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Background

• Spectrum disorder having different causative factors and phenotypes with individual prognosis and severity (Brodie et al., 2009; Jensen, 2011)

• Genetically heterogeneous

• The genetic contribution ranges from monogenic disorders involving genes with large effect size to complex disorders with many genes involved

Møller et al, 2016Thomas and Berkovic, 2014
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Epileptic encephalopathies
and familial focal epilepsies



Epileptic encephalopathies

McTague et al, 2015

• 40% of epilepsies with onset in infancy

• Genetic cause can be found in ~ 40%



Familial focal epilepsies

• Genetically heterogeneous group of epilepsy syndromes:

o Benign familial neonatal seizures

o Benign familial infantile seizures

o Autosomal dominant nocturnal frontal lobe epilepsy

o Familial autosomal dominant lateral temporal lobe epilepsy

o Familial focal epilepsy with variable foci

o Familial mesial temporal lobe epilepsy

• Ion channels (SCN2A, SCN8A, KCNT1, KCNQ2, KCNQ3)

• Acetylcholine nicotinic receptors (CHRNA4, CHRNB2, and CHRNA2)

• Glutamate receptors (GRIN2A)

• Repressors of mTORC1 (DEPDC5, NPRL3, NPRL2)

• Other proteins (LGI1, RELN, PCDH19, PRRT2)

• Mutations in repressors of the mTORC1 pathway, DEPDC5, NPRL3, and NPRL2 have 

been found in 11% 

• Age at onset varies markedly (range months to 43 years)

• Incomplete penetrance is frequently observed

McTague et al, 2015



Case - NPRL3

• 8 year old normally developed girl

• Onset of seizures with headdrop and balance problems 1 year old

• Seizure free on VPA

• 5 years of age: Relapse of focal seizures with a tickling sensation behind her right ear. She is 

laughing, flexing her right arm and has balance problems – 2-12 pr day (10-15 sec)

• MRI normal

• Ictal EEG: focus in the left temporal lobe

• Currently seizure free on VPA and LTG

• NPRL3: (maternally)

• Mother and paternal halfsister of the mother with same symptoms  

(Baulac S, 2016)



Genetics of IGE

• One third of all epilepsies

• Include several distinct epilepsy syndromes:

o Juvenile myoclonic epilepsy

o Childhood absence epilepsy

o Juvenile Absence Epilepsy

o Epilepsy with generalized tonic–clonic seizures

Genetics of IGE

Monogenic

GABRG2, GABRA1, SLC2A1 (GLUT1-DS)

Rare genetic risk factors

Microdeletions e.g. 15q13.3, 16p13.11, 15q11.2

Common genetic risk factors

CHRM3, VRK2, ZEB2, SCN1A, PNPO
(Peljto et al, 2014)



Technologies

• Targeted gene panels

• Whole exome sequencing

• Array CGH

https://www.cureepilepsy.org/egi/index.html



Gene panels in epilepsy
• A gene panel is a test that analyzes multiple genes at once 

• Offer a middle ground between sequencing just a single gene and sequencing every gene in the genome

• Gene panels of 30–>500 genes: diagnostic yields ranging between 10% and 48.5%



Gene panel testing

• Pathogenic/likely pathogenic: 209/1041 (20.1%) in 46 different genes

• Mainly early onset EEs or intractable focal/multifocal epilepsies, but also milder phenotypes



Incidence in the Danish population 

• Birth cohort from 2008-2014

• Incidence of common epilepsy genes 

o SCN1A related DS: 1: 22.000 (Bayat et al., 2015)

o CDKL5 EE 1: 50.000 

o SCN8A related disorders: 1: 61.000

o SCN2A related disorders: 1: 78.000 (Wolff et al., 2017)

o STXBP1 EE: 1: 80.000

o GLUT1 deficiency: 1: 83.000 (Larsen et al., 2015)



NGS gene panel – yield versus age of onset

• Neonatal-onset epilepsies: 57%

• Onset between 2 mo and 2y: 26%

• Onset between 2 and 9y: 14%

• Onset between 10 and 28y: 0



Case – SCN8A

• 11 year old girl with profound ID, intractable epilepsy

• Normal early development

• Onset 2.5 months: focal clonic seizures and tonic seizures

• EEG: normal

• Seizure free for a few weeks

• Multiple seizure types: spasms, focal, clonic, tonic, myoclonus, SE

• Intractable epilepsy: daily seizures in clusters
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Follow up

• Stagnation after seizure onset 

• 20 m: developmental regression and worsening of pyramidal/extra-pyramidal signs

• EEG: 20 m: bilateral temporo-occipito-parietal delta activity and spike-and-slow 

wave with superimposed beta activity

• Gradually lost eye contact – cortical visual impairment

• Profound neurological deterioration – hypertonia, hyperreflexia

• Gastrointestinal disorder: severe gastro-esophageal reflux, constipation, PEG  

feeding tube

• Slight improvement from 8y

• Treatment: OXC, TPM
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Drug development
SCN8A associated seizure disorders are often caused by gain of function mutations 

Sodium channels exist in 3 main conformations: the resting state, the open state, and the inactive state

Phenytoin binds preferentially to the inactive form. Carbamazepine is thought to have a similar working 

mechanism. The affinity of CBZ is around 3 times lower than that of PHT



Case - KCNB1

• 3½-year-old male

• Normal pregnancy and birth. Born at term with normal birth parameters.

• Global cognitive development is moderately delayed. 

• No speech

• Was able to sit at 12 months of age and walk at 2 years of age. 

• Has an unstable gait

• Seizure onset 14 months of age. Focal seizures: becomes distant and pale, sometimes with 

cyanosis of the lips, eye rolling and lip smacking. Rhythmic myoclonic jerks. Duration: 20s to 

2min

• MRI at 2½ years of age showed delayed myelination of the anterior part of the temporal lobes.

• Daily seizures on VPA+LGT

• Seizure free on VPA+LEV 



Standard EEG: Sharp waves and sharp low waves in left fronto-temporo-central region. Accentuation during sleep

Case – KCNB1

sleep



Case – KCNB1



KCNB1 phenotype
• Voltage-gated delayed rectifier potassium channel

• Developmental delay, preceding onset of epilepsy

• Mild to severe ID

• Most are nonverbal

• Difficult to treat epilepsy (median onset: 11 months): spasms, tonic, focal-clonic, myoclonic, 

atypical absences, eyelid myoclonia

• 25% develops ESES

• ASD, ADHD and movement disorders are frequent



WES
• Overall diagnostic yield ranges from 25 to 37%

• Positive results were identified in 38.2% epilepsy patients compared with 28.7% patients without epilepsy.

• Patients with EEs had the highest rate of positive findings: 43.4%. Neonatal EEs 58.3% 



• 8 year old girl with profound ID and intractable epilepsy

• Neonatal: severe hypotonia. Seizure onset day one. Tonic seizures, myoclonus, apnea. Feeding problems

• Daily seizures from day 1 to 1.5 yoa. 

• Seizure free on AED from 1.5 to 3 yoa. 

• Weekly tonic seizures, myoclonus + GTCS

• Severe hypotonia, wheelchairbound, no purposeful movements, profound ID, poor eyecontact, PEG fed.

• MRI cerebrum: hypomyelination, white matter atrophy. Hypoplasia of corpus callosum. 

• EEG: Background activity with diffuse slowing. Epileptiform activity frontally. 

WES - case



• Neonatal: severe hypotonia. Seizure onset day one. Feeding problems

• Intractable epilepsy. Daily seizures. Myoclonic, tonic and GTCS

• Development: Severe hypotonia, severe ID, no eyecontact, PEG fed.

• MRI (2 weeks old): hypomyelination, hypoplastic corpus callosum

• EEG: Background activity with diffuse slowing. Multifocal epileptiform activity.

• Died 11 months old, due to pneumonia

• WES: compound heterozygous variants in PIGT

• An autosomal recessive syndromic form of a glycosylphosphatidylinositol biosynthesis defect

WES - case



• 26 families worldwide

• Epilepsy, severe hypotonia, profound ID/DD, dysmorphic features, cerebral and cerebellar 

atrophy, congenital malformations (heart, skeletal)

PIGT



Copy number variants in epilepsy

• Array CGH: larger deletions and duplications

• Diagnostic yield: less than 10% (from 2.9 – 8%)

• Higher yield in patients with dysmorphic features and/or congenital malformations



Array CGH – case: STXBP1

• 8 year old boy with severe ID and intractable epilepsy

• Onset of focal seizures: 2 moa.

• EEG: normal

• Seizure free for 6 weeks

• 4 moa: infantile spasms + hypsarrythmia

• 3 to 9 series of spasms/day. 8 to 60 spasms/serie

• Developmental stagnation

• MRI hypomyelinisation

• Seizure free for 13 months after VNS treatment (4-5 yoa)



• 7-40 seizures pr/day

• Epileptic spasms

• Tonic seizures

• Focal seizures

• Dystonia

• Severe ID, no spoken language

• Not able to walk

• CVI

• Hypotonia

• Array CGH: de novo 9q34.11 deletion including STXBP1 

Array CGH – case, followup



STXBP1 encephalopathy 

• Discovered in patients with Ohtahara Syndrome 

• One of the most common genetic causes of EE 

• Phenotypes ranging from severe neonatal epilepsy to infantile-onset epilepsy such as 

Dravet Syndrome or West syndrome. 

• The epilepsy in can be quite dynamic, starting very abruptly with a highly pathological EEG 

pattern, sometimes with a dramatic improvement after the age of 6 months that may not 

necessarily be due to the antiepileptic medication. 

• Many patients have non-epileptic movement disorders, including truncal and limb ataxia, 

generalized tremors, and dystonia. 

• Intellectual disability without seizures have also been reported.



Technologies – diagnostic yield

• Targeted gene panels: around 20%

• Whole exome sequencing: 25 to 37%

• Array CGH: less than 10%

https://www.cureepilepsy.org/egi/index.html



Inheritance patterns
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Somatic mosaicism

Mosaic: 29%

• The estimated overall recurrence risk for alleged de novo disorders is 

approximately 1%

• 46 trios with de novo mutations

• CACNA1A, CDKL5, CHD2, GABRA1, GRIN2B, KCNQ2, PCDH19, 

SCN1/2/8A, SLC2A1, STXBP1

• Mean read depth: 6600X (409X-78764X)

• Mosaicism detected: 4/46 (9%)

• SCN8A: p.Arg1872Gln (father 29% mosaic)

• SCN1A: p.Arg1322Glufs*10 (mother 9.6% mosaic)

• SCN2A: p.Ser863Phe (father 7.8% mosaic)

• STXBP1: p.Glu463* (father 0.8% mosaic)

• The estimated overall recurrence risk for alleged de novo disorders 

remains approximately 1%



Mosaicism
• Mosaicism means that a person has two or more unique cell populations. 

• In case of parental mosaicism, the parent has a cell population without the pathogenic variant and a minor proportion of cells with the 

pathogenic variant. 

• Occurred spontaneously in a single cell, and all subsequent cells that arose from that particular cell contain the variant. 

• Mosaic parents are in increased risk of transmitting the disease-associated variant to their offspring

• In case of transmission, the child will carry the pathogenic variant in all its cells. 

(Gilbert et al, 2000)



A new gene and so what? From gene to function (and therapy!)

https://www.cureepilepsy.org/egi/index.html



KCNA2, encoding the potassium channel KV1.2

4 individuals: febrile/afebrile, often focal seizure types, mild/moderate intellectual disability, ESES, favourable seizure outcome 
Functional studies:  almost complete loss of function with a dominant-negative effect. 

2 individuals: more severe EE phenotype. Severe ID, intractable epilepsy (generalized), ataxia, and atrophy of the cerebellum 
Functional studies: drastic gain-of-function effect leading to permanently open channels. 

KCNA2: from gene discovery to potential treatment



• Aminopyridines are monoamino and diamino derivatives of pyridine whose principal mechanism of action is a dose-
dependent blockade of voltage-gated potassium channels.

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

blocked by 4-AP

5 mM 4-AP

Targeted treatment – KCNA2 gain of function encephalopathy



2015-06-18, LTG, LCM, bromide: spikes (GSW) every 10-20 sec., +/- myoclonic seizures in EEG 
(+ daily absence seizures, rare GTCS)



2015-09-03, 4-aminopyridine 2x15 mg: 2 spikes in 20 min., seizure-free



Specific therapeutic consequences (‘personalized therapies’) for defined genetic defects

• SCN1A: 

• Drugs of choice: Stiripentol, VPA, CLB: Proof of concept: Fenfluramine

• Avoid: Sodium channel blockers

• SCN2A: 

• Drugs of choice: Sodium channel blockers (onset <3 months) 

• Avoid: Sodium channel blockers (onset >3 months) 

• SCN8A: 

• Drugs of choice: Sodium channel blockers

• Avoid: Levetiracetam

• SLC2A1 (GLUT1-DS): 

• Treatment of choice: Ketogenic diet

• KCNQ2

• Drugs of choice: Sodium channel blockers, Proof of concept: Retigabine

• MEF2C

• Drug of choice: Valproic acid

• PNPO and ALDH7A1

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

• KCNT1

• Proof of concept: Quinidine

• GRIN2A, GRIN2B

• Proof of concept: Memantine, Serine

• KCNA2

• Proof of concept: 4-amino-pyridine

• TSC1, TSC2, DEPDC5, NPRL2, NPRL3, mTOR

• Proof of concept: mTOR inhibitors (Everolimus)



GLUT1 Case – 8 year old girl 

• Neonatal period: failure to trive, obstipation

• Seizure onset 10 weeks of age 

• EEG normal, MRI: normal 

• Weekly seizures (3-5 min)

• 9 mo: sligthly developmental delay

• 18 mo: Status epilepticus lasting 40 minutes

• 18 mo: balance problems, ataxic gait, moderate developmetal delay

• SLC2A1 mutation (c.641T>C; pLeu214Pro) – Modified Atkins diet was initiated

• 2 years: absences (up to 10 pr day)

• Changed to ketogenic diet 

• Seizure free and near to normal development



It is never too late
• 51 year old man with an unclassified EE and ID

• Seizure onset 8 moa – prolonged febrile GTCS

• Following seizure types: myoclonic seizures, atypical absences, astatic seizures, status epilepticus

• Daily seizures

• Severe ID – no language

• AED: Valproate, Carbamazapine, Lamotrigine

• Cognitive decline over the last years

• SCN1A mutation found 1 year ago

• Tapered off Carbamazapine and Lamotrigine

• The institution reports that he has fewer seizures, is more alert and they haven't seen him so fresh and full of energy for many years



Consider genetic testing

– Neonatal or infantile onset epilepsies

– Epileptic encephalopathies

– Patients with ID/ASD and epilepsy

– Progressive myoclonic epilepsies

– Familial epilepsies – both generalized and focal



Why should genetic investigations be performed?

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

• to better estimate prognosis

• to obtain a solid basis for genetic counselling

• to improve therapy

• create disease-specific support groups


