus
inflammation and seizures. 

The other more frequent mutation found in FSs
is E148Q. Mutation frequency of this polymor-
phism is high in control group too. In an expres-
sion study14, patients with E148Q mutations had
higher MEFV mRNA levels than did the other pa-
tients. In a study carried out on the parents of FMF
patients22, homozygote E148Q mutation was
found. Somehow these mutation carriers had no
symptom of FMF. As a result of this study, it was
suggested that E148Q mutations was not found to
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Genotype Control group Patient group OR 
N=96 N=104 (95% CI) p value

E148Q
EE 86 88 1.564 (0.672-3.637) 0.297
EQ 10 16

M680I
MM 93 94 3.298 (0.880-12.366) 0.063
MI 3 10

M694V
MM 94 64 29.375 (6.855-125-884) 0.000
MV 2 40

V726A
VV 94 92 6.130 (1.335-28.150) 0.009
VA 2 12

Table II. Statistical evaluation of patient and control group.
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be the cause of FMF disease and inflammation;
therefore, this mutation should be considered as a
“sequence variant”.

Conclusions

We suggest that MEFV gene mutations, espe-
cially M694V mutation, are positively associated
with FSs. Further investigations of MEFV gene
mutations and gene expression studies for MEFV
and IL-1β level elevation are needed to confirm
the present findings.
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