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Objective: To study prevalence of SCN1A gene mutations in complex seizure disorders.
Methods: Retrospective laboratory based study on samples sent for molecular diagnosis in
complex seizure disorders. Exome sequencing was performed. Phenotype- genotype
correlation was done for patients showing variants in SCN1A gene. Results: 364 samples
were evaluated; of which, 54% were of children below 5 years of age. SCN1A mutations were
seen in 50 samples of patients with complex seizure disorders; 44 variants were identified.
Types of seizure disorders commonly associated were Dravet syndrome and genetic epilepsy
with febrile seizures. Conclusions: SCN1A mutations are common in complex seizure
disorders, especially Dravet syndrome. Early identification of SCN1A gene in etiology is
important for selection of correct antiepileptic and counselling.
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N1Aisthemost frequently mutated genecausing

epilepsy andisnamed asthe super culpritgene[1].

codesfor dphasubunit of neurona voltagegated

jumion channel type 1, located in chromosome

2024.3. It is expressed in central and periphera nervous

system. The SCN 1A protein control stheflow of sodiumions
and thereby regulatesthe neuronal excitability [2].

Morethan 1500 pathogenic and likely pathogenic muta-
tionshave been reported in SCN1A gene causing various epi-
lepsy syndromes. Though SCN1A mutationsare encountered
in milder seizure disorders like simple febrile seizures and
generalized epilepsy with febrile seizures plus (GEFSt),
identifying mutations of this gene isimportant in epilepsy
disorders with poor cognitive outcome like Dravet syn-
drome. Inheritance of SCN1A related seizure disordersis
autosomal dominant. 80% mutationsbeing denovo (sponta-
neous) mutations. Such denovo mutationsare seenin major-
ity cases of Dravet syndrome. Mutations|ocated within the
pore and voltage gated channels cause more severe pheno-
type[2]. Study of SCN1A genemutationswith parentd segre-
gation can predict clinical course. We report the mutation
spectrum of SCN1AinIndian patientswith sei zuredisorders.

METHODS

This study involved review of laboratory records of 364
patientswhose sampleswere sent for genetic eval uation, due
to presentation with various types of epilepsy. Study was
approved by theinstitutional ethicscommitteeof our center.
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Peripheral venous blood was collected after informed
consent from the patients/guardians, in casethe patient wasa
minor. DNA wasisolated using Ql Aamp DNA blood mini kit
(Qiagen Pvt Ltd) following themanufacturer’ sprotocol.

Wholeexome sequencing and analysis. Library preparation
consisting of pre-capture, hybridization, capture and post-
capture was done using Twist Human Core Exome kit by
following the manufacturer’ sprotocol. Thenext-generation
sequencing was performed on Novaseg 6000 (I1lumina).
Seqguence reads were analyzed and aligned to the human
reference genome (hgl19) using Illumina Dragen software.
Variants were annotated using VarSeq (Golden Helix Inc.)
[3] with i) functiond consequence in RefSeq gene
transcripts, ii) zygosity, iii) minor alele frequency (MAF)
determined using databases (gnomAD, 1000 Genomes) [4],
andiv) reportedin ClinVar [5]. Average depth and coverage
of SCN1A gene was >90 and 100%, respectively. Dataare
presented asmean (SD) or proportions.

RESULTS

Of the 364 samples, 50 patients (31 boys) had mutationsin
SCN1A gene. Mean age was 5.5 years. 54% of the patients
were below 5 years at diagnosis while 76% were below 10
yearsof age.

Out of themutationsidentified, 31 (62%6) had pathogenic
or likely pathogenic mutations. Theremaining 38% patients
had variantsof unknown significancein SCN1A geneasthey
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WHAT THIS STUDY ADDS?

¢ SCN1A mutations were found to be common in referred children with complex seizure disorders.

were not reported as pathogenic in ClinVar, and they were
either novel or present withvery low aleefrequency in 1000
Genomesand gnomAD databases. Insilico prediction tools
like SIFT/PolyPhen/Mutation taster predicted themutations
to be deleterious and conservation tools like GERP++/
PhyloP predicted the regions to be conserved across
mammals. All of themutationswere present either intheion
transport domain or poreregion of theprotein.

Forty four heterozygous variants in SCN1A gene were
observedinfifty subjects(Tablel), comprising 25 missense,
eight nonsense, three splice site, five frameshift mutations,
one small basepair indel variant, onein-framedeletion, and
1 copy number variant. Two patients had p.Arg1928His
variant, three had p.Ser573Arg variant, two had common
indel variant (c.1423 1424delinsCT), and three patientshad
missensevariant p.Argl01Trp (Web Tablel).

DISCUSSION

NI1A is an important channelopathy gene involved in
many epilepsy syndromes. It isa causative genefor Dravet
syndromein majority of the patients, with studiesquotingits
frequency ashigh as90%. Frequency of SCN1A mutationsin
smple febrile convulsions and febrile seizures plus is
unknown. In generdized epilepsy with febrile seizures,
frequency of SCN1Amutationis5to 10%(6,7].

Inheritance of SCN1A related epilepsy syndromes is
autosomal dominant. Most of the mutations, especialy in
severe phenotypes, are de novo. SCN1A mutations are
always encountered in heterozygous condition. Homo-
zygousstateresultsinembryoniclethaity [8]. All patientsin
our present study had mutation in heterozygous state.
Severity of phenotype dependson|ocation of mutationinthe
gene. Pathogenic variantslocated in voltage-gated region or
pore regions result in severe phenotype. While in other
regions, eventhelossof function variantsmay exhibit milder
phenotype. We noted severe phenotype in all the patients,
andthesameisreflected inthelocation of thevariants; al the
mutations were located either in voltage-gated or pore
regions. Out of 786 mutations responsible for Dravet
syndrome reported in a review, 86% were present exclu-
sively in Dravet syndromeonly, 3.4% were associated with
both Dravet syndrome and severe myoclonic epilepsy,
borderline and lessthan 1% for both Dravet syndrome and
GEFS+ [2]. Though incomplete penetrance and variable
expressivity is reported, variant identification can predict
future courseand syndromeeven at young age.
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Asmost of the pathogenic variantsin severe phenotypes
arise spontaneoudly and such variantsare absent in parents,
couples can be assured regarding the negligible risk of
recurrence in future pregnancies. This smal risk of
recurrencein future pregnanciesislikely because of gonadal
mosaicism in these few instances. However in case the
mutation originatesfrom aparent, 50% chance of recurrence
is present [6]. If the seizure disorder in the child is severe
option of prenatal diagnosis should thus be discussed with
the parents. It is aso observed that more severe, the
phenotype, morelikely that it hasoriginated denovo [ 6].

Wheninvestigating the genetic etiology inapatient with
aepilepsy, exome sequencing consisting of multi gene panel
for seizure disorders with prime focus on SCN1A should be
considered. Thisapproach canidentify other genesresponsi-
ble, especialy for potentialy treatable conditions like,
pyridoxine dependent epilepsy, biotinidase deficiency, and
glucosetransporter 1 deficiency. Evenin patientspresenting
with seizures in early infancy, these studies should be
undertaken as treatment can be started early in potentialy
treatable disorders. In conditions like Dravet syndrome,
early diagnosis and proper seizure control can slow down
cognitivedecline. Certain antiepil epticslike carbamazepine,
lamotrigine and vigabatrin are contraindicated in SCN1A
seizure disordersasthey may induce or increase myoclonic
seizures. Phenytoin isalso contraindicated asit canincrease
saizuresand induce choreoathetosi s. A cetaminophen should

Table | SCN1A Mutation Datainthe Sudy Subjects(N=50)

Variable No. (%)
Male 31(62)
Typeof mutations
Missense 25(50)
Nonsense 8(16)
Frameshift 5(10)
Indel 12
Splicesite 3(6)
CNV 1(2)
Classification of variants
Pathogenic/likely pathogenic 31(62)
Uncertainsignificance 19(38)
Phenotype
Dravet syndrome 36(72)
Generalized epilepsy with febrileseizures 10(20)
Non descript seizures 4(8)

All valuesin no. (%).
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be used with caution, especidly when valproate and
topiramate are used in SCN1A associated sel zurecontrol, as
hepatotoxicity is likely with even a small overdose. Thus,
identification of SCN1A mutation early in the course of
dissase helps in important thergpeutic decisions.
Vaccinations may result in seizures in SCN1A associated
disorders, but these episodes do not dter the course. Fever
can becontrolled better with longer acting non-steroid anti-
inflamamatory drug like Naproxen. Usual immunization
schedulecanthusbefollowed [9,10].

Limitations of our study are inclusion of only referred
patients, and non-avilability of full clinical details. Patients
with uncontrollable seizures with two initid drugy
unprovoked seizures/seizures along with developmental
issues’hemi-convulsions, should be considred for testing for
CN1A mutations. Our study found SCN1A mutation as a
common abnormality in selected patients with severe

epilepsy syndromes.
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