Autosomal Dominant Nonsyndromic
Hearing Loss 3A (DFNA3A): A
Comprehensive Disease Characterization

Disease: Autosomal Dominant Nonsyndromic Hearing Loss 3A (DFNA3A) OMIM: #601544 -
Gene: G/B2 (Connexin 26) - Locus: 13g12.11 - Category: Mendelian Suggested MONDO:
MONDO:0011152 (autosomal dominant nonsyndromic deafness 3A)

Summary

Autosomal Dominant Nonsyndromic Hearing Loss 3A (DFNA3A; OMIM #601544) is a rare,
bilateral, sensorineural hearing loss caused by heterozygous dominant-negative variants in
GJB2 (the gene encoding the gap-junction protein connexin 26, Cx26) at chromosome 13q12.11.
Although GJB2 is the single most commonly mutated gene in hereditary deafness worldwide,
the overwhelming majority of GJB2 variants cause recessive nonsyndromic deafness
(DFNB1A); only a small (~2%) dominant subset produces DFNA3A. Reported dominant alleles
include p.W44C, p.W44S, p.W44G, p.R75W, p.R75Q, p.D46N, p.M34K, p.T55A, p.delE42, and the
frameshift ¢.299_300delAT, several of which cluster in the pore-lining first extracellular loop
(E1) of Cx26.

Mechanistically, mutant Cx26 subunits co-assemble with and poison wild-type channels (a
dominant-negative effect). Functional studies show that the archetypal dominant mutant W44C
dramatically inhibits the intercellular conductance of co-expressed wild-type Cx26, whereas
recessive mutants do not interfere with wild-type. The consequence in the cochlea is a failure
of gap-junction-mediated intercellular communication among the non-sensory supporting cells
of the organ of Corti. Critically work on connexin knock-in models reframes the
pathophysiology from a purely potassium (K*) recycling defect to a broader loss of
biochemical/second-messenger coupling — impaired transfer of Ca?*, IP;, and purinergic
ATP signals that are required for the developmental acquisition of hearing. Transgenic mice
expressing the dominant-negative R75W mutant fail to form the tunnel of Corti, show
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deformed supporting cells and secondary hair-cell degeneration, yet preserve a normal
endocochlear potential — localizing the primary lesion to cortilymph homeostasis and
supporting-cell development rather than the stria vascularis.

Clinically, DFNA3A is a lifelong sensorineural hearing loss without a disease-modifying
pharmacotherapy. Standard of care is hearing aids and cochlear implantation, and GJB2
etiology is a well-established predictor of favorable cochlear-implant outcomes. Precision
therapies — most notably AAV-delivered adenine base editing that corrected the R75W allele
and restored cochlear gap-junction plaques in mice — remain preclinical, in contrast to inner-
ear gene therapy for OTOF-related recessive deafness (DFNB9), which has reached the clinic.

Key Findings

Finding 1 — DFNAS3A is caused by dominant G/B2 (Cx26) variants acting via a
dominant-negative mechanism

DFNA3A maps to the DFNA3 locus at chromosome 13q12.11 and is caused by heterozygous
variants in GJB2, which encodes connexin 26. The defining molecular feature that
distinguishes the rare dominant DFNA3A form from the common recessive DFNB1A form is
the dominant-negative behavior of the mutant protein. In Xenopus oocyte co-expression
assays, the dominant mutant W44C "dramatically inhibited intercellular conductance of
HCx26wt when co-expressed in an equal ratio, and the low levels of residual conductance
displayed altered gating properties" (PMID: 12064630) — the hallmark of a poison-subunit
effect on the wild-type allele. By contrast, recessive mutants such as W77R do not interfere
with wild-type channels.

A parallel mechanistic dissection of the R75W mutant showed that its dominance emerges
specifically at the level of gap-junction channel assembly: "The R75W phenotype is dominant
at the gap-junction channel but not at the hemichannel level" (PMID: 16009703). Beyond
missense alleles, a heterozygous frameshift also causes dominant disease: "Heterozygous
deletion AT at position 299-300 of Cx26 cDNA can lead to autosomal dominant hereditary
hearing loss (DFNA3)" (PMID: 12768774).

Interpretation: Dominance in DFNA3A is not simple haploinsufficiency; it requires the mutant
subunit to be expressed, oligomerize with wild-type Cx26, and suppress or corrupt the function
of the resulting mixed channels.


https://pubmed.ncbi.nlm.nih.gov/12064630/
https://pubmed.ncbi.nlm.nih.gov/16009703/
https://pubmed.ncbi.nlm.nih.gov/12768774/
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Finding 2 — Dominant Cx26 mutants disrupt cochlear supporting-cell
development and organ-of-Corti maturation

Transgenic mice expressing the dominant-negative human Cx26 R75W allele recapitulate the
human disease and reveal where the lesion falls. Two independent transgenic lines "showed
severe to profound hearing loss, deformity of supporting cells, failure in the formation of
the tunnel of Corti and degeneration of sensory hair cells" (PMID: 12700168). Postnatal
histology (P5-P14) confirmed a developmental supporting-cell defect: "absence of tunnel of
Corti, Nuel's space, or spaces surrounding the outer hair cells" (PMID: 18793701).

Importantly, the defect is restricted to the non-sensory supporting cells. The stria vascularis
and the endocochlear potential are preserved: "The high resting potential in cochlear
endolymph essential for hair cell excitation was normally sustained" (PMID: 12700168).
Outer hair cells themselves develop normally and retain their electromotile machinery (non-
linear capacitance and prestin), yet distortion-product otoacoustic emissions are absent
because the surrounding supporting-cell architecture is malformed (PMID: 19712724).

Interpretation: The primary pathology is a developmental failure of the supporting-cell
scaffold of the organ of Corti, with hair-cell degeneration as a secondary, downstream
consequence. This places the causal lesion in cortilymph/supporting-cell homeostasis, not
endolymph generation.

Finding 3 — Dominant GJB2 variants span nonsyndromic (DFNA3A) and
syndromic skin-plus-deafness phenotypes

The same gene, and sometimes the same codon, produces a spectrum ranging from isolated
hearing loss to skin-plus-deafness syndromes. Dominant G/B2 variants cause palmoplantar
keratoderma (PPK) with deafness, keratitis-ichthyosis-deafness (KID) syndrome (OMIM
148210; commonly p.D50N), Vohwinkel syndrome (mutilating PPK; p.G59S), and Bart-
Pumphrey syndrome, in addition to nonsyndromic DFNA3A. A useful mechanistic dichotomy
has been proposed: "Nonsyndromic deafness is caused prevalently by a loss-of-function,
while literature evidences suggest for syndromic deafness a mechanism based on gain-of-
function" (PMID: 22547955) — i.e., aberrant/leaky hemichannel activity underlies the skin
phenotypes.

That a single dominant variant class can produce either outcome is illustrated by a report of
"three novel dominant GJB2 variants (p.Thr55Ala, p.GIn57_Pro58delinsHisSer, and
p-Trp44Gly); two associated with syndromic sensorineural hearing loss and one with


https://pubmed.ncbi.nlm.nih.gov/12700168/
https://pubmed.ncbi.nlm.nih.gov/18793701/
https://pubmed.ncbi.nlm.nih.gov/12700168/
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nonsyndromic hearing loss" (PMID: 29575629). The R75W allele itself, dominant-negative for
hearing, can also present syndromically: "Dominant-negative mutations of GJB2, such as
R75W, cause syndromic hearing loss and palmoplantar keratoderma" (PMID: 40059830).

Interpretation: DFNA3A sits on a phenotypic continuum with dominant syndromic Cx26
disease. Whether a dominant allele manifests as isolated deafness or deafness-plus-skin
disease depends on the balance between loss of gap-junction coupling (deafness) and gain of
pathological hemichannel activity (skin/epidermal disease).

Finding 4 — Founder effects, genotype-phenotype correlation, and
emerging therapy

A novel dominant p.D46N missense variant caused DFNA3A in two Iranian families
ascertained "from the same village in northern Iran consistent with a founder effect"
(PMID: 21484990), demonstrating that regional founder alleles occur even in this rare
dominant subset. A large systematic review integrating natural history and genotype-
phenotype data across recessive, dominant, and digenic G/B2 forms underscores that "GJB2-
related hearing loss is the most common type of hereditary hearing loss worldwide"
(PMID: 41690513) — the epidemiological backdrop against which DFNA3A is a minority
dominant contributor. On the therapeutic front, an all-in-one AAV adenine base editor
corrected the R75W mutation, and "AAV-mediated base editing also restored the
fragmented GJPs to orderly outlines in cochlear supporting cells" (PMID: 40059830).

Finding 5 — Dominant DFNA3A mutations cluster in the Cx26 E1 pore-lining/
parahelix region

Structural and cysteine-scanning studies map the first extracellular loop (E1, residues ~42-51)
of Cx26 to a pore-lining "parahelix" (a 310 helix) that forms the narrowest, gating-critical
region of the channel. During loop-gating the pore contracts dramatically, and "the largest
conformational change occurs in the most stable region of the channel pore, the 3(10) or
parahelix formed by amino acids in the 42-51 segment" (PMID: 21978595). This E1 region
also governs channel selectivity: "a single residue difference in their E1 domains can
largely account for their differential permeabilities to anionic tracers" (PMID: 39302317),
comparing Cx26 (Ala at position 49) with Cx30 (Glu).


https://pubmed.ncbi.nlm.nih.gov/29575629/
https://pubmed.ncbi.nlm.nih.gov/40059830/
https://pubmed.ncbi.nlm.nih.gov/21484990/
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Many dominant DFNA3A missense variants — W44C/S/G, D46N, and residues near positions
49/55 — localize to precisely this E1 pore-lining/docking segment. Their position explains why
they are dominant rather than null: rather than merely failing to form channels, they co-
assemble into mixed channels and alter the gating and permeability of the resulting
heteromeric pores.

Interpretation: The E1 parahelix is a mechanistic "hot zone." Mutations here do not simply
delete a subunit; they change the biophysical behavior of channels that still contain wild-type
subunits — the structural basis of dominant negativity.

Finding 6 — Impaired biochemical (Ca**/metabolite) coupling, not just K*
recycling, underlies connexin-related hearing loss

A knock-in mouse carrying the human deafness-associated Cx30 T5M mutation (a paralogous
DFNA3B/GJB6 model) is highly instructive because it dissociates the two types of intercellular
coupling. These mice had only mild (~15 dB) threshold elevation, and "In the developing
cochlea, electrical coupling, probed by dual patch-clamp recordings, was normal.
However, transfer of the fluorescent tracer calcein between cochlear non-sensory cells
was reduced" — along with reduced IPs-evoked Ca?* signaling and down-regulated Cx26/Cx30
(PMID: 20858605). Complementary work establishes the developmental purinergic system that
this coupling serves: cochlear supporting cells use an ATP-Ca?* signaling network linking "ATP
release, Ca(2+) signaling, the expression and function of gap junction proteins
connexin26 and connexin30, and the acquisition of hearing" (PMID: 23022499).

Interpretation: Loss of biochemical/second-messenger coupling (Ca?*, IP;, ATP) among
supporting cells is by itself sufficient to impair hearing, independent of, or in addition to, any
defect in K* recycling. This modernizes the classic "potassium recycling" model of connexin
deafness.

Finding 7 — GJB2/base-editing therapy is preclinical; inner-ear gene therapy
has reached the clinic only for OTOF

Inner-ear gene therapy has achieved clinical proof-of-concept, but for a different gene: "eight
clinical trials targeting DFNB9 have been registered in 51 centers across eight countries,
demonstrating the rapid progress of gene therapy in auditory medicine" (PMID: 40908193)
— these target OTOF-related recessive deafness 9. The broader molecular toolkit for
sensorineural hearing loss now includes "gene replacement, antisense oligonucleotides,
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RNA interference and CRISPR-based gene editing" (PMID: 31227837). For GJ/B2/DFNA3A
specifically, therapy remains at the animal-model stage (the AAV base-editing R75W correction
of PMID: 40059830); no human GJB2 gene-therapy trial has been reported.

Section-by-Section Report

1. Disease Information

DFNA3A is a rare Mendelian, autosomal dominant, nonsyndromic (isolated)

sensorineural hearing loss. It is the dominant counterpart of the far more common recessive
GJB2 deafness (DFNB1A).

Identifier type Value

OMIM (phenotype) #601544 (DEAFNESS, AUTOSOMAL DOMINANT 3A; DFNA3A)
Gene / OMIM (gene) GJ/B2 /121011

HGNC HGNC:4284 (GJB2)

Locus 13q12.11 (DFNA3 locus)

Suggested MONDO MONDO:0011152

ICD-10 H90.5 (sensorineural hearing loss, unspecified)

ICD-11 AB52 (sensorineural hearing impairment)

MeSH Connexin 26 / G]JB2; "Deafness, Autosomal Dominant"

Synonyms / alternative names: DFNA3A; autosomal dominant deafness 3A; nonsyndromic
hearing loss and deafness, DFNA3; connexin 26-related autosomal dominant deafness. The
historical "DFNA3" locus was split into DFNA3A (G/B2) and DFNA3B (GJB6/Cx30).

Source of information: Predominantly aggregated disease-level resources (OMIM, ClinVar,
systematic reviews) supplemented by individual family/case reports and functional/animal
studies; not derived from a single EHR cohort.


https://pubmed.ncbi.nlm.nih.gov/31227837/
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2. Etiology

* Causal factor: Purely genetic — heterozygous, dominant-negative or dominant gain-of-
function variants in GJB2 (Cx26). No environmental or infectious cause. (Findings F001,
F003.)

* Genetic risk factors: The causal variant is the risk factor. Reported dominant alleles:
p.W44C, p.W44S, p.W44G, p.R75W, p.R75Q, p.D46N, p.M34K, p.T55A, p.delE42,
€.299_300delAT. (PMID: 12064630, PMID: 12768774, PMID: 29575629, PMID: 21484990)

» Modifier genes: A trans-acting recessive GJ/B2 allele on the second chromosome (e.g.,
c.35delG together with dominant p.M34K or p.R75Q) can worsen severity or push toward a
syndromic phenotype (PMID: 33443819, PMID: 27316387). POU4F3 has been shown to
transcriptionally regulate G/B2 and can act as a genetic modifier in oligogenic deafness
(PMID: 39809934).

* Protective factors: None specifically established for DFNA3A.

* Gene-environment interactions: Not a prominent feature; the dominant genotype is
largely deterministic. (Not applicable / no data.)

3. Phenotypes

The core phenotype is bilateral sensorineural hearing loss (HPO HP:0000407, sensorineural

hearing impairment; HP:0000365, hearing impairment). Characteristics inferred from the
DFNA3A family reports and the GJB2-hearing-loss literature:

Attribute DFNAS3A characterization HPO term

Onset Congenital to early-childhood; some HP:0008527 (congenital SNHL);
dominant families later-onset/progressive HP:0000408 (progressive SNHL)

Severity Moderate to profound; variable HP:0000407

Progression Often stable but can be progressive HP:0000408

) Bilateral (occasionally asymmetric in )
Laterality ) HP:0008619 (bilateral SNHL)
syndromic overlap)
Frequency High penetrance for hearing loss in

among carriers reported dominant pedigrees
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https://pubmed.ncbi.nlm.nih.gov/29575629/
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Because DFNA3A is nonsyndromic by definition, there are no associated skin, eye, or systemic
features; when skin (PPK), corneal (keratitis), or nail findings appear, the diagnosis shifts to the
syndromic Cx26 disorders (KID, Vohwinkel, Bart-Pumphrey) discussed in F003.

Quality-of-life impact: Congenital/prelingual hearing loss impairs language acquisition,
education, and social communication; this is the primary QoL burden and the rationale for
early identification and cochlear implantation. No DFNA3A-specific EQ-5D/SF-36 dataset is
available.

4. Genetic / Molecular Information

* Causal gene: GJB2 (gap junction beta-2 / connexin 26), HGNC:4284, 13q12.11.

* Variant classes: Missense (majority; W44C/S/G, R75W/Q, D46N, M34K, T55A), in-frame
deletion (delE42), and frameshift (c.299_300delAT). Classified pathogenic/likely pathogenic
per ACMG when co-segregating in dominant pedigrees with supporting functional data.

* Functional consequence: Dominant-negative (mutant subunit poisons wild-type
channels; F001) and/or gain-of-function hemichannel activity in the syndromic spectrum
(F003). Structurally, dominant alleles concentrate in the E1 parahelix (residues 42-51), the
pore-gating region (F005).

* Allele frequency: Dominant DFNA3A alleles are individually rare in gnomAD; by contrast,
the common recessive alleles (c.35delG in Europeans, ¢.235delC in East Asians, ¢.109G>A/
pV371 hypomorph) are frequent but cause DFNB1A, not DFNA3A (PMID: 12522692).

* Origin: Germline; de novo occurrence is documented for dominant Cx26 alleles (e.g., DSON
in KID) (PMID: 26810281).

* Epigenetics / chromosomal abnormalities: No DFNA3A-specific methylation or large-scale
cytogenetic mechanism reported. (Not applicable.)

5. Environmental Information

DFNA3A is a monogenic, environment-independent disorder. No toxins, occupational
exposures, lifestyle factors, or infectious agents are implicated in its causation. (Environmental
exposures such as noise or ototoxic aminoglycosides could additively worsen any pre-existing
hearing loss, but they are not part of DFNA3A etiology.)

6. Mechanism / Pathophysiology

Causal chain (upstream - downstream):


https://pubmed.ncbi.nlm.nih.gov/12522692/
https://pubmed.ncbi.nlm.nih.gov/26810281/
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Heterozygous dominant GJB2 variant (e.g., R75W, W44C; E1 parahelix)

v
Mutant Cx26 subunit oligomerizes with wild-type Cx26
| (dominant-negative: poisons mixed hexamers/dodecamers)
v
Cochlear supporting-cell gap junctions fail / gate abnormally
e Loss of biochemical coupling: Ca2?*, IPs, ATP (purinergic) « primary
e Impaired K* recycling « contributory

v
Failure of organ-of-Corti maturation
(no tunnel of Corti / Nuel's space; deformed pillar & Deiters cells)

v
Secondary sensory hair-cell degeneration (OHC develop but degenerate)
|  [Endocochlear potential & stria vascularis PRESERVED]
v
Bilateral sensorineural hearing loss (DFNA3A)

* Molecular pathways: Gap-junctional intercellular communication (GJIC); purinergic ATP-
Ca?*/IP; second-messenger signaling (PMID: 23022499, PMID: 20858605).

* Cellular processes: Supporting-cell development and cytoarchitecture; secondary hair-cell
apoptosis/degeneration (PMID: 12700168).

* Protein dysfunction: Altered channel gating/permeability (dominant-negative), or ER
retention and trafficking failure for some alleles (e.g., M34K retained in ER, restricts wild-
type delivery to the surface) (PMID: 33443819).

* GO term suggestions: GO:0007267 (cell-cell signaling), GO:0005243 (gap junction channel
activity), GO:0016264 (gap junction assembly), GO:0007605 (sensory perception of sound),
G0:0006874 (cellular calcium ion homeostasis).

* Cell types (CL): CL:0000855 (inner-ear supporting cell), CL:0002355 (Deiters/pillar
supporting cell lineage), CL:0000601 (cochlear outer hair cell), CL:0000589 (cochlear inner
hair cell).

7. Anatomical Structures Affected

* Organ: Inner ear / cochlea (UBERON:0001844, cochlea; UBERON:0001846, internal ear).
Body system: auditory/nervous (peripheral sensory).


https://pubmed.ncbi.nlm.nih.gov/23022499/
https://pubmed.ncbi.nlm.nih.gov/20858605/
https://pubmed.ncbi.nlm.nih.gov/12700168/
https://pubmed.ncbi.nlm.nih.gov/33443819/
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* Tissue/cell: Organ of Corti (UBERON:0002227); non-sensory supporting cells (pillar cells
forming the tunnel of Corti, Deiters cells, Claudius cells) are the primary target; hair cells
are affected secondarily. The stria vascularis is spared (PMID: 12700168).

* Subcellular (GO CC): GO:0005922 (connexin complex / gap junction), GO:0005886 (plasma
membrane); mislocalization to GO:0005783 (endoplasmic reticulum) for trafficking-
defective alleles.

 Localization / laterality: Bilateral (HP:0008619).

8. Temporal Development

* Onset: Typically congenital / prelingual, though dominant families with later-onset,
progressive loss are reported. Onset pattern is chronic/insidious rather than acute.

* Progression: Ranges from stable to slowly progressive; the animal data show a
developmental failure of the organ of Corti, implying an early critical window (PMID:
18793701, PMID: 22142852).

» Critical period: The early postnatal period when Cx26 expression precedes Cx30 and is
uniquely required — Cx26 "plays an essential role in the development of the auditory
sensory epithelium" (PMID: 22142852) — defines the developmental window of
vulnerability and the plausible window for intervention.

* Duration: Chronic, lifelong. No spontaneous remission.

9. Inheritance and Population

* Inheritance: Autosomal dominant; penetrance for hearing loss is generally high in
reported pedigrees, with variable expressivity (severity and syndromic overlap can differ
within families) (PMID: 27316387).

» Epidemiology: No precise DFNA3A prevalence figure exists; it is a minority (~2%)
dominant subset of G/B2 deafness. G/B2-related hearing loss overall is the most common
hereditary hearing loss worldwide (PMID: 41690513).

* Founder effects: Documented — e.g., the dominant p.D46N allele in a single northern-
Iranian village (PMID: 21484990).

» Population genetics of GJB2 generally: Strong ethnic allele predilection (c.35delG in
Europeans; c.235delC dominant in East Asians; c.109G>A/p.V37I a high-frequency
hypomorph) — relevant background, though these are recessive DFNB1A alleles (PMID:
12522692, PMID: 41564508).
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* Sex ratio: No sex bias expected for an autosomal dominant channelopathy. De novo and
germline-mosaic transmission are both reported in the dominant Cx26 spectrum (PMID:
26810281, PMID: 33443819).

10. Diagnostics

» Audiometry: Pure-tone audiometry, auditory brainstem response (ABR), and otoacoustic
emissions (OAE) establish bilateral SNHL. In DFNA3A model animals, DPOAEs are absent
despite intact OHC electromotility (PMID: 19712724).

* Genetic testing (definitive): Single-gene GJB2 sequencing is first-line and often
diagnostic; dominant DFNA3A is confirmed by identifying a heterozygous dominant allele
with co-segregation. Comprehensive hearing-loss gene panels and exome/genome
sequencing are used when GJB2 is negative or when oligogenic/modifier contributions are
suspected (PMID: 39809934). Newborn combined hearing + genetic screening programs
routinely include GJB2 (PMID: 41183462, PMID: 41564508).

* Imaging: Temporal-bone CT/MRI is generally normal in isolated GJB2 disease (used mainly
to exclude structural/inner-ear malformations).

* Differential diagnosis: Other dominant nonsyndromic deafness genes with distinctive
audiograms — WFS1/TECTA/DIAPH1 (low-to-mid-frequency loss) (PMID: 36958120), POU4F3
(DFNA15) (PMID: 39809934); syndromic Cx26 disorders (KID, Vohwinkel, Bart-Pumphrey)
when skin/eye findings are present (PMID: 22547955); and syndromes such as Feingold that
can co-occur with GJB2 variants (PMID: 40695665).

* Screening: Newborn hearing screening plus targeted deafness-gene panels; cascade family
testing and genetic counseling for dominant transmission.

11. Outcome / Prognosis

» Mortality: DFNA3A is not life-limiting; normal life expectancy.
* Morbidity / function: The burden is communicative and developmental (language,

education, social participation), especially with congenital onset.

* Recovery / rehabilitation: Excellent auditory rehabilitation is achievable. G/B2 etiology is
a benchmark predictor of favorable cochlear-implant outcomes; comparative CI studies
use GJ/BZ2 recipients as the favorable reference group (PMID: 40470928, PMID: 41682664,
PMID: 40898891).

* Prognostic factors: Earlier implantation age, shorter duration of deafness, and identifiable
genetic etiology (notably G/B2, OTOF) predict better outcomes (PMID: 41682664).
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12. Treatment

There is no disease-modifying pharmacotherapy for DFNA3A. Management is habilitative:

Modality Detail NCIT suggestion
. . . . : . . NCIT:C50071
Hearing aids First-line amplification for mild-moderate loss . .
(Hearing Aid)
NCIT:C15845
. . Standard of care for severe-profound loss;
Cochlear implantation . (Cochlear Implant
favorable in GJB2
procedure)
Speech/language
therapy & auditory Maximizes language outcomes post-device —
rehabilitation
. . Dominant (50%) recurrence risk; cascade
Genetic counseling _ —
testing
] AAV adenine base editing corrected R75W and
Experimental — gene/ ) ] NCIT:C16410 (Gene
L. restored cochlear GJ plaques in mice —
base editing Therapy)

preclinical only (PMID: 40059830)

] Human monoclonal antibody modulating
Experimental —

. . mutant Cx26 hemichannels (relevant to —
antibody modulation

syndromic gain-of-function) (PMID: 29018324)

Because dominant alleles are toxic (dominant-negative/gain-of-function), the rational precision
strategy is allele-specific correction or knockdown (base/prime editing, allele-selective ASO/
siRNA) rather than gene addition — a modality still in the animal-model stage (PMID:
40059830, PMID: 31227837).

13. Prevention

* Primary prevention: Not possible for a dominant germline variant; genetic counseling
and reproductive options (preimplantation genetic testing, prenatal diagnosis) can prevent
transmission.

* Secondary prevention: Universal newborn hearing screening + genetic screening
enables early identification and timely intervention; combined programs detect at-risk
infants who pass physiologic screening but carry pathogenic genotypes (PMID: 41183462,
PMID: 41564508, PMID: 38977330).
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 Tertiary prevention: Early amplification/implantation and language therapy prevent
developmental language disability.

14. Other Species / Natural Disease

* Orthologous gene: Mouse Gjb2 (Cx26), NCBI Gene ID 14619; the gene and its cochlear role
are evolutionarily conserved.

» Natural disease: No well-established spontaneous DFNA3A analog in companion animals is
reported here; the disease is studied chiefly through engineered rodent models rather than
naturally occurring animal disease. (OMIA not specifically populated for DFNA3A in this
investigation.)
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15. Model Organisms

Model Type Key phenotype Recapitulation PMID

Severe—profound
deafness; no tunnel

Transgenic Dominant- ) ] High for DFNA3A 12700168,
) of Corti; supporting- )

human Cx26 negative i supporting-cell 18793701,
. cell deformity; .

R75W mouse transgenic mechanism 19712724

secondary hair-cell
loss; normal EP

Reversible hearing

Round-window . . loss confirming .
. In vivo transient . . Functional
R75W delivery ) dominant-negative ) 17462767
expression L confirmation
(mouse) action in mature
cochlea
Immature (closed) . '
. . Establishes Cx26's
Conditional tunnel of Corti;
] non-redundant
Gjb2-null Knockout deafness not rescued 22142852
developmental
mouse by Cx30
. role
overexpression
Mild ~15 dB loss;
) Models
Cx30 T5M . normal electrical but . .
. Knock-in (paralog, . . biochemical-
knock-in reduced biochemical . 20858605
DFNA3B model) ) coupling
mouse (Ca?*/calcein) i
. mechanism
coupling
. Dominant-negative
In vitro: o
conductance Mechanistic 12064630,
Xenopus Cellular / . . .
. suppression; ER dissection of 16009703,
oocytes, rat electrophysiology ) ) i
: retention/trafficking specific alleles 33443819
keratinocytes

defects

Model limitation: The R75W transgenic overexpresses the mutant and produces a more
profound, developmental phenotype than some human DFNA3A families; humanized knock-in
models at endogenous expression would better match variable human severity.
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Mechanistic Model / Interpretation

DFNA3A is fundamentally a disorder of intercellular communication in the cochlear
supporting-cell syncytium. A single heterozygous dominant GJB2 allele encodes a Cx26
subunit that is not silent but actively corrupts the channels it joins. Because gap-junction
channels are hexameric connexons that dock in pairs, one mutant subunit can disable an
entire dodecameric channel — the structural basis of dominance, and the reason DFNA3A
behaves so differently from recessive DFNB1A even though both involve the same gene.

The functional lesion is best understood as loss of biochemical coupling (Ca?*, IP3, ATP-driven
purinergic waves) among supporting cells during a critical postnatal developmental window,
with impaired K* recycling as a contributing but not exclusive factor. The downstream
anatomical signature — failure to open the tunnel of Corti and to form the fluid spaces around
the outer hair cells — reflects the developmental role of this signaling, and hair-cell
degeneration follows as a secondary event. Preservation of the endocochlear potential firmly
localizes the defect away from the stria vascularis and onto the organ-of-Corti support
scaffold.

The E1 parahelix clustering of dominant alleles ties genotype to biophysics: these residues line
the pore and drive loop-gating, so mutating them changes the permeability/gating of mixed
wild-type/mutant channels rather than simply eliminating channels. The same gene's
phenotypic breadth (isolated deafness < skin-plus-deafness syndromes) is explained by a two-
axis model: loss of gap-junction coupling — deafness, gain of aberrant hemichannel
activity - epidermal disease.
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PMID Contribution Relationship to findings

Supports FO01 (dominant-

12064630  W44C dominant-negative suppression of WT Cx26 . )
negative mechanism)

R75W dominance at GJ-channel (not hemichannel)

16009703 Supports FOO1
level

12768774 Heterozygous ¢.299_300delAT causes dominant Supports FO01 (variant
DFNA3 spectrum)

R75W transgenic mouse: supporting-cell/tunnel-of-
12700168 . Supports FO02
Corti failure; EP preserved

18793701  Postnatal absence of tunnel of Corti/Nuel's space Supports F002
OHC preserve non-linear capacitance despite

19712724 Supports FO02
absent DPOAE

22547955  Nonsyndromic = LOF; syndromic = GOF dichotomy  Supports F003

Novel dominant variants, syndromic +
29575629 . Supports FO03
nonsyndromic

R75W syndromic link; AAV base editing restores GJ

40059830 plaques Supports F003, F004, FO07
21484990  D46N founder effect (Iran) Supports F004
41690513  GJB2 most common hereditary hearing loss Supports F004
21978595  E142-51 parahelix is the pore-gating region Supports FO05
39302317  Single E1 residue controls anionic permeability Supports FO05

Cx30 T5M knock-in: normal electrical, reduced
20858605 . . . Supports FO06
biochemical coupling

ATP-Ca?* purinergic signaling in developing

23022499 Supports FO06

cochlea
40908193  OTOF (DFNB9) gene therapy in clinic Supports FO07 (contrast)
31227837  Molecular therapy toolkit for SNHL Supports FO07
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Supporting/contextual: 17462767 (round-window R75W delivery), 22142852 (Cx26 non-
redundant development), 25381570 ("not just K* recycling" review), 33443819 (M34K ER
retention), 24522190 (Cx30 mutant cellular pathologies), 29018324 (anti-Cx26 antibody),
12522692 (population allele spectrum).

Limitations and Knowledge Gaps

1

. No precise DFNA3A epidemiology. DFNA3A is a small dominant subset of GJ/B2 disease;

prevalence/incidence figures specific to it are not established.

. Genotype-phenotype resolution is incomplete. The same codon (e.g., W44, R75) can yield

syndromic or nonsyndromic outcomes; the determinants (modifier alleles, trans recessive
alleles, environment) are only partly understood (PMID: 27316387, PMID: 33443819).

. Model over-expression bias. The most-cited R75W mouse over-expresses the transgene,

producing a profound developmental phenotype that may exaggerate human severity;
endogenous-level humanized knock-ins are lacking.

. Mechanistic emphasis from a paralog. The strongest "biochemical coupling" evidence

comes from a Cx30 (T5M) knock-in, not a Cx26 DFNA3A allele; direct Cx26-allele knock-in
confirmation is desirable.

. No human therapy. Gene/base-editing correction is proven only in mice; human safety,

delivery, allele-specificity, and durability are unknown.

. Sparse natural-history data on onset, progression rate, and penetrance specifically for

dominant DFNA3A pedigrees.

Proposed Follow-up Experiments / Actions

1.

2.

Endogenous-expression knock-in mice for canonical DFNA3A alleles (W44C, D46N) to
model human severity and natural history without over-expression artifacts.

Allele-specific therapeutics: develop and benchmark base/prime editors and allele-
selective ASO/siRNA that silence or correct the dominant G/BZ2 allele while sparing wild-
type; test durability and off-target profiles in humanized models (PMID: 40059830).
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3. Biophysical mapping of every reported dominant E1 allele (permeability to Ca®*/IP3/ATP vs
K*; loop-gating) to build a quantitative genotype—channel-function—phenotype map (PMID:
21978595, PMID: 39302317).

4. Modifier discovery: systematically test trans recessive GJB2 alleles and POU4F3-network
genes as expressivity modifiers in dominant pedigrees (PMID: 39809934).

5. DFNA3A registry / natural-history cohort to quantify onset, progression, penetrance, and
audiometric trajectory, and to define the therapeutic window relative to organ-of-Corti
maturation.

6. Translate the OTOF clinical framework (delivery, trial design, safety endpoints) to a first-
in-human dominant-GJ/B2 editing trial (PMID: 40908193).

Report compiled from a 5-iteration autonomous investigation: 7 confirmed findings, 43 papers
reviewed. Evidence types span human clinical/family reports, mouse models (transgenic, knock-
in, conditional knockout), in vitro electrophysiology and cell biology, and structural/
computational studies.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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