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Junctional epidermolysis bullosa with pyloric atresia 
(JEB-PA) is an autosomal recessive blistering disease in-
cluding lethal and non-lethal variants due to mutations 
in ITGB4 and ITGA6. It is unclear whether PA is cau-
sed directly by the mutations in these genes or by other 
factors. Skin biopsies from patients with JEB were pro-
cessed for immunofluorescence mapping. When staining 
for integrin β4 or α6 was absent or reduced, ITGB4 was 
screened for mutations. A review of known mutations 
of ITGB4 and the phenotypes of patients with JEB-PA 
was undertaken. Three novel ITGB4 mutations were 
identified in 3 families with JEB-PA: 2 splice-site and 
one insertion mutation. Two families with lethal pheno-
types (EB-050 and EB-049) were due to combinations of 
premature termination codons and missense mutations 
(658delC/R252C and 3903dupC/G273D, respectively). 
The third family EB-013 has 2 JEB affected siblings; 
a brother with PA and a sister without PA. Both were 
homozygous for ITGB4 264G > A/3111-1G > A. Two cases 
had no gastrointestinal symptoms or signs of PA. PA is 
an inconstant feature of the subtype of epidermolysis 
bullosa known as JEB-PA. It is most likely that multiple 
factors influence the development of PA and its presence 
is not predictive of a poor outcome. It is possible that 
institutions that do not routinely screen immunofluore-
scence mapping for integrin α6β4 staining in the absence 
of PA are missing this form of epidermolysis bullosa. Key 
words: integrins; complications; phenotype; gastrointesti-
nal; aplasia cutis; dysmorphic.
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Junctional epidermolysis bullosa with pyloric atresia 
(JEB-PA) is a clinically and genetically heterogeneous 
autosomal recessive blistering disease, usually noted in the 
neonatal period, associated with congenital pyloric atresia 
(PA). This disease is frequently lethal in early infancy, de-
spite surgical correction of PA (1), but non-lethal variants 
with diminishing blistering tendency with age have been 
noted previously (2–6). In addition to skin lesions, there 
are a variety of extracutaneous manifestations, including 
corneal erosions, dental, hair and nail abnormalities, as 
well as tracheal and urinary tract involvement (7). Ultra-
structurally, the skin lesions are characterized by blister 
formation at the level of the lamina lucida with hypoplastic 
hemidesmosomes (HD) in reduced numbers and without 
distinct inner and outer plaques (8). Occasionally, a 
split in the HD in the lower basal layer occurs. Immuno-
fluorescence antigen mapping (IFM) of the affected skin 
in lethal forms is usually associated with completely nega-
tive staining for integrin β4 and/or integrin α6, whereas 
non-lethal cases are usually associated with positive but 
attenuated staining (4). Mutations in the ITGB4 gene were 
first demonstrated in JEB-PA by Vidal et al. (9). Like all 
integrin β subunits, the extracellular domain of integrin 
β4 contains 5 putative N-linked glycosylation sites and 4  
homologously repeated cysteine-rich domains in which 
the presence of conserved residues at fixed positions 
allows protein-protein interactions (10, 11). Lam332  
(laminin 5) and type XVII collagen bind to the extra-
cellular domain of integrin β4 (12). Integrin β4 has an 
unusually large cytoplasmic tail of 1141 amino acids, 
which contains 2 pairs of fibronectin III-like (FNIII) 
domains separated by a connecting segment (CS) (10, 
13). The second FNIII repeat and CS are essential for the 
assembly of α6β4 into HD (10, 13–15). This CS harbours 
a tyrosine activation motif in which residues 1422–1440 
are critical for binding to lam332 and for HD assembly 
(16, 17). The first pair of FNIII repeats and the first 36 
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amino acids (1320–1355) of the CS are crucial for the 
recruitment of plectin into HD (14, 18). Sequences within 
the CS and the second pair of FNIII repeats of ITGB4 are 
involved in targeting BP230 into Hd-like structures (19). 
The main binding site for BP180 to integrin β4 resides 
in the segment comprising the carboxy-terminal half of 
the cs and the third FNIII repeat (19). As integrin β4 
is also expressed in the epithelia of the gastrointestinal 
tract (20), one theory is that the absence of α6β4 integrin 
could explain the development of congenital PA. Integrin 
β4-null mice have epithelial detachment in other epithelia, 
such as the tongue, oesophagus, stomach and bladder as 
well as the skin (21). In lethal JEB-PA, mutations usually 
consist of premature termination codons (PTC) affecting 
both ITGB4 alleles, which result in the complete absence 
of α6β4 integrin; missense or splice site mutations are 
more prevalent in non-lethal forms (3, 4, 22). However, it 
is not only the nature, but also the position, of mutations 
reflected in the protein functional domains of β4 integrin 
that affect the phenotype of JEB-PA (23). To extend our 
knowledge of ITGB4 mutations and to better understand 
the genotype-phenotype correlation in this form of EB, we 
studied 3 families, comprising 4 cases, and found 3 novel 
mutations in ITGB4. Interestingly, we discovered what we 
believe to be the first reported case of differential expres-
sion of PA in one family with 2 siblings bearing the same 
2 ITGB4 mutations. The latter suggests that unknown 
factors, such as epigenetic or environmental factors,  
may influence whether pyloric atresia occurs, as has been 
described in variability of pseudosyndactyly in recessive 
dystrophic EB with metalloproteinase 1 isoforms (24). 

Four cAsE rEPorTs
Family 1: EB-050. This case was described briefly in an 
earlier report (4). A female infant was born at 30 weeks 
gestation complicated by polyhydramnios. She was the 
second child of a non-consanguineous union. Her mother 
presented in preterm labour and was given a course of 
betamethasone (Celestone) to suppress labour for foetal 
lung maturation and tocolytics. At birth, the infant had no 
blisters, but the first blisters appearing on her fingertips and 
toes when she was 2 days old. Subsequently blisters ap-
peared at the sites of tape attachment or where she had been 
handled (Fig. 1A). At no stage did the infant have severe 
or widespread blistering. PA was noted shortly after birth 
and was surgically repaired. She developed respiratory 
distress, which was relatively mild but required mechani-
cal ventilation. She was extubated at 6 days of age. She 
coughed up copious mucous secretions and had apnoeic 
attacks, requiring ongoing oxygen support from 28 days to 
13 weeks of age. A chest radiograph showed widespread 
reticulonodular opacities consistent with “Northway & 
rosen” stage-3 bronchopulmonary dysplasia. she develo-
ped anaemia, requiring 4 blood transfusions, neutropaenia 
and presumed sepsis, although no bacterial organisms 
were cultured. She was treated with multiple courses of 
i.v. antibiotics. Ultrasound detected a small subependymal 
intracranial haemorrhage. Other medical problems inclu-
ded jaundice, patent ductus arteriosus, gastro-oesophageal 
reflux and candida diaper dermatitis. she was discharged 
from hospital at post-conceptional age 46 weeks with most 
of the skin erosions having healed (Fig. 1B). A month later, 
she suddenly deteriorated and developed a new erosion 

Fig. 1. Clinical presentation of the probands with junctional epidermolysis bullosa with pyloric atresia. (A) EB050 at 10 days showed erosions at sites where 
tape had been applied after birth. (B) EB050 at 4 months showing most of the erosions had healed. (c) EB049 showed loss of epidermis with exposure of 
reddened subcutaneous tissue and markedly atrophic ears but the external auditory meati were apparent. (d) EB049 showing a hypoplastic nasal tip, aplasia 
cutis congenita and patent nares. (E and F) EB013-1 and 013-2, respectively, showed mild blistering on the feet. (g) EB049 post-mortem of the stomach was 
normal with no pyloric atresia. (H) EB049: pelvicalyceal dilatation of the kidneys.
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on her leg. She died after vomiting coffee-ground blood, 
suggestive of a gastro-intestinal bleed, at 147 days of age. 
No post-mortem was carried out, but the bleed was not 
thought to be related to the previous PA.

The infant’s skin biopsy showed separated strips 
of epidermis, and a small fragment of dermis without 
overlying epidermis. Transmission electron microscopy 
(TEM) examination of another skin biopsy showed the 
basement membrane (BM) to be thin, with reduced num-
bers of HD along the dermo-epidermal junction (Fig. 2E). 
In addition, occasional breaks in the lamina densa were 
seen. IFM revealed type IV collagen monoclonal anti-
body below the blister, laminin V β3 chain monoclonal 
antibody K140 positive below the blister; anti-ITGA6 
and ITGB4 were negative, although they were positive 
in normal human skin controls (Fig. 2A and B).

Mutation screening of ITGB4 revealed a then-novel 
c.658delC mutation in exon 7 of maternal origin and 
p.r252c in exon 8 of paternal origin. The c.658delc 
is predicted to cause a downstream stop codon in exon 
8. The p.r252c was confirmed by digestion with Narl. 
This mutation is located in the extracellular domain and 
has been described previously in association with PA 
(3, 4). As only one mutation is a PTC, it is unclear why 
the IFM was negative for both integrin β4 and α6. This 
family subsequently underwent prenatal diagnosis and 
an affected pregnancy was terminated. A third pregnancy 
resulted in a heterozygous carrier, but unfortunately this 
pregnancy was affected by an unrelated fatal condition, 
thanatophoric dwarfism, and was also terminated. 

Family 2: EB-049. A female infant was born preterm at 
33 weeks by caesarean section following spontaneous 

pre-term labour, due to transverse lie and possible ma-
ternal sepsis. Her parents were non-consanguineous. She 
suffered severe respiratory distress syndrome and sepsis 
and was noted to have widespread erosions and fragile 
skin along with dysmorphic ears. As she was anuric, a 
renal ultrasound was performed which showed the ureters 
to be dilated. She died on day 2 from hyaline membrane 
disease due to prematurity and renal failure due to EB. 

There was marked aplasia cutis in patches throughout 
the body, especially over the left and right lateral sides of 
face, the whole neck (Fig. 1C), the lateral aspect of the 
right upper limb, the left knee, the dorsal surface of both 
feet, the left and right shins, the dorsal surface of both 
hands, and the left upper arm. The head was abnormal 
with dysmorphic facies, the ears were markedly atrophic, 
but the external auditory meati were apparent (Fig. 1C), 
the nasal tip was hypoplastic with overlying aplasia 
cutis. The nares and choanae were patent (Fig. 1D), the 
eyes were asymmetrical with an ectropion affecting the 
left lower eyelid, the globes appeared normal and the 
palpebral fissures were down-slanting bilaterally, the 
alveolar plates and tongue appeared normal. 

On post-mortem, the external appearance of the sto-
mach was normal and internally, no evidence of pyloric 
stenosis or atresia was apparent externally; the mucosal 
surface appeared only slightly congested (Fig. 1G). The 
urinary bladder was very narrow between the umbilical 
arteries, but was present; the ureters showed marked 
tortuosity and dilatation; the kidneys were enlarged but 
reniform and on section there was marked pelvicaly-
ceal dilatation (Fig. 1H). Histological examination of 
biopsies from involved skin revealed a small amount of 
dermis and subcutaneous tissue, the overlying epidermis 

Fig. 2. Immunofluorescence mapping (IFM) and electron microscopy (EM) of the skin of probands with junctional epidermolysis bullosa with pyloric 
atresia. The epidermis and dermis were indicated and labelled. (A and B) IFM in EB050 showing negative staining for integrins α6 and β4. (C and D) IFM 
in EB013 showing markedly reduced staining of integrins α6 and β4 compared to controls. (E) EM in EB050 showing separation in the lamina lucida and 
grossly reduced hemidesmosomes with abnormal structure. (F) EM in EB049 showing a widening gap between the basal lamina and base of the epidermal 
cells at the right edge. (G) EM in EB013 showing a reduced number of hemidesmosomes at the basement membrane zone (BMZ), which are rudimentary in 
structure. (H) EM in EB013 showing a total absence of hemidesmosomes in the portion of the BMZ demonstrated.
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was largely lost. TEM showed HD on the most proximal 
layer of the blister roof were few and poorly formed 
(Fig. 2F). IFM of skin biopsies showed cleavage within 
the lamina lucida with absence of staining for β4 and α6 
integrin. In addition, antibodies to laminin V β3, α3, γ2 
chain, type IV collagen, type VII collagen, LAd1 and 
CD151 were positive below the blister (lamina lucida); 
and antibodies to BP230, BP180, plectin, and keratin5/6, 
14 were positive above the blister.

Molecular analysis of genomic DNA extracted from 
blood saved after death was performed using the same 
Pcr and sequencing primers as those developed for 
Family 1. This revealed heterozygous ITGB4 mutations 
c.3903dupc/p.g273d. The novel mutation c.3903dupc 
in exon 31 was a single base insertion, which is pre-
dicted to cause a frameshift and a downstream stop 
codon in exon 31, resulting in a prematurely truncated 
protein product, or nonsense-mediated mrNA decay. 
The p.G273D was detected in exon 8, resulting in the 
substitution of aspartate for glycine at a highly con-
served codon 273. This mutation has been reported 
in association with PA and another missense mutation 
(Case 30, Table II) (4).

Family 3: EB013-1 and 013-2. This Chinese girl 
(EB013-1), now 8-years-old, was born in mainland 
China to non-consanguineous parents and had blisters 
on the hands at birth. She did not have PA. A clinical 
diagnosis of EB simplex-Weber-Cockayne was made, 
but no further investigations were performed. The 
family moved to Australia and her blisters remained 
mostly localized to the feet (Fig. 1E). The blistering 
was exacerbated both by extensive walking and during 
the summer. There was no scarring or atrophy from the 
blisters and no other health problems noted. Her now 
4-year-old brother (EB013-2) was born in Australia 
and had PA at birth, which was surgically repaired. 
He developed blisters on the feet, which were not as 
severe as his sister’s (Fig. 1F). There was no scarring, 
atrophy or milia from the blisters. IFM of a skin biopsy 
specimen showed no blistering, and staining for both 
integrins α6 and β4 was markedly reduced compared 
with controls (Fig. 2C and D), whereas all other anti-
bodies used routinely, including collagen VII, stained 
normally. Unusually, GOH3 against integrin α6 stai-
ned basal and suprabasal keratinocytes. EM showed a 
decreased number of HD at the BM zone, which were 
rudimentary in structure (Fig. 2G and H).

ITGB4 gene mutation studies were performed. The 
paternal mutation was identified as c.264g > A at the 
exon/intron 4 splice junction. The paternal grandfather 
was also found to be a carrier of this mutation. The 
maternal mutation was identified as c.3111-1g > A at 
the border of intron 26 and exon 27, predicted to alter 
the consensus splice sequence. Two years later they still 
had very mild blistering (Fig. 1E and F).
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DISCUSSION

Clinical analysis 
we have identified 50 cases of JEB-PA reported in the 
literature, including the 4 cases reported here. Twenty-
three of the previously reported cases had TEM perfor-
med, which predominantly showed blistering within the 
lamina lucida (8, 9, 25, 26). However, blistering within 
the basal cell and even below the lamina densa had been 
reported in some patients (8). IFM demonstrated reduced 
immunoreactivity to integrin β4 in non-lethal cases, and 
complete absence in lethal cases (Tables I and II). Three 
cases with JEB caused by an ITGB4 mutations did not 
have gastrointestinal atresia, including one reported by 
Inoue et al. (27) and cases 2 and 3 reported here. In ad-
dition to PA, other commonly reported complications 
in these patients included nail dystrophy (n = 7), enamel 
hypoplasia (n = 4), aplasia cutis congenita or congenital 
localized absence of skin (n = 6), eye involvement (n = 4), 
ear or nose hypoplasia or atrophy (n = 4), urinary tract 
involvement (n = 8) and respiratory involvement (n = 5). 
Many patients died of this disease owing to the extensive 
denudation of skin, resultant loss of barrier function, fluid 
and electrolyte problems and sepsis. difficulty with oral 
feeding and the development of diarrhoea seem to be 
common features in many of these cases.

Identification of novel mutations in this study
In our study of 3 families with JEB-PA, we have descri-
bed 4 probands with 3 novel ITGB4 mutations: 2 splice-

site mutations (c.264g > A/c and c.3111-1g > A) and 
one insertion mutation (c.3903dupc) (Table II, Fig. 3). 
Two cases had lethal phenotypes due to the combination 
of PTc and missense mutations (c.3903dupc/p.g273d 
and c.658delc/p.r252c). The PTc mutations may cause 
mrNA decay or result in truncated non-functional β4 
integrin polypeptides and the missense mutations will 
determine the phenotype of patients when non-fun-
ctional β4 integrin polypeptides are synthesized (4). 
Because arginine-252 and glycine-273 are located in 
a highly conserved region that may abolish ligand-
binding properties similar to those of β3 integrin (4), 
the phenotypes are lethal when p.g273d and p.r252c 
are combined with PTc mutations (c.3903dupc and 
c.658delc, respectively). Additionally, p.r252c, which 
creates a new cysteine residue, may change disulphide 
bonding and alter the secondary structure of the po-
lypeptide, resulting in the loss of the putative ligand-
binding function of the β4 integrin. There were 2 novel 
mutations in our non-lethal cases including c264g > A 
and c.3111-1g > A, and both mutations are predicted to 
cause mis-splicing, but we were not able to determine 
the exact nature of the products.

It is interesting that we found 2 cases without PA, 
cases 2 (c.3903dupc/p.g273d) and 3 (c.264g > A/
c.3111-1g > A). The latter’s affected brother, with the 
same mutations, did have PA, and we found a similar 
report of a homozygous c.1856+1g > T mutation in the 
cytoplasmic domain of ITGA6 in a family with 3 affec-
ted individuals with JEB-PA, but one child did not have 
duodenal atresia (28). Inoue et al. (27) also reported one 

Fig. 3. Mutations in ITGB4 with JEB-PA. Schematic diagram of the ITGB4 gene above showing the exons in alternating dark and light grey. The representative 
domains of the integrin β4 protein, are shown below, in different colours indicated by the bar key. The published mutations above are shown above in black 
if they have occurred in lethal cases, red in non-lethal cases and blue if in both. The mutations in the cases in this report are indicated below.
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non-lethal JEB case without PA due to homozygous 
ITGB4 mutations p.g931d/p.g931d affecting the 
cytoplasmic tail of integrin β4. Overall, at least one 
mutation, either in ITGB4 or ITGA6, was located in 
the cytoplasmic domain; however, it could not provide 
evidence for a domain with a functional role relevant 
to the development of PA. recently, the plectin gene 
was emphasized to be important in the pathogenesis 
of EB-PA (29, 30) and perturbed interactions between 
plectin and α6β4 integrin within attachment structures 
expressed during gastrointestinal development were 
proposed as a possible cause of the PA (29). Neverthe-
less, ITGA6 and ITGB4 knock-out mice expressed the 
cutaneous JEB phenotype but not the PA, suggesting 
that there may be other factors involved (30). 

Genotype-phenotype correlation from ITGB4 
mutations reported in the literature and in this study

we have summarized a total of 49 cases with JEB-PA, 
21 being classified as non-lethal cases and 28 as lethal 
cases (Table II). From the mutation database in ITGB4, 
there is a predominance of PTC mutations in the lethal 
forms, whereas compound heterozygous missense and 
PTC mutations are more common in the non-lethal 
cases. In fact, 22 (78.6%) of lethal cases of JEB-PA had 
PTC mutations in at least one allele, 4 cases (14.3%) 
had missense mutations in both alleles and 2 cases 
(7.1%) had in-frame deletions. In contrast, in non-lethal 
forms of JEB-PA, at least 19 of 41 alleles (46.3%) in 
13 individuals were PTC mutations, 15 alleles (36.6%) 
were missense mutations and 7 alleles (17.1%) were 
splice site mutations. This is in contrast to previous 
reports suggesting that the presence of a missense or 
splice mutation in at least one allele predicted a milder 
phenotype (31). It appears that one PTC mutation is 
not necessarily predictive of lethality, nor is PA. All 
reported cases of JEB-PA with a lethal outcome who 
had IFM performed, had either absent or markedly 
attenuated staining for integrin ß4, in contrast to the 
non-lethal cases (Table II).

Prevalence of PTC/PTC mutations in lethal JEB-PA

Nonsense, small out-of-frame insertion or deletion 
mutations in ITGB4 predicted synthesis of a truncated 
polypeptide and/or down-regulation of the ITGB4 
mrNA levels by nonsense-mediated mrNA decay (32, 
33). Thus, no functional integrin β4 polypeptides are 
synthesized, resulting in the JEB-PA phenotype. The 
presence of PTC mutations in both alleles, either in a 
homozygous or compound-heterozygous state, would 
result in a lethal phenotype (3). For example, in Case 
19 (Table II), p.c738X/c.4791delcA, combined 2 PTc 
mutations. The p.C738X mutation within the large cy-
toplasmic domain was adjacent to the transmembrane 
segment and is predicted to cause deletions of the entire 

intracellular domain of the integrin β4 polypeptide, 
which could affect HD assembly, but ligand binding is 
preserved (34). The c.4791delcA mutation is predicted 
to delete the region spanning the last 278 amino acids, 
which have been identified to interact with the 180-kd 
bullous pemphigoid antigen (BP180) (35). 

However, some non-lethal cases, for example cases 
8, 37 and 38 were homozygous for PTC/PTC muta-
tions: 4790delTc/4790delTc, 4580del2/4580del2 and 
5046delC/5046delC, respectively (4, 36). IFM was only 
reported for case 8, showing reduced but positive staining 
of both integrins α6β4. Case 2 was heterozygous for a 
PTc mutation (3793+1g-A/w1478X) with positive but 
reduced staining for integrin β4 and normal integrin α6 
staining (2). All of these mutations predicted truncation 
of integrin β4 polypeptides close to the carboxyl-terminal 
end (Fig. 3), and might have minor effects. 

Missense/missense mutations resulted different clinical 
variants in a position-dependent pattern
Four lethal and 4 non-lethal JEB-PA cases with ITGB4 
(3, 4, 27, 36) mutations had missense/missense com-
binations, which suggested that the position of these 
mutations influenced the phenotype. The mutations in 
3 lethal cases were located in the extracellular domain 
of the integrin β4 protein (cases 20, 23, 47 in Table 
II) (3, 4, 36). The mutations p.C61Y/p.C61Y and 
p.C245Y/p.C61Y changed cysteine residues to lysine, 
which may interfere with the formation of intra- or 
inter-chain disulphide bonds and subsequently change 
the conformation and/or ligand-binding affinity of 
integrin β4 (3). Some of the missense mutations in 
ITGB4, including these ones, resulted in substitution 
of highly conserved cysteine residues, most of which 
were associated with a severe phenotype (22). Alterna-
tively, missense mutations that affect highly conserved 
residues may have significant effects. For example, in 
Case 23 (p.D131Y/p.G273D), which was lethal at only 
2 months of age, aspartic-131 and glycine-273 are lo-
cated in a highly conserved region, so these mutations 
may abolish important ligand-binding sites of integrin 
β4 (4). Our second case which was also lethal also 
included this p.G273D mutation. 

Previous work has shown that the recruitment of plectin 
into HD was dependent on a region of the integrin β4 
cytoplasmic domain containing the first 2 FNIII repeats 
and a short region of the CS (14, 18). Two missense 
mutations, p.r1281w (cases 4 and 5 in Table II) and 
p.r1225H (case 7 in Table II) in the non-lethal form of 
JEB-PA were located in the second FNIII repeat (3, 4). 
r1281w was located in a loop region that connected 2 β 
strands, whereas r1225H is located at the N-terminal end 
of the second FNIII repeat (37). Both mutations caused 
a disruption of the interactions with plectin. Thus, the 
linkage of the intermediate filaments to Hd was likely to 
be compromised because of an inability of integrin β4 to 
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recruit plectin into HD. This helps to explain why these 
mutations caused a non-lethal type of JEB-PA. 

Collectively, most of the missense mutations and the 
amino acids deletions described in lethal JEB-PA were 
located in the extracellular domain of ITGB4. Missense 
or splice mutations associated with the non-lethal form 
were frequently located in the cytoplasmic tail (4, 8, 36) 
(Fig. 3). 

Missense/PTC mutations associated with lethal and 
non-lethal phenotype
The presence of a missense mutation in one allele 
combining with a PTC mutation could predict a more 
variable phenotype. Six lethal cases in previous study 
(case 15, 22, 24 and 27 in Table II) (4, 8, 31) and in this 
study (case 33, EB-50) and 4 non-lethal cases (case 1, 
9, 10 and 39) (2, 5, 36, 38) were compound heterozygo-
tes for PTC and missense mutations. PTC could cause 
mrNA decay or synthesize truncated non-functional 
integrin β4 polypeptides. Therefore, the missense 
mutation would direct the phenotype of patients. For 
example, p.c245g along with p.r252c highly conser-
ved amino acids located in a putative ligand-binding 
region in integrin β4 polypeptides in human, rat and 
mouse (4, 8); these mutations created or abolished 
cysteine residues changing disulphide bonding and the 
secondary structure of the integrin β4 polypeptides. 
Mutations p.V325D and p.G273D also occurring in a 
conserved position substitute a non-polar for an acidic 
residue (4). Therefore, these phenotypes were lethal 
when PTCs were combined with missense mutations, 
including c.120delTg/p.c245g, c.658delc/p.r252c, 
c.1874delTcTinsc/p.V325d, c.4298-4299ins4/
p.r252c and c.3903dupc/p.g273d (4, 8, 31).

In non-lethal cases, such as case 1 (p.c38r/c.
4776delG), c.4776delG resulting in a downstream 
PTc also predicted an unstable mrNA transcript. The 
missense mutation, p.c38r, arose in the part of the 
extracellular amino-terminal domain, a position in a 
highly conserved region in terms of different integrin 
β4 polypeptides and different species. So the mutation 
might disrupt heterodimer formation with the integrin 
α6 subunit or interaction with ligands within the lamina 
lucida. Perturbation rather than abolition of β4 subunit 
function by p.c38r might explain the mild phenotype 
with only minimal cutaneous involvement and no evi-
dence of other manifestation (2). 

In summary, we have identified a total of 3 novel mu-
tations in all 6 ITGB4 alleles of 4 patients affected with 
JEB-PA, 2 of them without PA. The results indicated that 
PTC mutations in both alleles in either a homozygous 
or compound heterozygous state would be more likely 
to result in a lethal phenotype. Missense mutations, 
either in combination with a PTC mutation or in both 
alleles, could predict either a lethal or non-lethal variety, 
the latter more likely to be related to positive integrin 

β4. Missense mutations causing substitutions of highly 
conserved amino acids might be associated with a lethal 
phenotype, while less conserved amino acid substitu-
tions caused milder phenotypes. However, in these cases 
it would be difficult to predict the phenotype from the 
genotype as this may depend not only on the nature of 
the mutations but may also be influenced by other, as 
yet unknown, genetic or environmental factors. 
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