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ABSTRACT
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Accepted: 13 Jul 2025 Objectives: Despite the advancements in antiepileptic drugs over the past decades, drug-
Published: 15 Sep 2025 resistant epilepsy (DRE) remains a significant challenge, particularly in children. Familial

Mediterranean fever (FMF), attributed to mutations in the Mediterranean fever (MEFV)
gene, has been linked to various neurological disorders, including seizures. This study
investigates the potential association between MEFV gene mutations and DRE and
evaluates their impact on the disease course.

Materials & Methods: A case-control study was conducted involving 22 children under
18 years of age with DRE, referred to the Pediatric Neurology Clinic of Children’s Medical
Center, Tehran, Iran, between March 2021 and March 2022. The control group comprised
30 healthy individuals randomly selected from the FMF database of Ardabil University,
Iran. Relevant information, including age, demographics, disease characteristics, and
treatment details, was collected using a structured form. Blood samples were analyzed for
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e Results: Out of 52 subjects, the case group consisted of 22 children diagnosed with DRE,

compared to 30 patients without FMF in the control group. The mean age of the case group
was 9.2 + 4.5 years, with a mean age at seizure onset of 38.13 + 32.21 months. MEFV
mutations were identified in eight patients (15.4%), with seven in the control group and
one (4.5%) in the case group. However, the difference in MEFV gene mutations between
the case and control groups did not reach statistical significance (P=0.13).

Conclusion: The prevalence of MEFV gene mutations in children with DRE was 4.5%,
suggesting that these mutations may not significantly influence the occurrence of DRE in
this population.
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Introduction seizure freedom despite adequate trials of two well-
Epilepsy is one of the most common neurological tolerated and suitably selected antiseizure drugs (2).
disorders worldwide, characterized by recurrent, DRE cases are burdensome on the healthcare system

uncontrolled seizures. These episodes can range from because of the medical, psychological, and even
mild and infrequent to chronic, severely impacting  financial costs they impose on patients (3, 4). One of
one’s quality of life. Despite advancements in modern '_[he key aspects Wlthlr_1 this pOPl_Jlat'O_n that is of I_nj[erest
antiepileptic drugs (AEDSs), an estimated 20-30% of is the role that genetics plays in ep_llepsy, specifically
patients continue to experience drug-resistant epilepsy ~ DRE, where most treatment fails to work. The
(DRE), remaining unresponsive to treatment (1). DRE increased understanding over the last several years of
is characterized by the inability to attain prolonged ~ the genetic aspects of specific epileptic syndromes
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poses both a challenge and an opportunity for devising
treatment systems (5, 6).

Even though a significant amount of information is
available concerning epilepsy, there remains an
understanding gap in the genetics behind DRE,
primarily the role of specific gene alterations (7, 8).
The MEFV gene associated with familial
Mediterranean fever (FMF), an auto-inflammatory
condition, has become a potential contributor to
shaping seizure disorders, particularly in children (9).
Undoubtedly, some investigators propose that MEFV
gene mutations may increase inflammation and seizure
risk, but no mechanism is proposed. Because epilepsy
has also been associated with several neurological
manifestations and seizures in FMF, how the mutations
in MEFV are involved in the drug resistance
mechanism in epilepsy remains largely an unsolved
guestion. Furthermore, this has not been studied
extensively, even though MEFV mutations are
described in some ethnic groups susceptible to FMF.
Accordingly, this study seeks to fill this gap by
examining the mutation of the MEFV gene in children
with DRE and providing additional knowledge on this
complex relationship (10, 11).

This study offers a fresh perspective on the link
between genetic mutations and epilepsy, focusing
specifically on the MEFV mutation in children with
DRE. For the most part, other studies focused on the
FMF inflammatory processes and further genetic
associations with seizure (12). By concentrating on a
particular gene mutation and its role in drug resistance,
this study aims to improve individual treatment for
epilepsy. Comprehending the genetic basis of drug
resistance may enable more focused therapeutic
interventions, potentially avoiding the empirical trial-
and-error approach to defining epilepsy treatment.
Furthermore, the results of this study can help at-risk
youngsters receive more sensitive diagnostic testing,
improving their prognosis.

Materials & Methods

A case-control study approach was used to assess
the occurrence of the MEFV gene mutation among
children with DRE compared to those in a control
group. The case group comprised children diagnosed
with DRE referred to the Pediatric Neurology Clinic at
the Children’s Medical Center, Tehran, between 2021
and 2022. DRE was described as the state in which
sustained seizure-free status was not achieved after two
or more AEDs were used. Patients with metabolic
diseases, structural brain damage, intellectual
disability, or developmental delay from a prenatal or
perinatal cause were excluded from the study to select
only primary cases of DRE. Based on the findings of
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the study by Salehzadeh et al., considering a prevalence
of 2.7% and 1.6% of seizures in MEFV + and MEFV-
patients, respectively, and taking a at 0.05 and power
at 0.8, the minimum required sample size of this group
was calculated to be 21 cases. For the control group, 30
individuals from the FMF registry data at Ardabil
University who had no personal history of FMF or
epilepsy and had no first-degree relatives having these
conditions were selected. Since genetic testing for the
MEFV gene is not sensitive to age variables, age
compatibility between the case and control groups was
excluded.

An average of 8 mL of blood was collected from
each participant using EDTA tubes. The whole blood
samples were collected under standard conditions and
immediately transported to a reference laboratory
specializing in genetic analyses, particularly MEFV
mutation testing. The blood samples were cooled
during the transportation phase. They were screened
for the 12 known FMF mutations using a reverse
hybridization technique, manufacturer’s instructions
(FMF StripAssay, Viennalab, Vienna, Austria) (13).
These 12 genes were selected based on the 2012
consensus for appropriate genetic testing to investigate
MEFV mutations, and were further supported by the
frequency of mutations identified in subsequent studies
(14).

Exons 2, 3, 5, and 10 were first amplified for each
patient in a single and multiplex PCR using the primers
that came with the RDB kit. The amplification program
consisted of 35 thermocycling cycles (94°C for 15
seconds, 58°C for 45 seconds, and 72°C for 45
seconds) and a final extension at 72°C for 7 minutes.
Four amplified DNA fragments, including 206, 236,
295, and 318 bp, were found by agarose
electrophoresis, indicating the accuracy of the
amplification. A test strip containing a parallel array of
allele-specific oligonucleotide probes was used to
selectively hybridize biotinylated PCR products.
Twelve common mutations were identified as a result:
M6801 (G/C), M680I (G/A), 1692del, M694V, M6941,
K695R, V726A, A744S, R761H in exon 10, E148Q in
exon 2, P369S in exon 3, and F479L in exon 5. These
specific mutations were selected due to their known
association with FMF and frequency in Mediterranean
populations (13, 15).

Statistical Analysis

Descriptive statistics were employed to analyze
demographic, clinical, and genetic information. For
continuous data like age and duration of illness, means
and standard deviations were utilized for description,
whereas categorical variables were described using
frequencies and percentages. A  case-control
comparison of MEFV mutation presence was carried

82



Role of MEFV Gene Mutations in Pediatric Drug-Resistant Epilepsy

out through chi-square tests. Fisher’s exact test was
utilized to analyze the relationship between the status
of mutation and seizure control because the sample size
was small. Non-parametric variables were determined
through the Mann-Whitney U test. Statistical analysis
was performed on SPSS version 22 with the
significance level at p-value < 0.05.

Ethical Considerations

The study strictly adhered to the guidelines outlined
in the Helsinki Declaration. No intervention was
performed besides routine care; all information was
kept confidential. Informed consent was received from
all participants or their authorized representatives
before participation, with the right to withdraw from
the study at any time without penalty. This study was
approved by the Tehran University of Medical
Sciences Ethics Committee, reference number
IR.TUMS.CHMC.REC.1400.087.

Limitations

Several challenges were encountered during the
study. First, due to ethical constraints, collecting blood
samples from healthy children for the control group
was impossible. Consequently, the control group was
derived from an FMF registry, which, although
comprehensive, was limited to individuals from a
specific ethnic group. This limitation could potentially
introduce bias into the genetic comparisons between
the groups. To mitigate this, a random selection of
controls was employed to enhance the sample’s
representativeness. Secondly, because of constrained
financial resources, this study could not conduct whole
genome sequencing for all patients; consequently, the
researchers opted to conduct genetic analysis on the
twelve most frequently reported mutations in the
literature.

Results

The sample included 52 patients divided into two
groups of 22 DRE patients (42.3%) and a control group
of 30 patients (57.7%). The average age of the patient
group was 9.2 years (SD =4.5), ranging from 2.5 to 18
years. Thirty-two participants were male (61.5%), and
20 were female (38.5%). No difference was observed
between the two genders in their distribution in the case
and control groups. The average age of DRE onset in
the patient group was approximately 38.1 months (SD
= 32.2), spanning from 2 to 108 months. As for
treatment, patients were on different antiepileptic drug
(AED) treatment combinations: 13.6% were on two-
drug therapy, 36.4% three-drug therapy, 31.8% four-
drug therapy, and 18.2% five-drug therapy. In the DRE
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subgroup, 45.5% of patients had consanguineous
parents, and 59.1% had a family history of epilepsy.
The other symptoms included headaches (13.6%),
paresthesia (9.1%), ataxia (4.5%), and fever (13.6%).
The electroencephalogram (EEG) recording showed
epileptic activity in 81.8% of the case group, while
MRI scans were normal. Only 23.3% of the patients in
the control group had mutations in some MEFV
variants compared to the A744S variant mutation found
in one patient (4.5%) of the drug-resistant epilepsy
group, as illustrated in Figure 1.

Distribution of MEFV Variants across Groups
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A744S E148Q Negative P369s V726A
MEFV Variant

Figure 1. Comparison of the distributions of the MEFV genes
found in the Case (orange) and Control (green) groups (Numbers in
each group were described in the main text as shown in the figure).

Chi-square analysis was carried out to compare the
MEFV mutation frequency between the control group
and the DRE. Although the mutation rate in the control
group was higher (23.3%) compared to the patient
group (4.5%), this difference did not reach statistical
significance (p = 0.11).

Discussion

The current study aimed to investigate the possible
association between the MEFV gene and DRE in
patients who were visited in a pediatric neurology
clinic. Seizures could be one of the manifestations of
FMF, although the prevalence is not as common as
typical manifestations (16).

The MEFV gene on chromosome 16p13.3 consists
of ten exons and encodes the pyrin protein. Pyrin, a
781-amino-acid protein, is a key regulator of the innate
immune response and serves two primary functions:
Modulating caspase-1 and IL-1p activation through its
N-terminal PYD domain, exerting either pro-
inflammatory or anti-inflammatory effects depending
on the cellular context (17). Mutations in various
exonic regions of the MEFV gene result in changes to
the amino acid sequence of pyrin. These structural
alterations are considered gain-of-function mutations,
leading to enhanced pro-inflammatory activity of pyrin
within the cell (18). Such dysregulation of pyrin’s
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inflammatory function ultimately manifests in
autoinflammatory diseases such as FMF and Pyrin-
Associated  Autoinflammation  with  Neutrophilic
Dermatosis (PAAND). Moreover, MEFV mutations
have also been associated with other inflammatory
conditions, including Behget’s disease, inflammatory
bowel disease, and systemic juvenile idiopathic
arthritis (sJIA) (18).

This study’s first hypothesis was based on the
shared inflammatory pathways, including the
inflammasome, between FMF and DRE. FMF is a
genetic autoinflammatory disease associated with
mutations in the MEFV gene that encodes the pyrin
protein, leading to increased IL-1p production (19).
Although inflammation and febrile seizures have
occurred in some IL-1p mutations with hippocampal
sclerosis (20), in the present study, no favorable
correlation was found between particular types of the
MEFV gene (P369S, E148Q, V726A, A744S) and
DRE.

Comak et al. investigated the association between
seizure and FMF disorder (21). The final results
depicted a higher prevalence of febrile seizures in FMF
patients. However, the final result could not determine
whether this higher prevalence comes from febrile
attacks or the patient’s susceptibility. This study aimed
to fill this gap, and it depicted that primary seizure
disorder could not be attributed to FMF disorder.

Feld et al. investigated the neurological
manifestations that could be directly related to FMF,
associated diseases, and adverse effects of treatment
(9). They mentioned several reports of EEG
abnormalities in FMF patients, but no established
relationship was observed between seizures and FMF.
The research agenda in this study proposed further
investigation, but this study’s results revealed that even
a genetic study could not prove this association.

Canpolat et al. reported a higher prevalence of
seizure disorders in FMF patients (27.3%). EEG
abnormalities were observed in all these patients (10).
Notably, the study reported that two patients were
diagnosed with FMF while under follow-up for
epilepsy. The most common mutation among epileptic
patients in this study was M694V, which was not found
in the present study.

Biro et al.’s study concluded that febrile seizures are
significantly higher in FMF patients in comparison
with their healthy siblings (22). Two potential
explanations exist for this finding. First, children with
FMF experience frequent fever episodes and may have
a higher susceptibility to febrile seizures during FMF
attacks. Second, shared molecular mechanisms might
account for the co-occurrence of FMF and febrile
seizures. Mutations in the MEFV gene, resulting in a
defective pyrin protein, lead to the activation of the
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pyrin inflammasome and elevated production of IL-1f.
IL-1B is a well-established pyrogen implicated in
developing simple febrile seizures. Notably, even
asymptomatic carriers of MEFV mutations have been
reported to exhibit an increased susceptibility to febrile
seizures. (12, 19, 23). Following the primary goal of
this study, the obtained findings did not support a
significant association between DRE and FMF.

The current findings revealed a higher prevalence of
epilepsy in children with consanguineous family
histories, suggesting some genetic predisposition.
Earlier reports by Asadi Pouya in Iranian children had
revealed a higher parental consanguinity in epileptic
cases compared to the population at large and had
indicated familial risks (24). The obtained findings
contradict those of Khan, who found no difference
between parental consanguinity and epilepsy (25).
These differences can be attributed to environmental,
regional, and genetic factors, highlighting the need for
more extensive studies to investigate these correlations
adequately.

In Conclusion

The present research concludes that no correlation
was observed between MEFV gene mutations and
drug-resistant childhood epilepsy. As few as 4.5% of
the affected group had MEFV mutations, and no
statistical variation was found in the mutation
frequency between patients and controls. Given the low
prevalence and lack of statistical association, future
research is suggested that targets other genetic factors
and clinical features. Larger, ethnically mixed
populations must replicate and expand these findings
more broadly.

Acknowledgment

The authors wish to express their profound
appreciation to the patients and their families for their
willingness to participate and for their invaluable
contributions to this study. This research did not
receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors and was
approved by the Tehran University of Medical
Sciences Ethics Committee, reference number
IR.TUMS.CHMC.REC.1400.087.
Authors’ Contribution

Vahid Ziaee conceptualized the study. Atefeh
Habibi collected data, analyzed, and interpreted the
results. Fatemeh Hadipour and Zahra Hadipour
performed the genetic analyses. Reza Shervin Badv
provided the study cases. Farhad Salehzadeh provided
the control cases. Seyyed Reza Raeeskarami
supervised the study. Payman Sadeghi prepared the

84


https://pubmed.ncbi.nlm.nih.gov/?term=%C3%87omak+E&cauthor_id=26028444

Role of MEFV Gene Mutations in Pediatric Drug-Resistant Epilepsy

draft manuscript and revised it. All authors approved
the final version of the article.

References

1.Devinsky O, Vezzani A, O'Brien TJ, Jette N, Scheffer IE, de
Curtis M, Perucca P. Epilepsy. Nat Rev Dis Primers. 2018 May
3;4:18024. doi: 10.1038/nrdp.2018.24. PMID: 29722352.

2.Mesraoua B, Brigo F, Lattanzi S, Abou-Khalil B, Al Hail H,
Asadi-Pooya AA. Drug-resistant epilepsy: Definition,
pathophysiology, and management. J Neurol Sci. 2023 Sep
15;452:120766. doi: 10.1016/j.jns.2023.120766. Epub 2023
Aug 14. PMID: 37597343.

3.Kharod P, Mishra D, Juneja M. Drug-resistant epilepsy in
Indian children at a tertiary-care public hospital. Childs Nerv
Syst. 2019;35(5):775-8.

4.Kalilani L, Sun X, Pelgrims B, Noack-Rink M, Villanueva V.
The epidemiology of drug-resistant epilepsy: A systematic
review and meta-analysis. Epilepsia. 2018;59(12):2179-93.

5.Myers KA. Genetic Epilepsy Syndromes. Continuum (Minneap
Minn). 2022 Apr 1;28(2):339-362. doi:
10.1212/CON.0000000000001077. PMID: 35393962.

6.Parrini E, Marini C, Mei D, Galuppi A, Cellini E, Pucatti D,
Chiti L, Rutigliano D, Bianchini C, Virdo S, De Vita D, Bigoni
S, Barba C, Mari F, Montomoli M, Pisano T, Rosati A; Clinical
Study Group; Guerrini R. Diagnostic Targeted Resequencing in
349 Patients with Drug-Resistant Pediatric Epilepsies Identifies
Causative Mutations in 30 Different Genes. Hum Mutat. 2017
Feb;38(2):216-225. doi: 10.1002/humu.23149. Epub 2016 Dec
9. PMID: 27864847.

7.Auvin S, Specchio N. Pharmacotherapeutic strategies for drug-
resistant epilepsy in children. Epilepsy Behav. 2024
Dec;161:110139. doi: 10.1016/j.yebeh.2024.110139. Epub
2024 Nov 7. PMID: 39515006.

8.Weber YG, Lerche H. Genetic mechanisms in idiopathic
epilepsies. Dev Med Child Neurol. 2008 Sep;50(9):648-54. doi:
10.1111/j.1469-8749.2008.03058.x. PMID: 18754913.

9.Feld O, Yahalom G, Livneh A. Neurologic and other systemic
manifestations in FMF: published and own experience. Best
Pract Res Clin Rheumatol. 2012 Feb;26(1):119-33. doi:
10.1016/j.berh.2012.01.004. PMID: 22424198.

10. Canpolat M, Gumus H, Gunduz Z, Dusunsel R, Kumandas S,
Bayram AK, Yel S, Poyrazoglu HG, Yilmaz K, Doganay S,
Yikilmaz A, Dundar M, Per H. Neurological Manifestations in
Familial Mediterranean Fever: Results of 22 Children from a
Reference Center in Kayseri, an Urban Area in Central
Anatolia, Turkey. Neuropediatrics. 2017 Apr;48(2):79-85. doi:
10.1055/s-0036-1593374. Epub 2016 Sep 22. Erratum in:
Neuropediatrics. 2017 Oct;48(5):402. doi: 10.1055/5-0037-
1599783. PMID: 27656843.

11. Salehzadeh F, Azami A, Motezarre M, Nematdoust Haghi R,
Ahmadabadi F. Neurological Manifestations in Familial
Mediterranean Fever: a Genotype-Phenotype Correlation
Study. Open Access Rheumatol. 2020 Jan 15;12:15-19. doi:
10.2147/0ARRR.S238649. PMID: 32021503; PMCID:
PMC6970254.

12. Ozen F, Kocak N, Kelekci S, Yildirim IH, Hacimuto G,
Ozdemir O. The prevalence of Familial Mediterranean Fever
common gene mutations in patients with simple febrile
seizures. Eur Rev Med Pharmacol Sci. 2014;18(5):657-60.
PMID: 24668705.

13. Salehzadeh F, Asl MJ, Asl SH, Jahangiri S, Habibzadeh S.
MEFV gene profile in northwest of Iran, twelve common
MEFV gene mutations analysis in 216 patients with familial

85

Conflicts of Interest
The authors reported no financial or non-financial
conflict of interest.

mediterranean fever. Iranian journal of medical sciences. 2015
Jan;40(1):68.

14. Shinar Y, Obici L, Aksentijevich I, Bennetts B, Austrup F,
Ceccherini I, Costa JM, De Leener A, Gattorno M, Kania U,
Kone-Paut I. Guidelines for the genetic diagnosis of hereditary
recurrent fevers. Annals of the rheumatic diseases. 2012 Oct
1;71(10):1599-605.

15. Soylemezoglu O, Kandur Y, Duzova A, Ozkaya O,
Kasapcopur O, Baskin E, Fidan K, Yalcinkaya F. Familial
Mediterranean fever with a single MEFV mutation: comparison
of rare and common mutations in a Turkish paediatric cohort.
Clinical and experimental rheumatology. 2015 May 25;33(6
Suppl 94): S152-5.

16. Ertekin V, Selimoglu MA, Pirim 1. Familial Mediterranean
fever in a childhood population in eastern Turkey. Pediatr Int.
2005 Dec;47(6):640-4. doi: 10.1111/j.1442-
200x.2005.02140.x. PMID: 16354216.

17. YuJ, Wu ], Zhang Z, Datta P, Ibrahimi I, Taniguchi S, Sagara
J, Fernandes-Alnemri T, Alnemri ES. Cryopyrin and pyrin
activate caspase-1, but not NF-xB, via ASC oligomerization.
Cell Death & Differentiation. 2006 Feb;13(2):236-49.

18. LaBella S, Di Ludovico A, Di Donato G, Basaran O, Ozen S,
Gattorno M, Chiarelli F, Breda L. The pyrin inflammasome, a
leading actor in pediatric autoinflammatory diseases. Frontiers
in Immunology. 2024 Jan 5;14:1341680

19. Masters SL, Simon A, Aksentijevich I, Kastner DL. Horror
autoinflammaticus: the molecular pathophysiology of
autoinflammatory ~ disease (*). Annu Rev Immunol.
2009;27:621-68. doi:
10.1146/annurev.immunol.25.022106.141627. PMID:
19302049; PMCID: PMC2996236.

20. Kanemoto K, Kawasaki J, Miyamoto T, Obayashi H,
Nishimura M. Interleukin (IL)1lbeta, IL-lalpha, and IL-1
receptor antagonist gene polymorphisms in patients with
temporal lobe epilepsy. Ann Neurol. 2000 May;47(5):571-4.
PMID: 10805326.

21. Comak E, Tiifek¢i O, Kiligbay F, Isiyel E, Sever AH,
Aslanger A, Ekici B. Febrile seizures in children with familial
Mediterranean fever: Coincidence or association? Eur J
Paediatr Neurol. 2015 Sep;19(5):572-6. doi:
10.1016/j.ejpn.2015.05.004. Epub 2015 May 16. PMID:
26028444,

22. Biro O, Gileles-Hillel A, Dor-Wollman T, Eisenstein EM,
Berkun Y. Neurological and neurodevelopmental symptoms in
children with familial Mediterranean fever and their siblings.
Eur J Pediatr. 2022 Mar;181(3):973-978. doi: 10.1007/s00431-
021-04286-7. Epub 2021 Oct 15. PMID: 34652509.

23. Heida JG, Moshé SL, Pittman QJ. The role of interleukin-
1beta in febrile seizures. Brain Dev. 2009 May;31(5):388-93.
doi: 10.1016/j.braindev.2008.11.013. Epub 2009 Feb 13.
PMID: 19217733; PMCID: PMC2699664.

24. Asadi-Pooya AA. Epilepsy and consanguinity in Shiraz, Iran.
Eur J  Paediatr  Neurol.  2005;9(6):383-6.  doi:
10.1016/j.ejpn.2005.06.002. Epub 2005 Aug 2. PMID:
16061410.

25. Khan H, Mohamed A, Al-Sakini Z, Zulfiquar K, Sohail A.
Consanguinity, family history, and risk of epilepsy: A case
control study. Gulf Medical Journal. 2012; 1 (1): 32-36.

Iran J Child Neurol. Autumn 2025 Vol. 19 No. 4



