
Developmental and Epileptic
Encephalopathy 8 (DEE8 / ARHGEF9-
Related Disorder): A Comprehensive
Disease Characteristics Report

Disease: Developmental and Epileptic Encephalopathy 8 MONDO ID: MONDO:0010375 OMIM
Phenotype: #300607 Category: Mendelian, X-linked Causal gene: ARHGEF9 (collybistin)

Summary

Developmental  and  Epileptic  Encephalopathy  8  (DEE8;  formerly  Early  Infantile  Epileptic
Encephalopathy  8,  EIEE8;  OMIM  #300607;  MONDO:0010375)  is  an  ultra-rare,  X-linked
neurodevelopmental disorder caused by loss-of-function variants in  ARHGEF9 (Xq11.1; NCBI
Gene 23229; HGNC:14561; UniProt O43307). ARHGEF9 encodes collybistin, a brain-specific Dbl-
family  guanine-nucleotide  exchange  factor  (RhoGEF)  that  is  essential  for  the  assembly  of
inhibitory  (GABAergic  and  glycinergic)  postsynaptic  specializations.  Collybistin  recruits  the
scaffolding  protein  gephyrin  to  the  plasma  membrane  through  a  phosphoinositide  (PI3P)-
dependent, pleckstrin-homology (PH)-domain–driven targeting mechanism, thereby enabling
clustering of GABA_A and glycine receptors at inhibitory synapses.

The  core  pathophysiology  is  a  loss  of  inhibitory  synaptic  function that  shifts  neuronal
networks toward hyperexcitability. When collybistin is lost or functionally impaired, gephyrin
is  mislocalized,  GABA_A/glycine  receptor  clustering  fails,  dendritic  and  axo-axonic  (axon-
initial-segment)  inhibition  is  reduced,  and  the  resulting  excitation–inhibition  imbalance
produces seizures, intellectual disability, hyperekplexia (exaggerated startle), and behavioral/
anxiety  phenotypes.  A  striking  domain-specific  genotype–phenotype  correlation exists:
variants restricted to the PH domain (e.g., exon 9) tend to cause intellectual disability without
epilepsy, whereas variants disrupting the DH/RhoGEF catalytic domain, the DH–PH interface,
or truncating/deleting the protein cause severe developmental and epileptic encephalopathy,
often with facial dysmorphism and intractable seizures.



The disorder is ultra-rare — roughly 40 patients had been reported by 2022 — and the gene is
extremely intolerant to loss of function (gnomAD pLI ≈ 1.0, LOEUF ≈ 0.15). Inheritance is X-
linked: affected males typically carry hemizygous variants (de novo or maternally inherited),
while  affected  females  harbor  de  novo  variants,  balanced  translocations,  or  deletions  and
consistently show strongly skewed X-inactivation favoring the abnormal X chromosome. No
disease-modifying  therapy  exists;  management  is  symptomatic  antiseizure  treatment,  with
valproate  and  levetiracetam  benefiting  a  subset  of  patients,  though  epilepsy  is  frequently
refractory  and  the  overall  prognosis  is  poor.  Preclinical  work  has  nominated  α2-subunit-
containing GABA_A receptors as a rational druggable target.

Key Findings

Finding 1 — DEE8 is caused by loss-of-function variants in ARHGEF9
(collybistin), an X-linked gene

DEE8 is a Mendelian X-linked disorder attributable to disruption of ARHGEF9 at Xq11.1 (OMIM
gene 300429; phenotype #300607). Causality has been established across multiple independent
reports and multiple variant classes. A 737-kb Xq11.1 microdeletion encompassing ARHGEF9,
and a separate nonsense mutation, were identified in males with severe intellectual disability
plus epilepsy,  leading the authors to conclude that "ARHGEF9 is  likely to be responsible for
syndromic X-linked mental retardation associated with epilepsy" [PMID: 21633362]. A balanced
chromosomal translocation disrupting ARHGEF9 was reported in a female with a disturbed
sleep–wake  cycle,  late-onset  seizures,  anxiety,  aggression,  and  mental  retardation  [PMID:
18615734].  A  missense variant  (G55A) in  exon 2  was identified "in  a  patient  with  clinical
symptoms  of  both  hyperekplexia  and  epilepsy"  [PMID:  15215304].  Collectively,  deletions,
truncating variants, missense variants, and structural rearrangements all converge on loss of
collybistin function as the disease mechanism.

Finding 2 — Pathomechanism: collybistin loss impairs gephyrin-dependent
clustering of GABA_A and glycine receptors, causing inhibitory deficit and
network hyperexcitability

Collybistin  is  a  brain-specific  GDP–GTP  exchange  factor  that  translocates  gephyrin  to  the
plasma membrane and is required for postsynaptic clustering of gephyrin, GABA_A receptors,
and glycine receptors [PMID: 15215304]. In collybistin-deficient mice, "Cb-deficient mice display
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a region-specific loss of postsynaptic gephyrin and GABA(A) receptor clusters in the hippocampus
and  the  basolateral  amygdala,"  accompanied  by  reduced  dendritic  GABAergic  inhibition,
increased anxiety, and impaired spatial learning [PMID: 17690689]. In vivo, "Cb-deficiency leads
to  significant  changes  of  GABAergic  inhibition,  network  excitability  and  synaptic  plasticity,"
including a decreased population-spike threshold and impaired long-term potentiation in the
dentate gyrus [PMID: 19236916]. Mechanistically, the critical membrane-targeting step is PH-
domain phosphoinositide (PI3P) binding rather than Cdc42 activation: "substitution of Cb II PH-
domain  residues  essential  for  phosphoinositide  binding  abolished  gephyrin  recruitment  to
synaptic sites" [PMID: 20345913]. Thus the causal chain runs from collybistin loss → failure of
PI3P-dependent  gephyrin  membrane  targeting  →  loss  of  inhibitory  receptor  clustering  →
reduced inhibition → network hyperexcitability → seizures.

Finding 3 — Genotype–phenotype: missense variants in the PH/DH domains
disrupt phosphoinositide binding, tracking a severity gradient

Pathogenic missense variants cluster in functionally critical domains. The  R290H variant, in
the  DH/Dbl-homology  (RhoGEF)  domain,  "leads  to  epilepsy  and  intellectual  disability";
functionally it weakens the intramolecular DH–PH interaction and reduces PI3P binding, such
that  "impairment  of  the  membrane  lipid  binding  activity  of  Cb  and  a  consequent  defect  in
inhibitory synapse maturation represent a likely molecular pathomechanism" [PMID: 25678704].
The  R356Q variant  sits  directly  in  the  PH-domain  phosphoinositide-binding  site  and  is
associated  with  a  milder,  isolated  phenotype  —  "Mutation  p.R356Q  in  the  Collybistin
Phosphoinositide Binding Site Is Associated With Mild Intellectual Disability" [PMID: 30914922].
The originally reported G55A (SH3/N-terminal region) produced combined hyperekplexia and
epilepsy [PMID: 15215304], and truncating disruptions removing the PH domain abolish PI3P
binding and mislocalize gephyrin/GABA_A receptors [PMID: 18615734]. Together these define a
severity gradient shaped by how severely a variant compromises membrane lipid binding and
synapse maturation.

Finding 4 — DEE8/ARHGEF9-related disorder presents a broad
neurodevelopmental phenotype spectrum

The  clinical  spectrum  is  wide.  "ARHGEF9-related  disorders  comprise  a  wide  phenotypic
spectrum,  including  behavior  disorders,  autism  spectrum  disorder,  intellectual  disability,
hyperekplexia  and  infantile  epileptic  encephalopathy"  [PMID:  27238888].  Reported  features
include infantile/childhood-onset epilepsy ("Both male patients suffered epileptic seizures after 1
year of  age"),  intellectual  disability,  autism spectrum disorder,  speech delay,  hyperekplexia/
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exaggerated startle, and — in a female with a disrupting translocation — a disturbed sleep–
wake cycle, late-onset seizures, anxiety, and aggression [PMID: 18615734]. Brain MRI can be
abnormal: "Brain magnetic resonance imaging revealed mild frontal atrophy in the first patient
and  right  frontal  polymicrogyria  in  the  second  patient"  [PMID:  21633362].  As  of  2016,  the
phenotypic literature comprised roughly 11 point-mutation/rearrangement/deletion patients
[PMID: 27238888].

Finding 5 — Ultra-rare, X-linked; females affected via skewed X-inactivation;
domain-specific correlation confirmed in the largest cohort

The largest assembled cohort (Alber et al., 2017; Neurol Genet) compiled 18 patients including 5
females:  "A total of  18 patients (including 5 females) were identified.  Six had de novo, 5 had
maternally inherited mutations, and 7 had chromosomal disruptions. All females had strongly
skewed X-inactivation in favor of the abnormal X-chromosome" [PMID: 28589176]. Onset was in
early childhood with delayed motor development, alone or with seizures; intellectual disability
was  severe  in  most  (moderate  with  milder  variants).  Critically,  the  study  confirmed  the
domain-specific  correlation:  "Males  with  severe  intellectual  disability  had  severe,  often
intractable, epilepsy and exhibited a particular facial dysmorphism. Patients with mutations in
exon 9 affecting the protein's PH domain did not develop epilepsy" [PMID: 28589176].

Finding 6 — Treatment is symptomatic; epilepsy is frequently refractory with
poor prognosis; valproate and levetiracetam benefit a subset

No  disease-modifying  or  targeted  therapy  exists;  management  is  symptomatic  antiseizure
treatment. In a case series, "levetiracetam and valproic acid can effectively control seizures in
children with epileptic phenotype caused by ARGHEF9 gene variations"; across the literature, 6 of
20 epilepsy-associated variants responded to valproic acid. Nonetheless the authors conclude
that "the clinical  phenotype of  epilepsy is  often refractory and the prognosis is  poor"  [PMID:
35638461]. By 2022, approximately 40 children had been reported (22 de novo, 9 maternal, 1
unknown). Preclinical work identifies a rational target: studies "reveal α2 subunit-containing
GABAA receptors  as  a  druggable  target  for  treatment  of  this  complex  ID  syndrome"  [PMID:
35169261].
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Finding 7 — Mouse models recapitulate the disease and reveal axon-initial-
segment inhibitory dysfunction as a seizure mechanism

A patient-variant knock-in mouse demonstrated a mechanistic link to seizures: researchers
"observed aggregation of postsynaptic proteins and loss of functional inhibitory synapses at the
axon  initial  segment  (AIS),  altered  axo-axonic  synaptic  inhibition,  disrupted  action  potential
generation,  and  complex  seizure  phenotypes  consistent  with  clinical  observations"  [PMID:
39374387]. A  Gabra2-1 knock-in mouse that abolishes collybistin binding to the GABA_A α2
subunit downregulates collybistin (notably at CCK basket-cell  synapses) and "Gabra2-1 mice
phenocopy  multiple  features  of  human  ARHGEF9  mutation,"  reproducing  memory  deficits,
hyperactivity,  anxiety,  reduced social  preference,  spontaneous developmental  seizures  with
mortality,  EEG  abnormalities,  and  sleep  disturbances  [PMID:  35169261].  Constitutive
knockout  mice show  region-specific  loss  of  gephyrin/GABA_A  clusters,  network
hyperexcitability,  altered  plasticity,  anxiety,  and  impaired  learning  [PMID:  17690689;

19236916
].

Finding 8 — ARHGEF9 is extremely loss-of-function-intolerant; ClinVar is
dominated by variants of uncertain significance

gnomAD  constraint  metrics  for  ARHGEF9 (ENSG00000131089;  chrX:63,634,967–63,809,274,
GRCh38) indicate strong intolerance to loss of function: observed/expected LoF = 0.048 (only 2
observed vs 41.3 expected LoF variants), LOEUF = 0.15, pLI = 1.00, LoF Z = 5.19; the gene is also
missense-constrained (oe_mis = 0.53, missense Z = 4.13). ClinVar (queried Sept 2026) held 707
variant  records:  236  pathogenic,  34  likely  pathogenic,  and  372  of  uncertain  significance.
Reported pathogenic variant types span missense (G55A, R290H, R290C, R356Q, R365H, M388V,
V374F,  G485S,  R63H,  D213E),  nonsense/frameshift,  a  synonymous  exonic  splice-affecting
variant,  whole-gene/partial  deletions  (Xq11.1  microdeletions),  and  balanced  translocations.
Population allele frequencies of pathogenic alleles are effectively zero.

Finding 9 — Affected anatomy is CNS-restricted inhibitory synapses; ASD-
associated variants act via reduced gephyrin phosphorylation and PI3P
binding

Collybistin  is  brain-specific,  and  pathology  localizes  to  inhibitory  postsynaptic  sites:
hippocampus,  basolateral  amygdala,  and  dentate  gyrus  (mouse  KO;  [PMID:  17690689;

19236916
]);
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the axon initial segment/axo-axonic synapses (patient-variant mouse; [PMID: 39374387]); and
the  medial  prefrontal  cortex  (mPFC).  Novel  ASD-associated  variants  p.R290C,  p.V374F,  and
p.G485S  impair  inhibitory  synaptic  transmission  —  "p.R290C  promotes  abnormal  gephyrin
clustering  in  COS-7  cells  and  reduces  inhibitory  synapse  density  in  cultured  hippocampal
neurons," and "mPFC-specific Cb-cKO reduced gephyrin phosphorylation levels," a defect the ASD
variants failed to rescue [PMID: 41174051]. Collybistin also directly binds the glycine receptor
α1 subunit: a "novel interaction between α1 GlyR subunits and collybistin" links it to glycinergic
synapses [PMID: 33842008], consistent with the hyperekplexia phenotype.

Finding 10 — Disease identifiers and nomenclature

Confirmed identifiers (NCBI Gene ID 23229): ARHGEF9 = "Cdc42 guanine nucleotide exchange
factor 9," map Xq11.1, aliases COLLYBISTIN, DEE8, EIEE8, HPEM-2, PEM-2, PEM2. Per NCBI: the
brain-specific protein "acts as an adaptor protein for the recruitment of gephyrin and together
these proteins facilitate receptor recruitment in GABAnergic and glycinergic synapses… Defects in
this gene are the cause of startle disease with epilepsy (STHEE), also known as hyperekplexia
with epilepsy." Full identifier set:

Resource Identifier

Disease (MONDO) MONDO:0010375

OMIM phenotype #300607 (DEE8; formerly EIEE8)

ARHGEF9 gene OMIM 300429

HGNC HGNC:14561

UniProt (collybistin) O43307

Ensembl ENSG00000131089

NCBI Gene 23229

Synonyms:  EIEE8,  early  infantile  epileptic  encephalopathy  8,  hyperekplexia  and  epilepsy,
startle  disease  with  epilepsy  (STHEE),  ARHGEF9-related  intellectual  disability/epileptic
encephalopathy.
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Finding 11 — Collybistin protein architecture (UniProt O43307)

The correct human collybistin accession is UniProt O43307 (Rho guanine nucleotide exchange
factor 9; 516-aa canonical isoform CB3). Domain architecture: an N-terminal SH3 domain (~aa
8–67; autoinhibitory),  a central  DH/Dbl-homology RhoGEF catalytic domain (~aa 103–287;
Cdc42 GEF activity), a C-terminal PH/pleckstrin-homology domain (~aa 318–425; binds PI3P),
and a gephyrin-interaction region (~aa 100–110). UniProt GO annotations include GABA-ergic
synapse  (GO:0098982),  postsynaptic  density  (GO:0014069),  postsynaptic  specialization
(GO:0099572), cytosol (GO:0005829); guanyl-nucleotide exchange factor activity (GO:0005085);
regulation  of  postsynaptic  specialization  assembly  (GO:0099150);  and  regulation  of  small
GTPase  mediated  signal  transduction  (GO:0051056).  Pathogenic  variants  distribute  across
domains:  G55A/R63H  (SH3),  D213E  (DH),  R290H/R290C  (DH  C-terminus/DH–PH  interface),
R356Q/R365H/V374F/M388V (PH), and G485S (C-terminal). (Note: the earlier-recorded accession
Q9UPQ0 was an error — that accession belongs to LIMCH1, not collybistin.)

Finding 12 — Evolutionary conservation and absence of natural animal
disease

ARHGEF9 is conserved across vertebrates. NCBI orthologs of human ARHGEF9 (GeneID 23229):
mouse  Arhgef9 (GeneID  236915;  Taxon  10090),  rat  Arhgef9 (GeneID  66013;  Taxon  10116),
zebrafish arhgef9a (GeneID 559868; Taxon 7955; with an arhgef9b paralog), and dog ARHGEF9
(GeneID  100686228;  Taxon  9615).  Collybistin's  gephyrin/GABA_A/glycine-receptor  clustering
function is conserved across mammals. No naturally occurring ARHGEF9 disease is catalogued
in OMIA; non-human disease knowledge derives entirely from engineered models (constitutive
KO, patient-variant knock-in, Gabra2-1 knock-in, and conditional/forebrain and mPFC-specific
KO).

Section-by-Section Report

1. Disease Information

DEE8 is an X-linked developmental and epileptic encephalopathy — a condition in which the
underlying genetic lesion contributes both to impaired neurodevelopment and to epileptiform
activity that further worsens cognition. It is defined by early-childhood intellectual disability/
developmental  delay,  frequently  drug-resistant  epilepsy,  hyperekplexia,  and  behavioral/
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anxiety features.  Key identifiers are listed in Finding 10 (MONDO:0010375;  OMIM #300607;
gene  ARHGEF9,  OMIM  300429;  HGNC:14561;  UniProt  O43307;  Ensembl  ENSG00000131089;
NCBI Gene 23229). Synonyms include EIEE8, hyperekplexia with epilepsy, and startle disease
with epilepsy (STHEE). Information is derived from aggregated disease-level resources and
individual case reports/small cohorts (fewer than ~40 published patients), not from large
EHR datasets.

2. Etiology

The primary cause is  monogenic/genetic: hemizygous (male) or heterozygous (female, with
skewed  X-inactivation)  loss-of-function  variants  in  ARHGEF9 (Findings  1,  5,  8).  No
environmental, infectious, or lifestyle cause is implicated; this is a fully penetrant Mendelian
encephalopathy  rather  than  a  multifactorial  disorder.  Genetic  risk  factors are  the  causal
ARHGEF9 variants themselves — missense in the SH3/DH/PH domains, nonsense/frameshift,
splice-affecting  synonymous  variants,  whole/partial  gene  deletions,  and  balanced
translocations (Findings 3, 8, 11). The chief modifier of expression in females is the degree
of  X-inactivation  skewing (Finding  5).  No  established  protective  variants  or  gene–
environment  interactions  are  known;  given  the  CNS-restricted,  cell-autonomous  synaptic
mechanism, environmental modifiers are unlikely to be major contributors.

3. Phenotypes

The phenotype spectrum (Findings 4, 5) with suggested HPO terms:
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Phenotype Type Onset
Severity/
Frequency

HPO term

Intellectual
disability

Cognitive
Early
childhood

Severe in most;
moderate with PH-
only variants

HP:0001249

Epileptic
encephalopathy /
seizures

Neurological

Infancy–
childhood
(males often >1
yr)

Severe, often
intractable; absent
in PH-only variants

HP:0200134 /
HP:0001250

Hyperekplexia /
exaggerated startle

Neurological
sign

Early Variable HP:0002267

Autism spectrum
disorder

Behavioral Childhood Variable HP:0000717

Delayed speech and
language

Developmental
Early
childhood

Common HP:0000750

Anxiety /
aggression

Behavioral Variable Reported
HP:0000739 /
HP:0000718

Sleep–wake cycle
disturbance

Behavioral Variable
Reported (female
translocation case)

HP:0002360

Facial
dysmorphism

Physical Congenital
In severely affected
males

HP:0001999

Frontal atrophy /
polymicrogyria

Neuroimaging
Congenital/
early

Case-dependent
HP:0006889 /
HP:0002126

Quality-of-life impact is  substantial:  severe intellectual disability,  often-refractory epilepsy,
and  behavioral  disturbance  produce  lifelong  dependency  and  high  caregiver  burden.  No
disease-specific EQ-5D/SF-36 data are available given the rarity.

4. Genetic/Molecular Information

Causal gene: ARHGEF9 (collybistin), Xq11.1 (Findings 1, 10, 11). Variant classification/types:
ClinVar holds 707 records (236 pathogenic, 34 likely pathogenic, 372 VUS) spanning missense,
nonsense/frameshift, splice-affecting synonymous, deletions (Xq11.1 microdeletions up to 737
kb),  and  balanced  translocations  (Finding  8).  Allele  frequency: pathogenic  alleles  are
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effectively absent in gnomAD; the gene is highly LoF-intolerant (pLI ≈ 1.0, LOEUF 0.15). Origin:
germline  (de  novo  or  maternally  inherited);  no  somatic  disease  association.  Functional
consequence: loss  of  function  —  impaired  PI3P  binding,  defective  gephyrin  membrane
targeting,  and failed inhibitory receptor clustering (Findings 2,  3,  9).  Modifier genes: none
established beyond X-inactivation status. Epigenetics: the principal epigenetic determinant in
females is X-chromosome inactivation skewing (Finding 5); mPFC studies also show reduced
gephyrin  phosphorylation as  a  downstream  molecular  defect  (Finding  9).  Chromosomal
abnormalities: Xq11.1  microdeletions  and  balanced  translocations  disrupting  the  locus
(Findings 1, 8).

5. Environmental Information

No environmental, lifestyle, or infectious factors are implicated. DEE8 is a purely genetic, CNS-
cell-autonomous  synaptopathy  (Findings  2,  9).  This  section  is  not  applicable as  an
independent etiologic contributor.

6. Mechanism / Pathophysiology

Ordered causal chain (initiating lesion → clinical manifestation):

A loss-of-function ARHGEF9 variant (missense in SH3/DH/PH, truncation, deletion, or
translocation) leads to reduced or absent functional collybistin protein (Findings 1, 3, 8, 11).

Loss/impairment of collybistin results in failure of PH-domain/PI3P-dependent targeting of
collybistin–gephyrin complexes to the postsynaptic plasma membrane (demonstrated:
[PMID: 20345913]; [PMID: 25678704]) (Finding 2).

Failed membrane targeting leads to loss of postsynaptic gephyrin clustering and,
consequently, failure to cluster GABA_A and glycine receptors at inhibitory synapses
(demonstrated in mouse KO: [PMID: 17690689]) (Finding 2).

Branch A (GABAergic): reduced GABA_A clustering at dendritic synapses (hippocampus,
amygdala) and at the axon initial segment/axo-axonic synapses results in reduced synaptic
inhibition and disrupted action-potential control ([PMID: 39374387]) (Findings 7, 9).

Branch B (glycinergic): impaired glycine receptor clustering (collybistin–GlyRα1
interaction) contributes to hyperekplexia/exaggerated startle ([PMID: 33842008]) (Finding
9).

Branch C (phosphorylation): in the mPFC, collybistin loss reduces gephyrin
phosphorylation, a molecular defect ASD variants fail to rescue ([PMID: 41174051]) (Finding
9).

1. 

2. 

3. 

4. 

5. 

6. 
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Reduced inhibition results in an excitation–inhibition imbalance and increased network
excitability (decreased population-spike threshold, impaired LTP; demonstrated in vivo:
[PMID: 19236916]) (Finding 2).

Network hyperexcitability leads to seizures and epileptic encephalopathy; disrupted
inhibitory circuit assembly and altered plasticity lead to intellectual disability, autism, and
behavioral/anxiety phenotypes (Findings 2, 4, 7).

Molecular  pathways/processes: Rho-family  small-GTPase  (Cdc42)  signaling  via  the  DH
domain,  PI3P-lipid  binding  via  the  PH  domain,  gephyrin  scaffolding,  and  postsynaptic
specialization assembly. Notably,  PH-domain/PI3P targeting — not Cdc42 GEF activity — is
the rate-limiting synaptogenic step [PMID: 20345913]. Protein dysfunction: loss of function /
impaired  lipid  binding  and,  for  some  variants,  a  dominant-negative-like  aggregation  of
postsynaptic proteins [PMID: 39374387].  Cell types/GO terms: GABAergic interneurons and
their  targets  (CL:0000617  GABAergic  neuron;  CL:0000598  pyramidal  neuron  as  target),
inhibitory  synapse  assembly  (GO:0007268  synaptic  transmission;  GO:0097104  postsynaptic
membrane  assembly;  GO:0099150  regulation  of  postsynaptic  specialization  assembly;
GO:0051056  regulation  of  small  GTPase  signaling).  Subcellular  compartments  (GO  CC):
GABA-ergic  synapse  (GO:0098982),  postsynaptic  density  (GO:0014069),  postsynaptic
specialization (GO:0099572), plasma membrane, cytosol (GO:0005829). No immune, metabolic,
or ischemic mechanisms are involved.

7. Anatomical Structures Affected

Organ/system: central nervous system only (nervous system, UBERON:0001016). Primary
structures: cerebral cortex (UBERON:0000956), hippocampus (UBERON:0002421), amygdala/
basolateral amygdala (UBERON:0002886), dentate gyrus (UBERON:0001885), medial
prefrontal cortex, and cerebellum (transient collybistin expression in Purkinje cells).

Tissue/cell level: nervous tissue; specifically inhibitory (GABAergic and glycinergic)
synapses. Cell Ontology: GABAergic neuron (CL:0000617), including CCK basket cells
(implicated by Gabra2-1 model), and their postsynaptic partners.

Subcellular level: the inhibitory postsynaptic specialization — gephyrin scaffold, GABA_A/
glycine receptor clusters, the plasma membrane, and the axon initial segment (a key locus
of axo-axonic inhibitory control).

Localization/lateralization: bilateral, diffuse CNS involvement; imaging abnormalities
(frontal atrophy, polymicrogyria) can be focal/asymmetric in individual cases (Finding 4).

7. 

8. 

• 

• 

• 

• 
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8. Temporal Development

Onset is congenital-to-early-childhood: developmental delay is early, and seizures in affected
males  typically  begin  after  ~1  year  of  age  [PMID:  21633362];  onset  is  generally  chronic/
insidious for the developmental component and can be acute for seizures.  Progression: the
encephalopathy  is  a  stable-to-progressive,  chronic  lifelong  disorder;  epilepsy  is  frequently
refractory (Finding 6).  Seizure burden can be episodic within a chronic course.  Remission:
spontaneous remission is not characteristic; treatment-induced seizure control is achievable in
a subset with valproate/levetiracetam (Finding 6).  Critical period: early inhibitory-synapse
assembly  (perinatal–early  childhood)  is  the  window  in  which  collybistin  function  is  most
essential, suggesting a developmental therapeutic window.

9. Inheritance and Population

Epidemiology: ultra-rare  —  approximately  40  patients  reported  by  2022  (Finding  6);
prevalence/incidence estimates are not formally established.  Inheritance: X-linked (Findings
1, 5). Males are hemizygous; variants are de novo or maternally inherited. Affected females
carry de novo variants, translocations, or deletions and show strongly skewed X-inactivation
favoring the abnormal X [PMID:  28589176].  Penetrance/expressivity: high penetrance in
males;  expressivity  is  variable  and  domain-dependent (PH-only  variants  →  ID  without
epilepsy; DH/interface/truncating →  severe DEE).  Carrier frequency: effectively zero at the
population  level  (near-absent  pathogenic  alleles  in  gnomAD;  Finding  8).  No  genetic
anticipation (not a repeat-expansion disorder), documented founder effects, or consanguinity
role. Sex ratio: male-predominant reported cohorts, with a minority of affected females (5/18
in the largest cohort).

10. Diagnostics

Genetic  testing  is  the  definitive  diagnostic  modality (Findings  1,  8):  trio  whole-exome
sequencing (WES) or whole-genome sequencing (WGS),  epilepsy/DEE gene panels  including
ARHGEF9,  single-gene  sequencing,  and  chromosomal  microarray  (CMA)  to  detect  Xq11.1
deletions;  karyotyping/FISH for balanced translocations.  In females,  X-inactivation studies
support  interpretation.  Clinical/functional  tests: EEG  (documenting  epileptiform  activity/
encephalopathy),  brain MRI (may show frontal  atrophy,  polymicrogyria,  or  be normal).  No
specific  serum/CSF  biomarker  exists.  Differential  diagnosis: other  early-infantile/
developmental  and  epileptic  encephalopathies  (e.g.,  STXBP1,  CDKL5,  SCN1A,  KCNQ2, 
PAFAH1B1-related), other hyperekplexia genes (GLRA1, GLRB, GPHN, SLC6A5 — GlyT2 [PMID:
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16751771]), and X-linked intellectual disability syndromes.  Screening: cascade/carrier testing
of maternal relatives is appropriate once a familial variant is identified; DEE8 is not part of
standard newborn screening.

11. Outcome/Prognosis

Prognosis is guarded to poor, particularly in severely affected males with intractable epilepsy
and severe intellectual disability (Findings 5, 6). Epilepsy "is often refractory and the prognosis
is poor" [PMID: 35638461]. Morbidity is high — lifelong intellectual disability, communication
impairment, behavioral disturbance, and dependency. Formal survival/mortality statistics are
not  established  for  this  ultra-rare  disorder,  though  the  Gabra2-1  model  shows  seizure-
associated mortality, and severe human phenotypes imply elevated risk.  Prognostic factors
are principally genotype-driven: PH-domain-restricted variants predict a milder, epilepsy-free
course, whereas DH-interface/truncating/deletion variants predict severe DEE.

12. Treatment

Management  is  symptomatic (Finding  6).  Pharmacotherapy: antiseizure  medications  —
valproic acid (NCIT: C935) and levetiracetam (NCIT: C1518) each control seizures in a subset
(6/20 epilepsy-associated variants responded to valproic acid) [PMID: 35638461]. Standard DEE
supportive  care  applies:  developmental/rehabilitative  therapies  (physical,  occupational,
speech), behavioral management, and management of sleep disturbance. No gene, cell, RNA, or
targeted molecular  therapy is  approved.  Rational  target  under investigation: α2-subunit-
containing GABA_A receptors, nominated as "a druggable target for treatment of this complex
ID syndrome" [PMID: 35169261]. No established pharmacogenomic guidance is specific to DEE8.

13. Prevention

Because  DEE8  is  monogenic  and  X-linked,  prevention  is  reproductive/genetic,  not
environmental.  Primary prevention options: genetic counseling for families with a known
ARHGEF9 variant,  carrier  testing  of  at-risk  female  relatives,  prenatal  diagnosis,  and
preimplantation genetic  testing.  Secondary/tertiary prevention: early  genetic  diagnosis  to
guide  antiseizure  therapy  and  early  neurodevelopmental  intervention;  optimizing  seizure
control  to  limit  encephalopathic  burden.  No  immunization,  behavioral,  or  public-health
prevention applies.
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14. Other Species / Natural Disease

ARHGEF9 is conserved across vertebrates with orthologs in mouse (Arhgef9, GeneID 236915),
rat  (GeneID  66013),  zebrafish  (arhgef9a,  GeneID  559868;  plus  arhgef9b),  and  dog  (GeneID
100686228) (Finding 12). No naturally occurring  ARHGEF9 disease is catalogued in OMIA for
companion  animals  or  livestock;  the  disorder  is  not  zoonotic.  Comparative  biology  rests
entirely on engineered models, in which collybistin's inhibitory-synapse clustering function is
conserved.

15. Model Organisms

Multiple engineered mouse models recapitulate distinct disease facets (Finding 7):

Model Key phenotypes recapitulated Reference

Constitutive collybistin
KO

Region-specific loss of gephyrin/GABA_A clusters
(hippocampus, amygdala), reduced dendritic inhibition,
anxiety, impaired spatial learning

[PMID:
17690689]

Constitutive KO (in vivo
electrophysiology)

Increased network excitability, decreased population-
spike threshold, impaired dentate-gyrus LTP

[PMID:
19236916]

Patient-variant knock-in
Postsynaptic protein aggregation, loss of AIS inhibitory
synapses, altered axo-axonic inhibition, complex
seizures "consistent with clinical observations"

[PMID:
39374387]

Gabra2-1 knock-in
(abolishes Cb–GABA_A
α2 binding)

Memory deficits, hyperactivity, anxiety, reduced
sociability, spontaneous developmental seizures with
mortality, EEG abnormalities, sleep disturbance —
"phenocopy multiple features of human ARHGEF9
mutation"

[PMID:
35169261]

mPFC/forebrain
conditional KO

Altered inhibitory synaptic density/transmission,
reduced gephyrin phosphorylation, impaired ultrasonic
vocalization

[PMID:
41174051]

Limitations: models capture the core inhibitory-synapse and seizure phenotypes but cannot
fully reproduce human intellectual disability, dysmorphism, or the X-inactivation dynamics of
affected  females.  Resources:  MGI  (mouse),  plus  in-vitro  systems  (cultured  hippocampal
neurons, COS-7 heterologous expression) used to assay gephyrin clustering and PI3P binding.
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Mechanistic Model / Interpretation

   ARHGEF9 loss-of-function variant
   (SH3 / DH / PH missense, truncation, deletion, translocation)
                 │
                 ▼
   Reduced / dysfunctional collybistin protein
                 │  (PH-domain/PI3P binding impaired)
                 ▼
   Failed membrane targeting of collybistin–gephyrin complex
                 │
                 ▼
   Loss of postsynaptic gephyrin clustering
                 │
        ┌────────┼─────────────────────┐
        ▼        ▼                      ▼
  GABA_A cluster  Glycine-R cluster   Reduced gephyrin
  failure         failure             phosphorylation (mPFC)
   (dendritic +    (GlyRα1–Cb)
    AIS/axo-axonic)
        │             │                    │
        ▼             ▼                    │
  Reduced GABAergic  Hyperekplexia /       │
  inhibition;        exaggerated startle   │
  disrupted AP       (HP:0002267)          │
  control                                  │
        │                                  │
        ▼                                  ▼
  Excitation–inhibition imbalance →  Impaired circuit assembly / plasticity
  network hyperexcitability                │
        │                                  │
        ▼                                  ▼
   SEIZURES / DEE            INTELLECTUAL DISABILITY, ASD, ANXIETY
   (HP:0200134)              (HP:0001249, HP:0000717, HP:0000739)

The unifying interpretation is that DEE8 is a synaptopathy of inhibitory-synapse assembly.
The severity gradient maps cleanly onto which molecular step a variant  disrupts:  variants
confined  to  the  PH  domain  (e.g.,  R356Q,  exon-9  variants)  partially  preserve  the  DH/GEF
machinery and cause ID without epilepsy, whereas variants at the DH–PH interface (R290H/
R290C),  the  catalytic  DH  domain,  or  that  truncate/delete  the  protein  maximally  impair
inhibitory-synapse  maturation  and  produce  severe  DEE  with  facial  dysmorphism.  This
provides a mechanistically grounded, clinically actionable prognostic rule.
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Evidence Base
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PMID Title (abbrev.) Role in this report

21633362
Collybistin LoF in X-linked MR
with epilepsy

Establishes ARHGEF9 causality (deletion +
nonsense); age of onset; MRI findings

18615734
Balanced translocation
disrupting ARHGEF9

Female disease via rearrangement; broad
phenotype; PH-domain truncation effect

15215304
Collybistin, gephyrin
clustering (G55A)

First missense variant; core clustering mechanism

17690689 Collybistin-deficient mice
In-vivo loss of gephyrin/GABA_A clusters, anxiety,
learning deficits

19236916 Network excitability in Cb-KO
Increased excitability, impaired LTP — seizure
substrate

20345913 PH-domain targeting vs Cdc42
Identifies PI3P/PH targeting as the critical
synaptogenic step

25678704 R290H lipid-binding defect
Genotype–phenotype: DH-domain variant →
epilepsy+ID via lipid-binding loss

30914922 R356Q mild ID
Milder PH-binding-site variant supports severity
gradient

27238888 Xq11.1 deletion / ASD Enumerates the phenotype spectrum

28589176 Largest cohort (18 patients)
Inheritance mechanisms, skewed XCI, exon-9/PH
domain-specific correlation

35638461 Treatment/prognosis series
Valproate/levetiracetam efficacy; refractory, poor
prognosis

35169261 Gabra2-1 mouse
Phenocopy of human disease; α2-GABA_A druggable
target

39374387
Patient-variant knock-in
mouse

AIS inhibitory dysfunction as seizure mechanism

41174051 ASD variants / mPFC cKO
Gephyrin phosphorylation defect; R290C/V374F/
G485S functional data

33842008 GlyRα1–collybistin interaction
Links collybistin to glycinergic synapses /
hyperekplexia
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PMID Title (abbrev.) Role in this report

16751771 SLC6A5/GlyT2 hyperekplexia Differential diagnosis context for hyperekplexia

No papers in the reviewed set contradicted the central model; all supporting mechanistic and
clinical  evidence  converges  on  collybistin  loss  of  function  →  inhibitory-synapse  failure  →
network hyperexcitability.

Limitations and Knowledge Gaps

Ultra-rarity limits epidemiology. With fewer than ~40 published patients, formal
prevalence, incidence, survival, and quality-of-life metrics are unavailable; population
estimates rely on constraint metrics and case counts.

VUS burden. ClinVar contains 372 variants of uncertain significance (of 707), so a
substantial fraction of observed ARHGEF9 variation is not yet clinically interpretable;
functional assays lag behind variant discovery.

Genotype–phenotype correlation is robust but not absolute. The PH-domain-only-→-no-
epilepsy rule is supported by the largest cohort but derives from small numbers; exceptions
may emerge.

Female phenotype variability driven by X-inactivation is incompletely quantified; the
relationship between skewing degree and severity needs larger cohorts.

No human trials. All therapeutic mechanism data (e.g., α2-GABA_A targeting) come from
mouse models; efficacy and safety in patients are untested.

Model limitations. Mice capture seizure/inhibitory phenotypes but not the full human
cognitive/dysmorphic spectrum or female XCI biology.

Proposed Follow-up Experiments / Actions

Establish an international patient registry to consolidate genotype, X-inactivation status,
seizure semiology, treatment response, and developmental outcomes, enabling formal
prevalence and prognostic modeling.

1. 

2. 

3. 

4. 

5. 

6. 

1. 
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High-throughput functional reclassification of VUS using standardized assays for PI3P
binding, gephyrin clustering (heterologous cells + neurons), and inhibitory synaptic
transmission to convert VUS into actionable calls.

Structure-guided variant mapping onto the SH3–DH–PH architecture (UniProt O43307;
AlphaFold) to predict which residues disrupt DH–PH autoinhibition vs PI3P binding,
refining the genotype–severity rule.

Preclinical testing of α2-GABA_A-selective positive allosteric modulators and gephyrin-
phosphorylation modulators in the patient-variant knock-in and Gabra2-1 mouse models,
with EEG/seizure and behavioral endpoints.

Systematic antiseizure-medication comparative-effectiveness study across variant
classes, given the observed valproate/levetiracetam benefit in a subset, to build a genotype-
informed treatment algorithm.

Evaluate gene/dosage-restoration strategies (e.g., AAV-mediated collybistin re-expression,
or ASO approaches for select variants) in models, defining the developmental therapeutic
window suggested by the early-assembly critical period.

Evidence  source  types:  human  clinical  (case  reports/cohorts  —  PMIDs  21633362,  18615734,
27238888,  28589176,  30914922,  35638461);  in  vitro  /  functional  (PMIDs  15215304,  20345913,
25678704,  33842008,  41174051);  model  organism  (PMIDs  17690689,  19236916,  35169261,
39374387,  41174051);  computational/database  (gnomAD,  ClinVar,  UniProt  O43307,  NCBI  Gene
23229, OMIM #300607).
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