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Genetic testing should be considered in:

• Early-onset epilepsies

• Epilepsy with intellectual disability, autism, and/or other comorbidities

• Progressive myoclonus epilepsies

• Non-lesional focal epilepsies in specific familial syndromes

• Non-lesional focal, therapy-resistant epilepsies in presurgical work-up

• Epilepsy in the setting of focal malformations of cortical development



Genetic testing – what can you achieve?

• The type of genetic testing undertaken depends on the clinical situation 

• NGS strategies are currently recommended as the first line of testing 

• Targeted gene panels/WES:         ~ 20-40%

• Neonatal onset epilepsies:       ~    60% 

• Onset 2m - 2y: 25-30%

• Onset 2 - 9y: 10-15%

• Onset >10 y: 1%

• Somatic mutations: ~30% of mMCD/FCD1 patients and ~60% of 

FCD2/HME patients

• Genetic re-evaluation in unsolved cases



• SCN3A

• KCNT2

• CACNA1E

• GABRA3

• GABRA5

• GABRB2

• GABRD

Channelopathies

Loss-of-function: reduced neuronal activity

Gain-of-function: impaired channel inactivation and elevated 
neuronal activity

Oyrer et al., 2018

• Potential precision medicine approaches in ~25%

• Enormous utility of genetic testing for therapeutic decision-making



Early-onset genetic epilepsies reaching adult clinics

• The incidence of monogenic epilepsies: 1 per 2120 live births

• Children grow into adults and with advances in paediatric care it is becoming increasingly common for children with even severe DEEs to reach 

transition 

• At least 10–50/100 000 individuals will require the care of an adult neurologist because of a early-onset genetic epilepsy

• The majority have not benefited from recent genetic diagnostic discoveries



Genetic testing in adults with epilepsy and ID  

• 200 adults - epilepsy and ID 

• A genetic diagnosis was found in 23%. SCN1A, KCNT1, and STXBP1 (48%). 

• Gene-specific treatment changes were initiated in 17% (1 SLC2A1, 10 SCN1A)

• 10 improved, with seizure reduction and/or increased alertness and general well-being

• Useful for therapeutic decision-making: better seizure control, ultimately improved quality of life.

• Older age and seizure freedom seem to be associated with the highest diagnostic gap.



Why should genetic investigations be performed?

• to obtain a definitive diagnosis and avoid further (costly and laborious) diagnostic procedures

• to better estimate the prognosis

• to obtain a solid basis for genetic counselling

• to improve therapy

• to join disease-specific support groups



Precision medicine in genetic epilepsies
• SCN1A (LOF and GOF): LOF Drugs of choice: STP, VPA, BDZ: Proof of concept: Fenfluamine, ASO; LOF Avoid: SCBs

• SCN2A (LOF and GOF): GOF Drugs of choice: SCBs; LOF Avoid: SCBs

• SCN8A (LOF and GOF): GOF Drugs of choice: SCBs; GOF Avoid: LEV

• SLC2A1 (LOF): Treament of choice: Ketogenic diet

• KCNQ2 (LOF, DNE and GOF): LOF/DNE Drug of choice: SCBs, LOF/DNE Proof of concept: Retigabine

• KCNT1 (GOF) Proof of concept: Quinidine – mixed results

• KCNA2 (LOF and GOF): GOF Proof of concept: 4-amino-pyridine

• GABRB3 (LOF and GOF): GOF Avoid: Vigabatrin

• GRIN2A, GRIN2B (LOF and GOF): Proof of concept: Memantine, L-Serine, dextromethorphan

• MEF2C Drug of choice: Valproic acid

• PNPO and ALDH7A1 Drug of choice: Pyridoxal 5'-phosphate or Pyridoxine

• CLN2 Treatment of choice: Enzyme replacement therapy

• PRRT2 Drug of choice: Carbmazepine

• PLCB1 Drug of choice: Inositol

• CAD Drug of choice: urdine

• PCDH19 Drug of choice: clobazam Trial: ganaxolone

• TSC, DEPDC5, NPRL2, NPRL3, mTOR Proof of concept: mTOR inhibitors (Everolimus)

Wolff et al., 2017



Voltage gated sodium channels

• Large transmembrane proteins 

• Initiation and propagation of action potentials 

• SCN2A and SCN3A are starting prenatally, followed by SCN1A 

and SCN8A neonatally



SCN1A-related epilepsies

• Archetype of SCN1A-related epilepsy: Dravet syndrome (1:15.700)

• Onset in the first year of life with prolonged, febrile and afebrile, generalised clonic or 

hemiclonic seizures. The epilepsy is usually resistant and affected individuals develop 

cognitive, behavioural, and motor impairment

• Inhibitory interneurons

• Loss-of-function variants

• First line drugs: Stiripentol, VPA, CLB: Proof of concept: Fenfluramine

• Avoid: Sodium channel blockers

• Longer CIM use in the first 5 years of disease can have negative effects on cognitive outcome



SCN2A/NaV1.2- related disorders SCN2A related disorders: 1: 78.000 (Wolff et al., 2017)



SCN2A related disorders

• Neonatal onset SCN2A related epilepsies (< 3 months) – BFNS, OS, 

EIMFS, EEs

o GOF mutations

• Infantile and childhood onset epilepsies (> 3 months) – WS, MAE, 

LGS, EEs, unclassified

o LOF mutations

• ASD/ID without epilepsy

o LOF mutations



Treatment response

• Neonatal onset SCN2A related epilepsies (< 3 months) – BFNS, 

OS, EIMFS, EEs

o Due to GOF mutations

o Benefit from SCB – phenytoin, carbamazepine

o Good chances of getting seizure free within first years of life

• Infantile and childhood onset epilepsies (> 3 months) – WS, 

MAE, LGS, EEs, unclassified

o LOF mutations

o No effect or seizure aggrevation on SCB

o Often more intractable levetiracetam, benzodiazepines

valproate

o ID +/- autism



• Ohthara syndrome

• SCN2A GOF variant

• Seizure free on PHT in the first week of life  

• Neurological examination 2y 3m: 

o marked developmental delay 

o strabismus 

o hypotonia

o clumsiness

o ataxic gait requiring bilateral support

o hand stereotypies

Cognitive outcome depends on the underlying pathophysiology



SCN8A/NaV1.6: Phenotypic spectrum

SCN8A related disorders: 1: 56.000



Genetic landscape 

p.(Arg850Gln/Gly) 
p.(Gly1475Arg) 
p.(Arg1617Trp/Gln/Leu) 
p.(Arg1872Trp/Gln/Leu) 
p.(Asn1877Ser)



Functional effects

• Variants with clear GOF

o Increased firing 

o BFIS, treatable epilepsy + ID, DEE 

o Beneficial effect of SCBs 

• Variants with clear LOF

o Decreased firing 

o DD, ID, movement disorders, or autism without epilepsy

• Selected variants with partial or complete LOF

o Later onset generalized epilepsy with absence seizures

o CIM SCBs

Functional studies of SCN8A mutants in ND7/23 cells

(Liu et al., Brain 2019)

(Barker et al., 2016; Blanchard et al., 2015; Estacion et al., 2014; Veeramah et al., 2012; Wagnon et al., 2016; Trudeau et al., 
2006; Wagnon et al., 2017; Liu et al., 2019; de Kovel et al., 2014; Møller et al., 2016, unpublished data)



SCN8A developmental and epileptic encephalopathy

• GOF variants

• Median age of seizure onset: 4 months

• Developmental slowing, pyramidal/extrapyramidal signs, movement 

disorders, cortical blindness and severe gastrointestinal symptoms

• Focal seizures, spasm-like episodes, cortical myoclonus, nonconvulsive SE

• EEG: background deterioration, epileptiform abnormalities with a 

temporo-occipital predominance, and posterior delta/beta activity 

correlating with visual impairment

• MRI: progressive parenchymal atrophy and restriction of the optic 

radiations

• AEDs: oxcarbazepine, carbamazepine, phenytoin, and benzodiazepines

• Remain intractable 



New treatments in the horizon

Borrowed from Ingo Helbig 



Antisense oligonucletides (ASO)

• ASOs offer the potential to correct or compensate for GOF/LOF variants

• ASOs can reduce the expression of an affected gene in a dose-dependent manner

• Demonstrated to reduce premature death and seizures in knock-in mouse models carrying 

SCN2A or SCN8A GOF mutations 

• Application of SCN8A ASO was also effective in a mouse model of Dravet syndrome

• SCN8A suppression reduces neuronal network hyperexcitability

• ASOs can also be used to enhance gene expression by modulating nonproductive splicing events

• One of these approaches was shown to reduce seizures and mortality in a Dravet mouse model

• Some of these promising approaches are entering clinical trials



Drug repurposing
• Drugs that are already approved for clinical use, and known to target a pathway that is also disrupted in epilepsy, can be considered as 

candidates for drug repositioning

http://sitn.hms.harvard.edu/flash/2016/re-engineering-cures-big-data-age-precision-medicine-computational-drug-repositioning/

http://sitn.hms.harvard.edu/flash/2016/re-engineering-cures-big-data-age-precision-medicine-computational-drug-repositioning/


Drug repurposing in genetic epilepsies

• Fenfluramine: 

o From an anorexigen to an AED

o Dravet syndrome (LOF)

o Increases the levels of serotonin in the brain (inducing its release and by inhibiting its reuptake) 

o Phase III trial: >50% reduction was seen in 70%, and >75% reduction was seen in 45%

• Quinidine: 

o From antiarrhythmic drug to potential AED

o KCNT1 encephalopathy (GOF)

o Potassium channel blocker

o Case studies: variable effect

• Memantine: 

o From Alzheimer medication to potential AED

o GRIN mutations (GOF)

o NMDA-receptor antagonist

o Case studies: variable effect

Wirrell and Nabbout, 2019



• KCNA2, encoding the potassium channel KV1.2

• Loss of function with a dominant-negative effect: febrile/afebrile, often focal seizure types, mild/moderate intellectual disability, ESES, 
favorable seizure outcome 

• Gain-of-function effect leading to permanently open channels: more severe EE phenotype. Severe ID, intractable epilepsy, ataxia, and 
atrophy of the cerebellum 

KCNA2: from gene discovery to potential treatment



• Looking for potasium channel blockers

• 4-aminopyridine (4-AP): symptomatic treatment of decreased walking capacity in patients with multiple sclerosis

• Selective blocker of members of Kv1 (Shaker, KCNA) family of voltage-activated K+ channels)

blocked by 4-AP

5 mM 4-AP

Targeted treatment – KCNA2 gain-of-function encephalopathy



• June: spikes every 10-20 sec., 100 absence seizures pr day, rare GTCS, LTG, LCM, bromide 

• September: 4-AP: 2 spikes in 20 min., seizure-free

Case: 4-AP

Borrowed from Holger Lerche



Challenges towards precision medicine

• Largely so far unassociated with good quality data

• Anecdotal case reports, case series

• Lack of RCT 

• Lack of standardized protocols in small clinical studies that 

would allow for clinical data to be meaningfully pooled and 

jointly analyzed

• Lack of functional data



Phenotyping bottleneck

• Genome-first approaches, identifying novel genes first and then working backwards to 

understand the associated phenotypes

• “phenotyping bottleneck” : indicating the discrepancy between the genetic data that can 

be generated at an industrial scale and the clinical data that often still requires manual 

phenotyping

• Patient registries and natural history studies

• Develop protocols to systematically collect and analyze large-scale clinical data, including 

standardized outcomes and natural history data

• Patient advocacy groups

Borrowed from Ilona Krey



Take home messages

• First step towards precision medicine is precision diagnosis

• Genetic testing:

o Early-onset epilepsies

o Epilepsy with intellectual disability, autism, and/or other comorbidities

o Progressive myoclonus epilepsies

o Non-lesional focal epilepsies in specific familial syndromes

o Non-lesional focal, therapy-resistant epilepsies in presurgical work-up

o Epilepsy in the setting of focal malformations of cortical development

• Diagnostic testing is highly relevant in adults with epilepsy and ID

• Patient registries and natural history studies are needed 

• Many precision medicine approaches – not always straightforward

• Complexities need to be acknowledged and addressed

• Entering an era of novel disease-modifying therapies targeting the cause of seizures, 

rather than seizures themselves



Whats next?

• Promising therapies are in the horizon: repurposed drugs, ASOs, small molecules

• Careful assessment and strategic application of novel functional tools

• Infrastructure and common standards for epilepsy precision trials 

• From experimental models to N-of-1 trials and to randomized clinical trials

• Establish a framework to assess treatment responses, non-seizure outcomes, 

and develop protocols to systematically collect and analyze large-scale clinical 

data

• Registry of N-of-1 trials, that also records unsuccessful results

• Clinicians, geneticists, basic scientists, patient advocacy groups and industrial

partners

• Will allow us to make significant progress in epilepsy precision medicine.

Borrowed from Ann Poduri
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