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Most cases of erythrokeratoderma variabilis (EKV,
OMIM#133200) are inherited in an autosomal dominant
manner, although autosomal recessive cases can occur.
EKV is caused by mutations in GJB3 or GJB4, which
encode connexin (Cx) 31 and Cx30.3, respectively.
Clinically, there are 2 characteristic skin manifestations
of EKV: localized, sharply circumscribed hyperkeratotic
plaques; and migratory erythematous lesions (1, 2). Cxs
are components of gap junctions, intercellular junctions
that are expressed in several organs, including the skin
and the cochlea. Individual Cxs are assembled in groups
of 6 to form hemichannels in the plasma membrane, and
then 2 hemichannels between adjacent cells combine to
form a gap junction (2). To date, 21 Cx genes have been
discovered that have essential roles in cell communication and free transfer of small molecules in many organs.
In this report, we describe a recurrent mutation in GJB3,
p.Gly45Glu, in a Japanese female with EKV. In addition,
we review the literature and focus on genotype-phenotype
correlations, notably for Cx mutations affecting the first
glycine within the first extracellular domain of the protein.
CASE REPORTS
The proband is an 8-year-old Japanese girl who had presented
with generalized erythema and ichthyosis since the age of
6 months. She was born to non-related, healthy parents. On

examination, she had transient, migratory, variably sized, irregularly shaped and sharply-marginated erythema on her chest,
back and extremities (Fig. 1A). Diffuse scaly hyperkeratosis
with erythroderma was noted on her cheeks, trunk and extremities (Fig. 1B and C). In addition, she had mild palmoplantar
keratoderma. Her hair and nails were normal. She did not have
any neurological symptoms or hearing loss. Light microscopy
of a lesional skin biopsy revealed hyperkeratosis, slight hypergranulosis, papillomatosis and mild acanthosis (Fig. S1A1).
Ethical approval was obtained and all research was performed in accordance with the principles of the Declaration of
Helsinki. Genomic DNA from the patient’s peripheral blood
leukocytes was used for whole-exome sequencing analysis,
as described previously (3). Analysis of the data disclosed a
previously reported heterozygous missense mutation in GJB3,
c.134G>A (p.Gly45Glu; sequence according to GenBank accession no. NM_024009). The mutation was confirmed by Sanger
sequencing (Fig. S1B1) and was not identified in the DNA from
>1,000 control individuals in our exome databank. In addition,
the whole exome data did not show any other putative mutation in GJB3, GJB4 or other Cx genes or indeed other genes
previously implicated in the molecular pathology of ichthyosis.

DISCUSSION
The mutation identified here, p.Gly45Glu in GJB3,
has been reported previously as a pathogenic variant
https://doi.org/10.2340/00015555-2307
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Fig. 1. Clinical and molecular characterization of the proband with EKV. (A)
Variably sized, geographical erythema is present on the chest and upper arms.
(B, C) Generalized scaly hyperkeratosis with erythroderma is noted on the trunk
and extremities.
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in individuals with EKV from German and Chinese
populations (4, 5). It is located in the first of 2 extracellular domains of the Cx31; sites that are necessary for
intercellular contact and communication (Fig. S2A1).
In addition to EKV, mutations in Cx family genes
are involved in a variety of hereditary human skin disorders. Briefly, mutations in Cx26 (encoded by GJB2)
are linked to diseases including Vohwinkel syndrome,
keratitis-ichthyosis deafness (KID), and hystrix-like
ichthyosis deafness syndromes, palmoplantar keratoderma with deafness, deafness with Clouston-like
phenotype, and Bart–Pumphrey syndrome. Mutations in
Cx30 (encoded by GJB6) underlie Clouston syndrome,
whereas in Cx43 (encoded by GJB1) mutations lead to
oculodentodigital dysplasia (6).
We previously documented a substitution of the corresponding glycine residue in Cx26 (encoded by GJB2)
in a patient with KID syndrome (7). KID syndrome is
a rare congenital ectodermal disorder characterized by
vascularizing keratitis, ichthyosis, and sensorineural
hearing loss. In that study, we showed that gap junctions
containing p.Gly45Glu-mutant-Cx26 displayed aberrant
gating activity (7). Indeed, the same heterozygous de
novo p.Gly45Glu mutation in GJB2 has been previously
reported to underlie a severe form of KID syndrome in
an Austrian patient (8). Both these cases died from KID
syndrome. Moreover, Mese et al. (9) have created an
animal model for KID syndrome by generating an induc
ible transgenic mouse expressing Cx26-p.Gly45Glu in
keratinocytes. Cx26-p.Gly45Glu mice displayed reduced
viability, hyperkeratosis, scaling, skin folds, and hair
loss. Recently, Levinsohn et al. (10) identified the same
mutation, albeit as a somatic finding, in tissue samples
isolated from a skin lesion of porokeratotic eccrine ostial and dermal duct naevus (PEODDN). PEODDN is a
mosaic disorder presenting clinically as linear epidermal
naevi with spiny hyperkeratosis, and with skin histology
findings of hyperkeratosis, acanthosis, and porokeratotic
plugs emerging from eccrine ducts. Of note, Easton et
al. (11) provided the first evidence that type I segmental
mosaicism resulting from a single GJB2 somatic mutation can cause PEODDN. Moreover, PEODDN lesions
have been identified in Blaschko-linear patterns in other
wise healthy individuals, as well as in patients with KID
syndrome.
In terms of gap junction function, Mese et al. (9)
demonstrated that a Cx26-p.Gly45Glu mutant forms
leaky hemichannels that are aberrantly activated at low
extracellular Ca2+ levels. In addition, other studies have
shown that the Cx30-p.Gly45Glu mutation (in HEK293
cells) results in leaky hemichannels and death of the
cells in the same manner as for the Cx26-p.Gly45Glu
cells (12). Furthermore, a mutation in Gly46 of Cx50
(which corresponds to Gly45 in Cx26 and Cx30), namely Cx50-p.Gly46Val, also induces leaky hemichannels, resulting in cell death (in Xenopus oocytes) (13).
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Although there is no detailed analysis of the 3-dimensional (3D) structure of Cx31, a recent high-resolution
3D structural study of Cx26 gap junction channels was
achieved by X-ray crystallography at 3.5 Å resolution
(14). In this work, the pore-lining residues at the first
transmembrane/first extracellular loop boundary in
Cx26 were shown to be Lys 41, Glu 42 and Gly 45. The
pore is narrowed at the funnel, which is formed by the
6 amino-terminal helices lining the wall of the channel,
which thus determines the molecular size restriction at
the channel entrance (14). Their findings therefore also
support our hypothesis about the functional importance
of p.Gly45 in Cx26.
Mechanistically, the missense mutations affecting the
first glycine residue in the first extracellular loop disrupts a highly conserved amino acid residue that shows
homology, not only within the family of GJB genes, but
also to some GJA members. Germane to its importance,
the corresponding glycine residue is found in 8 of the
other human Cxs, including GJA8 (Fig. S2B1). GJA8 is
one of the most common genes implicated in congenital
cataract with or without other ocular abnormalities (15),
and 2 germline missense mutations, p.Gly46Arg and
p.Gly46Val, in GJA8 have been reported as pathogenic
variants in inherited congenital cataract pedigrees (13,
15). Functionally, hydropathicity algorithms predict that
this amino acid localizes at the beginning of the first extracellular loop of Cx50. Similar to p.Gly45Glu-mutant
Cx26, the disease-associated mutant Cx50 p.Gly46Val
is also able to induce apoptosis when transfected into
HeLa cells (13). In Table SI1, we summarize the reported missense mutations affecting this particular glycine
residue across the Cx gene family and the associated
clinical implications.
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