Developmental and Epileptic
Encephalopathy 19 (DEE19) —
Comprehensive Disease Report

Disease: Developmental and Epileptic Encephalopathy 19 (DEE19) MONDO: MONDO:0014328
| OMIM: 615744 | Causal gene: GABRA1 (HGNC:4075) Report type: Disease-level aggregation
from primary literature and ontology/database knowledge (not individual EHR-derived).

Evidence-source key: [H] human clinical, [V] in vitro/heterologous expression, [M] model
organism, [C] computational. Frequencies for rare, ultra-rare disorders are qualitative
unless a cohort number is given. Where a claim reflects general DEE/GABAA biology
rather than a DEE19-specific study, this is stated explicitly.

1. Disease Information

Overview. DEE19 is a rare, genetically determined developmental and epileptic
encephalopathy caused by heterozygous, usually de novo, pathogenic variants in GABRA1, the
gene encoding the al subunit of the type A y-aminobutyric acid (GABA-A) receptor. It presents
in infancy with multiple, frequently drug-resistant seizure types accompanied by
developmental delay/intellectual disability. The term "developmental and epileptic
encephalopathy” denotes that impairment arises both from the underlying genetic lesion
acting on brain development (the developmental encephalopathy) and from the epileptic
activity itself worsening function (the epileptic encephalopathy).

Key identifiers. - OMIM: 615744 (Developmental and epileptic encephalopathy 19; formerly
"Epileptic encephalopathy, early infantile, 19 / EIEE19") - MONDO: MONDO:0014328 - Gene
OMIM: GABRA1 137160 - Orphanet: within "Non-syndromic genetic developmental and
epileptic encephalopathy" (ORPHA:442835) and the GABRA1l-related epilepsy spectrum; DEE
has no single unique ORPHA number for the 19 subtype. - ICD-10: G40.4 (Other generalized
epilepsy and epileptic syndromes) / G40.83 (in some coding sets). ICD-11: 8A61 / 8A6Z
(Developmental and epileptic encephalopathies). - MeSH: "Spasms, Infantile" / "Epileptic
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Syndromes" / "Epilepsy, Generalized" (no unique DEE19 MeSH; indexed under GABRA1 and
epileptic encephalopathy). - HGNC: 4075; NCBI Gene: 2554; Ensembl: ENSG00000022355;
UniProt: P14867 (GBRA1_HUMAN).

Synonyms / alternative names. Early infantile epileptic encephalopathy 19 (EIEE19); GABRA1-
related epileptic encephalopathy; GABRAl-related developmental and epileptic
encephalopathy; GABRA1 epilepsy. The GABRA1 allelic spectrum also includes juvenile
myoclonic epilepsy (JME, OMIM 611136) and childhood absence epilepsy susceptibility.

Data provenance. Content here is aggregated at the disease level from primary case series,
functional studies, mechanistic reviews, and curated databases (OMIM, ClinVar, HPO,
Orphanet); it is not derived from a single patient EHR.

2. Etiology

Primary cause — genetic (monogenic, dominant). DEE19 is caused by pathogenic variants in
GABRA1. The first GABRA1 epilepsy variant (p.Ala322Asp, A322D) was identified in a large
French-Canadian JME family (Cossette et al. 2002 [H/V],
):

(@ 11992121 |
"an Ala322Asp mutation in GABRA1, encoding the alphal subunit of the gamma-aminobutyric
acid receptor subtype A (GABA(A)), is found in affected individuals of a large French Canadian
family with juvenile myoclonic epilepsy.” Severe encephalopathic phenotypes arise chiefly from
de novo variants (Hernandez et al. 2019 [H/V],

):

(B 31056671 ]
"two known GABRA1 mutations (¢.335G>A, p.R112Q and ¢.343A>G, p.N115D) in six patients with
intractable early onset epileptic encephalopathy.”

Genetic risk factors. The causal variant itself is the risk factor. Most DEE19 variants are de
novo dominant (see §9). No independent susceptibility loci or modifier genes are established
for DEE19 specifically; general genetic-background modifiers are plausible but unproven.

Environmental risk factors. None established as causal. DEE19 is a monogenic disorder;
environment does not initiate disease. General seizure-provoking factors (fever, sleep
deprivation, missed medication, intercurrent illness) can precipitate seizures in an already-
affected individual but are triggers, not causes.


https://pubmed.ncbi.nlm.nih.gov/11992121/
https://pubmed.ncbi.nlm.nih.gov/11992121/
https://pubmed.ncbi.nlm.nih.gov/11992121/
https://pubmed.ncbi.nlm.nih.gov/31056671/
https://pubmed.ncbi.nlm.nih.gov/31056671/
https://pubmed.ncbi.nlm.nih.gov/31056671/
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Protective factors. No genetic protective alleles are defined. The only "protective" influence is
functional: variants retaining greater residual GABA-A receptor function tend to produce

).

milder phenotypes (Bofdelmann et al. 2026 [H/C],
@ 42546502 ]
GABRA3 paralog paradigm, Johannesen et al. 2026 [H/M],
(B 41289009 |

Effective early seizure control is the main modifiable protective factor against epileptic-
encephalopathy worsening.

Gene-environment interactions. Not a major feature; disease is genetically determined. GXE
is limited to environmental seizure triggers acting on the genetic substrate.

3. Phenotypes

DEE19 is clinically variable; the following are the characteristic features. HPO terms are
suggested; frequencies are qualitative/cohort-based given rarity.

Core neurological phenotypes - Seizures, multiple types — the defining feature (obligate,
~100%). Types include generalized tonic-clonic, myoclonic, focal, atonic, absence, tonic, and
epileptic spasms. HP:0001250 (Seizure), HP:0002133 (Status epilepticus), HP:0002123
(Generalized myoclonic seizure), HP:0002069 (Generalized tonic-clonic seizure), HP:0011153
(Focal-onset seizure), HP:0011097 (Epileptic spasm), HP:0002121 (Absence seizure). - Global
developmental delay / intellectual disability (very frequent, ~most patients; severity
mild—profound). HP:0001263 (Global developmental delay), HP:0001249 (Intellectual
disability). - Developmental regression / stagnation with seizure onset (encephalopathy).
HP:0002376 (Developmental regression). - Hypotonia (frequent). HP:0001252 (Hypotonia). -
Ataxia /| movement abnormalities / dystonia (subset). HP:0001251 (Ataxia), HP:0001332
(Dystonia). - Abnormal EEG — multifocal/generalized epileptiform discharges;
hypsarrhythmia in those with spasms; sometimes photosensitivity. HP:0002353 (EEG
abnormality), HP:0002521 (Hypsarrhythmia). - Speech/language impairment, absent or
limited speech. HP:0002463 (Language impairment), HP:0001344 (Absent speech). - Behavioral
features — autistic features, hyperactivity/ADHD-like behavior in a subset. HP:0000729
(Autistic behavior), HP:0000752 (Hyperactivity). - Microcephaly (subset, acquired or
congenital). HP:0000252 (Microcephaly).


https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/41289009/
https://pubmed.ncbi.nlm.nih.gov/41289009/
https://pubmed.ncbi.nlm.nih.gov/41289009/
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Onset: infantile, typically first months of life; in an 8-patient GABRA1 cohort onset was 3-8
months (Zhang & Liu 2022 [H],
):

(@ 35937053 |

"Epilepsy onset age was between 3 and 8 months of age." Milder allelic phenotypes (JME) present
in adolescence.

Severity/progression: variable severity (mild epilepsy — severe DEE); seizure course is often
chronic and drug-resistant with an epileptic-encephalopathy plateau; developmental trajectory
is impaired and largely static-to-slowly-progressive rather than neurodegenerative.

Quality-of-life impact: severe. Refractory seizures, intellectual disability, communication and
motor impairment produce high dependency, need for caregiving, and reduced QoL for patient
and family. No DEE19-specific EQ-5D/SF-36 data exist; QoL burden is inferred from severe DEE
literature.

4. Genetic / Molecular Information

Causal gene. GABRA1 (HGNC:4075; NCBI Gene 2554; OMIM 137160; UniProt P14867), on
chromosome 5¢34, encoding the GABA-A receptor al subunit (a Cys-loop ligand-gated ion
channel subunit with a large extracellular N-terminal GABA-binding domain and four
transmembrane helices M1-M4; M2 lines the chloride pore).

Pathogenic variants. - Variant type/class: predominantly heterozygous missense variants;
also nonsense/frameshift (haploinsufficiency) and splice variants. Reported pathogenic
missense residues cluster in (i) the N-terminal GABA-binding domain (e.g., p.Argl12Gln/
R112Q, p.Asn115Asp/N115D) and (ii) transmembrane domains (e.g., p.Pro260Ser/P260S,
p-Leu296Ser/L.296S, p.Trp315Leu/W315L, p.Ala322Asp/A322D) (Hernandez et al. 2019 [H/V],

b

).

(@ 31056671 |
Krampfl et al. 2005 [vl,
(@ 16029191 ]

"The al1(R112Q and N115R) subunit residue substitutions were in the N-terminal GABA binding
domain.” - Classification (ACMG/AMP): most recurrent DEE19 variants are Pathogenic/Likely
pathogenic in ClinVar; PS2 (de novo), PM2 (absent from gnomAD), PS3 (functional studies), PP2
(missense-intolerant gene) commonly apply. VUS exist and benefit from functional/


https://pubmed.ncbi.nlm.nih.gov/35937053/
https://pubmed.ncbi.nlm.nih.gov/35937053/
https://pubmed.ncbi.nlm.nih.gov/35937053/
https://pubmed.ncbi.nlm.nih.gov/31056671/
https://pubmed.ncbi.nlm.nih.gov/31056671/
https://pubmed.ncbi.nlm.nih.gov/31056671/
https://pubmed.ncbi.nlm.nih.gov/16029191/
https://pubmed.ncbi.nlm.nih.gov/16029191/
https://pubmed.ncbi.nlm.nih.gov/16029191/
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computational LoF-vs-GoF classification (Bofselmann et al. 2026 [H/C],
).

@ 42546502 ]
- Allele frequency: pathogenic DEE19 variants are absent/ultra-rare in population databases
(gnomAD); GABRA1 is highly constrained (high missense/LoF intolerance). - Somatic vs

germline: germline (constitutional). De novo germline events dominate severe cases; parental
germline mosaicism is possible (see §9). No somatic-mosaicism disease role established. -
Functional consequence: predominantly loss-of-function (reduced surface expression,
impaired biogenesis, reduced GABA sensitivity/gating), but a subset — particularly pore-lining

M2 variants — are gain-of-function (Bofdelmann 2026,
(@ 42546502 )
paralog GABRA3,
[E 41289009 ]

Dominant-negative effects on assembled receptors are described for some variants.

Modifier genes. None validated for DEE19. Genetic background likely contributes to variable
expressivity.

Epigenetic information. No DEE19-specific DNA-methylation "episignature" is established.
(Some other DEE genes have episignatures; GABRA1 is not a recognized episignature disorder
to date.)

Chromosomal abnormalities. DEE19 is typically a single-nucleotide/small-indel disorder.
Larger 534 deletions encompassing GABRA1 (contiguous GABRA1/GABRB2/GABRGZ cluster)
can occur and are detectable by chromosomal microarray, but classic DEE19 is not a copy-
number syndrome.

5. Environmental Information

* Environmental factors: none causal. Not applicable as an etiology.

» Lifestyle factors: not applicable to disease causation. Standard seizure hygiene (sleep,
adherence) modulates seizure frequency.

* Infectious agents: none. DEE19 is genetic, not infectious. (In differential diagnosis,
acquired/infectious encephalopathies must be excluded — see §10.)


https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/41289009/
https://pubmed.ncbi.nlm.nih.gov/41289009/
https://pubmed.ncbi.nlm.nih.gov/41289009/
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6. Mechanism / Pathophysiology

Ordered causal chain (initiating lesion - clinical manifestation)

1. A heterozygous (usually de novo) pathogenic variant in GABRA1 alters the al subunit
protein sequence. (demonstrated)

2. This leads to abnormal al subunit biogenesis: impaired folding, endoplasmic-reticulum
retention, and excessive ER-associated degradation (ERAD) of the misfolded subunit at
the expense of forward trafficking, reducing oligomerization/trafficking and cell-surface
expression of al-containing GABA-A receptors (Krampfl 2005 [V],

(@ 16029191 ]
Macdonald 2010 [V],

[B 20308251 ]
Hernandez 2016 [V],

(@ 27622563 |
for the archetype A322D, Fu 2018 [V],

(@ 30481215 ]
"the A322D mutation in the al subunit... causes its extensive misfolding and expedited

degradation in the endoplasmic reticulum (ER)"). (demonstrated in vitro) — This ERAD/
proteostasis defect is pharmacologically reversible (see §12), implicating GO:0036503 (ERAD
pathway) and GO:0030968 (ER unfolded protein response).

3. In parallel, surface-expressed mutant receptors show reduced GABA-binding affinity and
impaired channel gating (reduced current amplitude, altered activation/deactivation)
(Krampfl 2005; Cossette 2002). Branch: rare M2/pore variants instead increase channel
activity — gain-of-function (BofSelmann 2026 [H/C],

[ﬂ 42546502 ]
(demonstrated)

4. Reduced/altered a1PB2y2 receptor function results in decreased fast phasic GABAergic
inhibitory postsynaptic currents (reduced mIPSC amplitude/frequency) at inhibitory
synapses (mouse VB thalamus, Zhou 2015 [M],


https://pubmed.ncbi.nlm.nih.gov/16029191/
https://pubmed.ncbi.nlm.nih.gov/16029191/
https://pubmed.ncbi.nlm.nih.gov/16029191/
https://pubmed.ncbi.nlm.nih.gov/20308251/
https://pubmed.ncbi.nlm.nih.gov/20308251/
https://pubmed.ncbi.nlm.nih.gov/20308251/
https://pubmed.ncbi.nlm.nih.gov/27622563/
https://pubmed.ncbi.nlm.nih.gov/27622563/
https://pubmed.ncbi.nlm.nih.gov/27622563/
https://pubmed.ncbi.nlm.nih.gov/30481215/
https://pubmed.ncbi.nlm.nih.gov/30481215/
https://pubmed.ncbi.nlm.nih.gov/30481215/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
https://pubmed.ncbi.nlm.nih.gov/42546502/
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(@ 25447232 ]

(demonstrated in model; inferred in human)

5. Loss of inhibition leads to a cortical/thalamocortical excitation-inhibition imbalance and
neuronal hyperexcitability, with disinhibition of thalamic relay nuclei promoting
abnormal thalamocortical oscillations (Zhou 2015 [M]). (demonstrated in model)

6. Hyperexcitability results in recurrent, multifocal/generalized seizures (clinical).
(demonstrated)

7. Because al-GABA-A signaling also shapes early neurodevelopment (during the
developmental period GABA is depolarizing/excitatory and guides proliferation, migration,
differentiation, synaptogenesis; Stojanovic 2016 [H],

),

(@ 26518133 |
receptor dysfunction during a critical infantile window — compounded by the deleterious

effect of ongoing seizures on the developing network — leads to developmental delay/
intellectual disability and encephalopathy (the "developmental" + "epileptic"
encephalopathy). (partly inferred)

8. For gain-of-function variants, excess/altered GABAergic signaling similarly results in
severe, treatment-resistant epilepsy and profound impairment, by analogy to the GABRA3
paralog paradigm (Johannesen 2026 [H/M],

@ 41289009 ]

(inferred by paralogy)

Detail by category

* Molecular pathways: GABAergic inhibitory neurotransmission via the ionotropic GABA-A
receptor-chloride channel; no canonical growth-factor signaling cascade. GO:0007214
(GABA receptor signaling pathway); GO:1902476 (chloride transmembrane transport);
Reactome "GABA A receptor activation."

* Cellular processes: loss of fast synaptic inhibition; E/I imbalance; during development,
altered neuronal proliferation/migration/synapse maturation (GO:0060078 regulation of
postsynaptic membrane potential; GO:0007268 chemical synaptic transmission).

* Protein dysfunction: misfolding, ER retention, impaired assembly/trafficking — reduced
surface receptor; and/or altered ligand binding and gating. Loss-of-function predominant;
gain-of-function and dominant-negative subsets.


https://pubmed.ncbi.nlm.nih.gov/25447232/
https://pubmed.ncbi.nlm.nih.gov/25447232/
https://pubmed.ncbi.nlm.nih.gov/25447232/
https://pubmed.ncbi.nlm.nih.gov/26518133/
https://pubmed.ncbi.nlm.nih.gov/26518133/
https://pubmed.ncbi.nlm.nih.gov/26518133/
https://pubmed.ncbi.nlm.nih.gov/41289009/
https://pubmed.ncbi.nlm.nih.gov/41289009/
https://pubmed.ncbi.nlm.nih.gov/41289009/
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» Metabolic changes: none primary. (Ketogenic diet may help empirically via network
effects, not a defined metabolic defect.)

 Immune involvement: none; not autoimmune/inflammatory.

* Tissue-damage mechanisms: not degenerative; injury is functional (network dysfunction)
plus potential secondary excitotoxic effects of prolonged seizures/status epilepticus.

* Biochemical abnormality: ligand-gated ion channel (chloride) dysfunction — a
channelopathy of inhibitory neurotransmission.

* Epigenetic changes: none established.

* Molecular profiling: no disease-specific transcriptomic/proteomic/metabolomic signature;
mechanistic data derive from heterologous electrophysiology, cryo-EM structure (al1B3y2;
Laverty 2019 [V],

B@30602789 ]
and mouse models.

Cell types (CL): GABAergic inhibitory interneuron (CL:0000617), neuron (CL:0000540),
pyramidal/glutamatergic neuron (postsynaptic target; CL:0000598), thalamic relay neuron.
Subcellular (GO CC): postsynaptic membrane GO0:0045211; GABA-A receptor complex
GO0:1902711; integral component of plasma membrane G0:0005887; endoplasmic reticulum
G0:0005783 (mislocalization site). CHEBI: GABA (CHEBI:16865), chloride (CHEBI:17996).

7. Anatomical Structures Affected

* Organ / system: the brain and central nervous system (nervous system, UBERON:0001016).
Primary organ: brain (UBERON:0000955); cerebral cortex (UBERON:0000956), thalamus
(UBERON:0001897, thalamocortical circuits implicated by mouse data), hippocampus
(UBERON:0002421), cerebellum (al highly expressed; UBERON:0002037). No primary
involvement of non-neural organs; systemic effects are secondary to disability (e.g., feeding/
respiratory complications).

* Tissue/cell level: nervous tissue; GABAergic inhibitory synapses on cortical and thalamic
neurons. Affected cell populations: inhibitory interneurons and their postsynaptic partners
(CL:0000617 GABAergic neuron; CL:0000540 neuron).


https://pubmed.ncbi.nlm.nih.gov/30602789/
https://pubmed.ncbi.nlm.nih.gov/30602789/
https://pubmed.ncbi.nlm.nih.gov/30602789/
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* Subcellular level: the inhibitory postsynaptic membrane (GO:0045211) and the GABA-A
receptor—chloride channel complex (G0O:1902711); with variant protein mislocalized to
the endoplasmic reticulum (G0O:0005783).

» Localization / lateralization: bilateral, diffuse cortical involvement (generalized
encephalopathy); EEG discharges may be generalized or multifocal. Not a focal/lateralized
lesional disorder, though asymmetric epileptiform features can occur.

8. Temporal Development

* Onset: congenital genetic lesion with clinical onset typically in infancy (first year,
commonly 3-8 months) for DEE19; milder allelic phenotypes (JME) present in adolescence.
Onset pattern: subacute/insidious emergence of seizures with developmental slowing.

* Progression: chronic, lifelong. Seizures are frequently drug-resistant; course is often an
early "stormy" phase followed by a plateau (epileptic-encephalopathy pattern). Not
classically neurodegenerative; developmental impairment is largely static-to-slowly-
evolving.

* Course pattern: chronic with episodic seizure clusters and possible status epilepticus;
some patients improve in seizure control over time while cognitive impairment persists.

* Remission: true remission is uncommon in severe DEE19; seizure freedom is treatment-
dependent and variable. Milder allelic phenotypes can be well-controlled.

* Critical period: the infantile window of synaptic maturation is both the period of maximal
vulnerability and the key window for early, effective seizure control and developmental
intervention (rationale from developmental GABA biology,

(@ 26518133 | '

9. Inheritance and Population

» Epidemiology: DEE19 is an ultra-rare disorder; no precise prevalence/incidence figures
are established (individual GABAA-DEE subtypes each account for a small fraction of DEESs).
DEEs collectively affect on the order of ~1 in 2,000 children. GABRA1 is a recognized but
minority cause among genetic DEEs.


https://pubmed.ncbi.nlm.nih.gov/26518133/
https://pubmed.ncbi.nlm.nih.gov/26518133/
https://pubmed.ncbi.nlm.nih.gov/26518133/
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* Inheritance: autosomal dominant, most often de novo in severe DEE19; inherited
autosomal-dominant transmission occurs for milder alleles (e.g., the A322D JME family,
Cossette 2002,

(@ 11992121 ]

» Penetrance: high for severe de novo variants; incomplete/variable penetrance and
expressivity for some inherited alleles (same variant can yield JME in one relative and
more severe epilepsy in another).

» Expressivity: highly variable — a hallmark of GABRA1 (mild IGE < severe DEE), partly
explained by variant functional class (LoF vs GoF;
@ 42546502 ]

» Genetic anticipation: not applicable (not a repeat-expansion disorder).

* Germline mosaicism: possible; recurrence in siblings of unaffected parents has been
reported for DEE genes generally, warranting counseling.

* Founder effects: the A322D JME variant is notable in a French-Canadian pedigree but is
family-specific, not a population founder allele.

» Consanguinity: not relevant (dominant mechanism).

* Carrier frequency: not applicable (dominant, typically de novo; pathogenic alleles absent
from population databases).

* Population demographics: no ethnic predilection; reported worldwide. Sex ratio ~1:1
(autosomal; the 8-patient cohort was 4 male/4 female,

(@ 35937053 |

Age distribution skews to pediatric onset.

10. Diagnostics

* Genetic testing (definitive): exome or genome sequencing, or a multigene epilepsy/DEE
panel including GABRA]1, is the diagnostic mainstay; trio testing establishes de novo status.
Single-gene GABRA1 testing is appropriate when the phenotype is highly suggestive. WES/
WGS diagnostic yield in early-onset DEE is high (e.g., ~40-72% for onset <3 months; Thanuja
& Kamate 2025 [H],

10
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| @ 40088508 ]
"WES gave an overall yield of 61.9%... and 71.4%... in cases with epilepsy onset before three
months."). Early genetic diagnosis frequently changes management (Elkhateeb 2024 [H],

(@ 38221827 ]
Esterhuizen 2023 [H],

@ 36480001 |

* Chromosomal microarray (CMA): to detect 5q34 deletions involving the GABRA cluster;
usually normal in point-variant DEE19.

» Karyotype/FISH/mtDNA/repeat-expansion testing: generally not informative; used to
exclude alternative etiologies.

» Variant interpretation: ACMG/AMP criteria; functional and computational LoF-vs-GoF
classification refines VUS and guides therapy

(

| B 42546502 | '

* Electrophysiology: EEG is central — multifocal/generalized epileptiform discharges;
hypsarrhythmia if spasms; used for seizure classification and monitoring.

* Neuroimaging: brain MRI is typically normal or shows nonspecific findings (e.g., mild
atrophy/delayed myelination); primarily excludes structural/malformative causes.

» Laboratory/biomarkers: no specific blood/CSF biomarker; metabolic workup (including
CSF neurotransmitters, lactate) is used to exclude treatable metabolic epilepsies. The
genetic variant is the definitive molecular marker.

* Clinical criteria: diagnosis follows the ILAE framework for developmental and epileptic
encephalopathy (early-onset refractory seizures + developmental impairment) plus a
confirmed pathogenic GABRA1 variant.

* Differential diagnosis: other genetic DEEs — SCN1A (Dravet), KCNQ2, STXBP1, CDKL5,
SCN2A, SCN8A, KCNT1, other GABAA genes (GABRB3, GABRG2, GABRB2, GABRA5);
structural/metabolic/hypoxic-ischemic encephalopathies; pyridoxine-dependent epilepsy.
Distinguished by gene testing and electroclinical pattern.

* Screening: not part of newborn screening; cascade testing of relatives and prenatal/
preimplantation testing available once the familial variant is known.

11
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11. Outcome / Prognosis

* Survival/mortality: no DEE19-specific survival figures. Severe DEEs carry elevated
mortality including SUDEP and status epilepticus (Klein 2025 [H],

(@ 40105713 |
"...refractory to treatment and to have high mortality rates.”). Life expectancy is reduced in
severely affected, non-ambulant, refractory patients; milder cases have near-normal
survival.

» Morbidity/function: high — intellectual disability, motor impairment, communication
deficits, dependency; frequent comorbid autism/ADHD-like behavior. Long-term disability is
the norm in severe cases.

* Disease course/complications: drug-resistant epilepsy is common; DEEs show the highest
drug-resistance rate among childhood epilepsy syndromes (77.7%) (Ayoub et al. 2024
[H],

).

(@ 39150742 ]

Complications: status epilepticus, injury from seizures, aspiration, feeding difficulty, SUDEP.

» Recovery potential: limited for cognitive deficits; seizure control may improve with
tailored therapy but developmental impairment usually persists.

* Prognostic factors: earlier onset, multiple seizure types, myoclonus, and greater

developmental delay predict drug resistance/poorer outcome

( ).
(@ 39150742 ]

Variant functional class (GoF associated with more severe, treatment-resistant disease) is

an emerging molecular prognostic marker

( ,
@ 42546502 ]

@ 41289009 |
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12. Treatment

General principle: symptomatic seizure control plus developmental support; increasingly
genotype-guided based on LoF vs GoF variant classification.

* Pharmacotherapy (antiseizure medications, NCIT: Antiepileptic Agent): broad-
spectrum ASMs are used empirically — valproate (NCIT:C935), levetiracetam, clobazam
and other benzodiazepines (NCIT:C29075; GABA-A positive modulators), topiramate,
lamotrigine, zonisamide, and for spasms vigabatrin/ACTH/corticosteroids. Cenobamate is
a newer ASM with efficacy in refractory epilepsy/DEE (Klein 2025 [H],

(@ 40105713 ]
Because most DEE19 variants are LoF, drugs that enhance residual GABA-A function

(benzodiazepines) are mechanistically rational; conversely, GABA-enhancing drugs may be
counterproductive for GoF variants — underscoring functional classification.

* Precision/personalized medicine: vinpocetine is an emerging targeted therapy for loss-
of-function GABAA/GABRA1 DEE — adjunctive vinpocetine reduced seizure frequency and
improved comorbidities in a case series of 9 patients with 8 GABAA-receptor variants
(Gjerulfsen et al. 2026 [H/V],

(@ 42227896 |

"Adjunctive vinpocetine shows promise as a targeted therapy for patients with GABA[A
receptor variants].” LoF-vs-GoF prediction models directly inform drug selection
(Bofselmann 2026 [H/C],

@ 42546502 ]

* Non-pharmacologic: ketogenic diet (NCIT:C62735) is used empirically for refractory DEE;
vagus nerve stimulation; epilepsy surgery is generally not applicable (non-lesional,
generalized).

» Advanced / experimental targeted therapeutics: For loss-of-function variants that impair
receptor biogenesis/trafficking (e.g., A322D), proteostasis-modulating strategies rescue
mutant surface expression and chloride current in cell models — the BiP/HSP70 activator
BIX and modest activation of the ATF6/IRE1 unfolded-protein-response pathways (Fu
2018 [V1],

[B 30481215 ]
and VCP/p97 inhibition (Eeyarestatin I) plus the folding enhancer SAHA/vorinostat
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(Han 2015 [V],

(@ 25406314 ]
Ongoing work maps the GABAA proteostasis network to find drug-correctable variants

(

[B 36030824

(@ 40112516 ]
(@aoreires |
(@as A

These are preclinical/experimental, not yet clinical. No approved gene therapy, ASO, or
cell therapy for DEE19; conceptually attractive for a dominant channelopathy and under
preclinical consideration.

 Supportive/rehabilitative: physical, occupational, and speech therapy; developmental/
educational support; nutritional and respiratory care; management of behavioral
comorbidities.

* Treatment outcomes/adverse events: response is variable and often partial; polytherapy
is common; standard ASM adverse-event profiles apply (sedation, hepatotoxicity/valproate,
behavioral effects/levetiracetam, visual-field effects/vigabatrin).

* Strategy: individualized, guided by seizure type, EEG, and increasingly variant functional
class; combination therapy is frequent in refractory disease.

13. Prevention

* Primary prevention: not possible for de novo genetic disease. Genetic counseling for
families with a known variant; prenatal diagnosis / preimplantation genetic testing
(PGT) can prevent recurrence when a familial pathogenic variant is identified.

» Secondary prevention: early genetic diagnosis enables early, targeted seizure control to
mitigate epileptic-encephalopathy worsening (rationale: developmental critical period,

(@ 26518133 |

value of early diagnosis,

(@ 38221827 ] '
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 Tertiary prevention: optimize seizure control to reduce status epilepticus and SUDEP risk;
early developmental therapies; treat comorbidities.

 Immunization / infectious control: not applicable (non-infectious); routine vaccination is
encouraged as intercurrent illness/fever can trigger seizures.

» Counseling: recurrence risk generally low for de novo cases but with a caveat for germline
mosaicism; 50% transmission risk for an affected parent carrying a dominant allele.

14. Other Species / Natural Disease

* Taxonomy / orthologs: GABRA1 is highly conserved across vertebrates. Mouse Gabral
(NCBI Gene 14394; Mus musculus, NCBITaxon:10090); rat Gabral (NCBITaxon:10116);
zebrafish gabral (Danio rerio, NCBITaxon:7955). Strong evolutionary conservation of the
GABA-A receptor and its inhibitory function underlies cross-species modeling.

» Natural disease in other species: no well-characterized naturally occurring GABRA1
epileptic-encephalopathy analog documented in companion animals (OMIA has no
established GABRA1 DEE entry); GABAergic mechanisms are broadly implicated in animal
seizure disorders. Veterinary relevance is chiefly as experimental models rather than
spontaneous disease.

» Comparative biology: the conserved role of a1-GABA-A receptors in fast inhibition means
mechanistic findings translate across mammals; evolutionary conservation supports use of
mouse/zebrafish models.

* Transmission: not applicable (non-communicable genetic disease; no zoonotic potential).

15. Model Organisms

* Mouse (Mus musculus, NCBITaxon:10090) — primary model. Heterozygous Gabral
deletion produces absence seizures and reduced thalamic inhibition (Zhou et al. 2015 [M],

):

@ 25447232 ]
"heterozygous deletion of Gabral, the mouse homolog of the human absence epilepsy gene
that encodes the GABAA receptor (GABAAR) al subunit, causes absence seizures."

Demonstrates reduced synaptic al, reduced mIPSC amplitude/frequency, ventrobasal-
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thalamus disinhibition, and partial cortical compensation (a3 upregulation). Knock-in of
specific human variants and paralog GoF knock-ins (e.g., Gabra37Q242L/+ showing
increased seizure susceptibility, early death, cortical hyperexcitability;

@ 41289009 ]
[M]) model genotype-specific mechanisms.

» Model types available: knockout, heterozygous null, and knock-in (point-variant
"humanized") mice; conditional alleles feasible via MGI/IMPC resources.

* In vitro / cellular models: heterologous expression (HEK293, Xenopus oocytes) of
recombinant al1B2/B3y2 receptors for electrophysiology and trafficking assays (Cossette
2002; Krampfl 2005; Hernandez 2016) — the workhorse for LoF/GoF functional
classification; patient-derived iPSC neurons are an emerging platform.

* Phenotype recapitulation: mouse Gabral models reproduce seizures and reduced
inhibition well; they capture the core channelopathy and network disinhibition.

» Limitations: heterozygous-null mice model absence-type seizures better than the full
severe human DEE19 encephalopathy; compensatory subunit upregulation and species
differences in subunit expression limit full phenotype capture; cognitive/developmental
phenotypes are only partially modeled.

* Resources: MGI (mouse), ZFIN (zebrafish), RGD (rat), IMPC/IMSR for strains; Alliance of
Genome Resources for orthology.

Summary of Findings, Supported and Refuted Hypotheses

Answer to the research question. DEE19 (OMIM 615744; MONDO:0014328) is a rare
autosomal-dominant, usually de novo, developmental and epileptic encephalopathy caused by
pathogenic variants in GABRA1 (GABA-A receptor al subunit). Variants impair fast GABAergic
inhibition — predominantly by loss of function (defective receptor biogenesis, surface
expression, GABA sensitivity, and gating), with a gain-of-function subset — producing cortical/
thalamocortical excitation-inhibition imbalance that manifests as infantile-onset, often drug-
resistant multi-type seizures with developmental delay/intellectual disability.
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Supported hypotheses: (1) GABRA1 is the causal gene [strong: human genetics + functional
data]; (2) loss-of-function/impaired inhibition is the dominant mechanism [strong: in vitro +
mouse]; (3) variant functional class (LoF vs GoF) drives severity and treatment direction
[emerging, strongl; (4) genotype-guided therapy (e.g., vinpocetine for LoF) is rational and
clinically promising [emerging].

Refuted / not-applicable: environmental, infectious, autoimmune, metabolic, and epigenetic-
episignature etiologies are not primary causes; DEE19 is a monogenic channelopathy.

Limitations & future directions. Precise epidemiology, natural-history/QoL metrics, and
controlled treatment-outcome data specific to DEE19 are lacking; the pubmed corpus queried
here was limited, so some claims lean on GABAA-DEE-wide and paralog evidence. Priorities:
variant-specific functional maps (LoF vs GoF), prospective genotype-stratified trials
(vinpocetine and GABA-A enhancers for LoF; caution/antagonism strategies for GoF), clinical
translation of proteostasis-corrector approaches for biogenesis-defective variants (BiP/UPR
modulators, VCP inhibition + HDAC inhibitors), iPSC/knock-in disease modeling, and
development of allele-selective gene-based therapies (ASO/gene replacement) for this
dominant channelopathy:.
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