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Our results suggest that SCN9A mutations by themselves do not cause Dravet syndrome,
on the other hand, some of their mutations role as possible genetic modifiers causing Dravet

syndrome when combined with SCN1A mutation.
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The developmental changes of Navl.1 and Nav1.2 expression in the 6 human hippocampus and temporal lobe.
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Background: Dravet syndrome is an intractable epileptic disorder occurring in the first year of life,
mutations in SCN1A encoding the sodium channel Navl.1 are a major cause of it. Recently, concurrent
SCN9A and SCN1A mutations in Dravet syndrome have been reported which provide models for
potential genetic modifier effects. This was significant as SCN9A is known to cause inherited pain
syndromes, and no previous reports have linked it to epilepsy. To clarify their role and association with
SCNIA in Dravet syndrome, screening for genetic SCN9A abnormalities was performed using direct
sequencing methods.

Materials and methods: We analyzed 492 chromosomes from Dravet syndrome patients and 572 from
healthy volunteers. Dravet syndrome patients were divided into two groups; one without, and one with
SCN1A mutations (consisted of 256 and 236 chromosomes, respectively). We next analyzed 58
chromosomes from patients with milder forms of SCN1A related epilepsies to evaluate whether SCN9A
influences on seizure phenotype.

Resulis: A sequencing of SCN9A yielded eight missense variants including four novel ones: M787V,
S802G, V86IE, and Y1175C. All novel variants had relatively high phyloP scores and three of them,
M787V, VB6IE, and Y1175C were predicted to be deleterious. Nevertheless, M787V and V86 1E were
also found in the control group. S802G and Y 1175C were found in the SCN1A mutation (+) Dravet
syndrome group, but not in milder forms of SCN1A related epilepsies, nor in the controls.

Conclusions: Our results suggest that SCN9A mutations by themselves do not cause Dravet syndrome,
on the other hand, some of their mutations role as possible genetic modifiers causing Dravet syndrome
when combined with SCN1A.
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Dravet syndrome, also known as Severe Myoclonic Epilepsy of Infancy (SMEL; OMIM 607208), is an
intractable epileptic disorder occurring in the first year of life in infants who previously had shown
normal development. Initial seizures are hemiclonic or generalized tonic-clonic, usually begin with fever,
and often lead to status epilepticus. Later episodes begin to occur without fever, and patients manifest
other seizure types, including myoclonic, complex-partial, and atypical absences. Prognosis is poor, with
psychomotor impairment and intractable seizures. Mutations in SCN1A encoding the sodium channel
Navl.1 are a majer cause of Dravet syndrome. To date, nearly 700 mutations of the SCN1A have been
found in Dravet syndrome patients, accounting for 50-80% of them. SCN1A mutations show various
penetrance and expressivity even within the same family, and have extreme heterogeneity. Thus the
disease’s pathogenesis is not completely understood by SCN1A alone, and many reports have suggested
that it is genetically heterogeneous. Recently, concurrent SCN9A and SCN1A mutations in Dravet
syndrome have been reported providing models for potential genetic modifier effects. It was significant
because SCNYA is known to cause inherited pain syndromes, and no previous reports suggested it as a
contributor to epilepsy. To clarify their role and association with SCN1A mutations in Dravet syndrome,
we performed genetic analyses of SCN9A.
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1. Subjects

We analyzed 492 chromosomes from Dravet syndrome patients and 572 from healthy volunteers. Dravet
syndrome patients were divided into two groups; one without, and one with SCN1A mutations (consisted
of 256 and 236 chromosomes, respectively). We next analyzed 58 chromosomes from patients with
milder forms of SCN1A related epilepsies to evaluate whether SCN9A influences on seizure phenotype.
Most samples were from Japan although a few were from India. The diagnoses were made at departments
of child neurology in various regional tertiary hospitals and detailed clinical reports and questionnaires
were completed for each patient. SCN1A mutation analyses for patients and controls were previously
examined in our lab.

2. Genetic analysis

Screening for genetic SCN9A abnormalities was performed using direct sequencing methods. Each of the
participants or their parent/ guardian signed an informed consent form approved by the Ethics Review
Committee of Fukuoka University or similar committees of participating institutions. Genomic DNAs
were prepared from ethylenediamineteraacetic acid (EDTA)-treated whole blood samples using a
QlAamp DNA Blood kit (Qiagen, Hilden, Germany). Sequencing was carried out in both directions using
28 specific primer pairs amplifying SCN9A’s 27 exons. Screening for genetic abnormalities was
performed by direct sequencing methods using dye terminator chemistry (Big-Dye, Applied Biosystems,
Foster City, CA). Details of PCR conditions and the primers are available upon request. Reference
sequences of messenger RNA (mRNA) were based on information available from RefSeq (accession
numbers): Human SCN1A, NM 006920; Human SCN9A, NM 002977,

WA

All patients had a clinical history consistent with Dravet syndrome, and patients with SCN1A mutations
carried SCN1A missense or splice site mutations. No SCN1A mutations were found in the controls. A
sequencing of SCNOA yielded eight missense variants including four novel ones: M787V, S802G, V861E,
and Y1175C. As shown in Table 1, all novel variants had relatively high phyioP scores and three of them
(with low SIFT score), M787V, V861E, and Y 1175C were predicted to be deleterious. Nevertheless,
M787V and V861E were also found in the control group. S802G and Y 1175C were found in the
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SCN1A(+) Dravet syndrome group, -but not in 38 chromosomes with less severe forms of SCN1A related
epilepsies, nor in the controls (Table 2). For these two mutations, Fisher’s exact two-tailed test yielded
p=0.02 (3/236 SCN1A(+) Dravet syndrome group and 0/572 controls), while other six variants including
M787V and V861E showed no statistical differences between each groups. Our results suggest that
SCN9YA mutations by themselves do not cause Dravet syndrome, on the other hand, some of their
mutations role as possible genetic modifiers causing Dravet syndrome when combined with SCN1A.

EE

Our results suggest that SCNSA mutations by themselves do not cause Dravet syndrome, on the other
hand, some of their mutations role as possible genetic modifiers causing Dravet syndrome when
combined with SCN1A.
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Table 1. Overview of all identified SCN9A missense variants.
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Table 2. Allelic frequencies of all identified SCN9A missense variants.
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