Epilepsy and Genetics

Relation between epilepsy and genetics

Summary

When a parent has epilepsy, the frequency of the patient’s children developing epilepsy is 4—6%, which is 2-3
times higher than that in the general population. However, the frequency varies depending on the cause of epilepsy.
There is no clear pattern of inheritance for epilepsy in general.

Comment

The genetic factor plays a small role in the pathogenesis of epilepsy in general®. Therefore, we should take care not to give
excessive anxiety to patients and their families and not to lead them to misunderstand the negative impact of the genetic
factor.

In some patients, family history reveals definite inheritance patterns (epilepsy syndrome) such as autosomal dominant and
recessive inheritance, or sex-linked inheritance. However, the inheritance pattern is undetermined in most of the patients
with epilepsy. The familial prevalence and the rate of EEG abnormalities differ even for the same epilepsy syndrome,
suggesting multifactorial inheritance pattern involving many overlapping factors. The incidence rate of epilepsy in
descendants of the patients is 6%, which is clearly higher than the incidence for people aged up to 20 years in the general
population (1-2%). When the mother has epilepsy or when one of the parents has absence seizures, the incidence rate is
further increased to 8—9%?. In addition, epilepsy occurs relatively frequently in siblings of patients with epilepsy. In the case
that the onset age of the proband is under 15 years, the incidence rate of epilepsy in siblings by 20 years of age is 3-5%?.
Moreover, the incidence rate increases to 5-15% in the proband’s siblings when the EEG of the proband shows generalized
spike-and-wave complex, or when the proband’s parent is (or both parents are) affected by epilepsy®.

Regarding febrile convulsion, while the prevalence in children is 7-11% (4% in other countries), the prevalence increases
to 20-25% in siblings of patients with febrile convulsion. Also, children with febrile convulsion will eventually have non-
febrile convulsion (epilepsy) at a higher rate when their parents are affected by epilepsy™ ?.
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Current situation of genetic research and genetic testing for

epilepsy

Summary
Various mutations have been identified in many epilepsy syndromes. However, genetic diagnosis has clinical
significance in only a few epilepsy syndromes. Identification of gene abnormalities leads to a definite diagnosis only

for progressive myoclonic epilepsy, Angelman syndrome, Rett syndrome, and Dravet syndrome.

Comment

The causative genetic abnormalities for various epilepsy syndromes are shown in Table 1"?, and those for progressive
myoclonic epilepsy (PME) are shown in Table 2¥. When Dravet syndrome is suspected, gene testing is useful because the
findings from the SCN1A genetic test may help us determine the treatment strategy and provide genetic counseling at an
earlier stage than when diagnosis is obtained from only clinical symptoms®.

On the other hand, based on the current knowledge about genetic research on epilepsy, genetic results cannot accurately
predict the prognosis (for example, patients with the same SCN1A mutation may have different phenotypes). Moreover, even
when the genetic test result is negative, it does not exclude the possibility of having an unknown causative gene or a gene
unidentifiable by conventional sequence analyses such as copy-number polymorphisms. It should be noted that genetic tests
have only limited usefulness for exclusion diagnosis.

Furthermore, many genetic tests are not covered by medical insurance at present, making it difficult to be used as a routine
test in the clinical practice.
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Table 1. Causative genes identified in various epilepsy syndromes.

Epilepsy syndrome Locus Gene Product
Benign familial neonatal seizures 20q13.3 KCNQ2 K, 7.2(K* channel)
8q24 KCNQ3 K, 7.3(K* channel)
Benign familial neonatal-infantile | 2q23-q24.3 SCN2A Na' channel o, subunit
seizures
Benign infantile epilepsy 16p11.2 PRRT2 Proline-rich transmembrane protein 2
Ohtahara syndrome 9q34.1 STXBPI Syntaxin binding protein 1
Xp22.13 ARX Aristaless related homeobox
Infantile spasms (atypical Rett Xp22 STK9/CDKL5 Cyclin-dependent kinase-like 5
syndrome / West syndrome)
X-linked infantile spasms Xp22.13 ARX Aristaless related homeobox
Severe myoclonic epilepsy of 2q24 SCNIA Na' channel o subunit
infancy (Dravet syndrome) 2q24.3 GABRG2 GABA, receptor v, subunit
5q34-935 GABRAI GABA, receptor a, subunit
9¢34.1 CHD2 Chromodomain helicase DNA binding protein 2
STXBPI Syntaxin binding protein 1
Genetic epilepsy with febrile 2q24 SCNIA Na 1.1(Na* channel)
seizures plus (GEFS+) 19q13.1 SCNIB Na* channel 8, subunit
5q34 GABRG2 GABA, receptor v, subunit
GABRD GABA,, receptor 8 subunit
SCN9A Na* channel o, subunit
STXIB Syntaxin 1B
Childhood absence epilepsy (with | 5934 GABRG?2 GABA, receptor vy, subunit
febrile seizures plus)
PCDHI9-related epilepsy limited | Xq22 PCDHI19 Protocadherin 19
to females
Early-onset absence epilepsy 1p35-p31.1 SLC2A1 GLUTI
(glucose transporter-1 deficiency
syndrome)
Juvenile myoclonic epilepsy 5934-q35 GABRAI GABAA receptor «l subunit
6pl2-pll EFHCI EF-hand domain-containing protein 1
Autosomal dominant nocturnal 20q13.2-q13.3 CHRNA4 nACh receptor o, subunit
frontal lobe epilepsy 1q21 CHRNB2 nACh recepror B, subunit
8p21 CHRNA2 nACh recepror «, subunit
Autosomal dominant lateral 10924 LGII Leucine rich glioma inactivated 1
temporal epilepsy (autosomal
dominant epilepsy with auditory
features)
Generalized epilepsy and 10g22 KCNMAI K., 1.1(K* channel)
paroxysmal dyskinesia
Absence epilepsy and episodic 19p13 CACNAIA Ca 2.1(Ca** channel)
ataxia type 2
Focal epilepsy and episodic ataxia 12p13 KCNAI K, 1.1(K* channel)
type 1
Familial hemiplegic migraine and 1p21-23 ATPIA2 Sodium-potassium ATPase
epilepsy
Angelman syndrome 15q11-13 Loss including (UBE3A)
UBE3A
Rett syndrome Xp28 MECP2 Methyl-CpG-binding protein-2
14q12 FOXGI Forkhead box protein G1

(Partially modified from: Ottman R, Hirose S, Jain S, et al. Genetic testing in the epilepsies—report of the ILAE Genetics Commission.

Epilepsia. 2010; 51(4): 655-670.)
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Table 2. Causative genes in progressive myoclonic epilepsy (PME).

Name of disease O(l;:ltr:)ge Clinical symptoms Locus Gene
Neuronal ceroid lipofuscinosis (NCL)*
1p34.2 CNLI
Infantile NCL 0.5-2 Vision loss, microcephaly, epilepsy, regression | 11p15.4 CNL2
16pl1.2 CNL3
Late Infantile NCL) 2-4 Vision loss, epilepsy, myoclonus 20q13.33 CNL4
13q22.3 CNL5
15923 CNLG
Juvenile NCL 4-10 Vision loss, epilepsy 4q28.2 CNL7
8p23.3 CNL8
Adult NCL 12-50 Epilepsy, ataxia, dementia Not Mapped | CNL9
11p15.5 CNLIO
17q21.31 | CNLII
11q13.2 CNLI3
7q11.21 CNL14
Dentatorubral-pallidoluysian atrophy | All ages Myoclonus, cerebella ataxia, epilepsy 12p13.31 ATNI
(DRPLA)
Mitochondrial encephalomyopathy 5-42 Short stature, hearing loss, cardiomyopathy | mtDNA MI-TK
(MERRE) (mostly in mtDNA MT-TLI
childhood) meDNA MTTE
mtDNA MIT-TI
13q34 CARS2
Unverricht-Lundborg disease (ULD) | 6-16 Myoclonus, epilepsy, no or mild 21q22.3 CSTB
intellectual disability 12q12 PRICKL
4q21.1 El
17q21.32 | SCARB2
GOSR2
PME with K* channel abnormality 6-14 Resembling Unverricht-Lundborg disease | 11p15.1 KCNCI
Lafora disease 9.5-18 Epilepsy, myoclonus, regression 6q24.3 EPM2A
6p22.3 EPM2B

* The loci and responsible genes for NCL are identified from all NCL, and does not correspond to each clinical subcategory.
(Partially modified from: Nakayama T. Molecular genetics of progressive myoclonic epilepsy. Igaku No Ayumi. 2015: 253(7); 584-588.)
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