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• MD, PhD

• PhD in epilepsy genetics from the Danish 

Epilepsy Centre

• Current research focus: GABA-related

disorders, including GABRB3, GABRA1, 

GABRA3, GABRA5, GABRB2, GABRG2, 

GABRA2 etc. 

• Working to become a clinical geneticist at the 

University Hospital of Copenhagen

A bit about me
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• Phenotype: the clinical presentation of a patient. The seizure types, 

cognitive skills, motor development etc.

• Genotype: the genetics of a patient. Variant type (missense, nonsense

or others), the inheritance of the variant (de novo, maternal, paternal) 

and the exact variant: c.123A<G, p.(Arg346Cys), de novo

• Variant: Genetic mutation / spelling error in a gene

• Please ask if unclear!
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• GABA is the most important

inhibitoric neurotransmitter in the 

brain. Used in 1/3 of all neuronal

synapses.

• GABAA receptors forward these

inhibitory signals.

Created with BioRender.com
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• Pentameric receptors

• More than 19 different subunits, some

more common than others

• Subunit composition differs dependent 

on receptor localization



Rigshospitalet

Afdeling for Genetik

GABAA receptor genes

6

Paraloge genes. 

Four transmembrane 

domains.

TM2 and TM3 

constitute ”the inside” 

of the channel.
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• 3-year-old boy with developmental and epileptic encephalopathy (DEE)

• Hypotonia and severe developmental delay

• Seizures began at three months of age

• Refractory epilepsy with 10-20 seizures daily, several different seizure types, 
such as focal, myoclonic and atonic seizures

• Treatment tried: levetiracetam, ketogenic diet, vigabatrin (which caused severe
hypotonia, somnolence, respiratoric distress)

• EEG showed a multifocal pattern

• De novo variant in GABRB3
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• 12-year old girl with genetic generalized epilepsy (GGE)

• Normal development

• Seizures began at 12 months

• Seizures were febrile seizures and later also atonic and myoclonic-atonic

seizures

• EEG showed generalized spike and slow waves

• Treated with a valproate, seizure free since 18 months

• Has learning difficulties

• De novo variant in GABRB3
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• Patient data collected 

internationally through: 

• Existing clinical network

• GeneMatcher

• Patient organizations / facebook
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• GABA sensitivity in missense variants

• Using frog eggs!

• Done at our collaborating lab in Sydney
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• Dominant disorder

• 85 patients in the project

(current number 138)

• = 54 different genetic variants

• Both de novo and inherited

variants

• Large spread in phenotype

• Seizure onset ranged from 0 to 

14 years!

• Seizure types were diverse
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• Functional studies in 

missense variants 

showed:

• gain of function = 

increased activity of the 

receptor

• loss of function = 

decreased activity of the 

receptor

• no change = similar to 

wildtype receptors
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• Correlation between

functional outcome and 

phenotype
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Patients with gain of function variants:

• First seizure at 2.5 months of age

• Seizure types: focal seizures, focal to bilateral tonic-clonic

seizures, myoclonic seizures, tonic seizures and epileptic spasms

• Seizure outcome: Refractory epilepsy. Adverse effects to GABA 

enhancers

• EEG: Severely disorganized background with rapid activity and 

multifocal epileptiform abnormalities

• Intellectual disability: Severe

• Other characteristics: Hypotonia, microcephaly (only GOF)

Variant GOF

Glu77Lys

Val78Phe

Leu124Phe

Leu170Arg

Thr185Ile

Tyr245His

Ser254Phe

Leu256Gln

Ile280Phe

Thr281Ala

Leu284Met/Arg/Pro

Thr287Ile

Thr288Asn

Leu293His

Ile300Thr

Ala305Thr/Val

Ile306Thr
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Patients with loss of function variants:

• First seizure at 10.5 months

• Seizure types: Febrile seizure (LOF only), bilateral tonic-clonic

seizures, epileptic spasms, myoclonic, atonic and tonic 

seizures

• Seizure outcome: Treatment responsive (VPA, GABA 

enhancers). Adverse effects with sodium channel blockers.

• EEG: Normal or mild slowed background and generalized

spike and slow waves

• Intellectual disability: mild to severe

• Other characteristics: ADHD and autism

Variant LOF

Ser76Cys

Met80Lys/Thr

Asn110Asp

Asp120Asn

Lys127Arg

Thr157Met

Leu165Gln

Arg166Ser

Glu178Gly

Glu180Gly

Tyr182Phe

Tyr184His

Phe225Cys

Tyr230His

Arg232Gln

Gln249Lys

Thr281Ile

Pro301Leu

Tyr302Cys

Phe318Ser

Asn328Asp



Rigshospitalet

Afdeling for Genetik

GABRB3 project

16

Implications:

• Genetic counselling

• Treatment
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GABRA3

GABRA5

GABRA2

GABRG2

GABRB2

Correlation across genes
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Introduction of VNP 60mg/day

Seizure free for 16 months

Remarkable improvement on OCD, anxiety and 

depression

Better scores on neuropsychological tests
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