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Abstract: Epilepsy is a chronic neurological disorder result in firing of the neurons due to channel defect or neuro-transmitters disturbance.
Its clinical presentation is guided by the site of the abnormal neurons, and distribution pattern of the neuronal discharge. Treatment is
mainly by antiepileptic drugs which have a good prognosis. However the remission and relapse is determined by some clinical and genetic
factors. Many genes participate in the response to antiepileptic by affecting the metabolism, transporter, or the drug target. Sodium channel
type alpha 2 gene (SCN2A) which is located in chromosome 2 encodes many antiepileptic drug receptors and incriminated in some
refractory epilepsies. Science intractable epilepsy is disturbing life and consuming time early prediction of outcome will help in treating
patient. More than that, using sodium channel blockers, or other modality of treatment such as ketogenic diet, deep vagus nerve stimulation,

or surgery will improve outcome.
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1. Introduction

Epilepsy

Recurrent attack of seizure is neurological disorder affects
about 50 million of the population [1]. It may be due to
neuron hyper- excitability, or imbalance in its
neurotransmitters by gain in the excitatory ones or loss in the
inhibitory [2]. According to its etiology(genetic, trauma,
tumor ,infection, and electrolyte imbalance), epilepsy is
categorized in to idiopathic( genetic), symptomatic
(structural-metabolic), cryptogenic, and unknown ;It has a
variety of manifestations (tonic clonic, atonic, myoclonic,
and spasm) [3-5]. Classified as: generalize, focal, focal to
bilateral with or without impairment. [6] Diagnosis of
epilepsy is mainly clinical however electroencephalogram
(EEG), (magnetic resonant (MRI), genetic testing, and
biological marker are helpful in some cases. The cornerstone
of management is drug which has most often good outcome.
[7]. As it was reported by Michel Baulac from many clinical
trial about 60-70 % of patient respond well to monotherapy,
while the rest modality of treatment like ketogenic diet,
vagus nerve stimulation and surgery [1,8]

Genetic Background of Epilepsy

Idiopathic epilepsy may happen due to defect in some
chromosomes or mutations in some genes , transmitted to
next generation of the family by monogeneic, oligogenic, or
polygenic inheritance [9] Regarding chromosomes’ defect :
forming  ring chromosome like chromosome 20 and
chromosome 14, microdeletion which was observed in
chromosome 6 , or disarrangement in chromosome 15q and
chromosome 16p [10], [11].On another hand, mutations
within the genes that encode the ion-channel and

neurotransmitters receptor may play a major role in epilepsy

[9]- [16].

SCN2A Gene

Sodium channel voltage gated type 2 alpha subunit
constitutes of two alpha subunits and one bita subunit. Its
encoding gene is located in Chromosome 2: 165,194,993-
165,392,310 forward strand[17].1t represents sodium channel
in the generation of the action potential which is distributed
mainly in the axons and unmyelinated fibers [18]-[20]. Some
SCN2A mutations may be involved in the pathogenesis of
four phenotype groups following this manner: benign
neonatal or infantile epilepsies , autism and intellectual
disability, Infantile Spasms, and early onset epileptic
encephalopathies including Ohtahara Syndrome and severe
neonatal epilepsies [21]. These mutations may benign as
some missense variants of SCN2A that respond well to high
dose of phenobarbital, or may result in resistance and sudden
death[22]- [24].

SCN2A-Mediated Disorders

Benign Infantile Epilepsy (BFNIS): group of partial or
secondery generalize seizure occurs within the first 6 months
of life and resolve. Has autosomal dominant inheritance
mainly for potassium channel, voltage gated KQT-like
subfamily Q, member 2gene (KCNQ2), and to some extent
SCN2A [25]. SCN2A mutation in benign infantile epilepsy
was identified in 1983 by Kaplan and Lacey, these mutations
were found to be associated with good outcome [26]. Then
Ito and his colleague reported complex partial seizure
preceded by febrile seizure due to 3 missense mutations of
SCN2A (R19K, R188W, and R524Q), the main mutation
(R188W) was detected in a sample from 8 years old child
[27]. Other variants were detected in eight families with the
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benign infantile epilepsy (BFNIS) phenotype [28]. R187W
mutation may be incriminated in the prolongation of the
action potential while some mutations may reduce he number
of Na+ channel vin the cell-surface [29], [30 ]. During
maturation their function will be replaced by SCN6A causing
seizure abruption. [31] . Most of the benign infantile seizure
mutations increase the channel function and respond to Na+
channel blocker like phenytoin whereas the loss of function
mutations attribute in autism[32]. Autism and Intellectual
Disability: autism has been defined as a spectrum of
disorders that affect the social cognitive in 5.8 per thousand
of children, 30% of them may develop epilepsy [33]. SCN2A
gene mutations that reduce function associate with autism
whilst complete function loss cause intellectual disability
[32]. Infantile Spasm (West Syndrome): is a severe form of
epilepsies due to some SCN2A mutations lead to drug
resistance but Atkins Diet may solve this problem[34].
Epilepsy Encephalopathies: epilepsy encephalopathies
develop when the neonatal seizures resist treatment and
result in neurological disability. Ohtahara syndrome has
higher SCN2A mutation rate than other childhood epilepsies
[35]. It may be associated with intractable seizures, severe
intellectual disability, optic atrophy, muscular hypotonia, and
brain abnormalities [36].

SCN2A and Epilepsy Prognosis

SCN2A mutations, prognostic effect on epilepsy is
controversial. Kwan and his mates found that there is
association between SCN2A de-novo mutations and drug
resistance. While inherited variants have more benign
prognosis [37].Rising the need for genetic testing for
childhood epilepsy as basic investigation[38]. Regarding
response to treatment Kamiya and his colleagues in 2004
found that a nonsense mutation R102XSCN2A reduces the
Na channel activity leading to pharmacoresistance
epilepsy[39]. . Indian-researcher in 2010 found that SCN2A
polymorphisms may decrease sensitivity to carbamazepine
and phenytoin[40]. Another result was published in 2014 at
china with difference in the mutation location and dominant
nucleotide[28]. In fact , ethnicity variation and its relation
with drug resistance was explored in more detailes in a
Mexican study [41]. Recently in 2017, Mishra and his
group suggested that deletion in SCN2A may protect from
sudden death in KCNA associated epilepsies [42].
Schwarz, steam demonstrated a gain function mutation
which causes neonatal epilepsy and doesn’t respond to
phenobarbital nor valproate but Oxcarbazepine (OXC),
Levetiracetam (LEV), and phenytoin; The seizure attacks
disappear within months then intractable episodic ataxia
develops [38]. Other studies approved that Na channel
blockers are the best treatment choice for SCN2A
mutation[43,44] .In 2017 , Na+ channel blocker found to be
effective in early onset of epilepsy rather than the later one.
That may be because the SCN2A mutation in the letter is a
truncated mutation which inhibits the channel strongly [44].
Children with neonatal epileptic encephalopathy may
respond to lidocaine, after that it can be replaced by oral
mexiletine, Ethosuximide for late-onset seizures and
acetazolamide for episodic ataxia[44]- [47]. Ca-channel
blocker as CACNA 1G may reduce seizure due to SCN2A
defect while inhibition of SCN2A gene transcription by
FOXD3 will help in refractory epilepsy [48]-[49].

N 1JARP
Conclusion

SCN2A has variety of mutation found in different epilepsies,
some of them carry good outcome while other result in
refractory epilepsy. Since there are some manipulations for
treatment such as ketogenic diet, vagus nerve stimulation,
surgery, and the use of sodium channel blocker early
detection and determination of these mutations may develop
good prognosis.
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