Identification of a novel nonsense variant in the SCN1A gene that causes febrile seizure disorder: Case report
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ABSTRACT
The SCN1A gene, encoding voltage-gated sodium channel NaV1.1, is the most clinically relevant epilepsy gene, most mutations have been documented in a spectrum of epilepsy syndromes, ranging from the relatively benign generalized epilepsy with febrile seizures plus (GEFS+) to severe myoclonic epilepsy in infancy (SMEI), and other rare febrile seizures disorders. To date, more than 1250 mutations in SCN1A have been linked to epilepsy. In this case, we describe a novel nonsense pathogenic variant (NM_001202435.1; c.327C>G) of SCN1A gene in a 10 month Moroccan patient with febrile seizure disorder. 
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Introduction
Epilepsy is the most common neurological disorder worldwide in which neurons in the brain sometimes signal abnormally and cause seizures. Epilepsy can be considered a spectrum disorder because of its different causes, different seizure types, its ability to vary in severity and impact from person to person, and its range of co-existing conditions. Some people may have convulsions and lose consciousness. Others may simply stop what they are doing, have a brief lapse of awareness, and stare into space for a short period. Some people have seizures very infrequently, while other people may experience hundreds of seizures each day1. 
Various studies underlies that genetic abnormalities is a crucial factor that contribute to the pathogenesis of epilepsy and that several epilepsy syndromes are caused by mutations in single gene. Most of these mutations occur in genes that encode ion channel2. Genes encoding voltage-gated sodium channels have emerged as the most frequently identified genes associated with epilepsy3. The SCN1A gene, encoding voltage-gated sodium channel NaV1.1, is located on chromosome 2q24 consisting of 26 coding exons within a genomic region of about 85 kb. This gene is regarded as the most important of the epilepsy genes currently known, with its more than 1,250 epilepsy-causing mutations4. 
Mutations in SCN1A gene were firstly identified in families with an autosomal dominant condition entitled genetic (generalized) epilepsy with febrile seizures plus (GEFS+)5. GEFS+ is characterized by febrile seizures in children which often persist beyond 6 years of age and afebrile seizures in adults6. The milder GEFS+ phenotype is mostly caused by missense mutations, showing either loss- or gain-of-function effects7. Later after this, SCN1A mutations were also found in individuals with severe myoclonic epilepsy of infancy (SMEI) also known as Dravet Syndrome (DS) 8. This syndrome is characterized by multiple seizure types appearing during the first year of life, which initial episode is frequently a febrile status epilepticus (SE). Myoclonus and severe developmental delay appear later in the course (in the classical form) 9. The majority of SCN1A mutations in patient with Dravet Syndrome occur de novo. However, there exist also familial mutations that are inherited from only mildly affected parents, consistent with the severity of Dravet Syndrome within the GEFS+ spectrum10, 11. Most of these mutations are nonsense or frameshift mutations resulting in truncation of the protein; missense mutations are also common, occurring in about one-third of patients with SMEI, whereas deletions and splice-site mutations are rarer. Such mutations were also found in additional epileptic phenotypes. Despite this phenotypic variability, most epilepsy associated with SCN1A mutations are characterized by fever as a trigger factor 12.
In this report, we describe a novel nonsense pathogenic variant c.327C>G of SCN1A gene in a 10 month Moroccan patient with febrile seizure disorder. 
Case report:
Ethics Statement:
Written informed consent was obtained from the parents of the child involved in the study.

Clinical Diagnoses:
A 10 month male child, born to non-consanguineously married parents with a father who suffers from febrile seizures and who is now under treatment unlike his mother who has no epileptic history.
This child was born after a full-term pregnancy, with normal birth weight. The patient had febrile seizure at the age of 4 months followed by a second seizure at the age of 8 months. Both seizures were associated with fever (39, 5°C, 38, 7°C respectively) and lasted 2 to 3 minutes. During these seizures, the patient suffered from high body temperature, blockage and revulsion of the eyes, hypertonia of the upper limbs, cyanosis of the lips and hyper salivation. His laboratory tests, including examination for protein, glucose, LP, lactate levels and cell count, yielded normal results. In addition, his neurologic examination revealed normal tone and normal tendon reflexes of his lower and upper limbs. Furthermore, the Transfontanellar ultrasound scan revealed no abnormalities.  In this case, EEG examination and MRI were not recommended (according to the American Academy of Pediatrics); because the patient had simple febrile seizures which usually last less than 15 minutes.
The patient’s father was a 49 year-old man. He experienced childhood simple febrile seizures at age 6-8 months. The information about his sudden seizures was absent. His attacks were triggered by febrile illnesses. 
Because of the clinical phenotype, the child underwent genetic sequencing of the SCN1A gene at 10 months of age. 

Genetic study:
	Genomic DNA was isolated from 300µL of peripheral blood collected in EDTA- pre-coated test tubes using Maxwell 16 Blood DNA purification kit (Promega, Madison, WI, USA) according to the manufacturer’s protocol. Both parents of the patient gave their written and informed consent for the genetic study.
	10ng of DNA were used to amplify coding region using Ion AmpliSeq™ Neurological Research Panel (Ion Torrent, Thermo Fisher Scientific) according to the manufacturer’s protocols.
	The library was normalized to a final concentration at ~100 pM. Emulsion PCR was performed using the ION PGM HI-Q OT2 KIT (Ion Torrent™, Thermo Fisher Scientific) according to the manufacturer’s protocol. Following Amplification and recovery an ion sphere quality control Kit (Ion Torrent™, Thermo Fisher) was used to evaluate the library’s quality according to the manufacturer’s protocol. Next, the enrichment was completed by selectively binding the ISPs containing amplified library fragments to streptavidin-coated magnetic beads, removing empty ISPs through washing steps, and denaturing the library strands to allow the collection of the positive template ISPs.
	Sequencing primer and polymerase were added to the final enriched spheres ISPs prior to loading onto an Ion 318 chip according to the ION PGM HI-Q sequencing kit (Ion Torrent™, Thermo Fisher Scientific). Sequencing was carried out on the Personal Genome Material (Ion Torrent™, Thermo Fisher Scientific). For a sequence variant to be considered authentic, sequencing coverage of 250 was used as a minimum requirement in this study.

Data analysis
	Sequence data were processed using the Torrent Suite software v 5.0.4 (Ion Torrent™, Thermo Fisher Scientific) to align reads to the genome reference (HG19) and to generate run metrics, including chip loading efficiency and total read counts and quality. Following data analysis, annotation of a single-nucleotide variants, insertions, deletions, and splice site alterations was performed by the Ion Reporter Server System (Life Technologies) and Ingenuity Variant Analysis (Qiagen).
	The variant of interest was confirmed by Sanger sequencing of amplified PCR products.


Results:
	The genetic sequencing showed a heterozygous variant in SCN1A gene (NM_001202435.1; c.327C>G) located in exon 4 causing creation of a stop codon (p.Tyr109*). Based on these findings, the patient’s father was tested in the same variant. The genetic testing results indicate that the variant was transmitted from the father. 
          Discussion:
Here, we describe a patient with a novel nonsense variant in SCN1A gene (NM_001202435.1; c.327C>G) located in exon 4 which is inferred to have caused creation of a stop codon (p.Tyr109*). This variant has not been described by the Exome Sequencing Project/Exome Aggregation Consortium and to the best of our knowledge, this is the first time we detect it. The patient’s father carries the same novel nonsense variant. This variant was therefore assumed to be inherited from the father.
	SCN1A is a gene encoding the alpha subunit of the neuronal voltage-gated sodium channel Nav1.113. Pathogenic variant in the SCN1A gene are linked to autosomal dominant seizures disorder which encompass a spectrum that ranges from simple febrile seizures (FS) and genetic (generalized) epilepsy with febrile seizure plus (GEFS+) at the mild and to Dravet syndrome and intractable childhood epilepsy with generalized tonic-clonic seizures (ICE-GTC) at the severe end14.  
[bookmark: _GoBack]Early previous studies indicate that inherited nonsense variants in SCN1A gene lead usually to serious febrile seizers such as Dravet Syndrome15, 16. However, in this case, the clinical features of the patient are less severe comparing to those of DS. Moreover, this variant was transmitted by a mildly symptomatic father that suffered from only a few seizures during his life. Taken together, these findings show that predicting the phenotype of the patient based on the SCN1A genotype cannot always give an accurate diagnosis.  
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