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ABSTRACT
Duplications in chromosomal locus 2q24.3 region that 
solely involve SCN2A remain less explored. Favorable 
outcomes have been reported in patients with SCN2A 
gene duplications in cases of mild epilepsy with onset 
during the neonatal to infantile period, or in infantile 
epileptic spasm syndrome. Herein, we report a case of 
microduplications, including SCN2A gene duplications, 
wherein developmental/epileptic encephalopathy with 
spike-wave activation during sleep (D/EE-SWAS) 
developed. A 3-day-old girl without birth complica-
tions exhibited tonic seizures in her right limb with 
eye deviation to the right. She developed drug-resistant 
seizures, including atypical absence seizures, at 1 year 
and 6 months old. Despite achieving seizure freedom 
at 9 years old, she experienced academic difficulties. 
D/EE-SWAS was diagnosed based on the long-term 
electroencephalogram findings. Following a corpus cal-
losotomy at 11 years old, her academic performance and 
emotional expression improved. Comprehensive genetic 
analysis at 10 years old revealed a microduplication 
spanning approximately 300 kb within the 2q24.3 re-
gion, which included a segment of the SCN2A gene and 
an adjacent CSRNP3 gene. In conclusion, we reported 
a rare case of duplications solely encompassing SCN2A. 
Corpus callosotomy resolved the D/EE-SWAS.
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Voltage-gated sodium (Na2+) channels play important 
roles in neural transmission and are strongly implicated 
in the onset of epilepsy.1 The genes encoding voltage-
gated Na2+ channels, namely SCN1A, SCN2A, SCN3A, 
and SCN8A, are located in the chromosome 2q24.3 re-
gion.1 Pathogenic variants of the SCN2A gene have been 

associated with a spectrum of conditions, ranging from 
relatively mild disorders, such as self-limited familial 
neonatal infantile epilepsy, to severe forms of epilepsy, 
including Dravet syndrome, early infantile developmen-
tal and epileptic encephalopathy, paroxysmal ataxia, 
and neurodevelopmental disorders.2–6 Specifically, 
duplications involving SCN2A, usually encompassing 
SCN1A and SCN3A, have been reported to lead to 
neonatal-onset drug-resistant epilepsy and intellectual 
disabilities.7 However, reports concerning duplications 
involving only SCN2A (excluding other Na2+-channel 
genes) are limited. There have been few cases of neo-
natal or infantile epilepsy caused by gene duplication of 
SCN2A with favorable seizure outcomes.1, 8, 9

Here, we report the case of a female child who car-
ried a duplication involving SCN2A who was afflicted 
by drug-resistant epilepsy with onset in the neonatal pe-
riod. She was additionally diagnosed with developmen-
tal/epileptic encephalopathy with spike-wave activation 
during sleep (D/EE-SWAS) during childhood.

PATIENT REPORT
Clinical course
A 3-day-old girl visited our hospital with a chief 
complaint of tonic seizures in the right upper and lower 
limbs, accompanied by eye deviation to the right. She 
was born without asphyxia at a gestational age of 38 
weeks and weighed 3,000 g. She was the third child of 
healthy, non-consanguineous parents, and her paternal 
uncle developed epileptic seizures at 17 years of age. 
Serum laboratory tests, head computed tomography, 
and electroencephalography (EEG) revealed no abnor-
malities. She experienced recurrence at five months 
of age, and EEG showed multifocal spike waves. Oral 
administration of phenobarbital (PB) controlled the 
seizures.

From 1 year and 6 months of age, daily atypical 
absence seizures occurred, as evidenced with ictal EEG 
with continuous spike and wave discharges in the right 
middle temporal and left centroparietal regions. From 
3 years of three years, she developed various types of 
seizures, including extension of the right lower limb 
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and eye blinking with dizziness. The developmental 
quotient using the Kinder Infant Development Scale 
at 3 years and 6 months of age was 85. Although the 
clinical seizures were intractable to multiple antiseizure 
medications, after 9 years of age, she achieved seizure 
freedom with treatment with ethosuximide, valproic 
acid, clobazam, and topiramate.

Owing to the poor academic performance, we 

conducted long-term EEG monitoring at 9 years and 7 
months of age, which revealed diffuse and continuous 
spikes and waves during sleep (Fig. 1A). The spike-
wave index reached a maximum value of 93%. 
The intelligence quotient (IQ) on the Tanaka Binet 
Intelligence Scale was 33 at 9 years and 9 months of age. 
Subsequently, the patient was diagnosed with D/EE-
SWAS. High-dose diazepam and methylprednisolone 

Fig. 1.  (A) Long-term EEG, before the corpus callosotomy (9 years and 7 months of age), revealed a continuous 
diffuse spike-slow wave burst during non-REM sleep (low frequency filter, 1.59 Hz; high frequency filter, 30 Hz; 
sensitivity, 20 μV; time constant, 0.3). (B) After the corpus callosotomy (13 years and 7 months of age), the distribu-
tion and appearance time of spile-slow wave burst reduced (low frequency filter, 1.59 Hz; high frequency filter, 30 
Hz; sensitivity, 10 μV; Tc, 0.3). The density spectral array shows the reduction of the time ratios and powers of the 
spike-slow wave burst during sleep [pink-dash boxes in (A) and (B)].
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pulse therapy did not reduce the discharge rate.
Preoperative cranial MRI and FDG-PET examina-

tions did not reveal any evident epileptic foci. After the 
corpus callosotomy, EEG discharges were markedly re-
duced and occurred independently in both hemispheres 
(Fig. 1B). After the corpus callosotomy, the parents felt 
that she became able to express her emotion and intent 
in words, and behave appropriately by observing the 
surrounding situation. She also became able to concen-
trate during classes, resulting in decreased distraction 
and forgetfulness. The Attention Deficit Hyperactivity 
Disorder Rating Scale and the Parent-Interview Autism 
Spectrum Disorder Rating Scale improved from 15 
to 8 points, and from 14 to 7 points, respectively. The 
Tanaka Binet Intelligence Scale showed a stable IQ of 
31 at 13 years of age. The EEG discharges were further 
reduced, with a shift in dominance from the left to the 
right hemisphere.

Genetic analysis
Comprehensive exome analyses were conducted on 
the patient and both parents at 10 years of age. As a 
result, a microduplication of approximately 300 kb in 
size (chr2:166,152,233-166,451,823) was detected in the 
2q24.3 region of the patient’s chromosome. This mi-
croduplication, encompassing a portion of the SCN2A 
gene and an adjacent CSRNP3 gene, was exclusively 
observed in the patient. Furthermore, a heterozygous 
single-base variant (NM_212482.1: c.4223C > T: p. 
(Ser1408Phe)) was identified in the gene encoding 
Fibronectin 1 (FN1) located in the 2q35 region.

DISCUSSION
We report a patient with neonatal-onset drug-resistant 
epilepsy who developed D/EE-SWAS associated with 
a duplication solely in the SCN2A gene among Na2+ 
channel genes. There have been no reports of a patient 
with D/EE-SWAS with duplication of the Na2+ channel 
solely affecting SCN2A. In this case, corpus callosotomy 
was effective in improving both EEG patterns and 
cognitive function.

Pathogenic variants in the SCN2A gene, including 
point mutations and deletions, have been associated 
with various epilepsy severities, including develop-
mental and epileptic encephalopathy, benign familial 
neonatal infantile seizures, paroxysmal ataxia, and 
neurodevelopmental disorders, such as autism spectrum 
disorder.2–6 Most cases of SCN2A duplications in previ-
ous reports also involved SCN1A and SCN3A, often 
leading to neonatal-onset epilepsy with a course of 
drug resistance and severe cognitive outcomes.7 There 
are only a few reports on SCNA2 duplications, and 

most cases exhibit mild epilepsy with onset during the 
neonatal period.1 Thuresson et al. reported the case of a 
boy who experienced tonic-clonic seizures beginning at 
the age of 5 years, which were controlled by valproate 
monotherapy. The patient also exhibited a moderate 
intellectual disability and attention-deficit hyperactiv-
ity disorder.8 Boutry-Kryza et al. reported a case of 
infantile epileptic spasm syndrome9; however, specific 
details remain uncertain. In our patient, we identified a 
duplication involving SCN2A without the involvement 
of other Na2+ channel genes, which resulted in drug-
resistant epilepsy and the development of D/EE-SWAS.

In this patient, a partial duplication of the CSRNP3 
gene and mutations in the FN1 gene were identified. 
Although CSRNP3 is known for its role in promoting 
apoptosis and transcription by RNA polymerase II,13 
there have been no reports of this gene linking to the 
onset of epilepsy or intellectual problems. It is difficult 
to discuss whether the mutation affected the patient’s 
condition. FN1 gene is involved in cellular adhesion 
and migration processes. While epilepsy has not been 
directly associated with FN1 gene mutations in previous 
literature, its expression in neuronal cells suggests a 
potential role in the present condition’s pathogenesis.

Moreover, the patient underwent corpus cal-
losotomy. Although corpus callosotomy is primarily 
performed as a palliative surgery for patients with drop 
attacks, including epileptic spasms, tonic seizures, 
and atonic seizures, this procedure is also adapted 
for patients with diffuse spike-wave discharges that 
affect cognitive function.10–12 In our patient, corpus 
callosotomy reduced the rate of epileptic discharge 
and resulted in improvements in emotional and de-
velopmental disorder symptoms. Similarly, Peltola et 
al. reported improvements in cognitive function and 
behavior following corpus callosotomy, particularly in 
patients with atypical absence seizures.11 Yokosako et 
al. also reported improvements in the spike-wave index, 
cognitive function, and seizure frequency, and reduced 
antiepileptic medication following corpus callosotomy 
for D/EE-SWAS.12 Accordingly, these reports and our 
case highlight the benefits of callosotomy in the treat-
ment of D/EE-SWAS.

In conclusion, we report the case of a patient with 
duplications at 2q24.3 solely encompassing SCN2A 
among all sodium channel genes. The patient developed 
various types of seizures and progressive drug resis-
tance. Corpus callosotomy resolved D/EE-SWAS.
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