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Epidermolysis bullosa simplex (EBS) is a heterogeneous
group of inherited disorders characterized by skin fragility
due to intraepidermal cleavage. Most EBS cases (75%)
arise from mutations in KRT5 or KRT14 (1). However,
a minority of affected individuals carry mutations in
non-keratin genes including dystonin (DST). Alternative
splicing of the DST gene, which encodes BPAG1/BP230,
leads to several isoforms with different expression levels
in the skin, muscles, neurons, and central nervous system
(2). Homozygous nonsense variants in the epithelial iso-
form of BPAG1, BPAGI1-e, lead to autosomal recessive
EBS with trauma-induced blisters of the skin, fragility of
basal keratinocytes, and loss of the inner hemidesmosomal
plaques. A dozen cases of DST-associated EBS have been
reported to date (3—5). We describe here a patient with
very mild skin fragility that was presenting as bullous
scabies. Genetic testing identified a previously unreported
homozygous frameshift pathogenic variant in the epider-
mal isoform of DST. The consequences of this variant on
the expression of hemidesmosome and focal adhesion
molecules was studied by immunostaining.
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CASE REPORT

The patient is a 13-year-old Malian boy born from a consanguineous
union (Fig. 1A) who was initially referred on suspicion of scabies.
Clinical examination revealed profuse tense blisters on the trunk,
elbows, and limbs (Fig. 1B, C). Sampling for sarcoptes was highly
positive and the patient was put on treatment for bullous scabies.
At the follow-up visit, 15 days later, the patient showed marked
improvement, but he also reported a history of trauma-induced skin
blistering since childhood, which started when he began to walk,
and was now confined to the feet and shins after sport (Fig. 1D). He
also had palmoplantar keratoderma, tooth enamel dysplasia, and toe
nail dystrophy (Fig. 1E, F). No other family member was affected.
In view of this chronic bullous dermatosis, a skin biopsy was ob-
tained, which showed a cleavage in the basal epidermal layer (Fig.
1G, H). The dermis under the bulla was not very inflammatory and
contained a perivascular inflammatory infiltrate of lymphocytes,
histiocytes, and a few neutrophils (data not shown). Transmission
electron microscopy showed a normal number of hemidesmosomes
(HDs), but their morphology was altered, the HD inner plaque being
absent (Fig. 1G, H). Immunofluorescence staining with mAb 279
(Cosmo Bio, Tokyo, Japan) against the C-Terminus of BPAG1-¢
showed complete absence of BPAG1-e staining in the patient’s skin
in contrast to the linear labelling at the dermal—epidermal junction
(DEJ) in normal skin (Fig. 2).

Fig. 1. Clinical phenotype and
histopathological findings. (A) Pedigree
of the family. Affected index patient
(arrow) indicated in black square. (B,
C) At the first visit, tense blisters and
multiple sequelae of depigmented lesions
and rounded hypo-pigmented scars
were seen on the patient’s elbows, legs,
and knees. (D) 15 days after starting
treatment for scabies, slightly dystrophic
hypo-pigmented post-bullous scarring was
seen. (E) Dental enamel defects of the 2
maxillary incisors. (F) Ungual dystrophy
of the 10 toes and a recent blister on the
big toe of the left foot. (G, H) Transmission
electron microscopy revealed a normal
number of hemidesmosomes (HDs) that
lack their inner plaque. Blue arrow: HD
inner plaque; black arrow: HD outer
plaque; red asterisk: keratin intermediate
filament. Scale bars = 500 nm.
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Fig. 2. Immunofluorescence analysis of the patient’s skin. Immunofluorescence staining revealed that BPAG1-e was undetectable in the patient’s
skin (Patient) in contrast to linear labelling at the DJE in normal skin (Control). Collagen XVII staining was altered compared with linear deposition along
the DEJ in the control skin. FAs proteins (integrin a3, actin, paxillin, focal adhesion kinase [FAK], vinculin, and talin 1) showed increased expression
compared with the control. Scale bars = 20 uym. (The settings for image acquisition were made on the image with the strongest signal. Therefore, the
strong intensity of the signal in the proband skin prevented visualization of the signal in healthy control skin, which was drastically weaker for several

of these FA molecules.)

Next-generation sequencing gene panel analysis identified a ho-
mozygous deletion in exon 24, ¢.7162delT, leading to a frameshift
and a premature termination codon (PTC), p.Ser2388Leufs*5
(GenBank NM_001723.6; https://www.ncbi.nlm.nih.gov/gen-
bank/). The mutation reported in our patient is located in the
intermediate filament binding domain (IFBD) and is predicted
to disrupt the ability of BPAG1-¢ to bind keratin intermediate
filaments. To date, only a few pathogenic DST variants have been
reported in the epidermal isoform and not the muscle and nerve
isoforms (Fig. S1).

We examined the consequences of this pathogenic variant on
the expression of HD and focal adhesion (FAs) proteins by immu-
nostaining. Type XVII collagen (C17) immunolabelling revealed
intracellular staining in the patient’s basal cells in contrast to
normal healthy subject skin where C17 deposition was linear at
the DEJ (Fig. 2 and Fig. S3). Staining for keratin 15 and CD151
was decreased in the patient compared with the control. The pat-
tern and intensity of staining of other HD components (plectin,
integrin f4), intermediate filament molecules (keratin 14, keratin
1), and other junctional proteins (laminin a3, laminin y2) were
similar in the patient and control samples (Figs S2 and S3). In
contrast, staining intensities of most FAs components (integrin
03, actin, paxillin, focal adhesion kinase (FAK), vinculin, and
talin 1) were increased in the patient compared with the control
(Fig. 2 and Fig. S3).

DISCUSSION

In this report, bullous scabies revealed a very rare form of
EBS resulting from a DST pathogenic variant. It should
be noted that bullous scabies revealing or complicating
bullous pemphigoid, which results from autoantibodies
to BPAG1/BP230, has also been reported. This study
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extends the spectrum of known DST variants underlying
autosomal recessive EB. Compared with other forms of
autosomal recessive EB simplex due to KRT14, KRTS5,
PLEC, EXPHS5, and CD151 variants (6), the severity
of skin blistering in our patient was relatively mild, as
reported in other patients harbouring DS7 mutations. The
homozygous mutation we report led to loss of BPAGI1-e
protein expression at the DEJ as shown by immunostain-
ing. Considering the terminal location of the variant in
the last exon (c.7162delT, p.Ser2388Leufs*5), we expect
that nonsense-mediated mRNA decay is not activated.
This could lead to the synthesis of a C-Terminus truncated
BPAG1-e protein, which would not be detected by the
antibody that we used as it specifically recognizes the
C-terminal part of the protein. This pathogenic variant is
located in a region of the BPAG1-e isoform that is absent
from the other tissue isoforms of DS7. Immunostaining
of other hemidesmosomal components showed abnormal
staining of C17 as seen in most cases of EBS resulting from
DST variants. This pattern can be explained by decreased
incorporation of C17 into the membrane and accumulation
in the cells, as suggested by He and colleagues (7). Keratin
15 expression was decreased in our patient, which may be
associated with cell stretching, flattening, and migration
according to Porter (8). Plectin and 4 integrin subunit
staining appeared normal in our patient whereas they were
reduced in other EBS-DST cases (Fig. S2). In contrast,
the expression of several FAs proteins was increased in
the patient’s skin as previously reported in EBS-DST (7).
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Cell attachment to the extracellular matrix (ECM) is
essential for the integrity and function of multiple tis-
sues. Epithelial cell adhesion is mediated by intermediate
filament-associated HDs and actin cytoskeleton-linked
FAs. Current evidence suggests that FA dynamics regulate
mechanotransduction and cell locomotion (9), while HDs
function as stable anchoring adhesion and a prerequisite
for apicobasal polarization (10). Using high-resolution
imaging, Pora et al. (11) described highly ordered, inter-
digitated arrays of chevron patterns of HDs and FAs in
primary human keratinocytes that seem to depend on each
other to sustain directed collective migration.

Wang et al. (12) showed that keratinocytes lacking
hemidesmosomal integrin a6B4 exhibit increased FAs
formation, cell spreading, and traction-force genera-
tion. They demonstrated that impaired HDs assembly
leads to increased cellular tension and traction forces
and subsequently promotes the maturation of FAs. Ad-
ditionally, they observed that an increased tension leads
to redistribution of integrin aVB5 from clathrin lattices
to FAs. Loss of a6B4 integrin-mediated HDs has also
been shown to promote cell migration by stimulating FA
dynamics in prostate epithelial cells (13). In our patient,
increased expression of FA proteins together with redu-
ced expression of keratin 15 suggest an enhanced state
of cell migration.

In summary, we report a patient who presented with
bullous scabies but was, after treatment, diagnosed with
EBS caused by a novel homozygous DST variant that
truncates the C-Terminus of BPAGl-e. We show that
loss of function of BPAG1-e increases the expression of
FA components, suggesting reorganization of cell-ECM
interactions.
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