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Abstract 

Purpose: Pathogenic variants in GABRB3 have been associated with a spectrum of phenotypes from 

severe developmental disorders and epileptic encephalopathies to milder epilepsy syndromes and 

mild intellectual disability. In the present study, we analyzed a large cohort of individuals with 

GABRB3 variants to deepen the phenotypic understanding and investigate genotype-phenotype 

correlations. 

Methods: Through an international collaboration, we analyzed electro-clinical data of unpublished 

individuals with variants in GABRB3 and we reviewed previously published cases. All missense 

variants were mapped onto the 3D structure of the GABRB3 subunit and clinical phenotypes 

associated with the different key structural domains were investigated. 

Results: We characterize 71 individuals with GABRB3 variants, including 22 novel subjects, 

expressing a wide spectrum of phenotypes. Interestingly, phenotypes correlated with structural 

locations of the variants. Generalized epilepsy, with a median age at onset of 10.5 months, and 

mild-to-moderate intellectual disability were associated with variants in the extracellular domain. 

Focal epilepsy with early onset (median: 2.75 months of age) and severe intellectual disability were 

associated with variants in the pore-lining helical transmembrane domain. 

Conclusion: These genotype/phenotype correlations will aid the genetic counseling and treatment 

of individuals affected by GABRB3-related disorders. Future studies may reveal whether functional 

differences underlie the phenotypic differences.  
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Introduction  

The GABRB3 gene encodes the β3 subunit of the ligand-gated γ-amino-butyric-acid type A receptor 

(GABAAR). The β3 subunit is one of the most abundant subunits in the human central nervous 

system, particularly during early stages of life, and therefore has a crucial role in neurodevelopment 

during the embryonic state1. Being abundantly expressed, the β3 subunit also plays an important 

part in regulating the number of receptors in the synapse during inhibitory synaptic plasticity and is 

critical for the pentameric receptor assembly2. 

It has recently been reported that individuals with pathogenic GABRB3 variants present a broad 

phenotypic spectrum from severe developmental and epileptic encephalopathy (de novo variants) 

to milder epilepsy syndromes including generalized epilepsy with febrile seizures+ (GEFS+) 

(sometimes familial) and childhood absence epilepsy3. The current consensus dictates that 

pathogenic variants in GABRB3 cause loss of GABAAR activity. When GABAARs cannot effectively 

open, neuronal hyperactivity occurs, which ultimately increase seizure susceptibility and lead to 

various neurological and behavioral abnormalities4-6. Several mechanisms have been suggested 

whereby variants in the β3 subunit cause structural changes in the protein resulting in receptor 

malfunction or irregular expression levels in synapses2, 7, 8. Given the observed broad phenotypic 

spectrum in individuals with pathogenic variants in GABRB3, it is assumed that one or combinations 

of several of these mechanisms come into play to cause the phenotypic differences2, 4, 5, 7. 

Over the years, extensive analysis of the three-dimensional (3D) structure of α1β3γ2 GABAAR has 

revealed important structure-function relationships, most of which was corroborated by recent 

CryoEM structures of the pentameric receptor complex9. Each subunit has an extracellular domain 

followed by helical M1 – M4 regions forming the transmembrane domain, with M2 segments lining 

the channel pore. GABAAR channels open upon binding of GABA molecules to specific binding sites 

at the interfaces between β3/α1 subunits. This causes an influx of chloride ions into the cell hence 

decrease neuronal excitability. Given that various structural regions in a subunit play specific roles 

in receptor activation, it can be speculated that pathogenic variants are predominantly located in 
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these regions. Therefore, analyzing variants in the context of the 3D α1β3γ2 GABAAR structure will 

provide insight into their differential phenotypic outcome in GABRB3-related disorders. 

To provide a comprehensive review of all available individuals with pathogenic GABRB3 variants, we 

here collate the knowledge of all known individuals and extend this with a new cohort of 22 

individuals. Furthermore, by correlating the 3D structural locations of the variants with clinical 

features, we investigated whether certain structural regions were more likely to be associated with 

more severe phenotypes. 

 

Materials and methods 

Through an international collaboration including epilepsy centers in Europe and North America, we 

collected 22 unpublished individuals with GABRB3 variants. The ACMG/AMP guidelines were used 

to classify variant pathogenicity10. The GABRB3 transcript number NM_000814.5 was used for 

coding variant nomenclature.  

Clinical information was collected by face-to-face interviews with the affected individuals and their 

caregivers and from clinical charts. The referring clinicians collected all data by a structured 

phenotype table, which included cognitive and motor milestones, details about epilepsy and EEG, 

as well as treatment response. The epilepsy syndromes and seizure types were classified according 

to the guidelines of the International League Against Epilepsy11. Epilepsy types were classified as 

generalized, focal or unknown, based on clinical grounds, supported by EEG findings 

(epilepsydiagnosis.org)12. 

EEG reports at seizure onset and at several points of follow up were obtained for all novel 

individuals. A single epileptologist (EG) with EEG expertise reviewed raw EEG data of 13 affected 

individuals (including long-term monitoring video-EEGs) for background activity, interictal 

epileptiform abnormalities, ictal EEG discharges and clinical manifestations.  

 

Review of the literature 
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In parallel, we reviewed all available data on previously published GABRB3 individuals. The 

literature search was performed using Pubmed and Scopus, key words included GABRB3, epilepsy, 

autism spectrum disorder and psychiatric features. Papers in non-English language were excluded. 

Last search date was March 1st 2021. 

 

Structure of GABAAR α1β3γ2 

Three-dimensional (3D) crystallographic structure for human GABAAR β3 in a homopentameric form 

(PDB ID: 4COF13), resolution = 2.97Å, residue position coverage = 26 – 332 and 447 – 473) in 

complex with an agonist (benzamidine) was obtained from the Protein Data Bank13. Additionally, 

we performed our analysis on the biological assembly of GABAAR (PDB ID: 6I539, a Cryo-EM 

structure of the human α1β3γ2 GABAA receptor in a lipid bilayer, resolution = 3.20Å, residue 

position coverage = 26 – 473). Mapping of gnomAD v2.1.1 missense variants and GABRB3 variants 

on the structure was performed with PyMOL. 

 

Results 

We collected electro-clinical data on a total of 71 affected individuals with pathogenic or likely 

pathogenic GABRB3 variants3, 8, 14-30, including 22 previously unpublished individuals. Median age at 

follow-up was six years (range 10 months to 46 years). The main electro-clinical and genetic 

features are summarized in Table E1. Complete information was not available in all individuals; 

denominators indicate the individuals in whom information on the clinical feature addressed was 

available. 

 

Epilepsy 

99% (70/71) of all individuals suffered from epilepsy. 45% (19/42) of the individuals suffered from 

generalized epilepsy (GE) and 55% (23/42) had focal epilepsy (FE). In 29 individuals the epilepsy 

type was unknown. Epilepsy syndromes varied from individual to individual (Fig. 1A). The median 
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age of epilepsy onset was 10.5 months (range: 4 months – 5.2 years) in individuals with GE and 2.75 

months (range: day 3 - 17 months) in individuals with FE (Fig.1B).  

Each individual presented with up to five different seizure types, including focal seizures (29%, 

20/70), bilateral tonic-clonic seizures (29%, 20/70) and myoclonic seizures (27%, 19/70)  (Fig. 1C). 

Status epilepticus was reported in 13% (9/70) individuals. Fever sensitivity was found in 29% 

(19/70) individuals.  

Several anti-seizure medications (ASMs) in various combinations were tested in each individual. At 

latest follow up, 51% (26/51) of the individuals had ongoing daily to weekly seizures and 41% 

(21/51) were seizure free or had rare seizures. 37% (7/19) of the individuals with GE achieved 

seizure freedom, either with valproate (VPA) polytherapy (n=3), or with lamotrigine and clobazam 

(CLB), barbiturates, clonazepam (CZP) or steroids (n=1 each). 17% (4/23) of individuals with FE 

achieved seizure freedom with VPA, CZP or stiripentol, levetiracetam (LEV), alone or in combination 

with VPA, or CLB and vigabatrin (VGB) (n=1 each).  

 

EEG  

The interictal EEG at epilepsy onset was normal in 32% (7/22) of individuals. In the remaining 

individuals, the EEG showed background slowing (14%, 3/22) and irregular generalized spike and 

waves (14%, 3/22), multifocal (14%, 3/22) or focal spike/sharp-and-slow waves (14%, 3/22), 

hypsarrhythmia (14%, 3/22), or a burst suppression pattern (9%, 2/22).  

At follow-up, the EEG deteriorated in most of individuals, remaining normal in only 9% (2/22) of 

individuals, and showed background slowing (18%, 4/22), and focal spikes (36%, 8/22), or 

multifocal/generalized spike and waves (27%, 6/22), burst suppression (5%, 1/22), hypsarrhythmia 

(5%, 1/22), migrating focal seizures of infancy (9%, 2/22). 

In five individuals, ictal EEG recordings were available, including focal seizures (Fig.2A) in three 

individuals with focal epilepsy and tonic seizures during sleep with ictal generalized fast activity 

(Fig.2B) in two individuals with generalized epilepsy.  
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Cognition, behavior and additional features: 

At latest follow up, 39% (28/71) of the individuals had severe ID, 32% (23/71) had moderate ID, 

while 17% (12/71) had mild ID and 3% (2/71) had normal cognition. Cognitive stagnation or 

regression after epilepsy onset was described in 25% (18/71) of the individuals.  

Individuals with FE had a higher prevalence of severe ID (75%, 18/24), compared to those 

individuals with GE (16%, 3/19) (Fig.1D). 

Autism spectrum disorder was diagnosed in 5% (4/71) of the individuals (one GE, four unknown) 

and autistic features were seen in 15% (11/71) (one GE, four FE, six unknown). Behavioral issues 

were present in 11% (8/71) of the individuals (four GE, one FE), including aggression, impulsivity, 

anxious behaviors or oppositional defiant disorders. Attention Deficit Hyperactivity Disorder 

(ADHD) was reported in 10% (7/71) of the individuals, and 8% (6/71) had stereotypic behavior.  

Neurological disturbances were observed in 42 individuals (9 GE, 22 FE), consisting of axial 

hypotonia (40%, 17/42), ataxia (17%, 7/42), dystonia/dyskinesia (10%, 4/42), delayed speech and 

language development (55%, 23/42), microcephaly (12%, 5/42), and central visual impairment 

(14%, 6/42). Sleep disturbance were reported in 14 % (6/42) of individuals. 

Dysmorphic features were reported in a subset of individuals (11%, 8/71) and included a mild 

prominence of the forehead, tented mouth appearance and high-arched palate. One individual had 

cleft-palate30.  

 

Affected family members: 

We also collected information about additional family members carrying pathogenic GABRB3 

variants. All harbored protein-truncating variants (PTVs). 54% (13/24) were asymptomatic and 46% 

(11/24) had epilepsy. All but one family member had normal intellect (data available for 73% (8/11) 

in the epilepsy group, and for 92% (11/12) in the no-epilepsy group); one was deceased and thus 

unavailable for follow-up. One family member had cognitive regression after seizure onset. No data 

about neurological or behavioral issues were available. 
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Genetic landscape: 

A total of 53 different variants was observed in the 71 patients. Eleven of them carried ten different 

PTVs, in the form of seven stop-gained, two frameshift variants and one in-frame duplication 

(duplication of one amino acid), while 59 patients carried 42 different missense variants (single 

base substitution leading to a single amino acid change in the protein). Only one patient had a small 

indel variant leading to a single amino acid change in the protein. GABRB3 has a high pLI score for 

PTVs (ratio of expected versus observed variants) of 0.95, and only very few PTVs in gnomAD, 

indicating that the gene is intolerant for PTVs.  

In the rest of the paper, all single amino acid changing variants are referred to as missense variants. 

76% (54/71) of the individuals had de novo variants, 17% (12/71) had variants inherited from a 

parent, either affected or unaffected, while for five individuals, segregation was unknown. Thirteen 

variants were recurrent, displaying homogenous phenotypes for identical variants. 

Missense variants were primarily located in the N-terminal extracellular domain (ECD; 23 variants in 

35 individuals) and in the transmembrane domain (TMD; 20 variants in 25 individuals) (Fig. 3). A few 

variants were located in the large intracellular loop (ICD) between M3 and M4 (two variants in two 

patients). In the TMD, variants were mainly clustered in two regions: three helical segments (M1, 

M2, M3; 16 variants) and a key structural coupling region (small M2 – M3 loop; three variants). All 

inherited variants were located in the ECD (11 individuals) except one in the M4 (one individual) 

helical segment of the TMD (Fig.3A). 

 

Individual and population missense variants and structural locations: 

We mapped the location of the missense variants from our cohort and population missense 

variants from the gnomAD database onto the GABAAR β3 sequence (UniProtKB - P28472) and 

structure (PDB ID: 4COF, an X-ray structure, Fig. 3B, and PDB ID: 6I53, a Cryo-EM structure, Fig. 4A). 

In the general population, 110 variants were observed which are located in 91 amino acid positions 

according to the gnomAD database31. 43% (44 out of 110) of these general population variants were 

mappable on the transmembrane structure (Fig. 3D), while the rest were located in the 
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unstructured regions of the extracellular domain (ECD) and in the M3 – M4 region of the 

intercellular domain (ICD). 

In contrast, 95% (41/43) disease-associated missense variants, substituting 38 amino acid residues, 

were mappable to the structure (Fig.3B and Fig. 3E). Only two variants were located in the 

unstructured M3 – M4 region of the ICD, which were not available in the crystal structure or in the 

Cryo-EM structure (Table E1); these are de novo variants, p.(Ser420Ile) and p.(Ser433Leu).  

Two amino acid positions were mutated in both affected individuals and in the general population 

(Asn110 and Arg142).Overall, it is notable that the disease-associated missense variants were 

located in distinct spatial regions of the structure (hotspots) compared to the general population 

variants (Fig. D-E); preferentially on or in a spatial proximity to: (1) the neurotransmitter binding 

regions A, B, and C in the ECD, which are essential for the neurotransmitter recognition and binding 

(Fig. 3B); (2) the β1 – β2, Cys, and M2 – M3 loops, which are key structural regions for coupling and 

signaling between the ECD and TMD; and (3) the channel forming helical segments M1, M2 and M3 

(Fig. 3B).  

 

Are individual phenotypes correlated with the structural location of the variant? 

Given the clustering of variants in key regions of the GABRB3 protein (Fig. 3), it is likely that the 

structural position of a variant is correlated with the individual phenotype. To investigate this, we 

grouped the individuals with a missense variant (n = 64) based on their ID severity and epilepsy type 

(Table 1) and mapped the affected amino acids on the structure (Fig. 4). All 18 individuals with GE in 

our cohort had missense variants located in the ECD of the protein (Fig. 4A), except p.(Ser433Leu) 

which is located in the intracellular loop between M3 and M4 helical regions. Conversely, FE 

associated missense variants are located in both the ECD and TMD. All individuals with a variant in 

the M2 helical segment of TMD had FE (Fig. 4A) and severe ID (Fig. 4B). Hence, it appears that at 

least certain clinical phenotypes are indeed associated with the structural location of the missense 

variant. 
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Genotype-phenotype correlations and protein position of missense variants.  

In the following, we analyzed the individual phenotypes of missense variants (65 individuals) by 

separating them into three groups based on key structural locations ECD, TMD and ICD (Table 1). 

 

In the ECD group. All individuals (n=35) suffered from epilepsy with a median age at epilepsy onset 

of 8.5 months (range 1.5 months to seven years). Half (49%, 17/35) had GE, with fever sensitivity in 

29% (10/35) of cases. Seizure freedom was achieved in 34% (12/35) of individuals at a median age 

of 1.5 years, after trying 1-3 ASMs. The most effective medications included valproate (VPA) (14% 

(5/35) of individuals) in combination with either topiramate (TPM), levetiracetam (LEV), zonisamide 

(ZNS), or steroids.  

Cognition before epilepsy onset was normal in 71% (12/17) of subjects, while 24% (4/17) had mild 

to moderate ID; cognition was unknown in 18 subjects. At latest follow up, cognition deteriorated; 

3% (1/33) had normal cognition, 70% (23/33) had mild ID to moderate ID and 27% (9/33) severe ID. 

In two individuals cognition was unknown.  

Behavioral issues were common (34%, 12/35) including ADHD (6/12), stereotypic behavior (4/12) 

and aggression (2/12). Autism or autistic features were reported in 23% (8/35).  

Neurological deficits were reported in 54% (19/35): language delay was the most common issue 

(63%, 12/19), followed by hypotonia (26%, 5/19) and ataxia (16%, 3/19). One individual, carrying a 

p.(Tyr182Phe) variant, died at 35 months of SUDEP19. 

 

In the TMD group. 15 individuals (63%, 15/24) had a FE and one had a GE. The median age at onset 

was four months (range first day of life to five years). Fever sensitivity was not prominent (13%, 

3/24). Seizure freedom was achieved in 17% (4/24) at a median age of 12 months, both with mono- 

and poly-therapy with LEV, lamotrigine (LTG), phenobarbital (PB), stiripentol (STP), vigabatrin (VGB) 

and VPA, no ASM was preferred over others.  

Cognition at onset was known only for four individuals, being normal in two, while two had mild ID. 

All individuals were intellectually disabled at latest follow up: 10% (2/21) had mild ID, 14% (3/21) 
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had moderate ID and 76% (16/21) had severe ID. The level of cognition was unknown in three 

individuals. A few individuals had autistic features (n=3) or behavioral issues (n=2).  

Neurological deficits were reported in 88% (21/24), mainly consisting of hypotonia (11/21), 

language delay (6/21), ataxia (4/21), had visual impairment (4/21). Two individuals were deceased: 

one (p.(Thr288Asn)), died at 18 months in the context of severe neurological deterioration8 and one 

(p.(Leu284Arg)) died at 54 months of unknown causes20. 

 

In the ICD group. Only two individuals carried missense variants in the ICD, not permitting any 

comparison with the other subgroups.  

 

Individuals with truncating variants 

All individuals (n=10) had epilepsy with a median age at onset of one year, and with prominent 

fever sensitivity (50%). Seizure freedom was achieved in 40% (4/10), with VPA poly-therapy in two. 

Cognition before seizure onset was normal in half of the individuals (2/4). At latest follow up, most 

individuals had moderate (n=6) or severe (n=3) ID. Language delay was the only neurological deficit 

reported (n=4). Autistic features (n=4) and behavioral issues (n=4) were prominent. 

 

Discussion  

In this study, we analyzed the phenotypic and genetic features of a large cohort of 71 individuals 

with a GABRB3-related disorder, including 22 previously unpublished individuals. We delineated a 

spectrum of developmental diseases associated with GABRB3 variants, including various epilepsy 

phenotypes. Furthermore we found a possible correlation between the location of the variants 

within the protein structure and the clinical features, including age of epilepsy onset, epilepsy type 

and degree of ID. 

 

Clinical and genetic landscape: 
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Like previous studies, when we analyzed the whole cohort, we were unable to delineate a unique 

GABRB3 phenotype. We found that phenotypes were distributed across a large clinical spectrum, 

encompassing a wide variety of epilepsy syndromes both generalized and focal, as well as different 

degrees of intellectual disability.  

Interestingly, by clustering affected individuals based on location of their variants within the 

protein, we observed more homogeneous clinical subgroups with different phenotypic features and 

severity. Individuals with variants located in the ECD primarily had GE with onset of myoclonic, 

atonic or absence seizures at a median age of 10.5 months. Furthermore, 28% of these individuals 

were fever sensitive. Behavioral issues, including ADHD, and autistic features were reported in half 

of the individuals (52.8%). The clinical features correlated with the findings in the GABRB3+/D120N 

(extracellular variant) mouse that displays atypical absence seizures, myoclonic seizures, tonic 

seizures and bilateral TCs, as well as rare atonic seizures and epileptic spasms in the GABRB3+/D120N 

pups5. Behavioral issues have also been described for the GABRB3+/D120N mouse that have learning 

and memory deficits, hyperactivity, reduced socialization and anxiety that all increase with age5.  

The few individuals with protein truncating variants displayed a phenotype resembling that found in 

individuals with variants located in ECD which included generalized seizures, moderate ID and 

relatively common behavioral issues or autistic features. Interestingly, the majority of the PTVs 

were inherited from presumed unaffected parents, suggesting reduced penetrance as previously 

discussed3. In contrast, individuals with variants in the TMD displayed a more severe phenotype 

with early onset FE, often refractory to ASMs and they were usually not fever sensitive. The 

majority of these individuals had severe ID and prominent neurological deficits, while behavioral 

issue and autistic features were rarely described.  

 

Clinical phenotypes in key structural regions 

When analyzed in a structural context, it was clear that variants were clustered in three regions of 

the β3 subunit that are key to its function. 
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GABA binding region. A hotspot of variants was identified in the neurotransmitter binding pocket 

formed by neurotransmitter binding regions A, B and C13. Neurotransmitter (GABA) binding 

activates the GABAAR channel and therefore variants in this pocket should have considerable 

impact on the activation and/or deactivation of the channel. In total, seven variants (11 individuals) 

were observed in this pocket in our cohort. Six of these variants led to moderate to mild ID with or 

without GE. Interestingly, this implies that individuals with variants in the GABA binding pocket are 

less severely affected relative to those with variants in other structural motifs. One notable 

exception to this is the p.(Leu124Phe) variant, which was found in three individuals with severe ID 

and FE, suggesting that this specific location is somehow crucial for the function of the protein.   

Coupling region. Another important region of the GABAAR β3 subunit is the ECD–TMD interface. For 

a neurotransmitter binding event to transmit to the channel gate, the signal must be transduced 

across the ECD–TMD interface. Given the importance of this interface for inter-subunit structural 

coupling and signal transmission, variants in this interface are likely to cause attenuation of the 

signaling events and thus leading to disease. In our cohort, 10 variants (in 14 individuals) in the 

ECD–TMD interface showed different phenotypes. This suggests that even if these structural motifs 

are important for neurotransmitter binding, not all variants in these locations will lead to a severe 

phenotype. 

Transmembrane domains. All nine individuals with variants in the M2 had FE and either severe ID 

(8/9) or moderate ID (1/9). As the M2 segment lines the channel pore, it is reasonable to 

hypothesize that variants in the M2 will lead to significant perturbation of the channel structure, 

affecting the passage of chloride through the pore. Similarly, individuals with variants in the M1 and 

M3 mainly had focal seizure types with early onset and severe ID, confirming the crucial function of 

these domains. 

 

Treatment implications:  

Treatment was only effective in a limited number of individuals. These were treated according to 

their seizure types, as currently there is no precision medicine available for GABAARs. Even if 
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benzodiazepines target the receptor, the sedative effects of these medications render them less 

useful for long-term treatment. Additionally, it was recently shown that VGB should be avoided in 

certain individuals as it can aggravate symptoms22. Seizure freedom was more common in 

individuals with variants in the ECD or truncating variants, most likely because of their milder 

phenotype. However, only 36% and 40%, respectively, achieved seizure freedom, highlighting the 

severity of disease and limited treatment options. 

A novel drug targeting the GABAAR is showing promising results in individuals with PCDH19-related 

epilepsy (ClinicalTrials.gov Identifier: NCT02358538). The neurosteroid ganaxolone is a positive 

allosteric modulator of the GABAAR and as such it would theoretically be a relevant ASM in 

individuals with GABRB3 variants. Future studies are needed to investigate these theories further. 

 

Perspectives: 

It is widely accepted that pathogenic variants in the GABA-related genes cause loss-of-function of 

the resulting receptors. This leads to disinhibition in the GABAergic neurons, and thus increased 

neuronal excitability. Numerous studies have shown that variants in both the ECD and TMD cause 

loss-of-function and lead to severe phenotypes in individuals3, 32. In contrast to this, two variants in 

GABRB3 were recently shown to lead to gain-of-function receptors22. Interestingly, the affected 

individuals showed hypersensitivity to VGB, a GABA enhancer, adding treatment response to the list 

of implications associated with functional effects of GABRB3 variants. In this study, we observed 

clear differences in the phenotypic severity depending on the structural location of the variants. 

This suggests that the functional effects of variants in for example the TMD differs from those in the 

ECD, and that equating the impaired function caused by missense variants to the loss of function 

caused by protein truncating variants is an oversimplification. More patients are expected to be 

found and aggregated as genetic test are expanding. Considering that the estimated incidence for 

pathogenic de novo variants within GABRB3 is 2.1 per 100.000 live births, we can expect just in the 

US at least 81.9 new cases per year33. Future functional characterization of variants is needed to 

investigate the hypothesis presented here, and to determine whether the associations between 
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genetic location and phenotype found here also correlates with functional effects. Such studies 

could potentially also elucidate the relationship between variant location, phenotype and 

treatment response paving the way for a personalized medicine approach. 

 

Data availability 

De-identified data will be made available to those eligible per request to the corresponding 

authors.  
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Key points 

• Pathogenic variants in GABRB3 cause a wide range of phenotypes 

• Missense variants in the ECD have generalized epilepsy with later onset and non-severe ID 

• Missense variants in the TMD have focal epilepsy with early onset and severe ID 

• Behavioral issues are common features of GABRB3 disease 

• Precision medicine approaches for GABRB3 disease is limited 

  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 4, 2021. ; https://doi.org/10.1101/2021.06.04.21256727doi: medRxiv preprint 

https://doi.org/10.1101/2021.06.04.21256727
http://creativecommons.org/licenses/by-nc-nd/4.0/


22 

  

References 

 

1. Tanaka M, DeLorey TM, Delgado-Escueta A, Olsen RW. GABRB3, Epilepsy, and 

Neurodevelopment. In: Noebels JL, Avoli M, Rogawski MA, Olsen RW, Delgado-Escueta 

AV, eds. Jasper's Basic Mechanisms of the Epilepsies. Bethesda (MD): National Center for 

Biotechnology Information (US) 

Copyright © 2012, Michael A Rogawski, Antonio V Delgado-Escueta, Jeffrey L Noebels, 

Massimo Avoli and Richard W Olsen., 2012. 

2. Shi YW, Zhang Q, Cai K, et al. Synaptic clustering differences due to different 

GABRB3 mutations cause variable epilepsy syndromes. Brain : a journal of neurology 

2019;142:3028-3044. 

3. Moller RS, Wuttke TV, Helbig I, et al. Mutations in GABRB3: From febrile seizures 

to epileptic encephalopathies. Neurology 2017;88:483-492. 

4. Zhu X, Yao Y, Li X, Dong J, Zhang A. Alteration of GABAergic signaling is 

associated with anxiety-like behavior in temporal lobe epilepsy mice. Progress in neuro-

psychopharmacology & biological psychiatry 2019;93:141-148. 

5. Qu S, Catron M, Zhou C, et al. GABA(A) receptor β3 subunit mutation D120N 

causes Lennox-Gastaut syndrome in knock-in mice. Brain communications 2020;2:fcaa028. 

6. DeLorey TM, Handforth A, Anagnostaras SG, et al. Mice lacking the beta3 subunit 

of the GABAA receptor have the epilepsy phenotype and many of the behavioral 

characteristics of Angelman syndrome. The Journal of neuroscience : the official journal of 

the Society for Neuroscience 1998;18:8505-8514. 

7. Tanaka M, Olsen RW, Medina MT, et al. Hyperglycosylation and reduced GABA 

currents of mutated GABRB3 polypeptide in remitting childhood absence epilepsy. 

American journal of human genetics 2008;82:1249-1261. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 4, 2021. ; https://doi.org/10.1101/2021.06.04.21256727doi: medRxiv preprint 

https://doi.org/10.1101/2021.06.04.21256727
http://creativecommons.org/licenses/by-nc-nd/4.0/


23 

  

8. Hernandez CC, Zhang Y, Hu N, et al. GABA (A) Receptor Coupling Junction and 

Pore GABRB3 Mutations are Linked to Early-Onset Epileptic Encephalopathy. Scientific 

reports 2017;7:15903. 

9. Laverty D, Desai R, Uchański T, et al. Cryo-EM structure of the human α1β3γ2 

GABA(A) receptor in a lipid bilayer. Nature 2019;565:516-520. 

10. Richards S, Aziz N, Bale S, et al. Standards and guidelines for the interpretation of 

sequence variants: a joint consensus recommendation of the American College of Medical 

Genetics and Genomics and the Association for Molecular Pathology. Genetics in medicine : 

official journal of the American College of Medical Genetics 2015;17:405-424. 

11. Berg AT, Berkovic SF, Brodie MJ, et al. Revised terminology and concepts for 

organization of seizures and epilepsies: report of the ILAE Commission on Classification 

and Terminology, 2005-2009. Epilepsia 2010;51:676-685. 

12. Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classification of the epilepsies: 

Position paper of the ILAE Commission for Classification and Terminology. Epilepsia 

2017;58:512-521. 

13. Miller PS, Aricescu AR. Crystal structure of a human GABAA receptor. Nature 

2014;512:270-275. 

14. Zhang Y, Lian Y, Xie N. Early onset epileptic encephalopathy with a novel 

GABRB3 mutation treated effectively with clonazepam: A case report. Medicine 

2017;96:e9273. 

15. Miao P, Feng J, Guo Y, et al. Genotype and phenotype analysis using an epilepsy-

associated gene panel in Chinese pediatric epilepsy patients. Clinical genetics 2018;94:512-

520. 

16. Lachance-Touchette P, Martin C, Poulin C, Gravel M, Carmant L, Cossette P. 

Screening of GABRB3 in French-Canadian families with idiopathic generalized epilepsy. 

Epilepsia 2010;51:1894-1897. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 4, 2021. ; https://doi.org/10.1101/2021.06.04.21256727doi: medRxiv preprint 

https://doi.org/10.1101/2021.06.04.21256727
http://creativecommons.org/licenses/by-nc-nd/4.0/


24 

  

17. Kothur K, Holman K, Farnsworth E, et al. Diagnostic yield of targeted massively 

parallel sequencing in children with epileptic encephalopathy. Seizure 2018;59:132-140. 

18. Allen AS, Berkovic SF, Cossette P, et al. De novo mutations in epileptic 

encephalopathies. Nature 2013;501:217-221. 

19. Epi4K. De Novo Mutations in SLC1A2 and CACNA1A Are Important Causes of 

Epileptic Encephalopathies. American journal of human genetics 2016;99:287-298. 

20. Burgess R, Wang S, McTague A, et al. The Genetic Landscape of Epilepsy of 

Infancy with Migrating Focal Seizures. Annals of neurology 2019;86:821-831. 

21. Hamdan FF, Srour M, Capo-Chichi JM, et al. De novo mutations in moderate or 

severe intellectual disability. PLoS genetics 2014;10:e1004772. 

22. Absalom NL, Liao VWY, Kothur K, et al. Gain-of-function GABRB3 variants 

identified in vigabatrin-hypersensitive epileptic encephalopathies. Brain communications 

2020;2. 

23. Yamamoto T, Imaizumi T, Yamamoto-Shimojima K, et al. Genomic backgrounds of 

Japanese patients with undiagnosed neurodevelopmental disorders. Brain & development 

2019;41:776-782. 

24. Le SV, Le PHT, Le TKV, Kieu Huynh TT, Hang Do TT. A mutation in GABRB3 

associated with Dravet syndrome. American journal of medical genetics Part A 

2017;173:2126-2131. 

25. Liu J, Tong L, Song S, et al. Novel and de novo mutations in pediatric refractory 

epilepsy. Molecular brain 2018;11:48. 

26. Štěrbová K, Vlčková M, Klement P, et al. Neonatal Onset of Epilepsy of Infancy 

with Migrating Focal Seizures Associated with a Novel GABRB3 Variant in Monozygotic 

Twins. Neuropediatrics 2018;49:204-208. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 4, 2021. ; https://doi.org/10.1101/2021.06.04.21256727doi: medRxiv preprint 

https://doi.org/10.1101/2021.06.04.21256727
http://creativecommons.org/licenses/by-nc-nd/4.0/


25 

  

27. Pavone P, Pappalardo XG, Marino SD, et al. A novel GABRB3 variant in Dravet 

syndrome: Case report and literature review. Molecular genetics & genomic medicine 

2020:e1461. 

28. Papandreou A, McTague A, Trump N, et al. GABRB3 mutations: a new and 

emerging cause of early infantile epileptic encephalopathy. Developmental medicine and 

child neurology 2016;58:416-420. 

29. Trump N, McTague A, Brittain H, et al. Improving diagnosis and broadening the 

phenotypes in early-onset seizure and severe developmental delay disorders through gene 

panel analysis. Journal of medical genetics 2016. 

30. Bamborschke D, Pergande M, Daimagüler HS, et al. Cleft Palate as Distinguishing 

Feature in a Patient with GABRB3 Epileptic Encephalopathy. Neuropediatrics 2019;50:378-

381. 

31. Karczewski KJ, Francioli LC, Tiao G, et al. The mutational constraint spectrum 

quantified from variation in 141,456 humans. Nature 2020;581:434-443. 

32. Janve VS, Hernandez CC, Verdier KM, Hu N, Macdonald RL. Epileptic 

encephalopathy de novo GABRB mutations impair γ-aminobutyric acid type A receptor 

function. Annals of neurology 2016;79:806-825. 

33. López-Rivera JA, Pérez-Palma E, Symonds J, et al. A catalogue of new incidence 

estimates of monogenic neurodevelopmental disorders caused by de novo variants. Brain : a 

journal of neurology 2020;143:1099-1105. 

 

 

 

 

 

  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 4, 2021. ; https://doi.org/10.1101/2021.06.04.21256727doi: medRxiv preprint 

https://doi.org/10.1101/2021.06.04.21256727
http://creativecommons.org/licenses/by-nc-nd/4.0/


26 

  

Figure legends 

 

Table 1.  

Clinical characteristics of the GABRB3 cohort 

 

Figure 1 

A. Epilepsy syndromes in the GABRB3 cohort 

B. Seizure onset in individuals with generalized vs. focal epilepsy 

C. Seizure types in individuals with generalized vs. focal epilepsy 

D. Cognition in individuals with generalized epilepsy and with focal epilepsy 

 

Figure 2 

Ictal EEG recordings in individuals with focal epilepsy (FE) or with generalized epilepsy (GE) related 

to GABRB3 pathogenic variants. (A) Individual #9 (FE): focal seizure during wakefulness with 

“staring” and impaired awareness (FIAS). The EEG shows an arrest of the background activity, 

followed by low amplitude rhythmic activity in the posterior regions, evolving to high amplitude 6 

Hz activity with intermixed small spikes, in the occipital-posttemporal regions bilaterally. (B) 

Individual #8 (GE): tonic seizure during sleep. The EMG traces to the bottom show that the seizure 

starts with a spasm, followed by sustained tonic activation, with a superimposed vibratory 

component close to the seizures' end.  The EEG correlate is a diffuse 10 Hz rhythmic activity with 

frontal predominance. 

 

Figure 3 

(A) Protein sequence encoded by GABRB3, annotated with protein domains, neurotransmitter 

binding regions and helical segments, structural coupling regions and individual variants’ positions.  
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(B) GABAAR β3 structure (single chain, PDB ID: 4COF), annotated with protein domains, 

neurotransmitter binding regions and helical segments, structural coupling regions and individual 

missense variants’ positions (red spheres).  

(C) Side (left) and top (right) view of the Cryo-EM structure of the human synaptic α1β3γ2 GABAAR 

complex (PDB id: 6I53). Two α1 chains (encoded by GABRA1), two β3 chains (encoded by GABRB3) 

and one γ2 chain (encoded by GABRG2) are shown in light orange, purple and green, respectively.   

(D) GABRB3 missense variants observed in the general population (gnomAD database) mapped 

onto β3 chains (blue spheres).   

(E) GABRB3 missense variants observed in individuals (our cohort, table E1) mapped onto β3 chains 

(red spheres). 

 

Figure 4 

Investigation of individual missense variant positions by different phenotypes on the GABAAR β3 

structure (PDB ID: 4COF, single chain). 

(A) Protein residue positions affected by missense variants in individuals with different epilepsy 

types: focal epilepsy and generalized epilepsy are indicated by dark purple and light purple, 

respectively.  

(B) Protein residue positions affected by missense variants in individuals with different severity of 

ID: severe ID, moderate/mild ID and normal ID are indicated by dark red, orange and magenta 

spheres, respectively. 

 

Supplementary material  

Table E1:  Phenotypes of individuals with pathogenic GABRB3 variants. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 4, 2021. ; https://doi.org/10.1101/2021.06.04.21256727doi: medRxiv preprint 

https://doi.org/10.1101/2021.06.04.21256727
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1.  
 
 Missense variants 

Truncating variants 
ECD TMD* 

Number of  

individuals / variants 

35 / 23 24 / 20 10 / 9 

Epilepsy onset                      

(range) 

9 months  

(1.5 m – 7 y) 

4 months  

(birth – 12 y) 

1 year  

(birth – 5 y, 2 m) 

Seizure types                

(top 3) 

Myoclonic (31%) 

Atonic (29%) 

Bilateral TC (29%) 

Focal (50%) 

Tonic (33%) 

Myoclonic (21%) 

Absences (40%) 

Bilateral TC (20%) 

Myoclonic (10%) 

Epilepsy type (number of 

individuals) 

17 GE / 6 FE 1 GE / 15 FE 2 GE / 1 FE 

Fever sensitivity 29% 13% 50% 

Seizure freedom  

(mean age at offset) 

34% (1.5 y) 17% (11.5 y) 40% (5 y) 

Most effective ASMs  VPA in combinations None specific VPA in combinations 

Cognition Normal 3% 

Mild ID 30% 

Moderate ID 39% 

Severe ID 27% 

Normal 0% 

Mild ID 10% 

Moderate ID 14% 

Severe ID 76% 

Normal 10% 

Mild ID 0% 

Moderate ID 60% 

Severe ID 30% 

Neurological deficits Language delay (63%) 

Hypotonia (26%)  

Ataxia (16%) 

 

Hypotonia (52%) 

Language delay (29%)  

Ataxia (19%)  

Visual impairment (19%) 

Language delay (40%) 

 

Additional features ADHD (50%)  

Stereotypies (33%) 

Autistic features (23%)  

 

Autistic features (13%)  

Aggression (8%)  

Microcephaly (13%) 

Digestive issues (13%) 

Autistic features (40%) 

Aggression (20%) 

Stereotypies (20%) 

 

Recurrent variants p.(Asp120Asn), p.(Leu124Phe), 

p.(Lys127Arg), p.(Thr157Met), 

p.(Thr185Ile), p.(Arg232Gln) 

p.(Ser254Phe), p.(Leu256Gln), 

p.(Thr281Ala), p.(Pro301Leu), 

p.(Tyr302Cys) 

p.(Trp2*) 

*Including M2-M3 loop  

Abbreviations: ADHD: Attention deficit hyperactivity disorder, ASMs anti-seizure medications, ECD: extracellular 

domain, FE: focal epilepsy, GE: generalized epilepsy, TC: tonic-clonic seizures, TSM: transmembrane domain, m: 

months, y: years 
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