Acta Derm Venereol 2015; 95: 849-851

SHORT COMMUNICATION

Junctional Epidermolysis Bullosa with LAMB3 Splice-site Mutations
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Laminin-332, a heterotrimeric glycoprotein consisting
of laminin o3, B3 and y2 chains, is a major component
of the cutaneous basement membrane, connecting ke-
ratinocytes to the underlying dermis (1). Its biological
relevance is highlighted by its link to human pathologies,
e.g. inherited and acquired skin fragility disorders, and
by mouse models (2). In humans, more than half (57%)
of the mutations in the genes coding for the laminin-332
chains (LAMA3, LAMB3 and LAMC?2) lead to premature
termination codons (PTC), and presumably to loss of
expression of the corresponding polypeptides (HGMD
professional https://portal.biobase-international.com).
Such biallelic PTC mutations are associated with severe
generalised junctional epidermolysis bullosa (JEB) (for-
merly known as Herlitz) which manifests with congenital
generalised skin and mucosal blistering and early demise
within the first years of life due to respiratory failure,
failure to thrive, anaemia and infections (2-5). In most
cases the laminin B3 chain is affected, with the mutation
p.R635* accounting for 40—-60% of the mutant alleles
(6). Milder clinical features, such as generalised inter-
mediate, localised or late onset skin fragility have been
associated with mutations in the genes for laminin-332
chains, collagen XVII or integrin a6p4. JEB patients
are often affected by abnormal dental development and
generalised or focal enamel hypoplasia, meaning ame-
logenesis imperfecta.

Here, we unravel the molecular mechanisms under-
lying mild cutaneous fragility in 2 patients, who were
compound heterozygous for the recurrent mutation
p.R635%* of the laminin 3 chain, and 2 distinct splice
site mutations. The latter allowed expression of truncated
laminin (33 chains, which prevented a dramatic outcome.

CASE REPORTS (for Methods see Appendix S1')

Case 1. A 38-year-old Finnish male, developed skin blistering
shortly after birth. Currently, blistering occurs most often on
face, feet, legs, dorsal hands and arms, and is more pronounced
during the summer time (Fig. STA—C"). Toe nails are dystrophic,
but finger nails normal (Fig. SIB and C'). As a teenager, all his
permanent teeth had to be restored with crowns due to severe
amelogenesis imperfecta. JEB was diagnosed at the age of 33
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by transmission electron microscopy of a skin sample, which
demonstrated cleavage within the lamina lucida, rudimentary
hemidesmosomes and altered anchoring fibrils (not shown).

Case 2. A 16-year-old German female, had also suffered from
congenital skin blistering. Immunofluorescence mapping of a
postnatal skin biopsy specimen with antibodies to the cutaneous
basement membrane proteins (7) showed a junctional split of the
skin and strongly reduced staining for the laminin-332 chains.
These findings were compatible with the diagnosis of severe JEB
and a poor prognosis. Unexpectedly, skin fragility improved with
age and currently, blisters occur almost exclusively on the hands
and feet (Fig. S1D and E'). In addition, she had high propensity
to dental attrition due to amelogenesis imperfecta (Fig. S1F").
Both patients have normal hair and no mucosal involvement.

To determine the molecular basis of the disease, LAMB3 muta-
tion analysis was performed in both index cases and their parents.
In Case 1, 2 heterozygous mutations were found, ¢.1903C>T;
p-R635* and ¢.3052-1G>A, which disturbs the acceptor splice
site of exon 21 (Fig. 1A). The mother was heterozygous for
¢.1903C>T, p.R635%*, and the father for ¢.3052-1G>A. In Case
2,¢.1903C>T; p.R635* was disclosed, and ¢.1288+1G>T at the
donor splice site of exon 10 (Fig. 1A). To the best of our know-
ledge, ¢.3052-1G>A and c.1288+1G>T have not been previously
reported (HGMD Professional 2014.2), but they affect highly
conserved positions and are predicted to disrupt the respective
splice sites. To uncover the consequence of these mutations,
RNA studies were performed. In Case 1, ¢.3052-1G>A resulted
in a transcript with in-frame skipping of the first 6 nucleotides of
exon 21 in about 40% of the analysed clones (n=16) (Fig. 1B).
Prediction with NetGene2 shows that ¢.3052-1G>A alters the
normal acceptor splice site (confidence decreases from 0.76 to
0.34), resulting in the usage of the neighbouring cryptic splice
site, 6 base pairs downstream. On protein level, this is predicted
to result in the deletion of 2 amino acids, valine and glutamine
at positions 1018 and 1019, within a large coiled-coil domain
of the laminin B3 polypeptide (p.V1018_Q1019del). In Case 2,
¢.1288+1G>T resulted in in-frame skipping of exon 10, which
is predicted to result in the deletion of 63 amino acids, from
arginine 315 to serine 378 (p.R315_S378del), representing the
entire EGF-like domain 2 (LE 2) (8).

To address whether the predicted truncated polypeptides
were translated and secreted, immunoblot and immunostain-
ings were employed. In the skin of both patients, the staining
of the laminin B3 chain was reduced (Fig. 1C). The positive
immunostaining of all laminin-332 chains (Fig. S2A") in both
patients suggested that the laminin $3 molecules truncation did
not prevent heterotrimerisation, secretion and assembly of la-
minin-332 into the basement membrane. The semi-quantitative
evaluation of the laminin 33 staining revealed reduced signals,
corresponding to approximately 50% of normal levels in case 1,
and about 13% in case 2 (Fig. 1C). In case 1 the deletion of 2
amino acids was not detectable in immunoblots, whereas in case
2 truncation of the polypeptide was reflected by the presence of
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a band migrating below the normal 140 kDa laminin 83 chain
in the control sample. The truncated laminin B3 polypeptide
with LE2 deletion was mainly detected in keratinocyte lysate
indicating intracellular accumulation (Fig. S2B").

To get insights into the impact of p.V1018 Q1019del and
p-R315_S378del on the laminin B3 polypeptide, secondary struc-
ture prediction was performed using SSpro 4.5 software (http://
scratch.proteomics.ics.uci.edu/explanation.html) (9). In neither
case significant alterations were seen, as compared to the wild
type laminin B3 chain (not shown). The coiled-coil structure of
the laminin 3 chain was assessed with COILS software (http://
embnet.vital-it.ch/software/COILS_form.html) (10). One coiled-
coil region was predicted to be disturbed from the 2 amino acid
deletion p.V1018_Q1019del in the C-terminus of the laminin 33
chain (Fig. S3'), whereas no significant changes were predicted
in the case of deletion of the LE2 domain, p.R315_S378del.

DISCUSSION

The genotype-phenotype correlations in the present
cases reveal that LAMB3 splice site mutations allowing
in frame skipping and expression of truncated laminin
B3 chains are associated with mild skin fragility, ame-
logenesis imperfecta and nail dystrophy. The fact that
both cases have minor skin fragility and normal life
expectancy, suggests that small amounts of partially
functional laminin-332 are sufficient for substantial
cutaneous stability and prevent mucosal involvement.
Enamel formation is disturbed since laminin-332 is
expressed during tooth development by ameloblasts,
and required for cell adhesion of the odontogenic
epithelium and normal mineralisation of enamel (11).
Alongside information on the laminin-332 amount,
which is critical for dermal-epidermal adhesion,
these findings shed light on the functions of laminin
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Control 2

Fig. 1. LAMBS3 splice site mutations
¢.3052-1G>A and c.1288+1G>T
and their consequences. A. Partial
genomic DNA sequences indicating
the mutations ¢.3052-1G>A and
¢.1288+1G>T (red arrows). B. Partial
cDNA sequences demonstrating
the splicing defects resulting from
the splice site mutations: deletion
of 6 base pairs in case 1 (6 bp
del) and skipping of exon 10 in
case 2; Co: control sequences. C.
Immunofluorescence staining with
antibodies to the laminin B3chain in
skin from control and cases 1 and 2.

B3 domains. The deletion p.V1018_Q1019del in the
C-terminus of the laminin $3 chain, which is critical
for laminin chain assembly (12), allows secretion of
laminin-332, but is predicted to alter its coiled-coil
structure and consequently reduce the laminin-332
heterotrimer stability. The role of the laminin B3 LE
domains has remained elusive (13). Our findings sug-
gest that deletion of LE2 interferes with laminin-332
secretion, probably due to protein folding defects (11).

Our findings have therapeutic relevance. A few
similar cases (4—6, 14, 15) were reported before; in
particular, in an Italian patient, the homozygous fram-
eshift LAMB3 mutation illegitimated splicing, resulting
in shortened, but functional laminin 3 polypeptides
and therefore only mild disease (4). These genotype-
phenotype correlations suggest that in frame skipping
of exons harbouring mutations leading to premature
termination codons may be a therapeutic alternative in
JEB with LAMB3 mutations.
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