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ABSTRACT

Background: Epidermolysis bullosa with pyloric atresia (EB-PA) is an
autosomal recessive disorder due to mutations in ITGA6 and/or ITGB4,
resulting in altered expression of α6β4 integrin. EB-PA can also occur
with aplasia cutis. Case report: We present a newborn with EB-PA and
aplasia cutis, born of consanguineous parents, with a homozygous
c.3793+1G>A mutation affecting ITGB4, previously described only
in the heterozygous state with other mutations. Conclusion: The
previously unreported homozygous c.3793+1G>A mutation affecting
ITGB4 causes a severe form of junctional epidermolysis bullosa with
pyloric atresia and aplasia cutis.
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Introduction
Junctional epidermolysis bullosa with pyloric atresia (JEB-PA) (MIM #226730) is an autosomal recessive disease, called Carmi Syndrome previously. Mutations in ITGA6 (MIM
#147556) and ITGB4 (MIM# 147557) cause an altered expression of α6β4 integrin resulting
in a structural defect of hemidesmosome [1]. The defective hemidesmosomes results in blisters and erosions on skin, gastrointestinal and urogenital tract abnormalities. Some patients
with JEB-PA may have also aplasia cutis congenita (ACC). A small number of cases with JEBPA and ACC have been published [2– 4]. We report a newborn with JEB-PA and ACC whose
molecular analysis showed homozygous ITGB4 mutation.

Case report
A full-term female infant was born by spontaneous vaginal delivery to a 20-year-old gravida
1, para 1 mother. Apgar score at 1 minute was 9 and birth weight was 2450 g. The parents
were first-degree cousins. On prenatal ultrasonography gastric dilatation was described. The
baby who was sent from a local hospital was admitted to the neonatal intensive care unit. On
admission the vital signs were normal. On physical examination, skin was absent from right
and left toes to middle of thighs (Fig. 1). She had multiple bullous lesions on both hands, near
the umbilicus, and the face, along with dystrophic nails.
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Figure . (A) aplasia cutis from right and left toes to middle of thighs; (B) dystrophic nails; (C) multiple bullous
lesions on both hands, near the umbilicus after surgery.

Levels of blood urea nitrogen (27.7 mg/dL) and creatinine (1.38 mg/dL) were elevated
because of the increasing loss of fluid from absence or damaged skin, so intravenous hydration was increased. Hydronephrosis in the left kidney was detected by abdominal ultrasonography. Echocardiography and cranial ultrasonography were normal. On the first day, total
parenteral nutrition was started. Because of respiratory failure, the patient was placed on
nasal continuous positive airway pressure (CPAP). Antibiotic therapy was administered due
to infected skin lesions. On the 7th day of life pyloroplasty was performed. On postoperative
5th day, physical examination revealed gastric distention and on X-ray there was free air under
the right side of diaphragm. She underwent a second surgery for an anastomotic leak. Gastrostomy and jejunostomy were also performed at the same time. On postoperative day 17,
enteral nutrition was started, however, could not be increased due to emesis. During followup the patient received analgesic treatment because of increasing bullous lesions. She had also
hypoalbuminemia, so protein in parenteral nutrition was increased and intravenous albumin
was administered four times per day.
Sanger sequencing of all coding exons and adjacent intronic boundaries of ITGB4 showed
a homozygous donor splice site mutation (c.3793+1G>A). Both parents were heterozygous
for the same mutation.
On the 33th day she died. Postmortem skin biopsy was performed. The skin biopsy sample
was fixed in 2.5% glutaraldehyde solution in phosphate buffer, pH 7.4 for 4 hours and postfixed
for 1 hour in 1% osmium tetroxide solution in 0.1 M phosphate buffer. After washing in phosphate buffer, they were dehydrated in a graded series of ethanols to absolute ethanol, treated
with propylene oxide and embedded in Araldite/Epon812 (Cat No: 13940, EMS, Hatfield, PA,
USA). After heat polymerization, sections were cut using a microtome. Semi-thin sections
were stained with methylene blue–azure II and examined using a light microscope (Leica DM
6000B, Wetzlar, Germany) with a DC490 digital camera (Leica, Wetzlar, Germany). Ultrathin sections (Leica ultra-cutR, Wetzlar, Germany) were double-stained with uranyl acetate
and lead citrate (Leica EM AC20). These sections were examined in JEOL-JEM 1400 electron
microscope and photographed by CCD camera (Gatan Inc., Pleasanton, CA, USA).
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Figure . Light microscopic examination of a skin biopsy demonstrated dermal-epidermal separation (black
arrow). Methylenblue - Azur II, x. (White arrow shows basal membrane.)

Light microscopic examination of a skin biopsy demonstrated perilesional intact skin
and cleavage at the dermal-epidermal junction (Fig. 2). Electron microscopic examination
demonstrated perilesional intact dermal epidermal junction along with the area of epidermal
dermal separation. In perilesional skin, hemidesmosomal plaques were reduced in size and
number, keratin intermediate filaments association was disrupted (Fig. 3). Anchoring fibrils
were present but markedly decreased. Lamina densa and lamina lucida of the basal lamina
were continuous at the dermal epidermal junction. Beginning from the edge of the lesion
electron microscopy revealed a split in the lamina lucida (Fig. 4), absence of hemidesmosomal plaques and anchoring fibrils (Fig. 5). Lamina densa was continuous beneath the cleavage.
Immunofluorescence microscopy was not performed because EM and genetic studies were
performed.

Discussion
Epidermolysis bullosa (EB) is a heterogeneous group of genodermatoses. Defect of cutaneous
basal membrane attachment structures cause blisters and erosions of the skin. These lesions

Figure . Electron micrograph showing perilesional intact skin. Hemidesmosomal plaques are reduced in
size and number. Anchoring ﬁbrils are present but markedly decreased. Lamina densa and lamina lucida of
the basal lamina are continuous in the dermal epidermal junction. Uranyl acetate andlead citrate, x.
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Figure . Electron microscopy revealed a split in the lamina lucida (star) and absence of anchoring ﬁbrils
and hemidesmosomal plaques. Uranyl acetate and leas citrate, x.

are characteristics of epidermolysis bullosa [2]. Epidermolysis bullosa has four major subgroups based on the ultrastructural level within which blisters develop. These groups are
named: simplex (epidermolytic), junctional (lucidolytic), dystrophic (dermolytic) epidermolysis bullosa and Kindler syndrome (multiple layers) [5, 6]. Biopsy specimens must be confirmed by immunofluorescence mapping (IFM) and/or transmission electron microscopy
(EM) in every patient for this classification. So far, data collection and analysis have been
done on several thousand patients with EB worldwide, and more than 1000 mutations and
more than 10 structural genes have now been published [6].
The frequency of recessive forms of EB is estimated at 1 in 300,000 [1]. Pyloric atresia
frequency is 1 per 100,000 live births [1, 3]. So the relationship between these two rare conditions which are seen together are not coincidental. Familial pyloric atresia associated with
epidermolysis bullosa was first described in 1968 by Swinburne and Kohler [3, 7, 8]. Pathophysiology was first described by Carmi so the disease has been also called “Carmi syndrome”.
Pyloric atresia in EB is a result of scarring. Dysfunctional or absent hemidesmosomes result
in the separation of the epidermis or the intestinal mucosa, with resultant inflammation and
fibrosis, leading to obstruction in areas like the pylorus [2].

Figure . Electron micrograph showing perilesional intact skin. Hemidesmosomal plaques are reduced in
size and number. Anchoring ﬁbrils are present but markedly decreased. Uranyl acetate andlead citrate,
x.
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JEB-PA is autosomal recessively inherited. There is an altered expression of α6β4 integrin.
Mutations in ITGA6 and ITGB4 cause an altered expression of α6β4 integrin resulting in a
structural defect of hemidesmosome. Hemidesmosomes serve as anchoring sites for the intermediate filament system and have an important role in stabilizing the association of the dermis with the epidermis [9]. They provide keratinocytes adhesion to the basement membrane.
The transmembrane components of hemidesmosomes include integrin α6β4 and the bullous
pemphigoid antigen 180. The α6β4 integrin is found in both type 1 and 2 hemidesmosomes.
Type 1 and 2 hemidesmosomes are seen in many epithelial tissues, including human skin and
the gastrointestinal tract [10]. Therefore gastrointestinal, urinary, pulmonary, and eye disorders can be associated with EB-PA [3]. We also evaluated the patient for other malformations.
Indeed she had no urinary tract malformation, but she suffered from respiratory insufficiency
thus nasal CPAP had to be applied.
Aplasia cutis congenital (ACC) with EB-PA has been previously described [2–4]. There are
few reports of JEB-PA-ACC in the literature (Table 1). Intrauterine mechanical trauma may
cause ACC, but also the combination of ACC and EB-PA has suggested a common genetic
basis of their pathogenesis [1, 2]. Literature shows that JEB-PA-ACC is most often lethal and
suggests that ACC is a poor prognostic factor for JEB-PA patients. We think if the disease is
severe, lesions can occur intrauterinally and it may cause ACC. Therefore JEP-PA with ACC
may be the more severe end of the spectrum.
Histological examination of blistered skin demonstrates the dermo-epidermal cleavage at
the level of the lamina lucida. Hemidesmosomes may be morphologically abnormal. Moreover, immunofluorescent analysis show altered expression of α6β4 [11]. In this case, the findings of light and electron microscopy findings supported the diagnoses.
Mutation analysis showed a homozygous mutation in ITGB4. Mutations in ITGA6 are
less frequent than those in ITGB4 [10]. There are more than 80 mutations that cause EBPA in the literature. Some of them are lethal and others are nonlethal. Mutation analysis and
immunofluorescence examination are useful for diagnosis and prognosis. In lethal cases α6β4
integrin expression is absent [12]. In our case, c.3793+1G>A mutation has been identified.
This mutation was first demonstrated in 1997 by Pulkkinen et al. [12, 13]. The authors have
shown that the mutation causes frame-shift and premature termination codon of translation
and reduction of mRNA levels and lead to a lethal form of the disease. Heterozygosity of this
splice site mutation was defined in 1998 by Mellerio et al. [14]. In their case, one of the patients
with EB-PA was a compound heterozygote for a splice site mutation (3793 1G-to-A) and a
non-sense mutation (W1478X) in ITGB4. The patient had blisters and erosions on his limbs,
dystrophic nails and pyloric atresia. He underwent a corrective gastroduodenostomy on the
6th day. Renal symptoms (hematuria and dysuria) started when he was 3 years old. Bladder
wall hemorrhage, blistering, and bilateral ureteric reflux developed. When he was 5 years old, a
vesicostomy was performed. He had small blisters in his skin, nail dystrophy, enamel hypoplasia and abnormal dentition. He had a potentially lethal mutation but it illustrate that heterozygosity of the same splice mutation causes milder phenotype than patients with homozygous
mutations.
EB-PA-ACC is known to be a non-treatable condition and its prognosis is poor. However, identification of underlying genetic abnormality is critical to give appropriate genetic
counseling and prenatal or preimplantation genetic diagnosis. In lethal cases even if intestinal
obstructions are corrected successfully, patients suffer from septicemia, electrolyte imbalance,
protein loses, and hypoalbuminemia related to loss of skin barrier [15]. Intestinal surgery was
not beneficial to our patient because of the complications didn’t add any beneficial effect in
our patient who suffered from complications. As it was not possible to enterally feed this baby,
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parenteral nutrition was required. Moreover, she had infected skin lesions and abdominal leak
from the anastomosis. These co-morbid conditions resulted in a death.
There are a few patients who survive the neonatal period. In a study by Nakano et al, seven
patients were investigated [10]. Four of them died during the first months of life and they were
classified as lethal variants. Other three of them were alive and classified as nonlethal variants.
In nonlethal cases skin lesions tends to improve with years [16].
This is the first case of a homozygous c.3793+1G>A mutation affecting ITGB6, previously
described only in the heterozygous state with other mutations. This confirms the severity of
this mutation.
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