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The cold cases in this thesis were extracted from the Dutch National Epidermolysis 
Bullosa Registry. These patients were diagnosed and treated at the Centre for Blistering 
Diseases, Department of Dermatology, University of Groningen, University Medical 
Centre Groningen, Groningen, which is also the national referral centre for blistering 
diseases, both acquired and inherited, in The Netherlands. This thesis resulted after 
fruitful collaborative work with The Department of Genetics, University of Groningen, 
University Medical Centre Groningen, Groningen.

Epidermolysis bullosa 

EB comprises a group of clinically heterogeneous inherited blistering diseases that 
affect the skin and sometimes also the mucous membranes. The term was coined for 
the first time by Koebner in 1886.1 As insight in the molecular background of disease 
pathophysiology grew, the EB spectrum expanded and, to date, it includes more than 
30 clinical subtypes resulting from mutations in at least 20 different genes. EB is 
classified into four major types (EB simplex, junctional EB, dystrophic EB, and Kindler 
syndrome) based on the level of cleavage formation in the skin (Figure 1).2 The level of 
cleavage is determined with immunofluorescence antigen mapping (IFM) and/or 
transmission electron microscopy (TEM) studies. Regardless the modern 
advancements in genetic analysis techniques, IFM and TEM are still valuable tools for 
the determination of EB type and identification of the candidate gene.

Figure 1. Schematic representation of the level of blister formation in the skin of major 
epidermolysis bullosa (EB) types; EB simplex (EBS), junctional EB (JEB), dystrophic EB 
(DEB) and Kindler syndrome. Genes involved in the respective subtype are shown 
underneath.

The EB classification was updated at the latest consensus meeting, held in London, in 
June 2013 where a new "onion skinning" algorithm was introduced that takes into 
account successively the major EB type present, phenotypic characteristics 
(distribution and severity of disease activity; specific extracutaneous features), mode 
of inheritance, targeted protein and its relative expression in skin, gene involved and 
type(s) of mutation present, and when possible specific mutation(s) and their 
location(s).2 Over the recent years 3-5 a few new skin fragility entities were added to 
the EB spectrum. These blistering disorders are rare and often involve just a few 
patients. Nonetheless, accurate identification and characterization of these distinct 
conditions is essential in refining diagnosis and acquiring a thorough understanding of 
the pathophysiology of EB.  Also, this knowledge helps gain insight into the 
macromolecular interplay necessary for the maintenance of mechanical integrity and 
signaling within healthy skin. Following is a concise introduction to basal EBS and JEB 
subtypes (Table 1); these are relevant to the investigations reported in this thesis.

10 - 1
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Basal epidermolysis bullosa simplex

This EBS subtype is characterized by a cleavage plane within the basal epidermal 
keratinocyte layer. Albeit not adopted by the official EB consensus, a separate 
‘pseudojunctional’ cleavage plane has been noted by means of TEM; this term signifies 
a very low basal cleavage where basal keratinocytes’ fragments remain attached to the 
blister floor. Suprabasal EB is defined by a cleavage plane above the basal layer; its 
background will not be discussed here for it stands beyond the scope of this thesis. 

Basal EBS is the most frequently encountered EB subtype; its prevalence is estimated 
1/ 25.000 live births.6,7 Altogether, there are eight genes involved in the pathogenesis 
of basal EBS (Figure 1)2,8,9 This EB subtype has mainly an autosomal dominant 
inheritance pattern, where 75% of affected individuals harbor mutations in the KRT5 
and KRT14 genes. 10 Rare basal EBS subtypes implicate PLEC, DST, COL17A1, ITGB4, 
EXPH5, CD151 and the recently discovered KLHL24 gene. These genes code for plectin, 
BPAG1-e (also known as BP230), type XVII collagen (also known as Bp180 or BPAG2), 
integrin β4 subunit, exophillin-5 (also known as slac2-b) and kelch-like 24 proteins, 
respectively; together they play an essential role in the maintenance of cell adhesion, 
mechanical keratinocyte integrity, cellular signaling, vesicle transport or intracellular 
turnover of intermediate filaments. 9,11,12

Heterogeneity of basal EBS clinical phenotype

The basal EBS phenotypic spectrum is very heterogeneous, ranging from mild localized 
acral skin fragility to severe generalized blistering and sometimes mucous membrane 
involvement. Certain subtypes may exhibit nail dystrophy and pigmentary changes of 
the skin. Finally, the respiratory, gastrointestinal and genito-urinary system may also 
be involved. 2 A timeline of phenotype discovery pertaining to various basal EBS genes 
is illustrated in Figure 2.  Clinical entities such as Dowling-Degos Disease (DDD), 
Naegelli-Franceschetti-Jadassohn syndrome (NFJS) and Dermatopathia Pigmentosa 
Reticularis (DPR) have been included (although not skin fragility disorders) because 
their phenotypes are associated with pigmentary disturbances and the underlying 
pathogenic mechanism may be relevant for understanding the nature of a ‘mottled 
pigmentation’ phenotype in EBS resulting from EXPH5, KRT5 or KRT14 mutations.
Pathogenic mutations in the less conserved non-helical head and tail domains of 
intermediate filament keratins 5 and 14, or mutations expected to cause 
haploinsufficiency are presumed to underlie the pigmentary changes in the above 
mentioned non-EB genodermatoses.13-16
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Figure 2. Phenotypic spectrum of basal epidermolysis bullosa and its discovery 
timeline. The light green units indicate phenotypes previously reported by our research 
group at the Centre for Blistering Diseases, Department of Dermatology, University of 
Groningen, University Medical Centre Groningen, Groningen, The Netherlands.

Legend Figure 2

AR: autosomal recessive

AD: autosomal dominant

EBS-gen-intermed: epidermolysis bullosa simplex generalized intermediate

EBS-loc: epidermolysis bullosa simplex localized

EBS-gen-severe: epidermolysis bullosa simplex generalized severe

EBS-MP: epidermolysis bullosa simplex with mottled pigmentation

EBS-migr: epidermolysis bullosa simplex migratory circinate

EBS-MD: epidermolysis bullosa simplex with muscular dystrophy

EBS-PA: epidermolysis bullosa simplex with pyloric atresia

Junctional epidermolysis bullosa

According to the latest consensus, JEB has an autosomal recessive pattern of 
inheritance and is defined by a cleavage plane through the lamina lucida (Figure 1.)
Only a single case of JEB, involving a heterozygous COL17A1 mutation, with skin 
blistering and abnormal dentition inherited in an autosomal dominant manner has 
been reported.17 To date, seven genes have been associated with JEB: LAMA3/3A, 
LAMB3, LAMC2, COL17A1, ITGA6, ITGB4 and ITGA3.2 These genes encode the chains of 
laminin-332 , hemidesmosomal molecules (type XVII collagen, integrin α6β4), and a 
focal adhesion component (integrin α3 subunit), respectively (Figure 3). Corresponding 
EB subtypes contingent to the targeted protein are presented in Table 1. Generally, 
loss-of function mutations in genes encoding laminin-332 result in JEB generalized 
severe, formerly known as Herlitz JEB. The extensive and persistent damage to the skin 
and mucous membranes lead to severe extracutaneous complications such as 
shortness of breath, failure to thrive and vulnerability to infections. 18,19 These 
complications are so overwhelming that they lead to death with an average life 
expectancy of 6 months.20 An additional, potentially lethal subtype is JEB with pyloric 
atresia caused by pathogenic mutation in ITGA6, and ITGB4. This clinical entity is 
associated with generalized blistering, cutis aplasia, pyloric atresia and sometimes 
genito-urinary involvement; milder cases have also been reported.21-23 Laryngo-
onycho-cutaneous syndrome (LOC) is another severe JEB subtype; its phenotype is 
characterized by chronic granulation tissue in the mucosa, larynx and eyes.24,25 In the 
other JEB subtypes, earlier known as non-Herlitz the genetic mutations are generally 
less disruptive and comprise symptoms such as: skin blistering, atrophic scarring, nail 
dystrophy, alopecia and enamel abnormalities.2,26 An interesting, lately discovered 
clinical entity is JEB with respiratory and renal involvement resulting from mutations in 
ITGA3. This gene encodes the focal adhesion polypeptide integrin α3 subunit (Figure 
4). The affected patients were very sick neonates with nephrotic syndrome, pulmonary 
inflammation and minor or no skin blistering.27-29

The epidermal basement membrane zone

The epidermal basement membrane zone (EBMZ) in the skin is a critical interface at 
the dermal- epidermal junction and represents a highly specialized structure that 
mediates the binding of basal keratinocytes to the underlying basement membrane. 
Its chief adhesion units are the hemidesmosomes. They are ultrastructurally identified 
as electron-dense structures at the base of the basal keratinocytes.30

Hemidesmosomes found in skin contain the following molecular components: BPAG1-
e, BPAG2, integrin α6β4, tetraspanin CD151 and plectin. Focal adhesions (also known 
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Groningen, University Medical Centre Groningen, Groningen, The Netherlands.

Legend Figure 2

AR: autosomal recessive

AD: autosomal dominant

EBS-gen-intermed: epidermolysis bullosa simplex generalized intermediate

EBS-loc: epidermolysis bullosa simplex localized

EBS-gen-severe: epidermolysis bullosa simplex generalized severe

EBS-MP: epidermolysis bullosa simplex with mottled pigmentation

EBS-migr: epidermolysis bullosa simplex migratory circinate

EBS-MD: epidermolysis bullosa simplex with muscular dystrophy

EBS-PA: epidermolysis bullosa simplex with pyloric atresia

Junctional epidermolysis bullosa

According to the latest consensus, JEB has an autosomal recessive pattern of 
inheritance and is defined by a cleavage plane through the lamina lucida (Figure 1.)
Only a single case of JEB, involving a heterozygous COL17A1 mutation, with skin 
blistering and abnormal dentition inherited in an autosomal dominant manner has 
been reported.17 To date, seven genes have been associated with JEB: LAMA3/3A, 
LAMB3, LAMC2, COL17A1, ITGA6, ITGB4 and ITGA3.2 These genes encode the chains of 
laminin-332 , hemidesmosomal molecules (type XVII collagen, integrin α6β4), and a 
focal adhesion component (integrin α3 subunit), respectively (Figure 3). Corresponding 
EB subtypes contingent to the targeted protein are presented in Table 1. Generally, 
loss-of function mutations in genes encoding laminin-332 result in JEB generalized 
severe, formerly known as Herlitz JEB. The extensive and persistent damage to the skin 
and mucous membranes lead to severe extracutaneous complications such as 
shortness of breath, failure to thrive and vulnerability to infections. 18,19 These 
complications are so overwhelming that they lead to death with an average life 
expectancy of 6 months.20 An additional, potentially lethal subtype is JEB with pyloric 
atresia caused by pathogenic mutation in ITGA6, and ITGB4. This clinical entity is 
associated with generalized blistering, cutis aplasia, pyloric atresia and sometimes 
genito-urinary involvement; milder cases have also been reported.21-23 Laryngo-
onycho-cutaneous syndrome (LOC) is another severe JEB subtype; its phenotype is 
characterized by chronic granulation tissue in the mucosa, larynx and eyes.24,25 In the 
other JEB subtypes, earlier known as non-Herlitz the genetic mutations are generally 
less disruptive and comprise symptoms such as: skin blistering, atrophic scarring, nail 
dystrophy, alopecia and enamel abnormalities.2,26 An interesting, lately discovered 
clinical entity is JEB with respiratory and renal involvement resulting from mutations in 
ITGA3. This gene encodes the focal adhesion polypeptide integrin α3 subunit (Figure 
4). The affected patients were very sick neonates with nephrotic syndrome, pulmonary 
inflammation and minor or no skin blistering.27-29

The epidermal basement membrane zone

The epidermal basement membrane zone (EBMZ) in the skin is a critical interface at 
the dermal- epidermal junction and represents a highly specialized structure that 
mediates the binding of basal keratinocytes to the underlying basement membrane. 
Its chief adhesion units are the hemidesmosomes. They are ultrastructurally identified 
as electron-dense structures at the base of the basal keratinocytes.30

Hemidesmosomes found in skin contain the following molecular components: BPAG1-
e, BPAG2, integrin α6β4, tetraspanin CD151 and plectin. Focal adhesions (also known 
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as integrin adhesomes) are additional specialized attachment structures located 
between hemidesmosomes (Figure 3).31 More than 150 proteins are involved in their 
composition.32,33 In relation to EB only integrin α3 subunit and kindlin-1 are relevant 
thus far. The integrity of the skin relies on well-assembled and functional 
hemidesmosomes and focal adhesions. These junctional complexes are not simply 
compounds of adhesion molecules; they also play a significant role in signaling 
pathways involved in the differentiation and migration of epithelial cells such as during 
wound healing and in tumor invasion.34 Chapter 2 provides a detailed review about the 
basement membrane zone, its constituents and their associated skin blistering 
disorder.

Figure 3. Schematic representation of the dermal-epidermal junction with its main 
adhesion units. Molecules or their subunits targeted by genetic mutations are shown in 
color (excluding grey).

Diagnostic algorithm for a ‘cold case’ from our National EB Registry

Clinical analysis

Patients with basal intraepidermal cleavage plane were the largest group in 
the ‘cold case’ population from our national EB registry. At the beginning of 
the research program there were 20 unsolved cases, representing 
approximately 15% of the EBS cohort. The patients were all clinically evaluated 
by the same expert (prof. M.F. Jonkman). Phenotype investigation included: 
age of onset, clinical course, exacerbating factors, detailed clinical pedigree 
and assessment of extracutaneous features (hair, nails, teeth, respiratory, 
gastro-intestinal, cardiologic, genito-urinary and neurologic systems).

Immunofluorescence antigen mapping (IFM) and transmission electron 
microscopy (TEM) studies

Routinely, 4-mm healthy and lesional punch biopsies (naturally occurring or 
artificially induced by the ‘mini skin rub test’*) were stained with monoclonal 
antibodies directed at different epidermal basement membrane components 
to determine protein expression (increased/4+; normal/3+; reduced (ranging 
1+/2+); absent/-), and also to identify the cleavage plane. For TEM studies 2 
mm punch biopsies were obtained from both healthy and lesional skin. Special 
attention was paid to features such as: level of cleavage, characterization of 
hemidesmosomes, aspect of intermediate filaments, distribution of cell 
organelles and presence of intracellular vesicles. IFM and TEM were executed 
as previously reported.35,36

*For instructions please visit: YouTube. (2017). Mini skin rub test. Online:
https://www.youtube.com/watch?v=fz8nW3z51Gw

Genetic analysis

Standard Sanger sequencing of most probable candidate genes revealed no 
genetic variants in known EB genes. Following, we applied our diagnostic 
next generation sequencing gene panel test consisting of a comprehensive 
set of 33 genes associated with /or mimicking EB. The EB panel includes the 
following genes: ATP2C1, CD151, CDSN, COL17A1, COL7A1, CSTA, DSP, DST, 
EXPH5, GJB6, FERMT1, ITGA3, ITGA6, ITGB4, JUP, KRT1, KRT10, KRT14, 
KRT16, KRT17, KRT5, KRT6A, KRT6B, KRT6C, KRT9, LAMA3, LAMB3, LAMC2, 
PKP1, PLEC, SPINK5, TGM5 and WNT10A.The test is based on targeted 
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age of onset, clinical course, exacerbating factors, detailed clinical pedigree 
and assessment of extracutaneous features (hair, nails, teeth, respiratory, 
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Immunofluorescence antigen mapping (IFM) and transmission electron 
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Routinely, 4-mm healthy and lesional punch biopsies (naturally occurring or 
artificially induced by the ‘mini skin rub test’*) were stained with monoclonal 
antibodies directed at different epidermal basement membrane components 
to determine protein expression (increased/4+; normal/3+; reduced (ranging 
1+/2+); absent/-), and also to identify the cleavage plane. For TEM studies 2 
mm punch biopsies were obtained from both healthy and lesional skin. Special 
attention was paid to features such as: level of cleavage, characterization of 
hemidesmosomes, aspect of intermediate filaments, distribution of cell 
organelles and presence of intracellular vesicles. IFM and TEM were executed 
as previously reported.35,36

*For instructions please visit: YouTube. (2017). Mini skin rub test. Online:
https://www.youtube.com/watch?v=fz8nW3z51Gw
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Standard Sanger sequencing of most probable candidate genes revealed no 
genetic variants in known EB genes. Following, we applied our diagnostic 
next generation sequencing gene panel test consisting of a comprehensive 
set of 33 genes associated with /or mimicking EB. The EB panel includes the 
following genes: ATP2C1, CD151, CDSN, COL17A1, COL7A1, CSTA, DSP, DST, 
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SureSelect enrichment (Agilent Technologies Inc., Santa Clara, CA USA) and 
subsequent sequencing on a MiSeq sequencer (Illumina Inc., San Diego, CA, 
USA). Such a technique provides the advantage of analyzing in parallel all the 
EB genes with a single test. The obtained results were compared to known 
variants in the Genome of the Netherlands (Genome of the Netherlands 
Consortium, 2014), 1000 genomes 
(http://www.internationalgenome.org/1000-genomes-browsers/), and the 
ExAc Browser databases (http://exac.broadinstitute.org/). Finally, the found 
mutations were confirmed by Sanger sequencing.

Aims and outline of the thesis

The aim of current thesis was to characterize remarkable phenotypes of epidermolysis 
bullosa and identify the underlying genetic mutation in the unsolved cases in our 
national EB Registry. In chapter 2 we provide an introductory scientific review on the 
latest knowledge about blistering diseases related to the dermal-epidermal junction 
which gives a platform for deeper understanding of the proteins involved in EB.
Chapter 3 illustrates a family were heterozygosity for a novel missense mutation in the 
ITGB4 gene resulted in an autosomal dominant epidermolysis bullosa. This represents, 
to our knowledge, the first dominant phenotype related to an ITGB4 mutation. Also, 
we propose a hypothesis as to why we consider the heterozygous ITGB4 mutation to 
be pathogenic. In chapter 4 we describe an EBS case with a remarkable Mottled 
Pigmentation (MP) phenotype in association with autosomal recessive EXPH5
mutations. By means of electron microscopy studies we propose a hypothesis behind 
the etiology of pigmentary changes in our patient. Chapter 5 reports another unusual 
EB phenotype (intermediate generalized with prurigo papules) caused by a distal 
truncation of the BPAG1-e protein. To our knowledge, this is the first case in the 
literature with such an extent of skin involvement related to DST mutations. In chapter 
6 we present semi-dominant, pseudo-dominant and autosomal recessive heritability 
for the DST gene in a Dutch pedigree and suggest that PLEC might function as a genetic 
modifier for DST. Finally, in chapter 7 we concentrated on the analysis of lamina lucida 
cleavage pattern in junctional epidermolysis bullosa (JEB), a subtype of EB. The insights 
aim to facilitate the diagnosis of EB through faster identification of the candidate gene.
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6 we present semi-dominant, pseudo-dominant and autosomal recessive heritability 
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modifier for DST. Finally, in chapter 7 we concentrated on the analysis of lamina lucida 
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Abstract

The hemidesmosome is a specialized, transmembrane complex that mediates the 
binding of epithelial cells to the underlying basement membrane. In the skin, this 
multiprotein structure may be regarded as the chief adhesion unit at the site of dermal-
epidermal junction. Focal adhesions are additional specialized attachment structures 
located between hemidesmosomes. The integrity of the skin relies on well-assembled 
and functional hemidesmosomes, and on focal adhesions. However, if these adhesion 
structures are impaired, e.g., because of circulating autoantibodies, or inherited 
genetic mutations, the mechanical strength of the skin is compromised, leading to 
blistering and/or tissue inflammation. A particular clinical presentation will emerge 
subject to which molecule is targeted. All these junctional complexes and are not 
simply compounds of adhesion molecules, they also play a significant role in signalling 
pathways involved in the differentiation and migration of epithelial cells such as during 
wound healing, and in tumour invasion. In the following, we will summarize our current 
knowledge about hereditary and acquired blistering diseases emerging from 
pathologies of the hemidesmosome and its neighbouring proteins, components of the 
dermal-epidermal junction.

Introduction

The attachment of epithelial cells to the underlying basement membrane is of crucial 
importance for maintaining tissue structure and integrity. Hemidesmosomes are 
specialized multiprotein, junctional complexes that play a pivotal role in this 
attachment in stratified and other complex epithelia, e.g., in the skin, parts of 
respiratory and gastrointestinal tract, cornea, and the amnion.1-3 The name of 
hemidesmosome derives from its appearance in the electron microscope as half 
desmosome, an epithelial intercellular adhesion. Both the desmosome and the 
hemidesmosome have similar multilayered electron-dense cytoplasmic plaques for 
keratin bundles attachment. Regardless of their seeming resemblance, their 
components are rather different. The structural composition of hemidesmosomes is 
relatively well defined. They contain at least the following proteins: plectin, 230 kDa-
bullous pemphigoid antigen (also known as BPAG1, BP230), integrin α6β4, type XVII 
collagen (also known as BPAG2, BP180), and a tetraspanin protein termed CD151 (Fig. 
1).4-7 The hemidesmosomal cytoplasmic plaque contains plectin and BP230. These 
proteins mediate the attachment of keratin intermediate filaments to the 
hemidesmosomes. There are two hemidesmosomal transmembrane proteins: integrin 
α6β4 and type XVII collagen. They connect through their extracellular domains with 

laminin 332 in fine thread-like filaments, thus providing cell anchorage to the basement 
membrane.2,8 The epidermal basement membrane consists of lamina lucida and lamina 
densa and is mainly composed of two independent but physically connected laminin 
and type IV collagen networks, linked by perlecan-containing aggregates. Nidogens 1 
and 2 are integral parts of both networks and modulate their surfaces.9 Finally,        
semicircular anchoring fibrils, consisting of type VII collagen, attach the basement 
membrane to the papillary dermal connective tissue.1,10 Pathologies in any of the 
major components of the hemidesmosome or the dermal-epidermal junction may 
result in disruption of skin integrity. Several hemidesmosome- and junction-associated 
molecules have been identified as targets in hereditary bullous skin diseases or as 
autoantigens in autoimmune bullous skin diseases. This review provides an outline of 
our current knowledge on the hereditary and acquired blistering skin diseases of the 
hemidesmosome and other components of the dermal-epidermal junction. For a 
summary of relevant disorders see Table 1.

1. Inherited skin disorders of dermal-epidermal junction complex

Mutations in genes coding for proteins involved in the composition of the 
hemidesmosome and its associated filaments, as well as components of the focal 
adhesion units cause certain types of epidermolysis bullosa (EB). EB comprises a group 
of hereditary mechanobullous diseases, characterized by fragility of skin and mucous 
membranes. As the knowledge in the molecular background of EB increased, and 
research and diagnostic techniques improved, a classification system was developed. 
Through the years, the EB classification was further extended and adjusted according 
to new insights. The latest consensus meeting, held in London, in June 2013, lead to 
the publication of an updated classification of EB subtypes.11 There are 4 major EB 
types based on the level of tissue cleavage: EB simplex (EBS), junctional EB (JEB), 
dystrophic EB (DEB), and Kindler syndrome (KS). EBS is characterized by intra-
epidermal tissue cleavage and is further subdivided in suprabasal and basal EBS, with 
separation above and in the basal keratinocytes, respectively. In JEB the blister 
formation takes place in the lamina lucida and in DEB within the sublamina densa 
region of the upper papillary dermis. Finally, a mixed cleavage plane characterizes KS. 
The major EB types enclose a total of 29 minor subtypes, involving 18 different 
genes.11 Following is a review of the dermal-epidermal junction molecules targeted in 
EB, with the hemidesmosome as the focal point.
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simply compounds of adhesion molecules, they also play a significant role in signalling 
pathways involved in the differentiation and migration of epithelial cells such as during 
wound healing, and in tumour invasion. In the following, we will summarize our current 
knowledge about hereditary and acquired blistering diseases emerging from 
pathologies of the hemidesmosome and its neighbouring proteins, components of the 
dermal-epidermal junction.

Introduction

The attachment of epithelial cells to the underlying basement membrane is of crucial 
importance for maintaining tissue structure and integrity. Hemidesmosomes are 
specialized multiprotein, junctional complexes that play a pivotal role in this 
attachment in stratified and other complex epithelia, e.g., in the skin, parts of 
respiratory and gastrointestinal tract, cornea, and the amnion.1-3 The name of 
hemidesmosome derives from its appearance in the electron microscope as half 
desmosome, an epithelial intercellular adhesion. Both the desmosome and the 
hemidesmosome have similar multilayered electron-dense cytoplasmic plaques for 
keratin bundles attachment. Regardless of their seeming resemblance, their 
components are rather different. The structural composition of hemidesmosomes is 
relatively well defined. They contain at least the following proteins: plectin, 230 kDa-
bullous pemphigoid antigen (also known as BPAG1, BP230), integrin α6β4, type XVII 
collagen (also known as BPAG2, BP180), and a tetraspanin protein termed CD151 (Fig. 
1).4-7 The hemidesmosomal cytoplasmic plaque contains plectin and BP230. These 
proteins mediate the attachment of keratin intermediate filaments to the 
hemidesmosomes. There are two hemidesmosomal transmembrane proteins: integrin 
α6β4 and type XVII collagen. They connect through their extracellular domains with 

laminin 332 in fine thread-like filaments, thus providing cell anchorage to the basement 
membrane.2,8 The epidermal basement membrane consists of lamina lucida and lamina 
densa and is mainly composed of two independent but physically connected laminin 
and type IV collagen networks, linked by perlecan-containing aggregates. Nidogens 1 
and 2 are integral parts of both networks and modulate their surfaces.9 Finally,        
semicircular anchoring fibrils, consisting of type VII collagen, attach the basement 
membrane to the papillary dermal connective tissue.1,10 Pathologies in any of the 
major components of the hemidesmosome or the dermal-epidermal junction may 
result in disruption of skin integrity. Several hemidesmosome- and junction-associated 
molecules have been identified as targets in hereditary bullous skin diseases or as 
autoantigens in autoimmune bullous skin diseases. This review provides an outline of 
our current knowledge on the hereditary and acquired blistering skin diseases of the 
hemidesmosome and other components of the dermal-epidermal junction. For a 
summary of relevant disorders see Table 1.

1. Inherited skin disorders of dermal-epidermal junction complex

Mutations in genes coding for proteins involved in the composition of the 
hemidesmosome and its associated filaments, as well as components of the focal 
adhesion units cause certain types of epidermolysis bullosa (EB). EB comprises a group 
of hereditary mechanobullous diseases, characterized by fragility of skin and mucous 
membranes. As the knowledge in the molecular background of EB increased, and 
research and diagnostic techniques improved, a classification system was developed. 
Through the years, the EB classification was further extended and adjusted according 
to new insights. The latest consensus meeting, held in London, in June 2013, lead to 
the publication of an updated classification of EB subtypes.11 There are 4 major EB 
types based on the level of tissue cleavage: EB simplex (EBS), junctional EB (JEB), 
dystrophic EB (DEB), and Kindler syndrome (KS). EBS is characterized by intra-
epidermal tissue cleavage and is further subdivided in suprabasal and basal EBS, with 
separation above and in the basal keratinocytes, respectively. In JEB the blister 
formation takes place in the lamina lucida and in DEB within the sublamina densa 
region of the upper papillary dermis. Finally, a mixed cleavage plane characterizes KS. 
The major EB types enclose a total of 29 minor subtypes, involving 18 different 
genes.11 Following is a review of the dermal-epidermal junction molecules targeted in 
EB, with the hemidesmosome as the focal point.
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Keratins 5 and 14

The intermediate filament (IF) cytoskeleton provides structural stability and 
mechanical resilience to the basal keratinocytes both through the formation of a cell 
scaffold, and their connection to desmosomes and hemidesmosomes. The term 
intermediate derives from the relative size (10 nm in diameter) of these filaments, 
which is between microfilaments (6 nm) and microtubules (23 nm).12 They are 
composed of acidic type I keratin (such as keratin 14 (K14)) and basic type II keratin 
(such as keratin 5 (K5)). The molecular organization of K5 and K14 is a highly conserved 
three-elemental structure, which includes a central α-helical coiled-coil rod domain 
and the bordering non α-helical globular N- and C-termini, respectively. These keratins 
organize in obligate, parallel, coiled-coil heterodimers, via their central rod domains, 
thus providing basic building blocks for further assembly.13 Mutations in genes coding 
for K5 (KRT5) and K14 (KRT14) interfere with the proper assembly of the tonofilament 
cytoskeleton and the connection of IFs to desmosomes and hemidesmosomes. 
However, other processes, such as protein turnover and signalling functions may also 
be disrupted, thus contributing to the pathophysiology in EB.14 Mutations in K5 and 14 
account for 70-75% of patients with basal EBS.15-17 This disease is predominantly
inherited in a dominant autosomal manner. Missense mutations and small in-frame 
deletions or insertions in the KRT5 and KRT14 genes are the most common mutations, 
having a dominant negative effect and causing disruption of the basal keratinocytes. 
The resultant phenotype may vary significantly, ranging from mild localized acral skin 
fragility to severe generalized blistering. To some extent, there is a correlation between 
the location of the mutation and the resultant phenotype. As mentioned above, the 
central rod domains of keratins are involved in the assembly of coiled-coil keratin 
heterodimers, the building blocks of IF. The helix boundary motifs at the N- and C-
termini of the rod domain play a significant role in initiating this process. This explains 
why mutations affecting the helix boundary motifs (HBM) tend to associate with the 
most severe phenotype, EBS generalized severe, formerly known as Dowling-
Meara.18,19 This EB subtype presents with neonatal generalized circinary or herpetiform 
grouped blisters, mucosal membranes are frequently involved. Subungual blistering 
leads to onycholysis and later on, these patients develop palmo-plantar keratoderma 
(PPK). Nevertheless, certain missense mutations in HBMs of KRT5 gene produced 
milder, EBS localized phenotypes.20 Mutations in the central part of the rod domain 
and in the linker domains present with a milder phenotype, such as EBS, localized (EBS-
loc), former EBS Weber-Cockayne, or EBS generalized intermediate (EBS-gen 
intermed), formerly known as EBS Koebner. EBS-loc is the mildest form and manifests 
mainly by acral blistering starting in infancy or early childhood. EBS-gen intermed is 

defined by acral blistering but also significant generalized skin fragility from birth. 
When mutations occur in the non α-helical globular head and tail domains of K5 and 
K14 they may lead to a clinical picture characterized by pigmentary disturbances 
and/or inflammatory features. This phenomenon is well exemplified in the rare EBS 
migratory circinate (EBS-migr) and EBS with mottled pigmentation (EBS-MP) subtypes, 
but also in the following disorders: dermatopathia pigmentosa reticularis (DPR), 
Naegeli-Franceschetti-Jadassohn syndrome and Dowling-Degos disease (DDD).17,21,22

Autosomal recessive EBS (EBS-AR) cases caused by missense and nonsense/frameshift 
mutations in KRT14 have also been reported in the literature, however, these are rare 
entities.23-26

Plectin

Plectin is a large protein of the plakin family with a molecular mass over 500 kDa. 
Structurally, this polypeptide consists of a central coiled-coil rod domain with a 
globular N-terminal head domain and a C-terminal tail domain at each end, 
respectively.27-29 The globular N-terminus includes binding sites for the cytoplasmic 
region of integrin β4, BP180, and actin filaments, whereas the globular C-terminus 
connects to keratin filaments. Also, plectin associates with BP230 in attaching IFs to 
the plasma membrane of the basal keratinocytes at the site of the hemidesmosome.30

Plectin, through its many tissue specific isoforms, is found among different mammalian 
cell types. It is extensively distributed in the stratified squamous epithelia, skeletal and 
cardiac muscle, and nerve tissue. In skin, its major function is to provide mechanical 
reinforcement by means of connecting the cytoskeleton to the desmosomes, 
hemidesmosomes, focal adhesions and cell organelles. In addition, plectin plays a role 
in signaling pathways involved in cell migration,31 e.g., plectin-null keratinocytes 
migrate faster than their wild-type equivalents.30 Plectin-knockout mice exhibit 
extensive skin fragility, but also cardiac and muscular deficits, all resulting in death 2-3 
days after birth. Their skin contained hemidesmosomes with a normal structure, but 
they were reduced in number.32 Plectin deficiency in human, plectinopathies, may 
affect skin, muscle, nerve, heart, gut and mucous membranes.33 Plectin gene defects 
lead to various forms of epidermolysis bullosa simplex.34 Autosomal recessive 
mutations in the plectin gene (PLEC) causes subtypes of EBS associated with muscular 
dystrophy (EBS-MD), or pyloric atresia (EBS-PA). A different EBS subtype associated 
with plectin mutations is EBS-Ogna (EBS-Og); its inheritance is autosomal dominant. 
Dominant plectin mutations underlie epidermolysis bullosa simplex in 8% of patients.35

Generally, EBS-MD is associated with mutations in the central rod domain of plectin. 
Muscle dystrophy, when plectin deficiency disrupts the connection of the muscle cell 
cytoskeleton to the sarcolemma, presents several years after birth, but may manifest 
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which is between microfilaments (6 nm) and microtubules (23 nm).12 They are 
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(such as keratin 5 (K5)). The molecular organization of K5 and K14 is a highly conserved 
three-elemental structure, which includes a central α-helical coiled-coil rod domain 
and the bordering non α-helical globular N- and C-termini, respectively. These keratins 
organize in obligate, parallel, coiled-coil heterodimers, via their central rod domains, 
thus providing basic building blocks for further assembly.13 Mutations in genes coding 
for K5 (KRT5) and K14 (KRT14) interfere with the proper assembly of the tonofilament 
cytoskeleton and the connection of IFs to desmosomes and hemidesmosomes. 
However, other processes, such as protein turnover and signalling functions may also 
be disrupted, thus contributing to the pathophysiology in EB.14 Mutations in K5 and 14 
account for 70-75% of patients with basal EBS.15-17 This disease is predominantly
inherited in a dominant autosomal manner. Missense mutations and small in-frame 
deletions or insertions in the KRT5 and KRT14 genes are the most common mutations, 
having a dominant negative effect and causing disruption of the basal keratinocytes. 
The resultant phenotype may vary significantly, ranging from mild localized acral skin 
fragility to severe generalized blistering. To some extent, there is a correlation between 
the location of the mutation and the resultant phenotype. As mentioned above, the 
central rod domains of keratins are involved in the assembly of coiled-coil keratin 
heterodimers, the building blocks of IF. The helix boundary motifs at the N- and C-
termini of the rod domain play a significant role in initiating this process. This explains 
why mutations affecting the helix boundary motifs (HBM) tend to associate with the 
most severe phenotype, EBS generalized severe, formerly known as Dowling-
Meara.18,19 This EB subtype presents with neonatal generalized circinary or herpetiform 
grouped blisters, mucosal membranes are frequently involved. Subungual blistering 
leads to onycholysis and later on, these patients develop palmo-plantar keratoderma 
(PPK). Nevertheless, certain missense mutations in HBMs of KRT5 gene produced 
milder, EBS localized phenotypes.20 Mutations in the central part of the rod domain 
and in the linker domains present with a milder phenotype, such as EBS, localized (EBS-
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intermed), formerly known as EBS Koebner. EBS-loc is the mildest form and manifests 
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and/or inflammatory features. This phenomenon is well exemplified in the rare EBS 
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but also in the following disorders: dermatopathia pigmentosa reticularis (DPR), 
Naegeli-Franceschetti-Jadassohn syndrome and Dowling-Degos disease (DDD).17,21,22
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mutations in KRT14 have also been reported in the literature, however, these are rare 
entities.23-26
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Structurally, this polypeptide consists of a central coiled-coil rod domain with a 
globular N-terminal head domain and a C-terminal tail domain at each end, 
respectively.27-29 The globular N-terminus includes binding sites for the cytoplasmic 
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connects to keratin filaments. Also, plectin associates with BP230 in attaching IFs to 
the plasma membrane of the basal keratinocytes at the site of the hemidesmosome.30

Plectin, through its many tissue specific isoforms, is found among different mammalian 
cell types. It is extensively distributed in the stratified squamous epithelia, skeletal and 
cardiac muscle, and nerve tissue. In skin, its major function is to provide mechanical 
reinforcement by means of connecting the cytoskeleton to the desmosomes, 
hemidesmosomes, focal adhesions and cell organelles. In addition, plectin plays a role 
in signaling pathways involved in cell migration,31 e.g., plectin-null keratinocytes 
migrate faster than their wild-type equivalents.30 Plectin-knockout mice exhibit 
extensive skin fragility, but also cardiac and muscular deficits, all resulting in death 2-3 
days after birth. Their skin contained hemidesmosomes with a normal structure, but 
they were reduced in number.32 Plectin deficiency in human, plectinopathies, may 
affect skin, muscle, nerve, heart, gut and mucous membranes.33 Plectin gene defects 
lead to various forms of epidermolysis bullosa simplex.34 Autosomal recessive 
mutations in the plectin gene (PLEC) causes subtypes of EBS associated with muscular 
dystrophy (EBS-MD), or pyloric atresia (EBS-PA). A different EBS subtype associated 
with plectin mutations is EBS-Ogna (EBS-Og); its inheritance is autosomal dominant. 
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as late as 30 years of age.36 EBS-PA is associated with mutations in the distal domains 
of plectin and usually results in fatality.37 EBS-Og is characterized by mainly acral 
involvement, bruising tendency, mild blistering and erosions healing with violaceous 
macules. Tooth pitting and mild focal palmo-plantar keratoderma may be additional 
features. Muscular dystrophy is not part of its clinical picture.38 The cleavage plane for 
these diseases is very low intraepidermal (‘pseudojunctional’), in close proximity to the 
plasma membrane of the basal keratinocytes. 

BP 230

BP 230 (BPAG1-e), like plectin is also a member of the plakin family and involved in the 
organization of the cytoskeleton and the linkage of IFs to the plasma membrane at the 
site of hemidesmosome.27,39 This protein was originally discovered as one of the 
antigens targeted by autoantibodies in serum of patients with bullous pemphigoid.40,41

Structurally, BP230 is composed of central coiled-coil rod domain and flanking N- and 
C-termini. The N-terminal is involved in the integration of BP230 into the 
hemidesmosomes and has binding sites for BP180 and β4 integrin, whereas the C-
terminus provides regions for attachment to intermediate keratin filaments. The 
recruitment of BP230 into hemidesmosome depends on the availability of BP180.27,42,43

Dystonin (DST) gene, by means of alternative splicing, generates several tissue specific 
isoforms (BPAG1-e, BPAG1-a, BPAG1-b) which are variably expressed in the skin, 
central nervous system and muscle tissue, correspondingly.44 Important insights in 
BP230 function came from the development of mice where this respective protein was 
ablated. Their clinical phenotype was characterized by mechanical fragility of the skin 
and, interestingly, dystonia musculatorum which, in fact, might be well explained by 
the neuronal isoform of dystonin (DST) gene.45 The hemidesmosomes of DST-knockout 
animals lacked the inner plaque and had, strikingly, no IFs attached to them. 
Nevertheless, this aspect had not influenced the linkage of hemidesmosome to the 
extracellular matrix and the rest of its components had normal structure.45-47 In 
humans, not until recently two unrelated cases with autosomal recessive EB simplex 
due to homozygous nonsense mutations within the coiled-coil rod domain of BP230 
(BPAG1-e, epithelial isoform) were reported. The immuno-histochemical analysis 
revealed a complete deficiency of BP230, and ultrastructurally an absence of the 
hemidesmosomal inner plaques was noted. The clinical phenotype of the affected 
individuals was characterized by generalized skin fragility and also mild, mainly acral 
skin blistering. Only one of the cases had additional neurological symptoms including: 
headaches, collapse, numbness and weakness. It is, however, not possible to ascertain 
that those symptoms are due to DST mutation since the subject had additional NOTCH3
gene pathology.48,49 Neurological features were clearly part of the clinical picture when 

selective muscle and nerve tissue isoforms (BPAG1-b, BPAG1-a) were affected in 
another case. The patient had severe motor and mental delay, tracheo-oesophageal 
atresia, but no skin involvement.50

Integrin α6β4

The integrin α6β4 is a transmembrane polypeptide located at the core of the 
hemidesmosomes. Its primary functions are to link the intracellular hemidesmosomal 
plaque to the extracellular matrix. Additionally, it plays an important role in initiating 
signaling pathways involved in cell migration, differentiation and survival.51 These 
heterodimers are primarily found in stratified squamous and transitional epithelia, e.g. 
skin, mucous membranes, gastro-intestinal and urinary tract. Structurally, β4 integrin 
subunit has an unusually large intracellular domain that interacts with the cytoplasmic 
domain of BP180 and provides linkage to the keratin filaments via plectin and
BP230.8,51 The extracellular domain of α6 and β4 subunits provide binding sites to 
different laminin isoforms, including laminin 332.52 Ultrastructurally, when the β4 
integrin subunit was absent, the hemidesmosomes were rudimentary, reduced in 
number, lacking a sub-basal plaque and often also the inner hemidesmosomal 
plaque.53Mutations in ITGA6 and ITGB4 genes encoding the respective subunit 
polypeptides of α6β4 integrin have been associated with EBS/JEB with pyloric atresia 
(PA) 54-56 and JEB, localized.57,58 ITGB4 mutations are more common than ITGA6
mutations, nonetheless they all inherit in an autosomal recessive manner.54,56 The 
affected individuals present with a variety of phenotypes ranging from early death to 
mild skin fragility and nail dystrophy. Additional features, such as pyloric atresia and 
urinary tract involvement might be present; they are, however, not mandatory. In the
lethal JEB with pyloric atresia (JEB-PA) the immunofluorescent staining of integrin α6β4 
is substantially reduced or absent. Such severe cases usually result from premature 
termination codons or mutations affecting highly conserved amino acids.59,60 JEB-PA 
may present with congenital absence of skin (aplasia cutis congenita), particularly in 
the lower extremities (Fig. 2d), this feature is, however, not discriminatory from other 
subtypes of EB.11 The non-lethal phenotype with PA is characterized by mild acral and 
perioral blistering, enamel pitting and nail dystrophy.61 Finally, cases with milder 
phenotypes defined by a localized or generalized pattern of blistering, without PA and 
intra epidermal or intra lamina lucida cleavage planes have been reported.57,58,62

28 - 2

518316-sub01-bw-Turcan.indd   28 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 29PDF page: 29PDF page: 29PDF page: 29

as late as 30 years of age.36 EBS-PA is associated with mutations in the distal domains 
of plectin and usually results in fatality.37 EBS-Og is characterized by mainly acral 
involvement, bruising tendency, mild blistering and erosions healing with violaceous 
macules. Tooth pitting and mild focal palmo-plantar keratoderma may be additional 
features. Muscular dystrophy is not part of its clinical picture.38 The cleavage plane for 
these diseases is very low intraepidermal (‘pseudojunctional’), in close proximity to the 
plasma membrane of the basal keratinocytes. 

BP 230

BP 230 (BPAG1-e), like plectin is also a member of the plakin family and involved in the 
organization of the cytoskeleton and the linkage of IFs to the plasma membrane at the 
site of hemidesmosome.27,39 This protein was originally discovered as one of the 
antigens targeted by autoantibodies in serum of patients with bullous pemphigoid.40,41

Structurally, BP230 is composed of central coiled-coil rod domain and flanking N- and 
C-termini. The N-terminal is involved in the integration of BP230 into the 
hemidesmosomes and has binding sites for BP180 and β4 integrin, whereas the C-
terminus provides regions for attachment to intermediate keratin filaments. The 
recruitment of BP230 into hemidesmosome depends on the availability of BP180.27,42,43

Dystonin (DST) gene, by means of alternative splicing, generates several tissue specific 
isoforms (BPAG1-e, BPAG1-a, BPAG1-b) which are variably expressed in the skin, 
central nervous system and muscle tissue, correspondingly.44 Important insights in 
BP230 function came from the development of mice where this respective protein was 
ablated. Their clinical phenotype was characterized by mechanical fragility of the skin 
and, interestingly, dystonia musculatorum which, in fact, might be well explained by 
the neuronal isoform of dystonin (DST) gene.45 The hemidesmosomes of DST-knockout 
animals lacked the inner plaque and had, strikingly, no IFs attached to them. 
Nevertheless, this aspect had not influenced the linkage of hemidesmosome to the 
extracellular matrix and the rest of its components had normal structure.45-47 In 
humans, not until recently two unrelated cases with autosomal recessive EB simplex 
due to homozygous nonsense mutations within the coiled-coil rod domain of BP230 
(BPAG1-e, epithelial isoform) were reported. The immuno-histochemical analysis 
revealed a complete deficiency of BP230, and ultrastructurally an absence of the 
hemidesmosomal inner plaques was noted. The clinical phenotype of the affected 
individuals was characterized by generalized skin fragility and also mild, mainly acral 
skin blistering. Only one of the cases had additional neurological symptoms including: 
headaches, collapse, numbness and weakness. It is, however, not possible to ascertain 
that those symptoms are due to DST mutation since the subject had additional NOTCH3
gene pathology.48,49 Neurological features were clearly part of the clinical picture when 

selective muscle and nerve tissue isoforms (BPAG1-b, BPAG1-a) were affected in 
another case. The patient had severe motor and mental delay, tracheo-oesophageal 
atresia, but no skin involvement.50

Integrin α6β4

The integrin α6β4 is a transmembrane polypeptide located at the core of the 
hemidesmosomes. Its primary functions are to link the intracellular hemidesmosomal 
plaque to the extracellular matrix. Additionally, it plays an important role in initiating 
signaling pathways involved in cell migration, differentiation and survival.51 These 
heterodimers are primarily found in stratified squamous and transitional epithelia, e.g. 
skin, mucous membranes, gastro-intestinal and urinary tract. Structurally, β4 integrin 
subunit has an unusually large intracellular domain that interacts with the cytoplasmic 
domain of BP180 and provides linkage to the keratin filaments via plectin and
BP230.8,51 The extracellular domain of α6 and β4 subunits provide binding sites to 
different laminin isoforms, including laminin 332.52 Ultrastructurally, when the β4 
integrin subunit was absent, the hemidesmosomes were rudimentary, reduced in 
number, lacking a sub-basal plaque and often also the inner hemidesmosomal 
plaque.53Mutations in ITGA6 and ITGB4 genes encoding the respective subunit 
polypeptides of α6β4 integrin have been associated with EBS/JEB with pyloric atresia 
(PA) 54-56 and JEB, localized.57,58 ITGB4 mutations are more common than ITGA6
mutations, nonetheless they all inherit in an autosomal recessive manner.54,56 The 
affected individuals present with a variety of phenotypes ranging from early death to 
mild skin fragility and nail dystrophy. Additional features, such as pyloric atresia and 
urinary tract involvement might be present; they are, however, not mandatory. In the
lethal JEB with pyloric atresia (JEB-PA) the immunofluorescent staining of integrin α6β4 
is substantially reduced or absent. Such severe cases usually result from premature 
termination codons or mutations affecting highly conserved amino acids.59,60 JEB-PA 
may present with congenital absence of skin (aplasia cutis congenita), particularly in 
the lower extremities (Fig. 2d), this feature is, however, not discriminatory from other 
subtypes of EB.11 The non-lethal phenotype with PA is characterized by mild acral and 
perioral blistering, enamel pitting and nail dystrophy.61 Finally, cases with milder 
phenotypes defined by a localized or generalized pattern of blistering, without PA and 
intra epidermal or intra lamina lucida cleavage planes have been reported.57,58,62
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Integrin α3β1

Focal adhesions, also known as focal contacts, are structures between 
hemidesmosomes at the site of basal membrane zone and basal keratinocytes. They 
recruit integrin α1β3 into their constitution and function as adhesion devices for the 
actin cytoskeleton.63 Their molecular complexity is considerably higher than that of the 
hemidesmosomes. More than 100 proteins are involved in their composition, 
suggesting an extensive functional diversity.64 Initially, they were thought to play an 
insignificant role in the attachment of keratinocytes to the BMZ, and rather function as 
regulators of cell migration and cell-extracellular matrix signaling.65 However, 
interesting insights were born when integrin α3 ablated mice were developed. Lack of 
this integrin subunit resulted in neonatal death, possibly due to lung and kidneys 
defects,66 and in addition, these mice developed acral skin blistering.63 It was not until 
very recently that mutations in integrin α3 have been linked to disease in humans. 
Three patients were described with homozygous mutations in ITGA3 gene. They 
presented with a multiorgan disorder consisting of congenital nephrotic syndrome, 
interstitial lung disease, and skin blistering. The pulmonary and renal symptoms were 
the most prominent, and respiratory distress lead to death of the affected individuals. 
The skin fragility presented the clue to the diagnosis, even though it was mild.67 This 
subtype of EB is categorized as JEB with respiratory and renal involvement (JEB-RR).11

BP180 (type XVII collagen)

The 180-kDa bullous pemphigoid antigen (BP 180) is a transmembrane glycoprotein 
expressed in skin, mucosa, teeth, central nervous tissue, cornea, placenta, umbilical 
cord and transitional epithelium of the bladder.68,69 Its intracellular domain contains 
the noncollagenous N-terminal, whereas its extracellular domain has a triple helical 
conformation and includes 15 collagenous repeats, hence the term type XVII 
collagen.70-72 The extracellular domain crosses lamina lucida and reaches its binding 
partner, laminin 332 in the lamina densa of basement membrane, through its C-
terminal.73,74 The intracellular domain has regions that interact with α6β4 integrin and 
plectin,13,42,75 and plays a crucial role in integrating BP230 into the hemidesmosome.76

BP180 has great functional value in maintaining the integrity of dermal-epidermal 
junction. This fact was demonstrated when individuals with mutations in BP180 gene 
(COL17A1) developed subtypes of junctional epidermolysis bullosa.77,78,78,79

Ultrastructurally, their skin contained rudimentary hemidesmosomes with under-
developed cytoplasmic plaques and received less IFs comparing to healthy controls. 
That lead to a frail attachment of basal keratinocytes to the basement membrane and 
development of blisters. The cleavage plane of such disorder is within lamina lucida.77,78

Nevertheless, there has been a report in the literature, where deletion of the 
cytoplasmic domain of type XVII collagen lead to both intraepidermal and junctional 
cleavage planes and the phenotype had predominant features of EBS.80 Also, mutations 
in the ectodomain of type XVII collagen lead to an intraepidermal cleavage plane and 
EBS phenotype in another report.81 According to the latest consensus, disorders caused
by type XVII collagen mutations include: JEB, generalized intermediate (JEB-gen 
intermed) former GABEB, generalized atrophic benign epidermolysis bullosa; JEB, 
localized (JEB-loc); and JEB, late onset (JEB-LO). Skin biopsies of the affected individuals 
generally exhibit an absent or reduced staining for type XVII collagen, except in JEB-LO 
where the staining may be positive but with abnormal pattern (broadened BMZ).11,82

Additionally, mutations in COL17A1 result in reduction or loss of the apical-lateral 
staining of basal keratinocytes. This occurrence is evident even prior to a reduction in 
staining of the BMZ.83 The clinical phenotype of JEB-gen intermed patients is 
characterized by generalized blistering, sparse primary (Fig. 2a) and absent secondary 
hair, corneal scarring, whereas patients with JEB-loc have blistering mostly restricted 
to face and acrae, mild or absent nail dystrophy, their secondary hair is sparse, and 
primary hair is normal. Remarkably, they all have enamel pitting (Fig. 2b).77,78,83 This 
disease might be complicated by the development of squamous cell carcinoma and 
influence longevity.84,85 JEB-LO is caused by the missense mutation p.R1303Q in type 
XVII collagen. The affected individuals present with late-onset skin blistering, 
progressive skin atrophy with scarring, loss of dermatoglyphs and nail abnormalities. 
In some patients enamel pitting or carious teeth were reported, but no alopecia 
beyond the androgenetic type.82,86-88

CD151

CD151 is a member of the tetraspan superfamily of cell membrane proteins. This 
molecule is expressed in epithelia, endothelia, muscle cells, renal glomeruli, Schwann 
and dendritic cells, but also in platelets and megakaryocytes.89,90 In human skin, it co-
distributes with α3β1 integrin in the focal adhesions and with α6β4 integrin in the 
hemidesmosomes. CD151 is believed to play a role in the organization and stability of 
hemidesmosomes by facilitating the formation of stable laminin-binding complexes 
with integrin α6β4, as well as being involved in cellular signaling.6,91 In humans, a 
homozygous nonsense mutation in CD151 in two siblings resulted in hereditary 
nephropathy, sensorineural deafness and pretibial epidermolysis bullosa.92 This single 
report awaits, however, more rigorous confirmation before it can be accepted as a 
separate EB subtype, mainly because recessive dystrophic epidermolysis bullosa 
pretibial (RDEB-pt) is also a possibility.11 The clinical phenotype of CD151 deficient mice 
is thus far inconclusive. In one report, CD151-null mice were normal, healthy and fertile 
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Integrin α3β1

Focal adhesions, also known as focal contacts, are structures between 
hemidesmosomes at the site of basal membrane zone and basal keratinocytes. They 
recruit integrin α1β3 into their constitution and function as adhesion devices for the 
actin cytoskeleton.63 Their molecular complexity is considerably higher than that of the 
hemidesmosomes. More than 100 proteins are involved in their composition, 
suggesting an extensive functional diversity.64 Initially, they were thought to play an 
insignificant role in the attachment of keratinocytes to the BMZ, and rather function as 
regulators of cell migration and cell-extracellular matrix signaling.65 However, 
interesting insights were born when integrin α3 ablated mice were developed. Lack of 
this integrin subunit resulted in neonatal death, possibly due to lung and kidneys 
defects,66 and in addition, these mice developed acral skin blistering.63 It was not until 
very recently that mutations in integrin α3 have been linked to disease in humans. 
Three patients were described with homozygous mutations in ITGA3 gene. They 
presented with a multiorgan disorder consisting of congenital nephrotic syndrome, 
interstitial lung disease, and skin blistering. The pulmonary and renal symptoms were 
the most prominent, and respiratory distress lead to death of the affected individuals. 
The skin fragility presented the clue to the diagnosis, even though it was mild.67 This 
subtype of EB is categorized as JEB with respiratory and renal involvement (JEB-RR).11

BP180 (type XVII collagen)

The 180-kDa bullous pemphigoid antigen (BP 180) is a transmembrane glycoprotein 
expressed in skin, mucosa, teeth, central nervous tissue, cornea, placenta, umbilical 
cord and transitional epithelium of the bladder.68,69 Its intracellular domain contains 
the noncollagenous N-terminal, whereas its extracellular domain has a triple helical 
conformation and includes 15 collagenous repeats, hence the term type XVII 
collagen.70-72 The extracellular domain crosses lamina lucida and reaches its binding 
partner, laminin 332 in the lamina densa of basement membrane, through its C-
terminal.73,74 The intracellular domain has regions that interact with α6β4 integrin and 
plectin,13,42,75 and plays a crucial role in integrating BP230 into the hemidesmosome.76

BP180 has great functional value in maintaining the integrity of dermal-epidermal 
junction. This fact was demonstrated when individuals with mutations in BP180 gene 
(COL17A1) developed subtypes of junctional epidermolysis bullosa.77,78,78,79

Ultrastructurally, their skin contained rudimentary hemidesmosomes with under-
developed cytoplasmic plaques and received less IFs comparing to healthy controls. 
That lead to a frail attachment of basal keratinocytes to the basement membrane and 
development of blisters. The cleavage plane of such disorder is within lamina lucida.77,78

Nevertheless, there has been a report in the literature, where deletion of the 
cytoplasmic domain of type XVII collagen lead to both intraepidermal and junctional 
cleavage planes and the phenotype had predominant features of EBS.80 Also, mutations 
in the ectodomain of type XVII collagen lead to an intraepidermal cleavage plane and 
EBS phenotype in another report.81 According to the latest consensus, disorders caused
by type XVII collagen mutations include: JEB, generalized intermediate (JEB-gen 
intermed) former GABEB, generalized atrophic benign epidermolysis bullosa; JEB, 
localized (JEB-loc); and JEB, late onset (JEB-LO). Skin biopsies of the affected individuals 
generally exhibit an absent or reduced staining for type XVII collagen, except in JEB-LO 
where the staining may be positive but with abnormal pattern (broadened BMZ).11,82

Additionally, mutations in COL17A1 result in reduction or loss of the apical-lateral 
staining of basal keratinocytes. This occurrence is evident even prior to a reduction in 
staining of the BMZ.83 The clinical phenotype of JEB-gen intermed patients is 
characterized by generalized blistering, sparse primary (Fig. 2a) and absent secondary 
hair, corneal scarring, whereas patients with JEB-loc have blistering mostly restricted 
to face and acrae, mild or absent nail dystrophy, their secondary hair is sparse, and 
primary hair is normal. Remarkably, they all have enamel pitting (Fig. 2b).77,78,83 This 
disease might be complicated by the development of squamous cell carcinoma and 
influence longevity.84,85 JEB-LO is caused by the missense mutation p.R1303Q in type 
XVII collagen. The affected individuals present with late-onset skin blistering, 
progressive skin atrophy with scarring, loss of dermatoglyphs and nail abnormalities. 
In some patients enamel pitting or carious teeth were reported, but no alopecia 
beyond the androgenetic type.82,86-88

CD151

CD151 is a member of the tetraspan superfamily of cell membrane proteins. This 
molecule is expressed in epithelia, endothelia, muscle cells, renal glomeruli, Schwann 
and dendritic cells, but also in platelets and megakaryocytes.89,90 In human skin, it co-
distributes with α3β1 integrin in the focal adhesions and with α6β4 integrin in the 
hemidesmosomes. CD151 is believed to play a role in the organization and stability of 
hemidesmosomes by facilitating the formation of stable laminin-binding complexes 
with integrin α6β4, as well as being involved in cellular signaling.6,91 In humans, a 
homozygous nonsense mutation in CD151 in two siblings resulted in hereditary 
nephropathy, sensorineural deafness and pretibial epidermolysis bullosa.92 This single 
report awaits, however, more rigorous confirmation before it can be accepted as a 
separate EB subtype, mainly because recessive dystrophic epidermolysis bullosa 
pretibial (RDEB-pt) is also a possibility.11 The clinical phenotype of CD151 deficient mice 
is thus far inconclusive. In one report, CD151-null mice were normal, healthy and fertile 
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with no skin or hemidesmosome pathology,93 whereas another research group 
reported CD151-null mice that had substantial renal disease, including focal 
glomerulosclerosis, disorganization of the glomerular membrane and tubular cystic 
dilatation. Their skin and hearing apparatus were not involved.90

Laminin 332

Laminin 332 is a cross-shaped glycoprotein composed of α3, β3 and γ2 chains encoded 
by LAMA3, LAMB3 and LAMC2 genes, respectively. It is found in different epithelia such 
as stratified squamous, transition, and simple epithelia.94 This heterotrimer is 
assembled in the basal keratinocytes and secreted into the basement membrane 
where it self-organizes into polymer networks.9 Laminin 332 plays an essential role in 
the dermal-epidermal attachment and can be regarded as a bridge between the 
hemidesmosomal proteins (α6β4 integrin and type XVII collagen) and the anchoring 
fibrils on the dermal side, consisting of type VII collagen.95 In addition, laminin 332 
modulates cell behaviour by participating in signaling via integrin α6β4 in the 
hemidesmosomes and integrin α3β1 in the focal adhesions. These interactions are key 
for several cell events, including survival, regeneration, migration, and 
carcinogenesis.96-100 Mutations in LAMA3, LAMB3, and LAMC2 genes lead to several 
subtypes of JEB, such as JEB, generalized severe (JEB-gen sev); JEB, generalized 
intermediate (JEB-gen intermed); JEB, localized (JEB-loc); and JEB, inversa (JEB-inv; JEB-
I). All these pathologies are inherited in an autosomal recessive manner. The cleavage 
plane is in the lamina lucida of basement membrane.11 Evidence for the functional 
importance of laminin 332 came from the severe clinical features in cases with absent 
staining for laminin 332 using monoclonal antibody GB3. Affected individuals develop 
JEB generalized severe, formerly known as Herlitz type of JEB. Extensive blistering of 
skin and mucous membranes marks the clinical phenotype. Also, abundant granulation 
tissue characteristically around the nails (Fig. 2c), nose, mouth and buttocks is almost 
pathognomonic for this disorder. Multiple complications arise in this setting, including 
vulnerability to infections, anaemia, dyspnoea, and failure to thrive. Their devastating 
effects result in early childhood fatality.101,102 JEB-gen intermed (former generalized 
atrophic benign EB, GABEB) manifests with milder symptoms and reduced staining for 
laminin 332 in the skin. The clinical picture is characterized by extensive skin fragility 
and blisters, which heal with slight atrophy and hypopigmentation. Mucous 
membranes may be involved, although not as extensively as in JEB-gen sev. Other 
symptoms include nail loss or dystrophy, granulation tissue, enamel defects and 
various degrees of hair loss. A comparable phenotype can be seen in JEB-gen intermed 
resulting from certain type XVII collagen mutations.103 JEB-loc and JEB-inv present with 
a milder phenotype distributed mostly acrally and intertriginously, respectively. 

Parents of JEB cases who are carriers of truncating LAMA3 mutations have enamel 
hypoplasia.104 LAMA3 thus appears to display haploinsufficiency as far as enamel 
development is involved. Specific mutations in LAMA3A gene, encoding the laminin 
α3a isoform, result in the potentially lethal JEB laryngo-onycho-cutaneous syndrome 
(JEB-LOC syndrome). The clinical phenotype is characterized by slow healing skin 
erosions, nail dystrophy, exuberant granulation tissue in conjunctiva and larynx and 
dental anomalies.105,106A remarkable clinical course has been described in several very 
rare cases with laminin 332 mutations leading to premature termination codons. The 
affected individuals had severe congenital skin fragility and absent 
immunofluorescence staining for laminin 332 in their skin. Mutation analysis revealed 
homozygous nonsense or frame-shift mutations in LAMA3, LAMB3 or LAMC2
genes.107,108 All these data advocates for the diagnosis JEB-gen sev, surprisingly, the 
phenotype of these patients improved with age and laminin 332 immunofluorescence 
staining was detected in their skin biopsies. This phenomenon has been attributed to 
the activation of cryptic splice sites that lead to the removal of the mutation-carrying 
exon,107 or spontaneous activation of read-through mechanisms.100,107,109

Type VII collagen

Type VII collagen is the main, if not the exclusive, constituent of anchoring fibrils, which 
play an integral role in the structural integrity of the anchoring complex of the dermal-
epidermal junction. These semicircular structures attach the lamina densa of the 
basement membrane to the underlying papillary dermis.110 Similar to other collagen 
molecules, type VII collagen consists of three identical α-chains which self-organize into 
a triple-helical collagenous structures.111 Each triple helical domain is flanked by a non-
collagenous N-(NC1) and C-terminal(NC2), respectively. Type VII collagen is abundantly 
expressed in the basement membrane of skin, oral and cervical mucosa, cornea and 
chorioamnion.112 Immunofluorescence staining for type VII can be normal or reduced. 
The affected individuals develop generalized or localized trauma induced blisters which 
heal with atrophic scarring and milia, their nails are dystrophic and eventually lost. The 
presence of milia is not a pathognomonic sign for DEB, although frequently so believed. 
Additional clinical features such as scalp abnormalities, “albopapuloid lesions”, ocular 
and gastrointestinal tract involvement may occur. These patients have generally a 
relatively good quality of life and prognosis.11,113 When loss of function mutations in 
both alleles occur, type VII collagen and anchoring fibrils are entirely absent. These 
patients exhibit a much more severe phenotype characterized by congenital 
generalized muco-cutaneous blistering (Fig. 2e), which resolves with extensive 
scarring, milia and mutilating pseudo syndactyly that leads to “mitten formation” of 
hands (Fig. 2f) and feet. Eventually, functionally invalidating acral contractures 
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with no skin or hemidesmosome pathology,93 whereas another research group 
reported CD151-null mice that had substantial renal disease, including focal 
glomerulosclerosis, disorganization of the glomerular membrane and tubular cystic 
dilatation. Their skin and hearing apparatus were not involved.90

Laminin 332

Laminin 332 is a cross-shaped glycoprotein composed of α3, β3 and γ2 chains encoded 
by LAMA3, LAMB3 and LAMC2 genes, respectively. It is found in different epithelia such 
as stratified squamous, transition, and simple epithelia.94 This heterotrimer is 
assembled in the basal keratinocytes and secreted into the basement membrane 
where it self-organizes into polymer networks.9 Laminin 332 plays an essential role in 
the dermal-epidermal attachment and can be regarded as a bridge between the 
hemidesmosomal proteins (α6β4 integrin and type XVII collagen) and the anchoring 
fibrils on the dermal side, consisting of type VII collagen.95 In addition, laminin 332 
modulates cell behaviour by participating in signaling via integrin α6β4 in the 
hemidesmosomes and integrin α3β1 in the focal adhesions. These interactions are key 
for several cell events, including survival, regeneration, migration, and 
carcinogenesis.96-100 Mutations in LAMA3, LAMB3, and LAMC2 genes lead to several 
subtypes of JEB, such as JEB, generalized severe (JEB-gen sev); JEB, generalized 
intermediate (JEB-gen intermed); JEB, localized (JEB-loc); and JEB, inversa (JEB-inv; JEB-
I). All these pathologies are inherited in an autosomal recessive manner. The cleavage 
plane is in the lamina lucida of basement membrane.11 Evidence for the functional 
importance of laminin 332 came from the severe clinical features in cases with absent 
staining for laminin 332 using monoclonal antibody GB3. Affected individuals develop 
JEB generalized severe, formerly known as Herlitz type of JEB. Extensive blistering of 
skin and mucous membranes marks the clinical phenotype. Also, abundant granulation 
tissue characteristically around the nails (Fig. 2c), nose, mouth and buttocks is almost 
pathognomonic for this disorder. Multiple complications arise in this setting, including 
vulnerability to infections, anaemia, dyspnoea, and failure to thrive. Their devastating 
effects result in early childhood fatality.101,102 JEB-gen intermed (former generalized 
atrophic benign EB, GABEB) manifests with milder symptoms and reduced staining for 
laminin 332 in the skin. The clinical picture is characterized by extensive skin fragility 
and blisters, which heal with slight atrophy and hypopigmentation. Mucous 
membranes may be involved, although not as extensively as in JEB-gen sev. Other 
symptoms include nail loss or dystrophy, granulation tissue, enamel defects and 
various degrees of hair loss. A comparable phenotype can be seen in JEB-gen intermed 
resulting from certain type XVII collagen mutations.103 JEB-loc and JEB-inv present with 
a milder phenotype distributed mostly acrally and intertriginously, respectively. 

Parents of JEB cases who are carriers of truncating LAMA3 mutations have enamel 
hypoplasia.104 LAMA3 thus appears to display haploinsufficiency as far as enamel 
development is involved. Specific mutations in LAMA3A gene, encoding the laminin 
α3a isoform, result in the potentially lethal JEB laryngo-onycho-cutaneous syndrome 
(JEB-LOC syndrome). The clinical phenotype is characterized by slow healing skin 
erosions, nail dystrophy, exuberant granulation tissue in conjunctiva and larynx and 
dental anomalies.105,106A remarkable clinical course has been described in several very 
rare cases with laminin 332 mutations leading to premature termination codons. The 
affected individuals had severe congenital skin fragility and absent 
immunofluorescence staining for laminin 332 in their skin. Mutation analysis revealed 
homozygous nonsense or frame-shift mutations in LAMA3, LAMB3 or LAMC2
genes.107,108 All these data advocates for the diagnosis JEB-gen sev, surprisingly, the 
phenotype of these patients improved with age and laminin 332 immunofluorescence 
staining was detected in their skin biopsies. This phenomenon has been attributed to 
the activation of cryptic splice sites that lead to the removal of the mutation-carrying 
exon,107 or spontaneous activation of read-through mechanisms.100,107,109

Type VII collagen

Type VII collagen is the main, if not the exclusive, constituent of anchoring fibrils, which 
play an integral role in the structural integrity of the anchoring complex of the dermal-
epidermal junction. These semicircular structures attach the lamina densa of the 
basement membrane to the underlying papillary dermis.110 Similar to other collagen 
molecules, type VII collagen consists of three identical α-chains which self-organize into 
a triple-helical collagenous structures.111 Each triple helical domain is flanked by a non-
collagenous N-(NC1) and C-terminal(NC2), respectively. Type VII collagen is abundantly 
expressed in the basement membrane of skin, oral and cervical mucosa, cornea and 
chorioamnion.112 Immunofluorescence staining for type VII can be normal or reduced. 
The affected individuals develop generalized or localized trauma induced blisters which 
heal with atrophic scarring and milia, their nails are dystrophic and eventually lost. The 
presence of milia is not a pathognomonic sign for DEB, although frequently so believed. 
Additional clinical features such as scalp abnormalities, “albopapuloid lesions”, ocular 
and gastrointestinal tract involvement may occur. These patients have generally a 
relatively good quality of life and prognosis.11,113 When loss of function mutations in 
both alleles occur, type VII collagen and anchoring fibrils are entirely absent. These 
patients exhibit a much more severe phenotype characterized by congenital 
generalized muco-cutaneous blistering (Fig. 2e), which resolves with extensive 
scarring, milia and mutilating pseudo syndactyly that leads to “mitten formation” of 
hands (Fig. 2f) and feet. Eventually, functionally invalidating acral contractures 
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develop.114 This disorder is termed recessive DEB (RDEB)-generalized severe, the 
former RDEB Hallopeau-Siemens. Due to the severity of blistering, involvement of the 
mucosa, pain, chronic blood loss, inflammation, and poor nutrition, these patients 
develop anaemia, infections, growth retardation and failure to thrive.115 Renal 
complications, sepsis, and aggressive squamous cell carcinomas at the site of chronic 
wounds are the main reasons why the affected individuals have a reduced life 
expectancy.84,84,116,117 Variants of RDEB due to missense mutations or in-frame 
deletions present with milder phenotypes. The affected individuals lack the extensive 
scaring and mutilation seen in the severe generalized forms of RDEB, having to some 
extent a better prognosis.11

Kindlin-1

Although not a hemidesmosomal disease, Kindler syndrome (KS) deserves a mention 
in this review given that it is also a disorder of the junction. KS is caused by autosomal 
recessive “loss of function” mutations in FERMT1 gene encoding for kindlin-1.118 The 
cleavage plane is dermal as well as intra-epidermal. KS was included within the EB 
spectrum disorders in 2007, during the Third International Consensus meeting on 
Diagnosis and Classification of EB.119 Kindlin-1, the targeted molecule, is involved in 
linking the actin cytoskeleton to the extracellular matrix at the site of focal 
adhesions.120 The clinical picture of the affected individuals is manifested by trauma 
induced blistering resolving with scaring and pigmentation defects. Photosensitivity, 
poikiloderma and “cigarette paper” like atrophy are characteristic for this 
syndrome.121-123 Additional features such as keratoderma, nail dystrophy, dental caries, 
skeletal abnormalities, as well as gastrointestinal and urogenital involvement have also 
been reported.124,125 KS is associated with an increased risk of developing squamous 
cell carcinomas (SCC).122 Very recently transgenic mice lacking kindlin-1 have been 
developed. These mice exhibited the characteristic features of KS and increased skin 
tumour susceptibility. Researchers suggested that kindlin-1 may contribute to the risk 
of developing SCC in a β1 integrin independent manner through regulation of Wnt and 
TGF-β signaling.126

Recent developments in epidermolysis bullosa

An intriguing phenomenon termed revertant mosaicism was depicted for the first time 
in 1997 in a JEB patient with mutations in COL17A1 gene.127 Later on, it was also 
reported in several cases with mutations in KRT14, LAMB3, COL7A1 and FERMT1
genes.128-130 The affected individuals have islands of skin that appear normal and 
display improved mechanical integrity in comparison to the neighbouring skin (Fig. 2g). 
Such “natural gene therapy” results from a subpopulation of cells that regained their 
wild-type phenotype through spontaneous somatic reversemutations.131 These 
corrected revertant keratinocytes offer promising prospects for autologous cell 
therapies and development of patient specific induced pluripotent cells.132

Interestingly, a recent study has established the presence of circulating autoantibodies 
in sera of small cohort of EBS and DEB patients. Anti-type VII collagen, but also anti-
BP180 and anti-BP230 autoantibodies titres were higher in RDEB patients than in EBS 
patients. Their pathogenic role has not been established yet, their occurrence might 
simply be an epiphenomenon.133
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scaring and mutilation seen in the severe generalized forms of RDEB, having to some 
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in this review given that it is also a disorder of the junction. KS is caused by autosomal 
recessive “loss of function” mutations in FERMT1 gene encoding for kindlin-1.118 The 
cleavage plane is dermal as well as intra-epidermal. KS was included within the EB 
spectrum disorders in 2007, during the Third International Consensus meeting on 
Diagnosis and Classification of EB.119 Kindlin-1, the targeted molecule, is involved in 
linking the actin cytoskeleton to the extracellular matrix at the site of focal 
adhesions.120 The clinical picture of the affected individuals is manifested by trauma 
induced blistering resolving with scaring and pigmentation defects. Photosensitivity, 
poikiloderma and “cigarette paper” like atrophy are characteristic for this 
syndrome.121-123 Additional features such as keratoderma, nail dystrophy, dental caries, 
skeletal abnormalities, as well as gastrointestinal and urogenital involvement have also 
been reported.124,125 KS is associated with an increased risk of developing squamous 
cell carcinomas (SCC).122 Very recently transgenic mice lacking kindlin-1 have been 
developed. These mice exhibited the characteristic features of KS and increased skin 
tumour susceptibility. Researchers suggested that kindlin-1 may contribute to the risk 
of developing SCC in a β1 integrin independent manner through regulation of Wnt and 
TGF-β signaling.126

Recent developments in epidermolysis bullosa

An intriguing phenomenon termed revertant mosaicism was depicted for the first time 
in 1997 in a JEB patient with mutations in COL17A1 gene.127 Later on, it was also 
reported in several cases with mutations in KRT14, LAMB3, COL7A1 and FERMT1
genes.128-130 The affected individuals have islands of skin that appear normal and 
display improved mechanical integrity in comparison to the neighbouring skin (Fig. 2g). 
Such “natural gene therapy” results from a subpopulation of cells that regained their 
wild-type phenotype through spontaneous somatic reversemutations.131 These 
corrected revertant keratinocytes offer promising prospects for autologous cell 
therapies and development of patient specific induced pluripotent cells.132

Interestingly, a recent study has established the presence of circulating autoantibodies 
in sera of small cohort of EBS and DEB patients. Anti-type VII collagen, but also anti-
BP180 and anti-BP230 autoantibodies titres were higher in RDEB patients than in EBS 
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2. Acquired skin disorders of dermal-epidermal junction complex

Circulating autoantibodies targeting structural constituents of the dermal-epidermal 
junction is the hallmark of pemphigoid diseases spectrum. The clinical picture, 
consisting of tense bullae and muco-cutaneous erosions, results from their specific 
binding to essential structural molecules that connect the cytoskeleton of the basal 
keratinocytes to the extracellular matrix and the later to the papillary dermis 
underneath. The knowledge about the factors that set off the production of 
autoantibodies is limited. All the acquired diseases of the dermal-epidermal junction 
are characterized by subepidermal cleavage plane and a negative Nikolsky sign, 
meaning friction of the non- lesional skin doesn’t result in visible erosion. The precise 
diagnosis of this group of disorders is critical, since the treatment modality and 
prognosis can differ considerably. Clinical presentation, although heterogeneous is, 
however, not always conclusive for the exact diagnosis, hence techniques for detecting 
skin- and mucosa-bound autoantibodies as well as circulating serum antibodies have 
been employed. Histopathology is aimed at identifying the type of infiltrate, structural 
changes, and the cleavage level. Direct immunofluorescence studies (DIF) are directed 
at detecting tissue bound autoantibodies in skin or mucosa, whereas indirect 
immunofluorescence studies (IIF) target the detection of antigen specific 
autoantibodies in patients’ sera. Characteristic for DIF are linear deposits of 
immunoglobulins (Igs) and C3 complement along the basement membrane zone (BMZ) 
which often follow an n-shaped or an u-shaped pattern.134-136 This is termed serration 
pattern and results from the relative position of the autoantigen in the BMZ; eg., if the 
target antigen is within or above lamina densa, the result is an n-serrated 
immunofluorescence pattern, whereas if located in the sublamina densa zone the 
result will be an u-serrated pattern.135 IIF analysis is carried out on standard substrates 
such as salt-split skin (SSS), monkey oesophagus and rodent bladder. SSS is a product 
of incubation of human skin in 1M NaCl solution which leads to separation of the 
dermis from the epidermis through lamina lucida. This allows for the discrimination 
between epidermal and dermal autoantigens through binding of autoantibodies to 
either the epidermal, or dermal side of the blister. Collective results from DIF serration 
pattern and IIF on SSS allow distinction between certain subepidermal autoimmune 
blistering diseases (sAIBD).135,136 Additional techniques, including western blot, 
enzyme-linked immunosorbent assay (ELISA), and immunoprecipitation have been 
employed for serum analysis, each with their own specificity and sensitivity. Often, a 
combination of these immunoassays is required to ascertain the diagnosis.134,137 In this 
review we will discuss the immunobullous diseases related to the disruption of dermal-
epidermal junction. (see Table1.). Dermatitis herpetiformis, although an autoimmune 

blistering disorder, has not been included because the targeted protein, 
transglutaminase, is not a constituent of the junction. Also, elusive entities, such as 
105kDa-, 125kDa-, and 168kDa-pemphigoid await more robust validation. 
Autoantibodies against the above-mentioned antigens have been found in sera of 
patients affected by pemphigoid diseases. Their role has not yet been elucidated.138,139

It is important to note that patients with acquired blistering disorders can have 
multiple target molecules. Moreover, a phenomenon called “epitope spreading” may 
occur. That implies the development of autoimmunity to new epitopes resulting from 
the exposure of self-antigens during a chronic autoimmune or inflammatory 
reaction.140 All classes of Igs, except IgD have been linked to AIBD. Autoimmune 
reactivity may be expressed by one single class as well as by multiple Ig classes. The 
clinical presentation may be influenced depending on which Ig class is involved, e.g., if 
IgA autoantibodies are the sole or major players, the result is a higher degree of 
mucosa involvement.141-143

BP180 and BP230
Bullous pemphigoid (BP), with its main antigenic target the hemidesmosomal 
molecules BP180 and/or BP230, is the most common variant of pemphigoid. Mostly 
affecting the elderly, this disorder has an annual incidence between 13.4-21.7 
cases/million people in Europe.144-146 With the prospect of increasing age of the general 
population, use of multiple medication, and better diagnostic techniques, the 
incidence is expected to rise.147 BP has been associated with significant morbidity and 
increased mortality rates of three to six times greater compared to age- and sex-
adjusted general population,146,148 Predictors for poor outcome are: generalized 
disease, increased age, high doses of corticosteroids, and low serum albumin levels.149

Recently, an intriguing association has been noted between BP and neurological 
disorders, including dementia, Parkinson’s disease, stroke, and epilepsy.150 This 
occurrence has been attributed to the finding that both BP180 and a BP230 isoform 
are, in fact, expressed in the central nervous system.45,151 Although less common, cases 
of bullous pemphigoid in children have also been reported, where half of the cases 
developed the disease in the first year of life.152 The clinical picture of BP is 
characterized by large, tense blisters that may arise from erythematous macules or 
urticarial plaques, but also on non-erythematous skin (Fig. 3a). Typical sites are the 
flexural areas of upper and lower limbs, abdomen and flanks; a small group of patients 
can transiently exhibit oral lesions. Severe itching is a cardinal sign.153 Interestingly, a 
subset of patients will have pruritus and immunopathological features of BP, but no 
blistering. Additional dermatological features such as eczema, urticaria, papulo-
nodular skin lesions may also be present and result in misdiagnosis, such as toxic drug 
reaction, eczema, xerosis cutis, or pruritus due to liver or renal impairment. Up to date, 
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2. Acquired skin disorders of dermal-epidermal junction complex

Circulating autoantibodies targeting structural constituents of the dermal-epidermal 
junction is the hallmark of pemphigoid diseases spectrum. The clinical picture, 
consisting of tense bullae and muco-cutaneous erosions, results from their specific 
binding to essential structural molecules that connect the cytoskeleton of the basal 
keratinocytes to the extracellular matrix and the later to the papillary dermis 
underneath. The knowledge about the factors that set off the production of 
autoantibodies is limited. All the acquired diseases of the dermal-epidermal junction 
are characterized by subepidermal cleavage plane and a negative Nikolsky sign, 
meaning friction of the non- lesional skin doesn’t result in visible erosion. The precise 
diagnosis of this group of disorders is critical, since the treatment modality and 
prognosis can differ considerably. Clinical presentation, although heterogeneous is, 
however, not always conclusive for the exact diagnosis, hence techniques for detecting 
skin- and mucosa-bound autoantibodies as well as circulating serum antibodies have 
been employed. Histopathology is aimed at identifying the type of infiltrate, structural 
changes, and the cleavage level. Direct immunofluorescence studies (DIF) are directed 
at detecting tissue bound autoantibodies in skin or mucosa, whereas indirect 
immunofluorescence studies (IIF) target the detection of antigen specific 
autoantibodies in patients’ sera. Characteristic for DIF are linear deposits of 
immunoglobulins (Igs) and C3 complement along the basement membrane zone (BMZ) 
which often follow an n-shaped or an u-shaped pattern.134-136 This is termed serration 
pattern and results from the relative position of the autoantigen in the BMZ; eg., if the 
target antigen is within or above lamina densa, the result is an n-serrated 
immunofluorescence pattern, whereas if located in the sublamina densa zone the 
result will be an u-serrated pattern.135 IIF analysis is carried out on standard substrates 
such as salt-split skin (SSS), monkey oesophagus and rodent bladder. SSS is a product 
of incubation of human skin in 1M NaCl solution which leads to separation of the 
dermis from the epidermis through lamina lucida. This allows for the discrimination 
between epidermal and dermal autoantigens through binding of autoantibodies to 
either the epidermal, or dermal side of the blister. Collective results from DIF serration 
pattern and IIF on SSS allow distinction between certain subepidermal autoimmune 
blistering diseases (sAIBD).135,136 Additional techniques, including western blot, 
enzyme-linked immunosorbent assay (ELISA), and immunoprecipitation have been 
employed for serum analysis, each with their own specificity and sensitivity. Often, a 
combination of these immunoassays is required to ascertain the diagnosis.134,137 In this 
review we will discuss the immunobullous diseases related to the disruption of dermal-
epidermal junction. (see Table1.). Dermatitis herpetiformis, although an autoimmune 

blistering disorder, has not been included because the targeted protein, 
transglutaminase, is not a constituent of the junction. Also, elusive entities, such as 
105kDa-, 125kDa-, and 168kDa-pemphigoid await more robust validation. 
Autoantibodies against the above-mentioned antigens have been found in sera of 
patients affected by pemphigoid diseases. Their role has not yet been elucidated.138,139

It is important to note that patients with acquired blistering disorders can have 
multiple target molecules. Moreover, a phenomenon called “epitope spreading” may 
occur. That implies the development of autoimmunity to new epitopes resulting from 
the exposure of self-antigens during a chronic autoimmune or inflammatory 
reaction.140 All classes of Igs, except IgD have been linked to AIBD. Autoimmune 
reactivity may be expressed by one single class as well as by multiple Ig classes. The 
clinical presentation may be influenced depending on which Ig class is involved, e.g., if 
IgA autoantibodies are the sole or major players, the result is a higher degree of 
mucosa involvement.141-143

BP180 and BP230
Bullous pemphigoid (BP), with its main antigenic target the hemidesmosomal 
molecules BP180 and/or BP230, is the most common variant of pemphigoid. Mostly 
affecting the elderly, this disorder has an annual incidence between 13.4-21.7 
cases/million people in Europe.144-146 With the prospect of increasing age of the general 
population, use of multiple medication, and better diagnostic techniques, the 
incidence is expected to rise.147 BP has been associated with significant morbidity and 
increased mortality rates of three to six times greater compared to age- and sex-
adjusted general population,146,148 Predictors for poor outcome are: generalized 
disease, increased age, high doses of corticosteroids, and low serum albumin levels.149

Recently, an intriguing association has been noted between BP and neurological 
disorders, including dementia, Parkinson’s disease, stroke, and epilepsy.150 This 
occurrence has been attributed to the finding that both BP180 and a BP230 isoform 
are, in fact, expressed in the central nervous system.45,151 Although less common, cases 
of bullous pemphigoid in children have also been reported, where half of the cases 
developed the disease in the first year of life.152 The clinical picture of BP is 
characterized by large, tense blisters that may arise from erythematous macules or 
urticarial plaques, but also on non-erythematous skin (Fig. 3a). Typical sites are the 
flexural areas of upper and lower limbs, abdomen and flanks; a small group of patients 
can transiently exhibit oral lesions. Severe itching is a cardinal sign.153 Interestingly, a 
subset of patients will have pruritus and immunopathological features of BP, but no 
blistering. Additional dermatological features such as eczema, urticaria, papulo-
nodular skin lesions may also be present and result in misdiagnosis, such as toxic drug 
reaction, eczema, xerosis cutis, or pruritus due to liver or renal impairment. Up to date, 
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there is no consensus on how to name this variant of BP.154,155 Recently the term 
“nonbullous cutaneous pemphigoid” has been proposed.156 Generally, more than 90 % 
of BP patient sera contain IgG against BP180 and/or BP230 molecules,141but IgE
autoantibodies are also commonly found.142 They typically target tightly clustered 
epitopes in the noncollagenous 16A domain (NC16A) of the BP180 molecule.157

Autoreactivity is, however, not exclusively restricted to the NC16A domain, antigenic 
sites on the intracellular domain of BP 180 have also been reported.158 Notably, disease 
activity positively correlates with the serum levels of specific autoantibodies.159 In 
BP230, several antigenic reactive sites have been found, mostly located in the globular 
C-terminal domain of BP230.160 Owing to its intracellular localization, this molecule is 
believed to play a subordinate role in initiating the inflammatory response in BP. 
Pathogenic autoantibodies targeting BP180 and BP230 act together with innate 
immune system players to produce the clinical and immunopathological alterations 
seen in BP. Autoreactive T cells produce a Th1/Th2 mixed cytokine profile. Among 
others, TNFα, IL-6, IL-8, IL-15 and CCL18 are secreted and parallel the disease 
course.147,161-163 In addition, lesional skin specimens and blister fluid from BP patients 
contain high level of proteolytic enzymes, particularly neutrophil elastase (NE), and 
eosinophil-derived matrix metalloproteinase-9 (MMP-9), thought to be involved in the 
cleavage of BP180 and loss of cell-matrix attachment at the site of dermal-epidermal 
junction.138,164,165 The diagnosis of BP is established based on clinical symptoms and a 
combination of immunopathologic studies. That includes: DIF with linear depositions 
of IgG and/or C3 complement along the BMZ in an n-serrated pattern and 
characterization of circulating autoantibodies through western blot and/or ELISA and 
IIF using SSS. The later will exhibit a linear staining of the epidermal side of the 
blister.135,138 Mild, localized cases of BP may be successfully treated with potent topical 
corticosteroids. The management of generalized and/or severe cases includes 
treatment options such as: high-potency topical corticosteroids, systemic 
corticosteroids, azathioprine, mycophenolate mofetil, antimicrobials (tetracycline, 
nicotinamide), methotrexate, and dapson.166,167

Mucous membrane pemphigoid (MMP), formerly known as cicatricial pemphigoid, is 
a chronic progressive disorder predominantly affecting any mucous membranes, 
though the skin may also become involved. The term cicatricial pemphigoid (CP) is, 
according to new consensus, restricted to the clinical variants of pemphigoid with 
scarring involving solely the skin (without mucous membranes). MMP is thus a 
separate entity, distinct from CP.168The predilection sites for MMP include: oral cavity, 
followed by conjunctivae, skin, nasal mucosa, anogenital area, pharynx, larynx and the 
esophagus.168,169 Oral disease presents with erosions, blisters, sometimes 
desquamative gingivitis (Fig. 3b), and damage of the periodontium that may lead to 

loss of teeth. Patients who have restricted oral mucosa lesions tend to have a milder 
disease phenotype and better prognosis. Healing with scarring is a clinical 
characteristic of MMP, nonetheless, oral mucosa lesions may re-epithelize without 
scarring.168,170 Ocular involvement tends to follow a progressive pattern, unfortunately. 
It generally begins unilaterally with conjunctivitis, later on, repeated tissue injury 
causes shortening of fornixes, symblepharon, entropion and corneal 
neovascularization (Fig. 3c).171 Due to these severe complications, 53% of eyes in a 
series of 28 MMP patients developed visual loss.172 Tracheal and laryngeal involvement 
may result in airway obstruction, and genital disease can cause urinary and sexual 
dysfunction.173,174 MMP has an annual incidence estimated between 1.3 and 2.0 cases 
per million.145,175 Specific HLA class II alleles, such as DQB1*0301, DRB1*04 and DRB1 
were detected more frequently with this form of pemphigoid and associated with 
severe disease phenotype.176,177 Several target antigens have been involved in MMP, 
such as BP180 with its soluble ectodomains LAD-1 and LABD97 antigens (in an 
estimated 75% of patients), BP230 (in 27%; often together with BP180),177,178 followed 
by laminin 332 (α3, β3 and γ2 chains), laminin 311 (α3 chain), type VII collagen and 
α6β4 integrin.138 IgA reactivity has been established in approximately 63 % of MMP 
cases. Patients with more severe clinical phenotype had combined IgG and IgA 
reactivity to several BP180 antigens, whereas a milder clinical course was noted when 
just a single BP180 antigen was involved.177 The major antigenic regions are the NC16A 
domain and the C-terminal tail of the BP180.178,179 As a result, the IgG autoantibodies 
are deposited in lamina lucida and lamina densa, the later well explaining the 
susceptibility for scar formation in MMP patients. Diagnosis of MMP is established 
based on predominant mucous membrane involvement and DIF analysis of a 
perilesional specimen. Similar to BP, linear n-serrated depositions of IgG or C3 and 
sometimes IgA along the epithelial BMZ are essential immunopathologic features. 
Unfortunately, 20% of patients with ocular MMP will have a negative DIF analysis.169

IIF studies on SSS may aid de diagnosis, although the sensitivity is low. Typically, the 
epidermal side of the blister will be stained in cases where BP180, B230, or β4 integrin 
are the target antigens. In cases where dermal reactivity is detected, investigations 
toward anti-laminin 332 MMP or epidermolysis bullosa aquisita should be initiated. 
Although skin lesions have a tendency for rapid remission, in general, MMP is distinctly 
refractory to therapy. Patients with exclusively oral mucosa involvement, and thus a 
milder disease, can be managed with topical corticosteroids,168,170,180 whereas the 
severe cases will require long-term immunosuppressive treatments including: 
dapsone, systemic corticosteroids, azathioprine, mycophenolate mofetil, and 
cyclophosphamide.168,181 Recently, several severe or refractory cases of MMP have 
been successfully managed with a novel biologic, rituximab, sometimes in conjunction 
with intravenous immunoglobulin.182,183 Surgical intervention may also be used in cases 
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there is no consensus on how to name this variant of BP.154,155 Recently the term 
“nonbullous cutaneous pemphigoid” has been proposed.156 Generally, more than 90 % 
of BP patient sera contain IgG against BP180 and/or BP230 molecules,141but IgE
autoantibodies are also commonly found.142 They typically target tightly clustered 
epitopes in the noncollagenous 16A domain (NC16A) of the BP180 molecule.157

Autoreactivity is, however, not exclusively restricted to the NC16A domain, antigenic 
sites on the intracellular domain of BP 180 have also been reported.158 Notably, disease 
activity positively correlates with the serum levels of specific autoantibodies.159 In 
BP230, several antigenic reactive sites have been found, mostly located in the globular 
C-terminal domain of BP230.160 Owing to its intracellular localization, this molecule is 
believed to play a subordinate role in initiating the inflammatory response in BP. 
Pathogenic autoantibodies targeting BP180 and BP230 act together with innate 
immune system players to produce the clinical and immunopathological alterations 
seen in BP. Autoreactive T cells produce a Th1/Th2 mixed cytokine profile. Among 
others, TNFα, IL-6, IL-8, IL-15 and CCL18 are secreted and parallel the disease 
course.147,161-163 In addition, lesional skin specimens and blister fluid from BP patients 
contain high level of proteolytic enzymes, particularly neutrophil elastase (NE), and 
eosinophil-derived matrix metalloproteinase-9 (MMP-9), thought to be involved in the 
cleavage of BP180 and loss of cell-matrix attachment at the site of dermal-epidermal 
junction.138,164,165 The diagnosis of BP is established based on clinical symptoms and a 
combination of immunopathologic studies. That includes: DIF with linear depositions 
of IgG and/or C3 complement along the BMZ in an n-serrated pattern and 
characterization of circulating autoantibodies through western blot and/or ELISA and 
IIF using SSS. The later will exhibit a linear staining of the epidermal side of the 
blister.135,138 Mild, localized cases of BP may be successfully treated with potent topical 
corticosteroids. The management of generalized and/or severe cases includes 
treatment options such as: high-potency topical corticosteroids, systemic 
corticosteroids, azathioprine, mycophenolate mofetil, antimicrobials (tetracycline, 
nicotinamide), methotrexate, and dapson.166,167

Mucous membrane pemphigoid (MMP), formerly known as cicatricial pemphigoid, is 
a chronic progressive disorder predominantly affecting any mucous membranes, 
though the skin may also become involved. The term cicatricial pemphigoid (CP) is, 
according to new consensus, restricted to the clinical variants of pemphigoid with 
scarring involving solely the skin (without mucous membranes). MMP is thus a 
separate entity, distinct from CP.168The predilection sites for MMP include: oral cavity, 
followed by conjunctivae, skin, nasal mucosa, anogenital area, pharynx, larynx and the 
esophagus.168,169 Oral disease presents with erosions, blisters, sometimes 
desquamative gingivitis (Fig. 3b), and damage of the periodontium that may lead to 

loss of teeth. Patients who have restricted oral mucosa lesions tend to have a milder 
disease phenotype and better prognosis. Healing with scarring is a clinical 
characteristic of MMP, nonetheless, oral mucosa lesions may re-epithelize without 
scarring.168,170 Ocular involvement tends to follow a progressive pattern, unfortunately. 
It generally begins unilaterally with conjunctivitis, later on, repeated tissue injury 
causes shortening of fornixes, symblepharon, entropion and corneal 
neovascularization (Fig. 3c).171 Due to these severe complications, 53% of eyes in a 
series of 28 MMP patients developed visual loss.172 Tracheal and laryngeal involvement 
may result in airway obstruction, and genital disease can cause urinary and sexual 
dysfunction.173,174 MMP has an annual incidence estimated between 1.3 and 2.0 cases 
per million.145,175 Specific HLA class II alleles, such as DQB1*0301, DRB1*04 and DRB1 
were detected more frequently with this form of pemphigoid and associated with 
severe disease phenotype.176,177 Several target antigens have been involved in MMP, 
such as BP180 with its soluble ectodomains LAD-1 and LABD97 antigens (in an 
estimated 75% of patients), BP230 (in 27%; often together with BP180),177,178 followed 
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α6β4 integrin.138 IgA reactivity has been established in approximately 63 % of MMP 
cases. Patients with more severe clinical phenotype had combined IgG and IgA 
reactivity to several BP180 antigens, whereas a milder clinical course was noted when 
just a single BP180 antigen was involved.177 The major antigenic regions are the NC16A 
domain and the C-terminal tail of the BP180.178,179 As a result, the IgG autoantibodies 
are deposited in lamina lucida and lamina densa, the later well explaining the 
susceptibility for scar formation in MMP patients. Diagnosis of MMP is established 
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IIF studies on SSS may aid de diagnosis, although the sensitivity is low. Typically, the 
epidermal side of the blister will be stained in cases where BP180, B230, or β4 integrin 
are the target antigens. In cases where dermal reactivity is detected, investigations 
toward anti-laminin 332 MMP or epidermolysis bullosa aquisita should be initiated. 
Although skin lesions have a tendency for rapid remission, in general, MMP is distinctly 
refractory to therapy. Patients with exclusively oral mucosa involvement, and thus a 
milder disease, can be managed with topical corticosteroids,168,170,180 whereas the 
severe cases will require long-term immunosuppressive treatments including: 
dapsone, systemic corticosteroids, azathioprine, mycophenolate mofetil, and 
cyclophosphamide.168,181 Recently, several severe or refractory cases of MMP have 
been successfully managed with a novel biologic, rituximab, sometimes in conjunction 
with intravenous immunoglobulin.182,183 Surgical intervention may also be used in cases 
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of limited functionality due to scarring.172,184 Referral to the appropriate specialists is 
essential when clinically indicated.

Brunsting-Perry pemphigoid is a rare variant of cicatricial pemphigoid, usually 
manifesting in older men.185 The original report dates to 1957 when Brunsting and 
Perry described seven patients with persistent circumscribed vesicobullous lesions 
limited to head, forehead, and nuchal region of the neck which heal with scarring and 
atrophy (Fig. 3d).186 Distinct from MMP, mucosal involvement is uncommon and 
usually mild.187,188 The major antigenic sites in Brunsting-Perry pemphigoid are the C-
terminal domain of BP 180;189 single studies report also LAD-1,190 laminin 332,191

BP230, and desmoplakins I/II.192 The later are intracytoplasmic components of 
desmosomes and their antigenicity is probably a consequence of the epitope spreading 
phenomenon.192 Histological features include subepidermal blistering and mixed 
inflammatory infiltrate consisting of lymphocytes, eosinophils and neutrophils.193 Later 
stages will exhibit fibrosis. DIF analysis of perilesional skin usually demonstrate linear 
IgG and/or C3 depositions, sometimes in conjunction with IgA and IgM along the BMZ. 
IIF studies on the sera of these patients may, however, not always detect circulating 
autoantibodies.187,194 Topical treatment with ultrapotent corticosteroids may control 
the disorder to some extent; many patients will require, however, systemic 
immunosuppressive medication or dapsone.194

Pemphigoid gestationis (PG), formerly known as herpes gestationis, is an autoimmune 
blistering disorder related to pregnancy or a rare paraneoplastic occurrence described 
in trophoblastic tumours, hydatiform mole and choriocarcinoma.195,196 Its annual 
incidence is estimated at approximately 20 cases per million.197 PG may occur in every 
trimester or even in puerperium, but is usually seen in the second or third trimester. 
The clinical picture initiates with intense pruritus followed by the development of 
erythematous urticarial papules and plaques with a targetoid or polycyclic appearance. 
These lesions tend to progress to tense clustered vesicles and bullae. PG typically 
begins in the umbilical area with subsequent spreading to the whole abdomen and 
extremities. Involvement of face and mucosa is unusual, but not excluded.198 The 
clinical course normally reaches spontaneous remission within weeks to months after 
the delivery. Nevertheless, there have been reports of refractory PG cases that 
continued for years after parturition, thus becoming chronic or conversing to BP.199-201

PG may recur with the following pregnancies, the clinical course is, generally, more 
severe and has an earlier onset. Also, hormonal determinants associated with the use 
of oral contraceptives or menstruation may also cause recurrences. The fetal and 
neonatal prognosis is generally good, however, there is risk for prematurity and 
intrauterine growth restriction. Up to 10% of the new-borns may exhibit transient skin 

lesions.201,202 The exact pathophysiological mechanism of PG is still unclear. Its 
development is associated with the presence of the maternal MHC class II HLA antigens 
DR3 and DR4. 203It is hypothesized that aberrant placental expression of MHC class II 
initiates an allogenic reaction through presentation of 180 kDa antigen to the maternal 
immune system. In placenta of PG patients, type XVII collagen is presented in the 
context of paternal MHC molecules, as a result it may not be recognized as self-antigen
and an immune response may be set off. Autoreactivity is typically directed against the 
NC16A domain of BP180, although about 10% of PG patients also have autoantibodies 
targeting epitopes on the BP230 molecule.204-207 IgG class anti-placental antibodies 
cross-react with BP180 and BP230 in the skin, form immune complexes, activate the 
complement cascade, and engage an inflammatory response which leads to tissue 
injury and blistering.208 Also, cases with IgE209 and IgA210 antibodies to either BP180 or 
BP230 molecules have been reported. The diagnosis is established based on clinical 
features and laboratory studies. DIF on perilesional skin will reveal pronounced linear 
deposits of complement component C3 and in some cases of IgG.211 Histopathological 
findings are similar to BP. Certain cases may require additional studies such as IIF, 
western blot and ELISA. Treatment modalities for PG are restricted due to potential 
fetal or neonatal risks. The main target is to reduce pruritus and prevent new blister 
formation, which in mild cases can be achieved with potent topical corticosteroids with 
or without H1-receptor antagonists. Oral prednisolone is appropriate in cases where 
the clinical severity outweighs the risks.212

Lichen planus pemphigoides (LPP) is a rare autoimmune entity with an estimated 
annual incidence of 2.5 cases worldwide. Clinically, it manifests as a mixture between 
BP and lichen planus (LP). Presence of LP is, in fact, a prerequisite for the development 
of LPP. The appearance of LP lesions usually precedes the development of 
vesicobullous lesions of LPP, however in some cases, the presentation may be 
concomitant. The upper and lower extremities are predilection sites for lesion 
distribution, often with the involvement of palms and soles. Oral mucosa can also 
become affected and develop bullae, erosions, and white streaks, termed Whickham 
striae.213 The pathogenesis of LPP is not completely elucidated; an intriguing theory is 
that the lichenoid infiltrate from LP induces damage to the BMZ and basal 
keratinocytes thus exposing new antigens.214 An important distinction should be made 
between bullous LP and LPP, the former develops the blisters restricted to the LP 
lesions, whereas in LPP blisters can also occur on previously uninvolved skin.215 BP230 
and the C-terminal part of NC16A domain of BP180 were identified as targets in LPP. 
However, it has been proposed that in LPP, the target epitope in the C-terminal NC16A 
domain of BP180 is different from the one targeted in BP. These findings may explain 
the different clinical course of both diseases. LPP has usually an earlier onset and tends 
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of limited functionality due to scarring.172,184 Referral to the appropriate specialists is 
essential when clinically indicated.

Brunsting-Perry pemphigoid is a rare variant of cicatricial pemphigoid, usually 
manifesting in older men.185 The original report dates to 1957 when Brunsting and 
Perry described seven patients with persistent circumscribed vesicobullous lesions 
limited to head, forehead, and nuchal region of the neck which heal with scarring and 
atrophy (Fig. 3d).186 Distinct from MMP, mucosal involvement is uncommon and 
usually mild.187,188 The major antigenic sites in Brunsting-Perry pemphigoid are the C-
terminal domain of BP 180;189 single studies report also LAD-1,190 laminin 332,191

BP230, and desmoplakins I/II.192 The later are intracytoplasmic components of 
desmosomes and their antigenicity is probably a consequence of the epitope spreading 
phenomenon.192 Histological features include subepidermal blistering and mixed 
inflammatory infiltrate consisting of lymphocytes, eosinophils and neutrophils.193 Later 
stages will exhibit fibrosis. DIF analysis of perilesional skin usually demonstrate linear 
IgG and/or C3 depositions, sometimes in conjunction with IgA and IgM along the BMZ. 
IIF studies on the sera of these patients may, however, not always detect circulating 
autoantibodies.187,194 Topical treatment with ultrapotent corticosteroids may control 
the disorder to some extent; many patients will require, however, systemic 
immunosuppressive medication or dapsone.194

Pemphigoid gestationis (PG), formerly known as herpes gestationis, is an autoimmune 
blistering disorder related to pregnancy or a rare paraneoplastic occurrence described 
in trophoblastic tumours, hydatiform mole and choriocarcinoma.195,196 Its annual 
incidence is estimated at approximately 20 cases per million.197 PG may occur in every 
trimester or even in puerperium, but is usually seen in the second or third trimester. 
The clinical picture initiates with intense pruritus followed by the development of 
erythematous urticarial papules and plaques with a targetoid or polycyclic appearance. 
These lesions tend to progress to tense clustered vesicles and bullae. PG typically 
begins in the umbilical area with subsequent spreading to the whole abdomen and 
extremities. Involvement of face and mucosa is unusual, but not excluded.198 The 
clinical course normally reaches spontaneous remission within weeks to months after 
the delivery. Nevertheless, there have been reports of refractory PG cases that 
continued for years after parturition, thus becoming chronic or conversing to BP.199-201

PG may recur with the following pregnancies, the clinical course is, generally, more 
severe and has an earlier onset. Also, hormonal determinants associated with the use 
of oral contraceptives or menstruation may also cause recurrences. The fetal and 
neonatal prognosis is generally good, however, there is risk for prematurity and 
intrauterine growth restriction. Up to 10% of the new-borns may exhibit transient skin 

lesions.201,202 The exact pathophysiological mechanism of PG is still unclear. Its 
development is associated with the presence of the maternal MHC class II HLA antigens 
DR3 and DR4. 203It is hypothesized that aberrant placental expression of MHC class II 
initiates an allogenic reaction through presentation of 180 kDa antigen to the maternal 
immune system. In placenta of PG patients, type XVII collagen is presented in the 
context of paternal MHC molecules, as a result it may not be recognized as self-antigen
and an immune response may be set off. Autoreactivity is typically directed against the 
NC16A domain of BP180, although about 10% of PG patients also have autoantibodies 
targeting epitopes on the BP230 molecule.204-207 IgG class anti-placental antibodies 
cross-react with BP180 and BP230 in the skin, form immune complexes, activate the 
complement cascade, and engage an inflammatory response which leads to tissue 
injury and blistering.208 Also, cases with IgE209 and IgA210 antibodies to either BP180 or 
BP230 molecules have been reported. The diagnosis is established based on clinical 
features and laboratory studies. DIF on perilesional skin will reveal pronounced linear 
deposits of complement component C3 and in some cases of IgG.211 Histopathological 
findings are similar to BP. Certain cases may require additional studies such as IIF, 
western blot and ELISA. Treatment modalities for PG are restricted due to potential 
fetal or neonatal risks. The main target is to reduce pruritus and prevent new blister 
formation, which in mild cases can be achieved with potent topical corticosteroids with 
or without H1-receptor antagonists. Oral prednisolone is appropriate in cases where 
the clinical severity outweighs the risks.212

Lichen planus pemphigoides (LPP) is a rare autoimmune entity with an estimated 
annual incidence of 2.5 cases worldwide. Clinically, it manifests as a mixture between 
BP and lichen planus (LP). Presence of LP is, in fact, a prerequisite for the development 
of LPP. The appearance of LP lesions usually precedes the development of 
vesicobullous lesions of LPP, however in some cases, the presentation may be 
concomitant. The upper and lower extremities are predilection sites for lesion 
distribution, often with the involvement of palms and soles. Oral mucosa can also 
become affected and develop bullae, erosions, and white streaks, termed Whickham 
striae.213 The pathogenesis of LPP is not completely elucidated; an intriguing theory is 
that the lichenoid infiltrate from LP induces damage to the BMZ and basal 
keratinocytes thus exposing new antigens.214 An important distinction should be made 
between bullous LP and LPP, the former develops the blisters restricted to the LP 
lesions, whereas in LPP blisters can also occur on previously uninvolved skin.215 BP230 
and the C-terminal part of NC16A domain of BP180 were identified as targets in LPP. 
However, it has been proposed that in LPP, the target epitope in the C-terminal NC16A 
domain of BP180 is different from the one targeted in BP. These findings may explain 
the different clinical course of both diseases. LPP has usually an earlier onset and tends 
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to be less severe than BP.216 Histopathology of LPP skin will reveal a band-like 
lymphocytic infiltrate in the upper dermis, liquefactive degeneration of basal 
keratinocytes and subepidermal blister formation.213 DIF studies will demonstrate 
linear n-serrated deposits of IgG and/or C3 in perilesional skin at the site of BMZ and 
IIF aims the detection of circulating IgG autoantibodies against the NC16A domain of 
BP180. Treatment of lichen planus in conjunction with the treatment algorithm for 
bullous pemphigoid represent the cornerstone in the management of LPP.138

BP180, BP230, LAD-1, LABD-97

Linear IgA dermatosis (LAD) is a pemphigoid disease characterized by exclusively IgA 
deposition alongside the BMZ of the skin and mucosa with stratified squamous 
epithelia. Its annual incidence is circa 0.5-2.3 cases per million.217 Although all ages are 
prone to the development of LAD, two peaks of onset have been observed; the 
childhood-onset LAD begins before the age of 5, whereas the adult-onset form usually 
starts after age 60.218 In children, LAD is the most frequent form of pemphigoid and in 
most cases has a self-limiting clinical course; nevertheless some cases persisted into 
adulthood.219 The clinical spectrum of this disorder is heterogeneous, sometimes 
resembling other blistering disorders. Some patients can suffer from severe pruritus. 
Lesions consisting of clear or hemorrhagic tense vesicles and/or bullae develop on an 
erythematous urticarial background or on normal appearing skin. Occasionally a 
distinctive configuration of lesions, such as ‘’crown of jewels’’ or ‘’string of pearls’’ can 
be seen (Fig. 3e). An estimated 70 % of patients exhibit mucosal involvement which 
can cause significant comorbidity. Oral cavity and eyes are the most frequently affected 
sites.218,220 Ocular disease if not treated promptly may result in blindness, through 
scarring.221 Use of certain medication may become a triggering factor in the 
development of LAD. The most reported culprit is vancomycin.222,223 Drug-related LAD 
typically resolve rapidly and spontaneously upon drug withdrawal.224 Genetic 
investigations have revealed associations between LAD and the HLA Cw7, HLA B8 and 
DR3 haplotypes. Also, a significant association with the rare tumour necrosis factor-2 
(TNF-2) has been established, such finding predicts longer disease duration.225 The 
complex pathophysiological process in LAD engages the humoral and cellular 
responses, activation of complement, inflammatory cells recruitment, and release of 
proteolytic enzymes from neutrophils and eosinophils.226,227 The majority of LAD 
patients have IgA1 autoantibodies targeting the 120-kDa (LAD-1) and 97-kDa (LABD-
97) antigens. These molecules are localized in lamina lucida and are, in fact, products 
of proteolytic cleavage of the BP180 ectodomain.228,229The NC16 domain of BP180 and 
BP230 may also become an antigenic target in a subgroup of patients.230,231 Diagnosis 
is established through a combination of clinical presentation, histopathologic and 

immunopathologic studies. Histopathologic findings include subepidermal blistering, 
upper epidermis infiltrate mainly consisting of neutrophils, and sometimes also 
eosinophils and mononuclear cells.227,232 DIF on perilesional mucous membrane or skin 
biopsies will reveal linear n-serrated depositions of IgA at the site of BMZ.135 Serum IgA 
autoantibodies may be detected through IIF studies on human salt-split skin; the 
binding will be on the epidermal side of the blister. Western immunoblotting may be 
an additional test used to reach an accurate diagnosis. The two most employed 
treatment options include dapsone or sulfapyridine in combination with potent topical 
corticosteroids.138,233

Plectin

Plectin, a cytoplasmic hemidesmosomal protein, can also become a target for 
autoimmunity. Such event, although uncommon, was seen in sera from BP patients 
where anti-plectin autoantibodies were detected. It is plausible that due to its large 
molecular weight, estimated at >500 kDa, the detection of plectin through 
conventional immunoblotting or immunoprecipitation techniques can be challenging, 
as a result, autoantibodies targeting this polypeptide might have been overlooked. 
Nevertheless, in a study where more sensitive techniques combining 
immunoprecipitation and immunoblotting were employed, the occurrence of 
autoantibodies to plectin remained a rare phenomenon in BP.234The reported 
prevalence in a series of 282 consecutive patients with sAIBD was established at 3.9%. 
Epitope mapping revealed that the immunodominant hotspot is usually located on the 
central coiled-coil rod domain of plectin molecule. Presence of exclusively anti-plectin 
autoantibodies is rarely the case, as the majority of patients have also autoantibodies 
targeting other pemphigoid antigens.235 The clinical manifestation is similar to BP. 
Plectin has also been reported in the literature as an autoantigen in paraneoplastic 
pemphigus (PNP), with a higher prevalence than in BP. PNP is a rare autoimmune 
muco-cutaneous blistering disease associated with an underlying neoplasm. The 
autoimmunity is directed against multiple antigens, generally from the plakin family 
proteins, including plectin, but also against desmogleins, adhesion molecules at the site 
of desmosomes236 It is hypothesized that anti-desmoglein antibodies engage the 
primary role in initiating the pathology by damaging the cell membranes, thus 
providing intracellular access for anti-plakin autoantibodies.236,237
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to be less severe than BP.216 Histopathology of LPP skin will reveal a band-like 
lymphocytic infiltrate in the upper dermis, liquefactive degeneration of basal 
keratinocytes and subepidermal blister formation.213 DIF studies will demonstrate 
linear n-serrated deposits of IgG and/or C3 in perilesional skin at the site of BMZ and 
IIF aims the detection of circulating IgG autoantibodies against the NC16A domain of 
BP180. Treatment of lichen planus in conjunction with the treatment algorithm for 
bullous pemphigoid represent the cornerstone in the management of LPP.138

BP180, BP230, LAD-1, LABD-97

Linear IgA dermatosis (LAD) is a pemphigoid disease characterized by exclusively IgA 
deposition alongside the BMZ of the skin and mucosa with stratified squamous 
epithelia. Its annual incidence is circa 0.5-2.3 cases per million.217 Although all ages are 
prone to the development of LAD, two peaks of onset have been observed; the 
childhood-onset LAD begins before the age of 5, whereas the adult-onset form usually 
starts after age 60.218 In children, LAD is the most frequent form of pemphigoid and in 
most cases has a self-limiting clinical course; nevertheless some cases persisted into 
adulthood.219 The clinical spectrum of this disorder is heterogeneous, sometimes 
resembling other blistering disorders. Some patients can suffer from severe pruritus. 
Lesions consisting of clear or hemorrhagic tense vesicles and/or bullae develop on an 
erythematous urticarial background or on normal appearing skin. Occasionally a 
distinctive configuration of lesions, such as ‘’crown of jewels’’ or ‘’string of pearls’’ can 
be seen (Fig. 3e). An estimated 70 % of patients exhibit mucosal involvement which 
can cause significant comorbidity. Oral cavity and eyes are the most frequently affected 
sites.218,220 Ocular disease if not treated promptly may result in blindness, through 
scarring.221 Use of certain medication may become a triggering factor in the 
development of LAD. The most reported culprit is vancomycin.222,223 Drug-related LAD 
typically resolve rapidly and spontaneously upon drug withdrawal.224 Genetic 
investigations have revealed associations between LAD and the HLA Cw7, HLA B8 and 
DR3 haplotypes. Also, a significant association with the rare tumour necrosis factor-2 
(TNF-2) has been established, such finding predicts longer disease duration.225 The 
complex pathophysiological process in LAD engages the humoral and cellular 
responses, activation of complement, inflammatory cells recruitment, and release of 
proteolytic enzymes from neutrophils and eosinophils.226,227 The majority of LAD 
patients have IgA1 autoantibodies targeting the 120-kDa (LAD-1) and 97-kDa (LABD-
97) antigens. These molecules are localized in lamina lucida and are, in fact, products 
of proteolytic cleavage of the BP180 ectodomain.228,229The NC16 domain of BP180 and 
BP230 may also become an antigenic target in a subgroup of patients.230,231 Diagnosis 
is established through a combination of clinical presentation, histopathologic and 

immunopathologic studies. Histopathologic findings include subepidermal blistering, 
upper epidermis infiltrate mainly consisting of neutrophils, and sometimes also 
eosinophils and mononuclear cells.227,232 DIF on perilesional mucous membrane or skin 
biopsies will reveal linear n-serrated depositions of IgA at the site of BMZ.135 Serum IgA 
autoantibodies may be detected through IIF studies on human salt-split skin; the 
binding will be on the epidermal side of the blister. Western immunoblotting may be 
an additional test used to reach an accurate diagnosis. The two most employed 
treatment options include dapsone or sulfapyridine in combination with potent topical 
corticosteroids.138,233

Plectin

Plectin, a cytoplasmic hemidesmosomal protein, can also become a target for 
autoimmunity. Such event, although uncommon, was seen in sera from BP patients 
where anti-plectin autoantibodies were detected. It is plausible that due to its large 
molecular weight, estimated at >500 kDa, the detection of plectin through 
conventional immunoblotting or immunoprecipitation techniques can be challenging, 
as a result, autoantibodies targeting this polypeptide might have been overlooked. 
Nevertheless, in a study where more sensitive techniques combining 
immunoprecipitation and immunoblotting were employed, the occurrence of 
autoantibodies to plectin remained a rare phenomenon in BP.234The reported 
prevalence in a series of 282 consecutive patients with sAIBD was established at 3.9%. 
Epitope mapping revealed that the immunodominant hotspot is usually located on the 
central coiled-coil rod domain of plectin molecule. Presence of exclusively anti-plectin 
autoantibodies is rarely the case, as the majority of patients have also autoantibodies 
targeting other pemphigoid antigens.235 The clinical manifestation is similar to BP. 
Plectin has also been reported in the literature as an autoantigen in paraneoplastic 
pemphigus (PNP), with a higher prevalence than in BP. PNP is a rare autoimmune 
muco-cutaneous blistering disease associated with an underlying neoplasm. The 
autoimmunity is directed against multiple antigens, generally from the plakin family 
proteins, including plectin, but also against desmogleins, adhesion molecules at the site 
of desmosomes236 It is hypothesized that anti-desmoglein antibodies engage the 
primary role in initiating the pathology by damaging the cell membranes, thus 
providing intracellular access for anti-plakin autoantibodies.236,237
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Integrin a6b4

Both α6 and β4 integrin subunits have been recognized as antigenic sites in MMP. 
Although located in close proximity, these autoantigens cause distinct pathologies. The 
α6 integrin subunit has been associated with exclusively oral MMP,238,239 whereas β4 
integrin subunit is targeted in MMP with predominantly ocular involvement.240 Some 
studies support the pathogenicity of anti-β4 integrin autoantibodies in a subgroup of 
MMP patients.241,242 While autoantibodies targeting BP180 and/or BP230 have also 
been detected in patients’ sera, their presence was temporary and did not parallel the 
clinical course.243 Anti- α6 and -β4 integrin antibodies have, however, been found to 
correlate with the disease activity and severity.243,244Notably, anti-α6 integrin 
antibodies have also been detected in the sera of classical BP patients. Nevertheless, 
the affected individuals have not developed any mucosal involvement. The existence 
of these anti-α6 autoantibodies may represent an epiphenomenon.245 Distinguishing 
between the causal autoantigen has significant clinical importance; patients with oral 
MMP have a better prognosis and some can be managed with local corticosteroids,170

while individuals with ocular MMP require prompt and adequate systemic 
immunosuppressive treatment and have a poor prognosis.246

Laminin 332 

Anti-laminin 332 pemphigoid is a form of MMP, discovered in 1992, when a group of 
patients developed IgG autoantibodies targeting a disulfide-linked protein, then known 
as epiligrin. This molecule had a diverse nomenclature throughout the time including 
nicein, kalinin, BP600, and ultimately laminin 332.247,248 Circulating IgG autoantibodies 
recognize the G domain on the α3 chain of laminin 332 in almost all patients.249,250 Their 
pathogenic role has been demonstrated when the injection of anti-laminin 332 
antibodies in neonatal mice and into a human skin graft model caused subepidermal 
cleavage without inflammation.251,252 Autoantibodies against the γ2- and β3 subunits 
of laminin-332 are rare, but have also been reported.253,254 Notably, previous 
investigations have confirmed that autoantibodies from a subset of MMP patients 
recognize the α3 chain in both laminin 332 (former lamin 5) and laminin 311 (former 
laminin 6), thus laminin 331 is co-targeted in anti-laminin 332 pemphigoid.255 Up to a 
fifth of all MMP cases is represented by anti-laminin 332 MMP patients. Clinically, they 
develop predominantly mucous membrane blistering and erosions which have a 
propensity for scarring and tissue destruction. Mucosa of mouth, eyes, nose, pharynx, 
larynx, oesophagus, and anogenital area may become affected, creating significant 
comorbidities, such as gingival destruction, loss of teeth, potential blindness, 
hoarseness, dysphagia, airway obstruction, and other complications. If lesions develop 

on the skin, the predilections sites are the head and upper trunk.254 Anti-laminin 332 
pemphigoid is associated with an increased relative risk for cancer of either lung, 
stomach, colon, or endometrium. Approximately a third of anti-laminin 332 MMP cases 
in a cohort were found to have or developed later a single solid malignancy. Hence, 
careful cancer screening should be performed in individuals affected by this 
disorder.256 On the other hand, a French study found no association with internal 
malignancy.257 Diagnosis of anti-laminin 332 pemphigoid is based on the clinical 
picture, histopathologic, and immunopathologic studies. Light microscopy will reveal 
subepidermal blistering and a dermal infiltrate composed of lymphocytes. Fresh lesions 
might also display a mixture of neutrophils and eosinophils in the infiltrate, whereas 
older lesions have sparse cellularity and some degree of lamellar fibrosis.258 DIF analysis 
will show linear n-serrated IgG and frequently C3depositions along the epithelial 
basement membrane. IIF studies on SSS show binding of autoantibodies to the dermal 
side of the blister.254 Comparative analysis of methods for detecting anti-laminin 332 
antibodies identified immunoblotting of human keratinocytes extracellular matrix or 
human keratinocytes extract as the most practical technique.259 Due to potential 
severe scarring with resulting complications, anti-laminin 332 pemphigoid requires 
prompt and adequate treatment. Therapy options include, among others: systemic 
corticosteroids, dapsone, tetracycline, cyclophosphamide, mycophenolate, 
rituximab.138

p200/ laminin γ1

Anti-p200 pemphigoid was described for the first time in 1996 when investigators 
identified a sAIBD with a novel antigenic target: a 200-kDa glycoprotein, component of 
the lower lamina lucida.260,261 The clinical spectrum of this disorder can be 
heterogeneous resembling BP, dyshidrotic eczema, the inflammatory form of 
epidermolysis bullosa aquisita, and LAD. Interestingly, in 30% of the cases, coexistence 
of psoriasis was noted.262,263 The affected individuals develop erythematous urticarial 
plaques, tense blisters and vesicles on the limbs and trunk (Fig. 3f). Mucous 
membranes may also become involved. Autoreactivity against anti-laminin γ1 was 
found in approximately 90 % of patients’ sera affected by anti-p200 pemphigoid.264

Laminin γ1 is a protein chain entering into the heterotrimer composition of several 
laminins, including laminin 311, 321, and 511, all found at the site of the dermal-
epidermal junction.265,266 Nonetheless, in vivo267 en ex vivo268 studies have not 
established a pathogenic role for anti-laminin γ1 autoantibodies yet. The results 
demonstrated, however, that patients’ sera depleted of anti-laminin γ1 antibodies and 
nondepleted sera caused subepidermal cleavage in an ex vivo model of autoantibody-
mediated leukocyte-dependent neutrophil activation on cryosections of human skin.268
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Integrin a6b4
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Although located in close proximity, these autoantigens cause distinct pathologies. The 
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clinical course.243 Anti- α6 and -β4 integrin antibodies have, however, been found to 
correlate with the disease activity and severity.243,244Notably, anti-α6 integrin 
antibodies have also been detected in the sera of classical BP patients. Nevertheless, 
the affected individuals have not developed any mucosal involvement. The existence 
of these anti-α6 autoantibodies may represent an epiphenomenon.245 Distinguishing 
between the causal autoantigen has significant clinical importance; patients with oral 
MMP have a better prognosis and some can be managed with local corticosteroids,170

while individuals with ocular MMP require prompt and adequate systemic 
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antibodies in neonatal mice and into a human skin graft model caused subepidermal 
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fifth of all MMP cases is represented by anti-laminin 332 MMP patients. Clinically, they 
develop predominantly mucous membrane blistering and erosions which have a 
propensity for scarring and tissue destruction. Mucosa of mouth, eyes, nose, pharynx, 
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comorbidities, such as gingival destruction, loss of teeth, potential blindness, 
hoarseness, dysphagia, airway obstruction, and other complications. If lesions develop 
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might also display a mixture of neutrophils and eosinophils in the infiltrate, whereas 
older lesions have sparse cellularity and some degree of lamellar fibrosis.258 DIF analysis 
will show linear n-serrated IgG and frequently C3depositions along the epithelial 
basement membrane. IIF studies on SSS show binding of autoantibodies to the dermal 
side of the blister.254 Comparative analysis of methods for detecting anti-laminin 332 
antibodies identified immunoblotting of human keratinocytes extracellular matrix or 
human keratinocytes extract as the most practical technique.259 Due to potential 
severe scarring with resulting complications, anti-laminin 332 pemphigoid requires 
prompt and adequate treatment. Therapy options include, among others: systemic 
corticosteroids, dapsone, tetracycline, cyclophosphamide, mycophenolate, 
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Anti-p200 pemphigoid was described for the first time in 1996 when investigators 
identified a sAIBD with a novel antigenic target: a 200-kDa glycoprotein, component of 
the lower lamina lucida.260,261 The clinical spectrum of this disorder can be 
heterogeneous resembling BP, dyshidrotic eczema, the inflammatory form of 
epidermolysis bullosa aquisita, and LAD. Interestingly, in 30% of the cases, coexistence 
of psoriasis was noted.262,263 The affected individuals develop erythematous urticarial 
plaques, tense blisters and vesicles on the limbs and trunk (Fig. 3f). Mucous 
membranes may also become involved. Autoreactivity against anti-laminin γ1 was 
found in approximately 90 % of patients’ sera affected by anti-p200 pemphigoid.264

Laminin γ1 is a protein chain entering into the heterotrimer composition of several 
laminins, including laminin 311, 321, and 511, all found at the site of the dermal-
epidermal junction.265,266 Nonetheless, in vivo267 en ex vivo268 studies have not 
established a pathogenic role for anti-laminin γ1 autoantibodies yet. The results 
demonstrated, however, that patients’ sera depleted of anti-laminin γ1 antibodies and 
nondepleted sera caused subepidermal cleavage in an ex vivo model of autoantibody-
mediated leukocyte-dependent neutrophil activation on cryosections of human skin.268
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This data suggests that the presence of anti-laminin γ1 antibodies can be viewed as a 
diagnostic marker for a majority of anti-p200 pemphigoid cases. The factual,
pathogenically involved autoantigen has yet to be elucidated.269 Histopathologic 
features of anti-p200 pemphigoid are not very specific and can mimic LAD or dermatitis 
herpetiformis and include: subepidermal blistering, neutrophilic infiltrate in the 
papillary dermis with sometimes a mixture of eosinophils. Micro abscesses at the tips 
of dermal papillae may also be found.262,270 DIF studies on perilesional skin will reveal 
linear n-serrated IgG and C3 deposition along the BMZ. IIF studies on SSS will 
demonstrate binding on the dermal side of the blister. Western blotting will show 
reactivity against 200-kDa protein in the human dermis.262Also, autoantibodies against 
the C-terminus of laminin γ1 may be detected by immunoblotting or ELISA.264,271 In a 
subgroup of patients coexistent autoantibodies targeting BP180, BP230, laminin 332 
and type VII collagen have been reported.262,272,273 This might be a consequence of 
epitope spreading. The treatment of anti-p200 pemphigoid consists of topical 
ultrapotent corticosteroids, where severe cases will require systemic therapy. The 
clinical course is generally more indolent than epidermolysis bullosa aquisita or BP.269

Type VII collagen

Epidermolysis bullosa acquisita (EBA) is a rare sAIBD with a reported annual incidence 
of 0.25 cases per million. Both children and adults can become affected.175 This 
disorder is characterized by autoantibodies targeting type VII collagen in the anchoring 
fibrils at the site of dermal-epidermal junction. The autoreactivity in EBA is directed 
mainly against the NC1 domain of α chain in type VII collagen.274,275 In some EBA cases 
the NC2 and triple helical domains have been described as targeted region.276,277 The 
pathogenicity of autoantibodies targeting type VII collagen is emphasized by the 
observation that a neonate of an EBA mother developed congenital blisters due to 
passive placental transfer of maternal IgGs.278 Furthermore, ex vivo studies279 and 
passive or active transfer mouse models involving anti- type VII collagen 
autoantibodies have demonstrated blister formation.280-282 Clinically, EBA can manifest 
with either inflammatory or mechanobullous phenotype. The classical mechanobullous 
phenotype resembles DEB, and the less severe cases can mimic porphyria cutanea 
tarda where acral blistering resolves with atrophic scaring, milia and pigmentary 
changes (Fig. 3g).283 When the scalp, neck, and shoulders are the only affected sites, 
the clinical picture can be reminiscent of Brunsting-Perry pemphigoid.284 The 
inflammatory phenotype of EBA, on the other hand, can resemble BP or MMP. Patients 
develop vesicles and bullae mainly affecting the flexural areas, with no scaring or milia. 
Also, grouped circinary vesicles and arciform erythema, configurations seen in LAD, 
may be witnessed in inflammatory EBA.285,286 Several studies have suggested an 

association between EBA and inflammatory bowel disease (IBD), particularly Crohn’s 
disease. The connection is explained by the fact that type VII collagen is also expressed 
in the colon, although in lower concentrations than in the skin. Typically the onset of 
gastrointestinal symptoms precedes the skin involvement, thus EBA may be regarded 
as a complication of IBD.287-289 In addition, EBA is associated with an increased 
frequency of HLA-DR2 haplotype,290 mainly DRB1*15 in black patients of African 
descent291 and DRB1*13 in Korean patients.292 Histopathology of inflammatory EBA 
shows subepidermal blistering and a mixed inflammatory infiltrate consisting of 
lymphocytes, neutrophils and eosinophils, whereas the infiltrate of the 
mechanobullous variant has a more sparse cellularity.285 DIF studies on perilesional skin 
biopsies will show linear u-serrated depositions of IgG, IgA, and C3 at the site of BMZ. 
Serration pattern analysis in EBA has considerable significance as it allows 
differentiation from other pemphigoid disorder which all have an n-serrated pattern.135

Also, the importance of serration pattern analysis is supported by the fact that less 
than a half of EBA patients’ sera will show reactivity by IIF on SSS by binding on the 
dermal side of the artificial blister.286 Several other laboratory studies including 
immunoblotting, immunoelectron microscopy and ELISA may confirm or aid 
establishing the diagnosis.293,294 Type VII collagen ELISA test may also be employed for 
monitoring the clinical activity in EBA.295 Its value is however limited in SSS-non-
reactive EBA sera.296 A subgroup of patients will exhibit exclusively IgA reactivity on the 
dermal side of SSS or in the sublamina densa zone by indirect or direct immunoelectron 
microscopy. Such, entity is known as IgA-mediated epidermolysis bullosa aquisita (IgA-
EBA). Its clinical manifestation resembles the classic “lamina lucida type” LAD or the 
inflammatory variant of IgG-mediated EBA.297 Some investigators, in fact, view IgA-EBA 
as a subtype of LAD where the IgA autoreactivity is directed against type VII 
collagen.298,299 Treatment options of EBA include systemic corticosteroids in 
conjunction with colchicine or dapsone. Severe or refractory cases may require, among 
others: cyclosporine, azathioprine, mycophenolate mofetil, intravenous 
immunoglobulin, or rituximab.138
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This data suggests that the presence of anti-laminin γ1 antibodies can be viewed as a 
diagnostic marker for a majority of anti-p200 pemphigoid cases. The factual,
pathogenically involved autoantigen has yet to be elucidated.269 Histopathologic 
features of anti-p200 pemphigoid are not very specific and can mimic LAD or dermatitis 
herpetiformis and include: subepidermal blistering, neutrophilic infiltrate in the 
papillary dermis with sometimes a mixture of eosinophils. Micro abscesses at the tips 
of dermal papillae may also be found.262,270 DIF studies on perilesional skin will reveal 
linear n-serrated IgG and C3 deposition along the BMZ. IIF studies on SSS will 
demonstrate binding on the dermal side of the blister. Western blotting will show 
reactivity against 200-kDa protein in the human dermis.262Also, autoantibodies against 
the C-terminus of laminin γ1 may be detected by immunoblotting or ELISA.264,271 In a 
subgroup of patients coexistent autoantibodies targeting BP180, BP230, laminin 332 
and type VII collagen have been reported.262,272,273 This might be a consequence of 
epitope spreading. The treatment of anti-p200 pemphigoid consists of topical 
ultrapotent corticosteroids, where severe cases will require systemic therapy. The 
clinical course is generally more indolent than epidermolysis bullosa aquisita or BP.269

Type VII collagen

Epidermolysis bullosa acquisita (EBA) is a rare sAIBD with a reported annual incidence 
of 0.25 cases per million. Both children and adults can become affected.175 This 
disorder is characterized by autoantibodies targeting type VII collagen in the anchoring 
fibrils at the site of dermal-epidermal junction. The autoreactivity in EBA is directed 
mainly against the NC1 domain of α chain in type VII collagen.274,275 In some EBA cases 
the NC2 and triple helical domains have been described as targeted region.276,277 The 
pathogenicity of autoantibodies targeting type VII collagen is emphasized by the 
observation that a neonate of an EBA mother developed congenital blisters due to 
passive placental transfer of maternal IgGs.278 Furthermore, ex vivo studies279 and 
passive or active transfer mouse models involving anti- type VII collagen 
autoantibodies have demonstrated blister formation.280-282 Clinically, EBA can manifest 
with either inflammatory or mechanobullous phenotype. The classical mechanobullous 
phenotype resembles DEB, and the less severe cases can mimic porphyria cutanea 
tarda where acral blistering resolves with atrophic scaring, milia and pigmentary 
changes (Fig. 3g).283 When the scalp, neck, and shoulders are the only affected sites, 
the clinical picture can be reminiscent of Brunsting-Perry pemphigoid.284 The 
inflammatory phenotype of EBA, on the other hand, can resemble BP or MMP. Patients 
develop vesicles and bullae mainly affecting the flexural areas, with no scaring or milia. 
Also, grouped circinary vesicles and arciform erythema, configurations seen in LAD, 
may be witnessed in inflammatory EBA.285,286 Several studies have suggested an 

association between EBA and inflammatory bowel disease (IBD), particularly Crohn’s 
disease. The connection is explained by the fact that type VII collagen is also expressed 
in the colon, although in lower concentrations than in the skin. Typically the onset of 
gastrointestinal symptoms precedes the skin involvement, thus EBA may be regarded 
as a complication of IBD.287-289 In addition, EBA is associated with an increased 
frequency of HLA-DR2 haplotype,290 mainly DRB1*15 in black patients of African 
descent291 and DRB1*13 in Korean patients.292 Histopathology of inflammatory EBA 
shows subepidermal blistering and a mixed inflammatory infiltrate consisting of 
lymphocytes, neutrophils and eosinophils, whereas the infiltrate of the 
mechanobullous variant has a more sparse cellularity.285 DIF studies on perilesional skin 
biopsies will show linear u-serrated depositions of IgG, IgA, and C3 at the site of BMZ. 
Serration pattern analysis in EBA has considerable significance as it allows 
differentiation from other pemphigoid disorder which all have an n-serrated pattern.135

Also, the importance of serration pattern analysis is supported by the fact that less 
than a half of EBA patients’ sera will show reactivity by IIF on SSS by binding on the 
dermal side of the artificial blister.286 Several other laboratory studies including 
immunoblotting, immunoelectron microscopy and ELISA may confirm or aid 
establishing the diagnosis.293,294 Type VII collagen ELISA test may also be employed for 
monitoring the clinical activity in EBA.295 Its value is however limited in SSS-non-
reactive EBA sera.296 A subgroup of patients will exhibit exclusively IgA reactivity on the 
dermal side of SSS or in the sublamina densa zone by indirect or direct immunoelectron 
microscopy. Such, entity is known as IgA-mediated epidermolysis bullosa aquisita (IgA-
EBA). Its clinical manifestation resembles the classic “lamina lucida type” LAD or the 
inflammatory variant of IgG-mediated EBA.297 Some investigators, in fact, view IgA-EBA 
as a subtype of LAD where the IgA autoreactivity is directed against type VII 
collagen.298,299 Treatment options of EBA include systemic corticosteroids in 
conjunction with colchicine or dapsone. Severe or refractory cases may require, among 
others: cyclosporine, azathioprine, mycophenolate mofetil, intravenous 
immunoglobulin, or rituximab.138
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Figure 1. Schematic representation of the dermal-epidermal junction. Molecules or 
their subunits targeted by genetic mutations and/or circulating autoantibodies are 
shown in colour (excluding grey).

Table 1 Targeted molecules and their corresponding hereditary and/or acquired disease at the site of
dermal epidermal junction 

Molecule Inherited disease Acquired disease
Intermediate filaments molecules
Keratin 5, 14 EBS, localized (K5; K14)

EBS, generalized severe (K5; K14)
EBS, generalized intermediate (K5; K14)
EBS with mottled pigmentation (K5)
EBS, migratory circinate (K5)
EBS, autosomal recessive K14*

Hemidesmosomal molecules
Plectin EBS with muscular dystrophy

EBS with pyloric atresia*
EBS-Ogna*

Anti-plectin pemphigoid*
Paraneoplastic pemphigus*

BP230 EBS, autosomal recessive-BP230 deficiency* Bullous pemphigoid
Mucous membrane pemphigoid
Pemphigoid gestationis
Lichen planus pemphigoides*
Linear IgA disease 
Brunsting-Perry pemphigoid*

BP180

LAD-1, LABD-97

JEB, generalized intermediate
JEB, late onset*
JEB, localized

Bullous pemphigoid
Mucous membrane pemphigoid
Pemphigoid gestationis
Linear IgA disease  
Lichen planus pemphigoides*
Brunsting-Perry pemphigoid*
Linear IgA disease 

Integrin α6β4 EBS with pyloric atresia (integrin α6; β4) *
JEB with pyloric atresia (integrin α6; β4) *
JEB, localized (integrin β4) 

Mucous membrane pemphigoid

Other junctional molecules
Laminin 332 (α3,β3,γ2 chain)

Laminin 311 (α3 chain)

JEB, generalized severe
JEB, generalized intermediate
JEB, localized
JEB, inversa*
JEB-LOC syndrome (isoform α3 chain)*
JEB

Mucous membrane pemphigoid

Mucous membrane pemphigoid

p-200/ laminin γ1 Anti p-200 / anti- laminin γ1 pemphigoid*
Type VII collagen DDEB

DDEB/RDEB, bullous dermolysis of the 
newborn*
RDEB, generalized severe
RDEB, generalized intermediate
RDEB, localized
RDEB, all other subtypes

Epidermolysis bullosa aquisita
Mucous membrane pemphigoid

Focal adhesion molecules
Kindlin-1 Kindler syndrome*

Integrin α3 JEB with respiratory and renal involvement*

*, rare diseases; EBS, epidermolysis bullosa simplex; K5, keratin 5; K14, keratin 14; JEB, junctional epidermolysis bullosa; DDEB, dominant 
dystrophic epidermolysis bullosa; RDEB, recessive dystrophic epidermolysis bullosa.
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Mucous membrane pemphigoid
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Laminin 332 (α3,β3,γ2 chain)

Laminin 311 (α3 chain)

JEB, generalized severe
JEB, generalized intermediate
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JEB, inversa*
JEB-LOC syndrome (isoform α3 chain)*
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Mucous membrane pemphigoid

Mucous membrane pemphigoid
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Type VII collagen DDEB

DDEB/RDEB, bullous dermolysis of the 
newborn*
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Epidermolysis bullosa aquisita
Mucous membrane pemphigoid

Focal adhesion molecules
Kindlin-1 Kindler syndrome*

Integrin α3 JEB with respiratory and renal involvement*
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Figure 2. Clinical features in various inherited blistering diseases of the dermal-
epidermal junction. a Blistering and scarring alopecia in a patient with junctional 
epidermolysis bullosa, generalized intermediate resulting from type XVII collagen 
mutations. b Enamel pitting in a patient with junctional epidermolysis bullosa, 
generalized intermediate due to type XVII collagen mutations. c Exuberant granulation 
tissue involving the nail area of hand digits in a child with junctional epidermolysis 
bullosa, generalized severe. d Cutis aplasia (congenital absence of skin) in the lower leg 
in a child with junctional epidermolysis bullosa. e Extensive blistering, erosions and 
chronic wounds in a child with recessive dystrophic epidermolysis bullosa generalized 
severe. f “Mitten-like” hand deformity with encapsulated digits in a patient with 
recessive dystrophic epidermolysis bullosa, generalized other. g Island of normally 
pigmented and mechanically resilient skin on the dorsal side of hand as consequence of 
revertant mosaicism in a patient with junctional epidermolysis bullosa generalized 
intermediate.

Figure 3. Clinical symptoms in various acquired blistering diseases of the dermal-
epidermal junction. a Generalized bullous pemphigoid, with autoantibodies targeting 
BP180, featuring erythematous urticarial papules and plaques with tense blisters and 
erosions. b Desquamative gingivitis in a patient with mucous membrane pemphigoid 
with autoantibodies against laminin 332. c Conjunctivitis and symblepharon in a patient 
with mucous membrane pemphigoid with autoantibodies against BP180. d Scalp 
erythema, erosions, crusting, and extensive alopecia with scarring in a patient with 
Brunsting-Perry pemphigoid with autoantibodies targeting BP180. e Bullous lesions in 
“string of pearls” configuration on the lower abdomen of a patient with linear IgA 
disease with autoantibodies targeting LAD-1. f Localized monomorphic blistering of the 
arm in a patient with p200 pemphigoid. g Tense blisters and milia on the dorsal side of 
the hand in a woman with epidermolysis bullosa aquisita, mechanobullous variant with 
autoantibodies against type VII collagen.
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Figure 2. Clinical features in various inherited blistering diseases of the dermal-
epidermal junction. a Blistering and scarring alopecia in a patient with junctional 
epidermolysis bullosa, generalized intermediate resulting from type XVII collagen 
mutations. b Enamel pitting in a patient with junctional epidermolysis bullosa, 
generalized intermediate due to type XVII collagen mutations. c Exuberant granulation 
tissue involving the nail area of hand digits in a child with junctional epidermolysis 
bullosa, generalized severe. d Cutis aplasia (congenital absence of skin) in the lower leg 
in a child with junctional epidermolysis bullosa. e Extensive blistering, erosions and 
chronic wounds in a child with recessive dystrophic epidermolysis bullosa generalized 
severe. f “Mitten-like” hand deformity with encapsulated digits in a patient with 
recessive dystrophic epidermolysis bullosa, generalized other. g Island of normally 
pigmented and mechanically resilient skin on the dorsal side of hand as consequence of 
revertant mosaicism in a patient with junctional epidermolysis bullosa generalized 
intermediate.

Figure 3. Clinical symptoms in various acquired blistering diseases of the dermal-
epidermal junction. a Generalized bullous pemphigoid, with autoantibodies targeting 
BP180, featuring erythematous urticarial papules and plaques with tense blisters and 
erosions. b Desquamative gingivitis in a patient with mucous membrane pemphigoid 
with autoantibodies against laminin 332. c Conjunctivitis and symblepharon in a patient 
with mucous membrane pemphigoid with autoantibodies against BP180. d Scalp 
erythema, erosions, crusting, and extensive alopecia with scarring in a patient with 
Brunsting-Perry pemphigoid with autoantibodies targeting BP180. e Bullous lesions in 
“string of pearls” configuration on the lower abdomen of a patient with linear IgA 
disease with autoantibodies targeting LAD-1. f Localized monomorphic blistering of the 
arm in a patient with p200 pemphigoid. g Tense blisters and milia on the dorsal side of 
the hand in a woman with epidermolysis bullosa aquisita, mechanobullous variant with 
autoantibodies against type VII collagen.

2 - 51

518316-sub01-bw-Turcan.indd   51 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 52PDF page: 52PDF page: 52PDF page: 52

References

1. Gumbiner BM. Cell adhesion: The molecular basis of tissue architecture and morphogenesis. 
Cell. 1996;84(3):345-357.

2. Green KJ, Jones JC. Desmosomes and hemidesmosomes: Structure and function of molecular 
components. FASEB J. 1996;10(8):871-881.

3. Borradori L, Sonnenberg A. Hemidesmosomes: Roles in adhesion, signaling and human 
diseases. Curr Opin Cell Biol. 1996;8(5):647-656.

4. Foisner R, Feldman B, Sander L, Wiche G. Monoclonal antibody mapping of structural and 
functional plectin epitopes. J Cell Biol. 1991;112(3):397-405.

5. Jones JC, Hopkinson SB, Goldfinger LE. Structure and assembly of hemidesmosomes. 
Bioessays. 1998;20(6):488-494.

6. Sterk LM, Geuijen CA, Oomen LC, Calafat J, Janssen H, Sonnenberg A. The tetraspan molecule 
CD151, a novel constituent of hemidesmosomes, associates with the integrin alpha6beta4 and 
may regulate the spatial organization of hemidesmosomes. J Cell Biol. 2000;149(4):969-982.

7. Kurpakus MA, Jones JC. A novel hemidesmosomal plaque component: Tissue distribution 
and incorporation into assembling hemidesmosomes in an in vitro model. Exp Cell Res. 
1991;194(1):139-146.

8. Borradori L, Sonnenberg A. Structure and function of hemidesmosomes: More than simple 
adhesion complexes. J Invest Dermatol. 1999;112(4):411-418.

9. Behrens DT, Villone D, Koch M, et al. The epidermal basement membrane is a composite of 
separate laminin- or collagen IV-containing networks connected by aggregated perlecan, but 
not by nidogens. J Biol Chem. 2012;287(22):18700-18709.

10. Christiano AM, Uitto J. Molecular complexity of the cutaneous basement membrane zone. 
Exp Dermatol. 1996;5(1):1-11.

11. Fine JD, Bruckner-Tuderman L, Eady RA, et al. Inherited epidermolysis bullosa: Updated 
recommendations on diagnosis and classification. J Am Acad Dermatol. 2014.

12. Fuchs E, Cleveland DW. A structural scaffolding of intermediate filaments in health and 
disease. Science. 1998;279(5350):514-519.

13. Herrmann H, Strelkov SV, Burkhard P, Aebi U. Intermediate filaments: Primary 
determinants of cell architecture and plasticity. J Clin Invest. 2009;119(7):1772-1783.

14. Omary MB, Coulombe PA, McLean WH. Intermediate filament proteins and their associated 
diseases. N Engl J Med. 2004;351(20):2087-2100.

15. Coulombe PA, Hutton ME, Vassar R, Fuchs E. A function for keratins and a common thread 
among different types of epidermolysis bullosa simplex diseases. J Cell Biol. 1991;115(6):1661-
1674.

16. Rugg EL, Horn HM, Smith FJ, et al. Epidermolysis bullosa simplex in scotland caused by a 
spectrum of keratin mutations. J Invest Dermatol. 2007;127(3):574-580.

17. Bolling MC, Lemmink HH, Jansen GH, Jonkman MF. Mutations in KRT5 and KRT14 cause 
epidermolysis bullosa simplex in 75% of the patients. Br J Dermatol. 2011;164(3):637-644.

18. Corden LD, McLean WH. Human keratin diseases: Hereditary fragility of specific epithelial 
tissues. Exp Dermatol. 1996;5(6):297-307.

19. Fuchs E. The cytoskeleton and disease: Genetic disorders of intermediate filaments. Annu 
Rev Genet. 1996;30:197-231.

20. Muller FB, Kuster W, Wodecki K, et al. Novel and recurrent mutations in keratin KRT5 and 
KRT14 genes in epidermolysis bullosa simplex: Implications for disease phenotype and keratin 
filament assembly. Hum Mutat. 2006;27(7):719-720.

21. Uttam J, Hutton E, Coulombe PA, et al. The genetic basis of epidermolysis bullosa simplex 
with mottled pigmentation. Proc Natl Acad Sci U S A. 1996;93(17):9079-9084.

22. Gu LH, Xu TS, Huang W, et al. Developmental characteristics of pectoralis muscle in pekin 
duck embryos. Genet Mol Res. 2013;12(4):6733-6742.

23. Hovnanian A, Pollack E, Hilal L, et al. A missense mutation in the rod domain of keratin 14 
associated with recessive epidermolysis bullosa simplex. Nat Genet. 1993;3(4):327-332.

24. Rugg EL, McLean WH, Lane EB, et al. A functional "knockout" of human keratin 14. Genes 
Dev. 1994;8(21):2563-2573.

25. Yiasemides E, Trisnowati N, Su J, et al. Clinical heterogeneity in recessive epidermolysis 
bullosa due to mutations in the keratin 14 gene, KRT14. Clin Exp Dermatol. 2008;33(6):689-697.

26. Jonkman MF, Heeres K, Pas HH, et al. Effects of keratin 14 ablation on the clinical and 
cellular phenotype in a kindred with recessive epidermolysis bullosa simplex. J Invest Dermatol. 
1996;107(5):764-769.

27. Leung CL, Green KJ, Liem RK. Plakins: A family of versatile cytolinker proteins. Trends Cell 
Biol. 2002;12(1):37-45.

52 - 2

518316-sub01-bw-Turcan.indd   52 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 53PDF page: 53PDF page: 53PDF page: 53

References

1. Gumbiner BM. Cell adhesion: The molecular basis of tissue architecture and morphogenesis. 
Cell. 1996;84(3):345-357.

2. Green KJ, Jones JC. Desmosomes and hemidesmosomes: Structure and function of molecular 
components. FASEB J. 1996;10(8):871-881.

3. Borradori L, Sonnenberg A. Hemidesmosomes: Roles in adhesion, signaling and human 
diseases. Curr Opin Cell Biol. 1996;8(5):647-656.

4. Foisner R, Feldman B, Sander L, Wiche G. Monoclonal antibody mapping of structural and 
functional plectin epitopes. J Cell Biol. 1991;112(3):397-405.

5. Jones JC, Hopkinson SB, Goldfinger LE. Structure and assembly of hemidesmosomes. 
Bioessays. 1998;20(6):488-494.

6. Sterk LM, Geuijen CA, Oomen LC, Calafat J, Janssen H, Sonnenberg A. The tetraspan molecule 
CD151, a novel constituent of hemidesmosomes, associates with the integrin alpha6beta4 and 
may regulate the spatial organization of hemidesmosomes. J Cell Biol. 2000;149(4):969-982.

7. Kurpakus MA, Jones JC. A novel hemidesmosomal plaque component: Tissue distribution 
and incorporation into assembling hemidesmosomes in an in vitro model. Exp Cell Res. 
1991;194(1):139-146.

8. Borradori L, Sonnenberg A. Structure and function of hemidesmosomes: More than simple 
adhesion complexes. J Invest Dermatol. 1999;112(4):411-418.

9. Behrens DT, Villone D, Koch M, et al. The epidermal basement membrane is a composite of 
separate laminin- or collagen IV-containing networks connected by aggregated perlecan, but 
not by nidogens. J Biol Chem. 2012;287(22):18700-18709.

10. Christiano AM, Uitto J. Molecular complexity of the cutaneous basement membrane zone. 
Exp Dermatol. 1996;5(1):1-11.

11. Fine JD, Bruckner-Tuderman L, Eady RA, et al. Inherited epidermolysis bullosa: Updated 
recommendations on diagnosis and classification. J Am Acad Dermatol. 2014.

12. Fuchs E, Cleveland DW. A structural scaffolding of intermediate filaments in health and 
disease. Science. 1998;279(5350):514-519.

13. Herrmann H, Strelkov SV, Burkhard P, Aebi U. Intermediate filaments: Primary 
determinants of cell architecture and plasticity. J Clin Invest. 2009;119(7):1772-1783.

14. Omary MB, Coulombe PA, McLean WH. Intermediate filament proteins and their associated 
diseases. N Engl J Med. 2004;351(20):2087-2100.

15. Coulombe PA, Hutton ME, Vassar R, Fuchs E. A function for keratins and a common thread 
among different types of epidermolysis bullosa simplex diseases. J Cell Biol. 1991;115(6):1661-
1674.

16. Rugg EL, Horn HM, Smith FJ, et al. Epidermolysis bullosa simplex in scotland caused by a 
spectrum of keratin mutations. J Invest Dermatol. 2007;127(3):574-580.

17. Bolling MC, Lemmink HH, Jansen GH, Jonkman MF. Mutations in KRT5 and KRT14 cause 
epidermolysis bullosa simplex in 75% of the patients. Br J Dermatol. 2011;164(3):637-644.

18. Corden LD, McLean WH. Human keratin diseases: Hereditary fragility of specific epithelial 
tissues. Exp Dermatol. 1996;5(6):297-307.

19. Fuchs E. The cytoskeleton and disease: Genetic disorders of intermediate filaments. Annu 
Rev Genet. 1996;30:197-231.

20. Muller FB, Kuster W, Wodecki K, et al. Novel and recurrent mutations in keratin KRT5 and 
KRT14 genes in epidermolysis bullosa simplex: Implications for disease phenotype and keratin 
filament assembly. Hum Mutat. 2006;27(7):719-720.

21. Uttam J, Hutton E, Coulombe PA, et al. The genetic basis of epidermolysis bullosa simplex 
with mottled pigmentation. Proc Natl Acad Sci U S A. 1996;93(17):9079-9084.

22. Gu LH, Xu TS, Huang W, et al. Developmental characteristics of pectoralis muscle in pekin 
duck embryos. Genet Mol Res. 2013;12(4):6733-6742.

23. Hovnanian A, Pollack E, Hilal L, et al. A missense mutation in the rod domain of keratin 14 
associated with recessive epidermolysis bullosa simplex. Nat Genet. 1993;3(4):327-332.

24. Rugg EL, McLean WH, Lane EB, et al. A functional "knockout" of human keratin 14. Genes 
Dev. 1994;8(21):2563-2573.

25. Yiasemides E, Trisnowati N, Su J, et al. Clinical heterogeneity in recessive epidermolysis 
bullosa due to mutations in the keratin 14 gene, KRT14. Clin Exp Dermatol. 2008;33(6):689-697.

26. Jonkman MF, Heeres K, Pas HH, et al. Effects of keratin 14 ablation on the clinical and 
cellular phenotype in a kindred with recessive epidermolysis bullosa simplex. J Invest Dermatol. 
1996;107(5):764-769.

27. Leung CL, Green KJ, Liem RK. Plakins: A family of versatile cytolinker proteins. Trends Cell 
Biol. 2002;12(1):37-45.

2 - 53

518316-sub01-bw-Turcan.indd   53 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 54PDF page: 54PDF page: 54PDF page: 54

28. Liu CG, Maercker C, Castanon MJ, Hauptmann R, Wiche G. Human plectin: Organization of 
the gene, sequence analysis, and chromosome localization (8q24). Proc Natl Acad Sci U S A. 
1996;93(9):4278-4283.

29. Wiche G, Winter L. Plectin isoforms as organizers of intermediate filament cytoarchitecture. 
Bioarchitecture. 2011;1(1):14-20.

30. Koster J, van Wilpe S, Kuikman I, Litjens SH, Sonnenberg A. Role of binding of plectin to the 
integrin beta4 subunit in the assembly of hemidesmosomes. Mol Biol Cell. 2004;15(3):1211-
1223.

31. Sonnenberg A, Liem RK. Plakins in development and disease. Exp Cell Res. 
2007;313(10):2189-2203.

32. Andra K, Lassmann H, Bittner R, et al. Targeted inactivation of plectin reveals essential 
function in maintaining the integrity of skin, muscle, and heart cytoarchitecture. Genes Dev. 
1997;11(23):3143-3156.

33. Winter L, Wiche G. The many faces of plectin and plectinopathies: Pathology and 
mechanisms. Acta Neuropathol. 2013;125(1):77-93.

34. Rezniczek GA, Walko G, Wiche G. Plectin gene defects lead to various forms of 
epidermolysis bullosa simplex. Dermatol Clin. 2010;28(1):33-41.

35. Bolling MC, Jongbloed JD, Boven LG, et al. Plectin mutations underlie epidermolysis bullosa 
simplex in 8% of patients. J Invest Dermatol. 2014;134(1):273-276.

36. Bolling MC, Pas HH, de Visser M, et al. PLEC1 mutations underlie adult-onset dilated 
cardiomyopathy in epidermolysis bullosa simplex with muscular dystrophy. J Invest Dermatol. 
2010;130(4):1178-1181.

37. Charlesworth A, Chiaverini C, Chevrant-Breton J, et al. Epidermolysis bullosa simplex with 
PLEC mutations: New phenotypes and new mutations. Br J Dermatol. 2013;168(4):808-814.

38. Kiritsi D, Pigors M, Tantcheva-Poor I, et al. Epidermolysis bullosa simplex ogna revisited. J 
Invest Dermatol. 2013;133(1):270-273.

39. Tanaka T, Parry DA, Klaus-Kovtun V, Steinert PM, Stanley JR. Comparison of molecularly 
cloned bullous pemphigoid antigen to desmoplakin I confirms that they define a new family of 
cell adhesion junction plaque proteins. J Biol Chem. 1991;266(19):12555-12559.

40. Stanley JR. Cell adhesion molecules as targets of autoantibodies in pemphigus and 
pemphigoid, bullous diseases due to defective epidermal cell adhesion. Adv Immunol. 
1993;53:291-325.

41. Sawamura D, Li KH, Nomura K, Sugita Y, Christiano AM, Uitto J. Bullous pemphigoid antigen: 
cDNA cloning, cellular expression, and evidence for polymorphism of the human gene. J Invest 
Dermatol. 1991;96(6):908-915.

42. Koster J, Geerts D, Favre B, Borradori L, Sonnenberg A. Analysis of the interactions between 
BP180, BP230, plectin and the integrin alpha6beta4 important for hemidesmosome assembly. J 
Cell Sci. 2003;116(Pt 2):387-399.

43. Yang Y, Dowling J, Yu QC, Kouklis P, Cleveland DW, Fuchs E. An essential cytoskeletal linker 
protein connecting actin microfilaments to intermediate filaments. Cell. 1996;86(4):655-665.

44. Leung CL, Zheng M, Prater SM, Liem RK. The BPAG1 locus: Alternative splicing produces 
multiple isoforms with distinct cytoskeletal linker domains, including predominant isoforms in 
neurons and muscles. J Cell Biol. 2001;154(4):691-697.

45. Brown A, Bernier G, Mathieu M, Rossant J, Kothary R. The mouse dystonia musculorum 
gene is a neural isoform of bullous pemphigoid antigen 1. Nat Genet. 1995;10(3):301-306.

46. Guo L, Degenstein L, Dowling J, et al. Gene targeting of BPAG1: Abnormalities in mechanical 
strength and cell migration in stratified epithelia and neurologic degeneration. Cell. 
1995;81(2):233-243.

47. Pool M, Boudreau Lariviere C, Bernier G, Young KG, Kothary R. Genetic alterations at the 
Bpag1 locus in dt mice and their impact on transcript expression. Mamm Genome. 
2005;16(12):909-917.

48. Groves RW, Liu L, Dopping-Hepenstal PJ, et al. A homozygous nonsense mutation within the 
dystonin gene coding for the coiled-coil domain of the epithelial isoform of BPAG1 underlies a 
new subtype of autosomal recessive epidermolysis bullosa simplex. J Invest Dermatol. 
2010;130(6):1551-1557.

49. Liu L, Dopping-Hepenstal PJ, Lovell PA, et al. Autosomal recessive epidermolysis bullosa 
simplex due to loss of BPAG1-e expression. J Invest Dermatol. 2012;132(3 Pt 1):742-744.

50. Giorda R, Cerritello A, Bonaglia MC, et al. Selective disruption of muscle and brain-specific 
BPAG1 isoforms in a girl with a 6;15 translocation, cognitive and motor delay, and tracheo-
oesophageal atresia. J Med Genet. 2004;41(6):e71.

51. de Pereda JM, Lillo MP, Sonnenberg A. Structural basis of the interaction between integrin 
alpha6beta4 and plectin at the hemidesmosomes. EMBO J. 2009;28(8):1180-1190.

52. Niessen CM, Hogervorst F, Jaspars LH, et al. The alpha 6 beta 4 integrin is a receptor for 
both laminin and kalinin. Exp Cell Res. 1994;211(2):360-367.

53. Niessen CM, van der Raaij-Helmer MH, Hulsman EH, van der Neut R, Jonkman MF, 
Sonnenberg A. Deficiency of the integrin beta 4 subunit in junctional epidermolysis bullosa with 

54 - 2

518316-sub01-bw-Turcan.indd   54 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 55PDF page: 55PDF page: 55PDF page: 55

28. Liu CG, Maercker C, Castanon MJ, Hauptmann R, Wiche G. Human plectin: Organization of 
the gene, sequence analysis, and chromosome localization (8q24). Proc Natl Acad Sci U S A. 
1996;93(9):4278-4283.

29. Wiche G, Winter L. Plectin isoforms as organizers of intermediate filament cytoarchitecture. 
Bioarchitecture. 2011;1(1):14-20.

30. Koster J, van Wilpe S, Kuikman I, Litjens SH, Sonnenberg A. Role of binding of plectin to the 
integrin beta4 subunit in the assembly of hemidesmosomes. Mol Biol Cell. 2004;15(3):1211-
1223.

31. Sonnenberg A, Liem RK. Plakins in development and disease. Exp Cell Res. 
2007;313(10):2189-2203.

32. Andra K, Lassmann H, Bittner R, et al. Targeted inactivation of plectin reveals essential 
function in maintaining the integrity of skin, muscle, and heart cytoarchitecture. Genes Dev. 
1997;11(23):3143-3156.

33. Winter L, Wiche G. The many faces of plectin and plectinopathies: Pathology and 
mechanisms. Acta Neuropathol. 2013;125(1):77-93.

34. Rezniczek GA, Walko G, Wiche G. Plectin gene defects lead to various forms of 
epidermolysis bullosa simplex. Dermatol Clin. 2010;28(1):33-41.

35. Bolling MC, Jongbloed JD, Boven LG, et al. Plectin mutations underlie epidermolysis bullosa 
simplex in 8% of patients. J Invest Dermatol. 2014;134(1):273-276.

36. Bolling MC, Pas HH, de Visser M, et al. PLEC1 mutations underlie adult-onset dilated 
cardiomyopathy in epidermolysis bullosa simplex with muscular dystrophy. J Invest Dermatol. 
2010;130(4):1178-1181.

37. Charlesworth A, Chiaverini C, Chevrant-Breton J, et al. Epidermolysis bullosa simplex with 
PLEC mutations: New phenotypes and new mutations. Br J Dermatol. 2013;168(4):808-814.

38. Kiritsi D, Pigors M, Tantcheva-Poor I, et al. Epidermolysis bullosa simplex ogna revisited. J 
Invest Dermatol. 2013;133(1):270-273.

39. Tanaka T, Parry DA, Klaus-Kovtun V, Steinert PM, Stanley JR. Comparison of molecularly 
cloned bullous pemphigoid antigen to desmoplakin I confirms that they define a new family of 
cell adhesion junction plaque proteins. J Biol Chem. 1991;266(19):12555-12559.

40. Stanley JR. Cell adhesion molecules as targets of autoantibodies in pemphigus and 
pemphigoid, bullous diseases due to defective epidermal cell adhesion. Adv Immunol. 
1993;53:291-325.

41. Sawamura D, Li KH, Nomura K, Sugita Y, Christiano AM, Uitto J. Bullous pemphigoid antigen: 
cDNA cloning, cellular expression, and evidence for polymorphism of the human gene. J Invest 
Dermatol. 1991;96(6):908-915.

42. Koster J, Geerts D, Favre B, Borradori L, Sonnenberg A. Analysis of the interactions between 
BP180, BP230, plectin and the integrin alpha6beta4 important for hemidesmosome assembly. J 
Cell Sci. 2003;116(Pt 2):387-399.

43. Yang Y, Dowling J, Yu QC, Kouklis P, Cleveland DW, Fuchs E. An essential cytoskeletal linker 
protein connecting actin microfilaments to intermediate filaments. Cell. 1996;86(4):655-665.

44. Leung CL, Zheng M, Prater SM, Liem RK. The BPAG1 locus: Alternative splicing produces 
multiple isoforms with distinct cytoskeletal linker domains, including predominant isoforms in 
neurons and muscles. J Cell Biol. 2001;154(4):691-697.

45. Brown A, Bernier G, Mathieu M, Rossant J, Kothary R. The mouse dystonia musculorum 
gene is a neural isoform of bullous pemphigoid antigen 1. Nat Genet. 1995;10(3):301-306.

46. Guo L, Degenstein L, Dowling J, et al. Gene targeting of BPAG1: Abnormalities in mechanical 
strength and cell migration in stratified epithelia and neurologic degeneration. Cell. 
1995;81(2):233-243.

47. Pool M, Boudreau Lariviere C, Bernier G, Young KG, Kothary R. Genetic alterations at the 
Bpag1 locus in dt mice and their impact on transcript expression. Mamm Genome. 
2005;16(12):909-917.

48. Groves RW, Liu L, Dopping-Hepenstal PJ, et al. A homozygous nonsense mutation within the 
dystonin gene coding for the coiled-coil domain of the epithelial isoform of BPAG1 underlies a 
new subtype of autosomal recessive epidermolysis bullosa simplex. J Invest Dermatol. 
2010;130(6):1551-1557.

49. Liu L, Dopping-Hepenstal PJ, Lovell PA, et al. Autosomal recessive epidermolysis bullosa 
simplex due to loss of BPAG1-e expression. J Invest Dermatol. 2012;132(3 Pt 1):742-744.

50. Giorda R, Cerritello A, Bonaglia MC, et al. Selective disruption of muscle and brain-specific 
BPAG1 isoforms in a girl with a 6;15 translocation, cognitive and motor delay, and tracheo-
oesophageal atresia. J Med Genet. 2004;41(6):e71.

51. de Pereda JM, Lillo MP, Sonnenberg A. Structural basis of the interaction between integrin 
alpha6beta4 and plectin at the hemidesmosomes. EMBO J. 2009;28(8):1180-1190.

52. Niessen CM, Hogervorst F, Jaspars LH, et al. The alpha 6 beta 4 integrin is a receptor for 
both laminin and kalinin. Exp Cell Res. 1994;211(2):360-367.

53. Niessen CM, van der Raaij-Helmer MH, Hulsman EH, van der Neut R, Jonkman MF, 
Sonnenberg A. Deficiency of the integrin beta 4 subunit in junctional epidermolysis bullosa with 

2 - 55

518316-sub01-bw-Turcan.indd   55 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 56PDF page: 56PDF page: 56PDF page: 56

pyloric atresia: Consequences for hemidesmosome formation and adhesion properties. J Cell 
Sci. 1996;109 ( Pt 7)(Pt 7):1695-1706.

54. Vidal F, Aberdam D, Miquel C, et al. Integrin beta 4 mutations associated with junctional 
epidermolysis bullosa with pyloric atresia. Nat Genet. 1995;10(2):229-234.

55. Brown TA, Gil SG, Sybert VP, et al. Defective integrin alpha 6 beta 4 expression in the skin of 
patients with junctional epidermolysis bullosa and pyloric atresia. J Invest Dermatol. 
1996;107(3):384-391.

56. Pulkkinen L, Kimonis VE, Xu Y, Spanou EN, McLean WH, Uitto J. Homozygous alpha6 integrin 
mutation in junctional epidermolysis bullosa with congenital duodenal atresia. Hum Mol Genet. 
1997;6(5):669-674.

57. Inoue M, Tamai K, Shimizu H, et al. A homozygous missense mutation in the cytoplasmic tail 
of beta4 integrin, G931D, that disrupts hemidesmosome assembly and underlies non-herlitz 
junctional epidermolysis bullosa without pyloric atresia? J Invest Dermatol. 2000;114(5):1061-
1064.

58. Yuen WY, Sinke RJ, Jonkman MF. ITGB4-associated non-herlitz junctional epidermolysis 
bullosa: Report of two new cases carrying two novel ITGB4 mutations. Br J Dermatol. 
2013;168(2):432-434.

59. Chung HJ, Uitto J. Epidermolysis bullosa with pyloric atresia. Dermatol Clin. 2010;28(1):43-
54.

60. Nakano A, Pulkkinen L, Murrell D, et al. Epidermolysis bullosa with congenital pyloric 
atresia: Novel mutations in the beta 4 integrin gene (ITGB4) and genotype/phenotype 
correlations. Pediatr Res. 2001;49(5):618-626.

61. Pulkkinen L, Rouan F, Bruckner-Tuderman L, et al. Novel ITGB4 mutations in lethal and 
nonlethal variants of epidermolysis bullosa with pyloric atresia: Missense versus nonsense. Am 
J Hum Genet. 1998;63(5):1376-1387.

62. Jonkman MF, Pas HH, Nijenhuis M, Kloosterhuis G, Steege G. Deletion of a cytoplasmic 
domain of integrin beta4 causes epidermolysis bullosa simplex. J Invest Dermatol. 
2002;119(6):1275-1281.

63. DiPersio CM, Hodivala-Dilke KM, Jaenisch R, Kreidberg JA, Hynes RO. alpha3beta1 integrin is 
required for normal development of the epidermal basement membrane. J Cell Biol. 
1997;137(3):729-742.

64. Zamir E, Geiger B. Molecular complexity and dynamics of cell-matrix adhesions. J Cell Sci. 
2001;114(Pt 20):3583-3590.

65. Hynes RO. Integrins: Bidirectional, allosteric signaling machines. Cell. 2002;110(6):673-687.

66. Kreidberg JA, Donovan MJ, Goldstein SL, et al. Alpha 3 beta 1 integrin has a crucial role in 
kidney and lung organogenesis. Development. 1996;122(11):3537-3547.

67. Has C, Sparta G, Kiritsi D, et al. Integrin alpha3 mutations with kidney, lung, and skin 
disease. N Engl J Med. 2012;366(16):1508-1514.

68. Fairley JA, Heintz PW, Neuburg M, Diaz LA, Giudice GJ. Expression pattern of the bullous 
pemphigoid-180 antigen in normal and neoplastic epithelia. Br J Dermatol. 1995;133(3):385-
391.

69. Seppanen A, Autio-Harmainen H, Alafuzoff I, et al. Collagen XVII is expressed in human CNS 
neurons. Matrix Biol. 2006;25(3):185-188.

70. Hopkinson SB, Riddelle KS, Jones JC. Cytoplasmic domain of the 180-kD bullous pemphigoid 
antigen, a hemidesmosomal component: Molecular and cell biologic characterization. J Invest 
Dermatol. 1992;99(3):264-270.

71. Giudice GJ, Emery DJ, Diaz LA. Cloning and primary structural analysis of the bullous 
pemphigoid autoantigen BP180. J Invest Dermatol. 1992;99(3):243-250.

72. Mayne R, Brewton RG. New members of the collagen superfamily. Curr Opin Cell Biol. 
1993;5(5):883-890.

73. Bedane C, McMillan JR, Balding SD, et al. Bullous pemphigoid and cicatricial pemphigoid 
autoantibodies react with ultrastructurally separable epitopes on the BP180 ectodomain: 
Evidence that BP180 spans the lamina lucida. J Invest Dermatol. 1997;108(6):901-907.

74. Van den Bergh F, Eliason SL, Giudice GJ. Type XVII collagen (BP180) can function as a cell-
matrix adhesion molecule via binding to laminin 332. Matrix Biol. 2011;30(2):100-108.

75. Borradori L, Koch PJ, Niessen CM, Erkeland S, van Leusden MR, Sonnenberg A. The 
localization of bullous pemphigoid antigen 180 (BP180) in hemidesmosomes is mediated by its 
cytoplasmic domain and seems to be regulated by the beta4 integrin subunit. J Cell Biol. 
1997;136(6):1333-1347.

76. Borradori L, Chavanas S, Schaapveld RQ, et al. Role of the bullous pemphigoid antigen 180 
(BP180) in the assembly of hemidesmosomes and cell adhesion--reexpression of BP180 in 
generalized atrophic benign epidermolysis bullosa keratinocytes. Exp Cell Res. 1998;239(2):463-
476.

77. McGrath JA, Gatalica B, Christiano AM, et al. Mutations in the 180-kD bullous pemphigoid 
antigen (BPAG2), a hemidesmosomal transmembrane collagen (COL17A1), in generalized
atrophic benign epidermolysis bullosa. Nat Genet. 1995;11(1):83-86.

56 - 2

518316-sub01-bw-Turcan.indd   56 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 57PDF page: 57PDF page: 57PDF page: 57

pyloric atresia: Consequences for hemidesmosome formation and adhesion properties. J Cell 
Sci. 1996;109 ( Pt 7)(Pt 7):1695-1706.

54. Vidal F, Aberdam D, Miquel C, et al. Integrin beta 4 mutations associated with junctional 
epidermolysis bullosa with pyloric atresia. Nat Genet. 1995;10(2):229-234.

55. Brown TA, Gil SG, Sybert VP, et al. Defective integrin alpha 6 beta 4 expression in the skin of 
patients with junctional epidermolysis bullosa and pyloric atresia. J Invest Dermatol. 
1996;107(3):384-391.

56. Pulkkinen L, Kimonis VE, Xu Y, Spanou EN, McLean WH, Uitto J. Homozygous alpha6 integrin 
mutation in junctional epidermolysis bullosa with congenital duodenal atresia. Hum Mol Genet. 
1997;6(5):669-674.

57. Inoue M, Tamai K, Shimizu H, et al. A homozygous missense mutation in the cytoplasmic tail 
of beta4 integrin, G931D, that disrupts hemidesmosome assembly and underlies non-herlitz 
junctional epidermolysis bullosa without pyloric atresia? J Invest Dermatol. 2000;114(5):1061-
1064.

58. Yuen WY, Sinke RJ, Jonkman MF. ITGB4-associated non-herlitz junctional epidermolysis 
bullosa: Report of two new cases carrying two novel ITGB4 mutations. Br J Dermatol. 
2013;168(2):432-434.

59. Chung HJ, Uitto J. Epidermolysis bullosa with pyloric atresia. Dermatol Clin. 2010;28(1):43-
54.

60. Nakano A, Pulkkinen L, Murrell D, et al. Epidermolysis bullosa with congenital pyloric 
atresia: Novel mutations in the beta 4 integrin gene (ITGB4) and genotype/phenotype 
correlations. Pediatr Res. 2001;49(5):618-626.

61. Pulkkinen L, Rouan F, Bruckner-Tuderman L, et al. Novel ITGB4 mutations in lethal and 
nonlethal variants of epidermolysis bullosa with pyloric atresia: Missense versus nonsense. Am 
J Hum Genet. 1998;63(5):1376-1387.

62. Jonkman MF, Pas HH, Nijenhuis M, Kloosterhuis G, Steege G. Deletion of a cytoplasmic 
domain of integrin beta4 causes epidermolysis bullosa simplex. J Invest Dermatol. 
2002;119(6):1275-1281.

63. DiPersio CM, Hodivala-Dilke KM, Jaenisch R, Kreidberg JA, Hynes RO. alpha3beta1 integrin is 
required for normal development of the epidermal basement membrane. J Cell Biol. 
1997;137(3):729-742.

64. Zamir E, Geiger B. Molecular complexity and dynamics of cell-matrix adhesions. J Cell Sci. 
2001;114(Pt 20):3583-3590.

65. Hynes RO. Integrins: Bidirectional, allosteric signaling machines. Cell. 2002;110(6):673-687.

66. Kreidberg JA, Donovan MJ, Goldstein SL, et al. Alpha 3 beta 1 integrin has a crucial role in 
kidney and lung organogenesis. Development. 1996;122(11):3537-3547.

67. Has C, Sparta G, Kiritsi D, et al. Integrin alpha3 mutations with kidney, lung, and skin 
disease. N Engl J Med. 2012;366(16):1508-1514.

68. Fairley JA, Heintz PW, Neuburg M, Diaz LA, Giudice GJ. Expression pattern of the bullous 
pemphigoid-180 antigen in normal and neoplastic epithelia. Br J Dermatol. 1995;133(3):385-
391.

69. Seppanen A, Autio-Harmainen H, Alafuzoff I, et al. Collagen XVII is expressed in human CNS 
neurons. Matrix Biol. 2006;25(3):185-188.

70. Hopkinson SB, Riddelle KS, Jones JC. Cytoplasmic domain of the 180-kD bullous pemphigoid 
antigen, a hemidesmosomal component: Molecular and cell biologic characterization. J Invest 
Dermatol. 1992;99(3):264-270.

71. Giudice GJ, Emery DJ, Diaz LA. Cloning and primary structural analysis of the bullous 
pemphigoid autoantigen BP180. J Invest Dermatol. 1992;99(3):243-250.

72. Mayne R, Brewton RG. New members of the collagen superfamily. Curr Opin Cell Biol. 
1993;5(5):883-890.

73. Bedane C, McMillan JR, Balding SD, et al. Bullous pemphigoid and cicatricial pemphigoid 
autoantibodies react with ultrastructurally separable epitopes on the BP180 ectodomain: 
Evidence that BP180 spans the lamina lucida. J Invest Dermatol. 1997;108(6):901-907.

74. Van den Bergh F, Eliason SL, Giudice GJ. Type XVII collagen (BP180) can function as a cell-
matrix adhesion molecule via binding to laminin 332. Matrix Biol. 2011;30(2):100-108.

75. Borradori L, Koch PJ, Niessen CM, Erkeland S, van Leusden MR, Sonnenberg A. The 
localization of bullous pemphigoid antigen 180 (BP180) in hemidesmosomes is mediated by its 
cytoplasmic domain and seems to be regulated by the beta4 integrin subunit. J Cell Biol. 
1997;136(6):1333-1347.

76. Borradori L, Chavanas S, Schaapveld RQ, et al. Role of the bullous pemphigoid antigen 180 
(BP180) in the assembly of hemidesmosomes and cell adhesion--reexpression of BP180 in 
generalized atrophic benign epidermolysis bullosa keratinocytes. Exp Cell Res. 1998;239(2):463-
476.

77. McGrath JA, Gatalica B, Christiano AM, et al. Mutations in the 180-kD bullous pemphigoid 
antigen (BPAG2), a hemidesmosomal transmembrane collagen (COL17A1), in generalized
atrophic benign epidermolysis bullosa. Nat Genet. 1995;11(1):83-86.

2 - 57

518316-sub01-bw-Turcan.indd   57 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 58PDF page: 58PDF page: 58PDF page: 58

78. Jonkman MF, de Jong MC, Heeres K, et al. 180-kD bullous pemphigoid antigen (BP180) is 
deficient in generalized atrophic benign epidermolysis bullosa. J Clin Invest. 1995;95(3):1345-
1352.

79. Hintner H, Wolff K. Generalized atrophic benign epidermolysis bullosa. Arch Dermatol. 
1982;118(6):375-384.

80. Huber M, Floeth M, Borradori L, et al. Deletion of the cytoplasmatic domain of 
BP180/collagen XVII causes a phenotype with predominant features of epidermolysis bullosa 
simplex. J Invest Dermatol. 2002;118(1):185-192.

81. Pasmooij AM, van der Steege G, Pas HH, et al. Features of epidermolysis bullosa simplex 
due to mutations in the ectodomain of type XVII collagen. Br J Dermatol. 2004;151(3):669-674.

82. Yuen WY, Pas HH, Sinke RJ, Jonkman MF. Junctional epidermolysis bullosa of late onset 
explained by mutations in COL17A1. Br J Dermatol. 2011;164(6):1280-1284.

83. Pasmooij AM, Pas HH, Jansen GH, Lemmink HH, Jonkman MF. Localized and generalized 
forms of blistering in junctional epidermolysis bullosa due to COL17A1 mutations in the 
netherlands. Br J Dermatol. 2007;156(5):861-870.

84. Fine JD, Johnson LB, Weiner M, Li KP, Suchindran C. Epidermolysis bullosa and the risk of 
life-threatening cancers: The national EB registry experience, 1986-2006. J Am Acad Dermatol. 
2009;60(2):203-211.

85. Yuen WY, Jonkman MF. Risk of squamous cell carcinoma in junctional epidermolysis 
bullosa, non-herlitz type: Report of 7 cases and a review of the literature. J Am Acad Dermatol. 
2011;65(4):780-789.

86. Schumann H, Hammami-Hauasli N, Pulkkinen L, et al. Three novel homozygous point 
mutations and a new polymorphism in the COL17A1 gene: Relation to biological and clinical 
phenotypes of junctional epidermolysis bullosa. Am J Hum Genet. 1997;60(6):1344-1353.

87. Has C, Kiritsi D, Mellerio JE, et al. The missense mutation p.R1303Q in type XVII collagen 
underlies junctional epidermolysis bullosa resembling kindler syndrome. J Invest Dermatol. 
2014;134(3):845-849.

88. Murrell DF, Pasmooij AM, Pas HH, et al. Retrospective diagnosis of fatal BP180-deficient 
non-herlitz junctional epidermolysis bullosa suggested by immunofluorescence (IF) antigen-
mapping of parental carriers bearing enamel defects. J Invest Dermatol. 2007;127(7):1772-
1775.

89. Sincock PM, Mayrhofer G, Ashman LK. Localization of the transmembrane 4 superfamily 
(TM4SF) member PETA-3 (CD151) in normal human tissues: Comparison with CD9, CD63, and 
alpha5beta1 integrin. J Histochem Cytochem. 1997;45(4):515-525.

90. Sachs N, Kreft M, van den Bergh Weerman MA, et al. Kidney failure in mice lacking the 
tetraspanin CD151. J Cell Biol. 2006;175(1):33-39.

91. Sterk LM, Geuijen CA, van den Berg JG, Claessen N, Weening JJ, Sonnenberg A. Association 
of the tetraspanin CD151 with the laminin-binding integrins alpha3beta1, alpha6beta1, 
alpha6beta4 and alpha7beta1 in cells in culture and in vivo. J Cell Sci. 2002;115(Pt 6):1161-
1173.

92. Karamatic Crew V, Burton N, Kagan A, et al. CD151, the first member of the tetraspanin 
(TM4) superfamily detected on erythrocytes, is essential for the correct assembly of human 
basement membranes in kidney and skin. Blood. 2004;104(8):2217-2223.

93. Wright MD, Geary SM, Fitter S, et al. Characterization of mice lacking the tetraspanin 
superfamily member CD151. Mol Cell Biol. 2004;24(13):5978-5988.

94. Pierce RA, Griffin GL, Mudd MS, et al. Expression of laminin alpha3, alpha4, and alpha5 
chains by alveolar epithelial cells and fibroblasts. Am J Respir Cell Mol Biol. 1998;19(2):237-244.

95. Schneider H, Muhle C, Pacho F. Biological function of laminin-5 and pathogenic impact of its 
deficiency. Eur J Cell Biol. 2007;86(11-12):701-717.

96. Van Agtmael T, Bruckner-Tuderman L. Basement membranes and human disease. Cell 
Tissue Res. 2010;339(1):167-188.

97. Tsuruta D, Hashimoto T, Hamill KJ, Jones JC. Hemidesmosomes and focal contact proteins: 
Functions and cross-talk in keratinocytes, bullous diseases and wound healing. J Dermatol Sci. 
2011;62(1):1-7.

98. Marinkovich MP. Tumour microenvironment: Laminin 332 in squamous-cell carcinoma. Nat 
Rev Cancer. 2007;7(5):370-380.

99. Lohi J. Laminin-5 in the progression of carcinomas. Int J Cancer. 2001;94(6):763-767.

100. Kiritsi D, Has C, Bruckner-Tuderman L. Laminin 332 in junctional epidermolysis bullosa. Cell 
Adh Migr. 2013;7(1):135-141.

101. Laimer M, Lanschuetzer CM, Diem A, Bauer JW. Herlitz junctional epidermolysis bullosa. 
Dermatol Clin. 2010;28(1):55-60.

102. Yuen WY, Lemmink HH, van Dijk-Bos KK, Sinke RJ, Jonkman MF. Herlitz junctional 
epidermolysis bullosa: Diagnostic features, mutational profile, incidence and population carrier 
frequency in the netherlands. Br J Dermatol. 2011;165(6):1314-1322.

103. Kiritsi D, Kern JS, Schumann H, Kohlhase J, Has C, Bruckner-Tuderman L. Molecular 
mechanisms of phenotypic variability in junctional epidermolysis bullosa. J Med Genet. 
2011;48(7):450-457.

58 - 2

518316-sub01-bw-Turcan.indd   58 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 59PDF page: 59PDF page: 59PDF page: 59

78. Jonkman MF, de Jong MC, Heeres K, et al. 180-kD bullous pemphigoid antigen (BP180) is 
deficient in generalized atrophic benign epidermolysis bullosa. J Clin Invest. 1995;95(3):1345-
1352.

79. Hintner H, Wolff K. Generalized atrophic benign epidermolysis bullosa. Arch Dermatol. 
1982;118(6):375-384.

80. Huber M, Floeth M, Borradori L, et al. Deletion of the cytoplasmatic domain of 
BP180/collagen XVII causes a phenotype with predominant features of epidermolysis bullosa 
simplex. J Invest Dermatol. 2002;118(1):185-192.

81. Pasmooij AM, van der Steege G, Pas HH, et al. Features of epidermolysis bullosa simplex 
due to mutations in the ectodomain of type XVII collagen. Br J Dermatol. 2004;151(3):669-674.

82. Yuen WY, Pas HH, Sinke RJ, Jonkman MF. Junctional epidermolysis bullosa of late onset 
explained by mutations in COL17A1. Br J Dermatol. 2011;164(6):1280-1284.

83. Pasmooij AM, Pas HH, Jansen GH, Lemmink HH, Jonkman MF. Localized and generalized 
forms of blistering in junctional epidermolysis bullosa due to COL17A1 mutations in the 
netherlands. Br J Dermatol. 2007;156(5):861-870.

84. Fine JD, Johnson LB, Weiner M, Li KP, Suchindran C. Epidermolysis bullosa and the risk of 
life-threatening cancers: The national EB registry experience, 1986-2006. J Am Acad Dermatol. 
2009;60(2):203-211.

85. Yuen WY, Jonkman MF. Risk of squamous cell carcinoma in junctional epidermolysis 
bullosa, non-herlitz type: Report of 7 cases and a review of the literature. J Am Acad Dermatol. 
2011;65(4):780-789.

86. Schumann H, Hammami-Hauasli N, Pulkkinen L, et al. Three novel homozygous point 
mutations and a new polymorphism in the COL17A1 gene: Relation to biological and clinical 
phenotypes of junctional epidermolysis bullosa. Am J Hum Genet. 1997;60(6):1344-1353.

87. Has C, Kiritsi D, Mellerio JE, et al. The missense mutation p.R1303Q in type XVII collagen 
underlies junctional epidermolysis bullosa resembling kindler syndrome. J Invest Dermatol. 
2014;134(3):845-849.

88. Murrell DF, Pasmooij AM, Pas HH, et al. Retrospective diagnosis of fatal BP180-deficient 
non-herlitz junctional epidermolysis bullosa suggested by immunofluorescence (IF) antigen-
mapping of parental carriers bearing enamel defects. J Invest Dermatol. 2007;127(7):1772-
1775.

89. Sincock PM, Mayrhofer G, Ashman LK. Localization of the transmembrane 4 superfamily 
(TM4SF) member PETA-3 (CD151) in normal human tissues: Comparison with CD9, CD63, and 
alpha5beta1 integrin. J Histochem Cytochem. 1997;45(4):515-525.

90. Sachs N, Kreft M, van den Bergh Weerman MA, et al. Kidney failure in mice lacking the 
tetraspanin CD151. J Cell Biol. 2006;175(1):33-39.

91. Sterk LM, Geuijen CA, van den Berg JG, Claessen N, Weening JJ, Sonnenberg A. Association 
of the tetraspanin CD151 with the laminin-binding integrins alpha3beta1, alpha6beta1, 
alpha6beta4 and alpha7beta1 in cells in culture and in vivo. J Cell Sci. 2002;115(Pt 6):1161-
1173.

92. Karamatic Crew V, Burton N, Kagan A, et al. CD151, the first member of the tetraspanin 
(TM4) superfamily detected on erythrocytes, is essential for the correct assembly of human 
basement membranes in kidney and skin. Blood. 2004;104(8):2217-2223.

93. Wright MD, Geary SM, Fitter S, et al. Characterization of mice lacking the tetraspanin 
superfamily member CD151. Mol Cell Biol. 2004;24(13):5978-5988.

94. Pierce RA, Griffin GL, Mudd MS, et al. Expression of laminin alpha3, alpha4, and alpha5 
chains by alveolar epithelial cells and fibroblasts. Am J Respir Cell Mol Biol. 1998;19(2):237-244.

95. Schneider H, Muhle C, Pacho F. Biological function of laminin-5 and pathogenic impact of its 
deficiency. Eur J Cell Biol. 2007;86(11-12):701-717.

96. Van Agtmael T, Bruckner-Tuderman L. Basement membranes and human disease. Cell 
Tissue Res. 2010;339(1):167-188.

97. Tsuruta D, Hashimoto T, Hamill KJ, Jones JC. Hemidesmosomes and focal contact proteins: 
Functions and cross-talk in keratinocytes, bullous diseases and wound healing. J Dermatol Sci. 
2011;62(1):1-7.

98. Marinkovich MP. Tumour microenvironment: Laminin 332 in squamous-cell carcinoma. Nat 
Rev Cancer. 2007;7(5):370-380.

99. Lohi J. Laminin-5 in the progression of carcinomas. Int J Cancer. 2001;94(6):763-767.

100. Kiritsi D, Has C, Bruckner-Tuderman L. Laminin 332 in junctional epidermolysis bullosa. Cell 
Adh Migr. 2013;7(1):135-141.

101. Laimer M, Lanschuetzer CM, Diem A, Bauer JW. Herlitz junctional epidermolysis bullosa. 
Dermatol Clin. 2010;28(1):55-60.

102. Yuen WY, Lemmink HH, van Dijk-Bos KK, Sinke RJ, Jonkman MF. Herlitz junctional 
epidermolysis bullosa: Diagnostic features, mutational profile, incidence and population carrier 
frequency in the netherlands. Br J Dermatol. 2011;165(6):1314-1322.

103. Kiritsi D, Kern JS, Schumann H, Kohlhase J, Has C, Bruckner-Tuderman L. Molecular 
mechanisms of phenotypic variability in junctional epidermolysis bullosa. J Med Genet. 
2011;48(7):450-457.

2 - 59

518316-sub01-bw-Turcan.indd   59 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 60PDF page: 60PDF page: 60PDF page: 60

104. Yuen WY, Pasmooij AM, Stellingsma C, Jonkman MF. Enamel defects in carriers of a novel 
LAMA3 mutation underlying epidermolysis bullosa. Acta Derm Venereol. 2012;92(6):695-696.

105. McLean WH, Irvine AD, Hamill KJ, et al. An unusual N-terminal deletion of the laminin 
alpha3a isoform leads to the chronic granulation tissue disorder laryngo-onycho-cutaneous 
syndrome. Hum Mol Genet. 2003;12(18):2395-2409.

106. Barzegar M, Mozafari N, Kariminejad A, Asadikani Z, Ozoemena L, McGrath JA. A new 
homozygous nonsense mutation in LAMA3A underlying laryngo-onycho-cutaneous syndrome. 
Br J Dermatol. 2013;169(6):1353-1356.

107. Gache Y, Allegra M, Bodemer C, et al. Genetic bases of severe junctional epidermolysis 
bullosa presenting spontaneous amelioration with aging. Hum Mol Genet. 2001;10(21):2453-
2461.

108. Nakano A, Chao SC, Pulkkinen L, et al. Laminin 5 mutations in junctional epidermolysis 
bullosa: Molecular basis of herlitz vs. non-herlitz phenotypes. Hum Genet. 2002;110(1):41-51.

109. Pacho F, Zambruno G, Calabresi V, Kiritsi D, Schneider H. Efficiency of translation 
termination in humans is highly dependent upon nucleotides in the neighbourhood of a 
(premature) termination codon. J Med Genet. 2011;48(9):640-644.

110. Christiano AM, Hoffman GG, Chung-Honet LC, et al. Structural organization of the human 
type VII collagen gene (COL7A1), composed of more exons than any previously characterized 
gene. Genomics. 1994;21(1):169-179.

111. Bentz H, Morris NP, Murray LW, Sakai LY, Hollister DW, Burgeson RE. Isolation and partial 
characterization of a new human collagen with an extended triple-helical structural domain. 
Proc Natl Acad Sci U S A. 1983;80(11):3168-3172.

112. Uitto J, Pulkkinen L, Christiano AM. Molecular basis of the dystrophic and junctional forms 
of epidermolysis bullosa: Mutations in the type VII collagen and kalinin (laminin 5) genes. J 
Invest Dermatol. 1994;103(5 Suppl):39S-46S.

113. Frew JW, Martin LK, Nijsten T, Murrell DF. Quality of life evaluation in epidermolysis 
bullosa (EB) through the development of the QOLEB questionnaire: An EB-specific quality of life 
instrument. Br J Dermatol. 2009;161(6):1323-1330.

114. Fine JD, Johnson LB, Weiner M, et al. Pseudosyndactyly and musculoskeletal contractures 
in inherited epidermolysis bullosa: Experience of the national epidermolysis bullosa registry, 
1986-2002. J Hand Surg Br. 2005;30(1):14-22.

115. Intong LR, Murrell DF. Inherited epidermolysis bullosa: New diagnostic criteria and 
classification. Clin Dermatol. 2012;30(1):70-77.

116. Reed WB, College J,Jr, Francis MJ, et al. Epidermolysis bullosa dystrophica with epidermal 
neoplasms. Arch Dermatol. 1974;110(6):894-902.

117. Fine JD, Mellerio JE. Extracutaneous manifestations and complications of inherited 
epidermolysis bullosa: Part II. other organs. J Am Acad Dermatol. 2009;61(3):387-402; quiz 403-
4.

118. Siegel DH, Ashton GH, Penagos HG, et al. Loss of kindlin-1, a human homolog of the 
caenorhabditis elegans actin-extracellular-matrix linker protein UNC-112, causes kindler 
syndrome. Am J Hum Genet. 2003;73(1):174-187.

119. Fine JD, Eady RA, Bauer EA, et al. The classification of inherited epidermolysis bullosa (EB): 
Report of the third international consensus meeting on diagnosis and classification of EB. J Am 
Acad Dermatol. 2008;58(6):931-950.

120. Karakose E, Schiller HB, Fassler R. The kindlins at a glance. J Cell Sci. 2010;123(Pt 14):2353-
2356.

121. KINDLER T. Congenital poikiloderma with traumatic bulla formation and progressive 
cutaneous atrophy. Br J Dermatol. 1954;66(3):104-111.

122. Has C, Castiglia D, del Rio M, et al. Kindler syndrome: Extension of FERMT1 mutational 
spectrum and natural history. Hum Mutat. 2011;32(11):1204-1212.

123. Techanukul T, Sethuraman G, Zlotogorski A, et al. Novel and recurrent FERMT1 gene 
mutations in kindler syndrome. Acta Derm Venereol. 2011;91(3):267-270.

124. Yazdanfar A, Hashemi B. Kindler syndrome: Report of three cases in a family and a brief 
review. Int J Dermatol. 2009;48(2):145-149.

125. Lai-Cheong JE, McGrath JA. Kindler syndrome. Dermatol Clin. 2010;28(1):119-124.

126. Rognoni E, Widmaier M, Jakobson M, et al. Kindlin-1 controls wnt and TGF-beta 
availability to regulate cutaneous stem cell proliferation. Nat Med. 2014;20(4):350-359.

127. Jonkman MF, Scheffer H, Stulp R, et al. Revertant mosaicism in epidermolysis bullosa 
caused by mitotic gene conversion. Cell. 1997;88(4):543-551.

128. Jonkman MF, Pasmooij AM. Revertant mosaicism--patchwork in the skin. N Engl J Med. 
2009;360(16):1680-1682.

129. Schuilenga-Hut PH, Scheffer H, Pas HH, Nijenhuis M, Buys CH, Jonkman MF. Partial 
revertant mosaicism of keratin 14 in a patient with recessive epidermolysis bullosa simplex. J 
Invest Dermatol. 2002;118(4):626-630.

60 - 2

518316-sub01-bw-Turcan.indd   60 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 61PDF page: 61PDF page: 61PDF page: 61

104. Yuen WY, Pasmooij AM, Stellingsma C, Jonkman MF. Enamel defects in carriers of a novel 
LAMA3 mutation underlying epidermolysis bullosa. Acta Derm Venereol. 2012;92(6):695-696.

105. McLean WH, Irvine AD, Hamill KJ, et al. An unusual N-terminal deletion of the laminin 
alpha3a isoform leads to the chronic granulation tissue disorder laryngo-onycho-cutaneous 
syndrome. Hum Mol Genet. 2003;12(18):2395-2409.

106. Barzegar M, Mozafari N, Kariminejad A, Asadikani Z, Ozoemena L, McGrath JA. A new 
homozygous nonsense mutation in LAMA3A underlying laryngo-onycho-cutaneous syndrome. 
Br J Dermatol. 2013;169(6):1353-1356.

107. Gache Y, Allegra M, Bodemer C, et al. Genetic bases of severe junctional epidermolysis 
bullosa presenting spontaneous amelioration with aging. Hum Mol Genet. 2001;10(21):2453-
2461.

108. Nakano A, Chao SC, Pulkkinen L, et al. Laminin 5 mutations in junctional epidermolysis 
bullosa: Molecular basis of herlitz vs. non-herlitz phenotypes. Hum Genet. 2002;110(1):41-51.

109. Pacho F, Zambruno G, Calabresi V, Kiritsi D, Schneider H. Efficiency of translation 
termination in humans is highly dependent upon nucleotides in the neighbourhood of a 
(premature) termination codon. J Med Genet. 2011;48(9):640-644.

110. Christiano AM, Hoffman GG, Chung-Honet LC, et al. Structural organization of the human 
type VII collagen gene (COL7A1), composed of more exons than any previously characterized 
gene. Genomics. 1994;21(1):169-179.

111. Bentz H, Morris NP, Murray LW, Sakai LY, Hollister DW, Burgeson RE. Isolation and partial 
characterization of a new human collagen with an extended triple-helical structural domain. 
Proc Natl Acad Sci U S A. 1983;80(11):3168-3172.

112. Uitto J, Pulkkinen L, Christiano AM. Molecular basis of the dystrophic and junctional forms 
of epidermolysis bullosa: Mutations in the type VII collagen and kalinin (laminin 5) genes. J 
Invest Dermatol. 1994;103(5 Suppl):39S-46S.

113. Frew JW, Martin LK, Nijsten T, Murrell DF. Quality of life evaluation in epidermolysis 
bullosa (EB) through the development of the QOLEB questionnaire: An EB-specific quality of life 
instrument. Br J Dermatol. 2009;161(6):1323-1330.

114. Fine JD, Johnson LB, Weiner M, et al. Pseudosyndactyly and musculoskeletal contractures 
in inherited epidermolysis bullosa: Experience of the national epidermolysis bullosa registry, 
1986-2002. J Hand Surg Br. 2005;30(1):14-22.

115. Intong LR, Murrell DF. Inherited epidermolysis bullosa: New diagnostic criteria and 
classification. Clin Dermatol. 2012;30(1):70-77.

116. Reed WB, College J,Jr, Francis MJ, et al. Epidermolysis bullosa dystrophica with epidermal 
neoplasms. Arch Dermatol. 1974;110(6):894-902.

117. Fine JD, Mellerio JE. Extracutaneous manifestations and complications of inherited 
epidermolysis bullosa: Part II. other organs. J Am Acad Dermatol. 2009;61(3):387-402; quiz 403-
4.

118. Siegel DH, Ashton GH, Penagos HG, et al. Loss of kindlin-1, a human homolog of the 
caenorhabditis elegans actin-extracellular-matrix linker protein UNC-112, causes kindler 
syndrome. Am J Hum Genet. 2003;73(1):174-187.

119. Fine JD, Eady RA, Bauer EA, et al. The classification of inherited epidermolysis bullosa (EB): 
Report of the third international consensus meeting on diagnosis and classification of EB. J Am 
Acad Dermatol. 2008;58(6):931-950.

120. Karakose E, Schiller HB, Fassler R. The kindlins at a glance. J Cell Sci. 2010;123(Pt 14):2353-
2356.

121. KINDLER T. Congenital poikiloderma with traumatic bulla formation and progressive 
cutaneous atrophy. Br J Dermatol. 1954;66(3):104-111.

122. Has C, Castiglia D, del Rio M, et al. Kindler syndrome: Extension of FERMT1 mutational 
spectrum and natural history. Hum Mutat. 2011;32(11):1204-1212.

123. Techanukul T, Sethuraman G, Zlotogorski A, et al. Novel and recurrent FERMT1 gene 
mutations in kindler syndrome. Acta Derm Venereol. 2011;91(3):267-270.

124. Yazdanfar A, Hashemi B. Kindler syndrome: Report of three cases in a family and a brief 
review. Int J Dermatol. 2009;48(2):145-149.

125. Lai-Cheong JE, McGrath JA. Kindler syndrome. Dermatol Clin. 2010;28(1):119-124.

126. Rognoni E, Widmaier M, Jakobson M, et al. Kindlin-1 controls wnt and TGF-beta 
availability to regulate cutaneous stem cell proliferation. Nat Med. 2014;20(4):350-359.

127. Jonkman MF, Scheffer H, Stulp R, et al. Revertant mosaicism in epidermolysis bullosa 
caused by mitotic gene conversion. Cell. 1997;88(4):543-551.

128. Jonkman MF, Pasmooij AM. Revertant mosaicism--patchwork in the skin. N Engl J Med. 
2009;360(16):1680-1682.

129. Schuilenga-Hut PH, Scheffer H, Pas HH, Nijenhuis M, Buys CH, Jonkman MF. Partial 
revertant mosaicism of keratin 14 in a patient with recessive epidermolysis bullosa simplex. J 
Invest Dermatol. 2002;118(4):626-630.

2 - 61

518316-sub01-bw-Turcan.indd   61 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 62PDF page: 62PDF page: 62PDF page: 62

130. Lai-Cheong JE, Moss C, Parsons M, Almaani N, McGrath JA. Revertant mosaicism in kindler 
syndrome. J Invest Dermatol. 2012;132(3 Pt 1):730-732.

131. Pasmooij AM, Pas HH, Deviaene FC, Nijenhuis M, Jonkman MF. Multiple correcting 
COL17A1 mutations in patients with revertant mosaicism of epidermolysis bullosa. Am J Hum 
Genet. 2005;77(5):727-740.

132. Gostynski A, Pasmooij AM, Jonkman MF. Successful therapeutic transplantation of 
revertant skin in epidermolysis bullosa. J Am Acad Dermatol. 2014;70(1):98-101.

133. Tampoia M, Bonamonte D, Filoni A, et al. Prevalence of specific anti-skin autoantibodies in 
a cohort of patients with inherited epidermolysis bullosa. Orphanet J Rare Dis. 2013;8:132-
1172-8-132.

134. Schmidt E, Zillikens D. Modern diagnosis of autoimmune blistering skin diseases.
Autoimmun Rev. 2010;10(2):84-89.

135. Vodegel RM, Jonkman MF, Pas HH, de Jong MC. U-serrated immunodeposition pattern 
differentiates type VII collagen targeting bullous diseases from other subepidermal bullous 
autoimmune diseases. Br J Dermatol. 2004;151(1):112-118.

136. Terra JB, Meijer JM, Jonkman MF, Diercks GF. The n- vs. u-serration is a learnable criterion 
to differentiate pemphigoid from epidermolysis bullosa acquisita in direct immunofluorescence 
serration pattern analysis. Br J Dermatol. 2013;169(1):100-105.

137. Di Zenzo G, Della Torre R, Zambruno G, Borradori L. Bullous pemphigoid: From the clinic to 
the bench. Clin Dermatol. 2012;30(1):3-16.

138. Schmidt E, Zillikens D. Pemphigoid diseases. Lancet. 2013;381(9863):320-332.

139. Chan LS, Fine JD, Briggaman RA, et al. Identification and partial characterization of a novel 
105-kDalton lower lamina lucida autoantigen associated with a novel immune-mediated 
subepidermal blistering disease. J Invest Dermatol. 1993;101(3):262-267.

140. Chan LS, Vanderlugt CJ, Hashimoto T, et al. Epitope spreading: Lessons from autoimmune 
skin diseases. J Invest Dermatol. 1998;110(2):103-109.

141. Labib RS, Anhalt GJ, Patel HP, Mutasim DF, Diaz LA. Molecular heterogeneity of the 
bullous pemphigoid antigens as detected by immunoblotting. J Immunol. 1986;136(4):1231-
1235.

142. Woodley DT. The role of IgE anti-basement membrane zone autoantibodies in bullous 
pemphigoid. Arch Dermatol. 2007;143(2):249-250.

143. Murakami H, Nishioka S, Setterfield J, et al. Analysis of antigens targeted by circulating IgG 
and IgA autoantibodies in 50 patients with cicatricial pemphigoid. J Dermatol Sci. 
1998;17(1):39-44.

144. Marazza G, Pham HC, Scharer L, et al. Incidence of bullous pemphigoid and pemphigus in 
switzerland: A 2-year prospective study. Br J Dermatol. 2009;161(4):861-868.

145. Bertram F, Brocker EB, Zillikens D, Schmidt E. Prospective analysis of the incidence of 
autoimmune bullous disorders in lower franconia, germany. J Dtsch Dermatol Ges. 
2009;7(5):434-440.

146. Joly P, Baricault S, Sparsa A, et al. Incidence and mortality of bullous pemphigoid in france. 
J Invest Dermatol. 2012;132(8):1998-2004.

147. Kasperkiewicz M, Zillikens D, Schmidt E. Pemphigoid diseases: Pathogenesis, diagnosis, 
and treatment. Autoimmunity. 2012;45(1):55-70.

148. Cortes B, Marazza G, Naldi L, Combescure C, Borradori L, Autoimmune Bullous Disease 
Swiss Study Group. Mortality of bullous pemphigoid in switzerland: A prospective study. Br J 
Dermatol. 2011;165(2):368-374.

149. Rzany B, Partscht K, Jung M, et al. Risk factors for lethal outcome in patients with bullous 
pemphigoid: Low serum albumin level, high dosage of glucocorticosteroids, and old age. Arch 
Dermatol. 2002;138(7):903-908.

150. Langan SM, Groves RW, West J. The relationship between neurological disease and 
bullous pemphigoid: A population-based case-control study. J Invest Dermatol. 
2011;131(3):631-636.

151. Seppanen A, Autio-Harmainen H, Alafuzoff I, et al. Collagen XVII is expressed in human 
CNS neurons. Matrix Biol. 2006;25(3):185-188.

152. Waisbourd-Zinman O, Ben-Amitai D, Cohen AD, et al. Bullous pemphigoid in infancy: 
Clinical and epidemiologic characteristics. J Am Acad Dermatol. 2008;58(1):41-48.

153. Murrell DF, Daniel BS, Joly P, et al. Definitions and outcome measures for bullous 
pemphigoid: Recommendations by an international panel of experts. J Am Acad Dermatol. 
2012;66(3):479-485.

154. Wolf R, Ophir J, Dechner E. Nonbullous bullous pemphigoid. Int J Dermatol. 
1992;31(7):498-500.

155. Alonso-Llamazares J, Rogers RS,3rd, Oursler JR, Calobrisi SD. Bullous pemphigoid 
presenting as generalized pruritus: Observations in six patients. Int J Dermatol. 1998;37(7):508-
514.

62 - 2

518316-sub01-bw-Turcan.indd   62 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 63PDF page: 63PDF page: 63PDF page: 63

130. Lai-Cheong JE, Moss C, Parsons M, Almaani N, McGrath JA. Revertant mosaicism in kindler 
syndrome. J Invest Dermatol. 2012;132(3 Pt 1):730-732.

131. Pasmooij AM, Pas HH, Deviaene FC, Nijenhuis M, Jonkman MF. Multiple correcting 
COL17A1 mutations in patients with revertant mosaicism of epidermolysis bullosa. Am J Hum 
Genet. 2005;77(5):727-740.

132. Gostynski A, Pasmooij AM, Jonkman MF. Successful therapeutic transplantation of 
revertant skin in epidermolysis bullosa. J Am Acad Dermatol. 2014;70(1):98-101.

133. Tampoia M, Bonamonte D, Filoni A, et al. Prevalence of specific anti-skin autoantibodies in 
a cohort of patients with inherited epidermolysis bullosa. Orphanet J Rare Dis. 2013;8:132-
1172-8-132.

134. Schmidt E, Zillikens D. Modern diagnosis of autoimmune blistering skin diseases.
Autoimmun Rev. 2010;10(2):84-89.

135. Vodegel RM, Jonkman MF, Pas HH, de Jong MC. U-serrated immunodeposition pattern 
differentiates type VII collagen targeting bullous diseases from other subepidermal bullous 
autoimmune diseases. Br J Dermatol. 2004;151(1):112-118.

136. Terra JB, Meijer JM, Jonkman MF, Diercks GF. The n- vs. u-serration is a learnable criterion 
to differentiate pemphigoid from epidermolysis bullosa acquisita in direct immunofluorescence 
serration pattern analysis. Br J Dermatol. 2013;169(1):100-105.

137. Di Zenzo G, Della Torre R, Zambruno G, Borradori L. Bullous pemphigoid: From the clinic to 
the bench. Clin Dermatol. 2012;30(1):3-16.

138. Schmidt E, Zillikens D. Pemphigoid diseases. Lancet. 2013;381(9863):320-332.

139. Chan LS, Fine JD, Briggaman RA, et al. Identification and partial characterization of a novel 
105-kDalton lower lamina lucida autoantigen associated with a novel immune-mediated 
subepidermal blistering disease. J Invest Dermatol. 1993;101(3):262-267.

140. Chan LS, Vanderlugt CJ, Hashimoto T, et al. Epitope spreading: Lessons from autoimmune 
skin diseases. J Invest Dermatol. 1998;110(2):103-109.

141. Labib RS, Anhalt GJ, Patel HP, Mutasim DF, Diaz LA. Molecular heterogeneity of the 
bullous pemphigoid antigens as detected by immunoblotting. J Immunol. 1986;136(4):1231-
1235.

142. Woodley DT. The role of IgE anti-basement membrane zone autoantibodies in bullous 
pemphigoid. Arch Dermatol. 2007;143(2):249-250.

143. Murakami H, Nishioka S, Setterfield J, et al. Analysis of antigens targeted by circulating IgG 
and IgA autoantibodies in 50 patients with cicatricial pemphigoid. J Dermatol Sci. 
1998;17(1):39-44.

144. Marazza G, Pham HC, Scharer L, et al. Incidence of bullous pemphigoid and pemphigus in 
switzerland: A 2-year prospective study. Br J Dermatol. 2009;161(4):861-868.

145. Bertram F, Brocker EB, Zillikens D, Schmidt E. Prospective analysis of the incidence of 
autoimmune bullous disorders in lower franconia, germany. J Dtsch Dermatol Ges. 
2009;7(5):434-440.

146. Joly P, Baricault S, Sparsa A, et al. Incidence and mortality of bullous pemphigoid in france. 
J Invest Dermatol. 2012;132(8):1998-2004.

147. Kasperkiewicz M, Zillikens D, Schmidt E. Pemphigoid diseases: Pathogenesis, diagnosis, 
and treatment. Autoimmunity. 2012;45(1):55-70.

148. Cortes B, Marazza G, Naldi L, Combescure C, Borradori L, Autoimmune Bullous Disease 
Swiss Study Group. Mortality of bullous pemphigoid in switzerland: A prospective study. Br J 
Dermatol. 2011;165(2):368-374.

149. Rzany B, Partscht K, Jung M, et al. Risk factors for lethal outcome in patients with bullous 
pemphigoid: Low serum albumin level, high dosage of glucocorticosteroids, and old age. Arch 
Dermatol. 2002;138(7):903-908.

150. Langan SM, Groves RW, West J. The relationship between neurological disease and 
bullous pemphigoid: A population-based case-control study. J Invest Dermatol. 
2011;131(3):631-636.

151. Seppanen A, Autio-Harmainen H, Alafuzoff I, et al. Collagen XVII is expressed in human 
CNS neurons. Matrix Biol. 2006;25(3):185-188.

152. Waisbourd-Zinman O, Ben-Amitai D, Cohen AD, et al. Bullous pemphigoid in infancy: 
Clinical and epidemiologic characteristics. J Am Acad Dermatol. 2008;58(1):41-48.

153. Murrell DF, Daniel BS, Joly P, et al. Definitions and outcome measures for bullous 
pemphigoid: Recommendations by an international panel of experts. J Am Acad Dermatol. 
2012;66(3):479-485.

154. Wolf R, Ophir J, Dechner E. Nonbullous bullous pemphigoid. Int J Dermatol. 
1992;31(7):498-500.

155. Alonso-Llamazares J, Rogers RS,3rd, Oursler JR, Calobrisi SD. Bullous pemphigoid 
presenting as generalized pruritus: Observations in six patients. Int J Dermatol. 1998;37(7):508-
514.

2 - 63

518316-sub01-bw-Turcan.indd   63 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 64PDF page: 64PDF page: 64PDF page: 64

156. Bakker CV, Terra JB, Jonkman MF. Toward a practical renaming of bullous pemphigoid and 
all its variants-reply. JAMA Dermatol. 2014;150(4):459-460.

157. Zillikens D, Rose PA, Balding SD, et al. Tight clustering of extracellular BP180 epitopes 
recognized by bullous pemphigoid autoantibodies. J Invest Dermatol. 1997;109(4):573-579.

158. Perriard J, Jaunin F, Favre B, et al. IgG autoantibodies from bullous pemphigoid (BP) 
patients bind antigenic sites on both the extracellular and the intracellular domains of the BP 
antigen 180. J Invest Dermatol. 1999;112(2):141-147.

159. Schmidt E, Obe K, Brocker EB, Zillikens D. Serum levels of autoantibodies to BP180 
correlate with disease activity in patients with bullous pemphigoid. Arch Dermatol. 
2000;136(2):174-178.

160. Skaria M, Jaunin F, Hunziker T, et al. IgG autoantibodies from bullous pemphigoid patients 
recognize multiple antigenic reactive sites located predominantly within the B and C 
subdomains of the COOH-terminus of BP230. J Invest Dermatol. 2000;114(5):998-1004.

161. Ameglio F, D'Auria L, Bonifati C, Ferraro C, Mastroianni A, Giacalone B. Cytokine pattern in 
blister fluid and serum of patients with bullous pemphigoid: Relationships with disease 
intensity. Br J Dermatol. 1998;138(4):611-614.

162. D'Auria L, Bonifati C, Cordiali-Fei P, et al. Increased serum interleukin-15 levels in bullous 
skin diseases: Correlation with disease intensity. Arch Dermatol Res. 1999;291(6):354-356.

163. Gunther C, Carballido-Perrig N, Kopp T, Carballido JM, Pfeiffer C. CCL18 is expressed in 
patients with bullous pemphigoid and parallels disease course. Br J Dermatol. 2009;160(4):747-
755.

164. Verraes S, Hornebeck W, Polette M, Borradori L, Bernard P. Respective contribution of 
neutrophil elastase and matrix metalloproteinase 9 in the degradation of BP180 (type XVII 
collagen) in human bullous pemphigoid. J Invest Dermatol. 2001;117(5):1091-1096.

165. Liu Z, Zhou X, Shapiro SD, et al. The serpin alpha1-proteinase inhibitor is a critical 
substrate for gelatinase B/MMP-9 in vivo. Cell. 2000;102(5):647-655.

166. Kirtschig G, Middleton P, Bennett C, Murrell DF, Wojnarowska F, Khumalo NP. 
Interventions for bullous pemphigoid. Cochrane Database Syst Rev. 2010;(10):CD002292. 
doi(10):CD002292.

167. Culton DA, Diaz LA. Treatment of subepidermal immunobullous diseases. Clin Dermatol. 
2012;30(1):95-102.

168. Chan LS, Ahmed AR, Anhalt GJ, et al. The first international consensus on mucous 
membrane pemphigoid: Definition, diagnostic criteria, pathogenic factors, medical treatment, 
and prognostic indicators. Arch Dermatol. 2002;138(3):370-379.

169. Thorne JE, Anhalt GJ, Jabs DA. Mucous membrane pemphigoid and pseudopemphigoid. 
Ophthalmology. 2004;111(1):45-52.

170. Mobini N, Nagarwalla N, Ahmed AR. Oral pemphigoid. subset of cicatricial pemphigoid? 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1998;85(1):37-43.

171. Schmidt E, Meyer-Ter-Vehn T, Zillikens D, Geerling G. Mucous membrane pemphigoid with 
ocular involvement. part I: Clinical manifestations, pathogenesis and diagnosis. Ophthalmologe. 
2008;105(3):285-97; quiz 298.

172. Messmer EM, Hintschich CR, Partscht K, Messer G, Kampik A. Ocular cicatricial 
pemphigoid. retrospective analysis of risk factors and complications. Ophthalmologe. 
2000;97(2):113-120.

173. Lazor JB, Varvares MA, Montgomery WW, Goodman ML, Mackool BT. Management of 
airway obstruction in cicatricial pemphigoid. Laryngoscope. 1996;106(8):1014-1017.

174. Marren P, Wojnarowska F, Venning V, Wilson C, Nayar M. Vulvar involvement in 
autoimmune bullous diseases. J Reprod Med. 1993;38(2):101-107.

175. Bernard P, Vaillant L, Labeille B, et al. Incidence and distribution of subepidermal 
autoimmune bullous skin diseases in three french regions. bullous diseases french study group. 
Arch Dermatol. 1995;131(1):48-52.

176. Delgado JC, Turbay D, Yunis EJ, et al. A common major histocompatibility complex class II 
allele HLA-DQB1* 0301 is present in clinical variants of pemphigoid. Proc Natl Acad Sci U S A. 
1996;93(16):8569-8571.

177. Oyama N, Setterfield JF, Powell AM, et al. Bullous pemphigoid antigen II (BP180) and its 
soluble extracellular domains are major autoantigens in mucous membrane pemphigoid: The 
pathogenic relevance to HLA class II alleles and disease severity. Br J Dermatol. 2006;154(1):90-
98.

178. Balding SD, Prost C, Diaz LA, et al. Cicatricial pemphigoid autoantibodies react with 
multiple sites on the BP180 extracellular domain. J Invest Dermatol. 1996;106(1):141-146.

179. Kromminga A, Sitaru C, Meyer J, et al. Cicatricial pemphigoid differs from bullous 
pemphigoid and pemphigoid gestationis regarding the fine specificity of autoantibodies to the 
BP180 NC16A domain. J Dermatol Sci. 2002;28(1):68-75.

180. Petruzzi M. Mucous membrane pemphigoid affecting the oral cavity: Short review on 
etiopathogenesis, diagnosis and treatment. Immunopharmacol Immunotoxicol. 
2012;34(3):363-367.

181. Chan LS. Ocular and oral mucous membrane pemphigoid (cicatricial pemphigoid). Clin 
Dermatol. 2012;30(1):34-37.

64 - 2

518316-sub01-bw-Turcan.indd   64 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 65PDF page: 65PDF page: 65PDF page: 65

156. Bakker CV, Terra JB, Jonkman MF. Toward a practical renaming of bullous pemphigoid and 
all its variants-reply. JAMA Dermatol. 2014;150(4):459-460.

157. Zillikens D, Rose PA, Balding SD, et al. Tight clustering of extracellular BP180 epitopes 
recognized by bullous pemphigoid autoantibodies. J Invest Dermatol. 1997;109(4):573-579.

158. Perriard J, Jaunin F, Favre B, et al. IgG autoantibodies from bullous pemphigoid (BP) 
patients bind antigenic sites on both the extracellular and the intracellular domains of the BP 
antigen 180. J Invest Dermatol. 1999;112(2):141-147.

159. Schmidt E, Obe K, Brocker EB, Zillikens D. Serum levels of autoantibodies to BP180 
correlate with disease activity in patients with bullous pemphigoid. Arch Dermatol. 
2000;136(2):174-178.

160. Skaria M, Jaunin F, Hunziker T, et al. IgG autoantibodies from bullous pemphigoid patients 
recognize multiple antigenic reactive sites located predominantly within the B and C 
subdomains of the COOH-terminus of BP230. J Invest Dermatol. 2000;114(5):998-1004.

161. Ameglio F, D'Auria L, Bonifati C, Ferraro C, Mastroianni A, Giacalone B. Cytokine pattern in 
blister fluid and serum of patients with bullous pemphigoid: Relationships with disease 
intensity. Br J Dermatol. 1998;138(4):611-614.

162. D'Auria L, Bonifati C, Cordiali-Fei P, et al. Increased serum interleukin-15 levels in bullous 
skin diseases: Correlation with disease intensity. Arch Dermatol Res. 1999;291(6):354-356.

163. Gunther C, Carballido-Perrig N, Kopp T, Carballido JM, Pfeiffer C. CCL18 is expressed in 
patients with bullous pemphigoid and parallels disease course. Br J Dermatol. 2009;160(4):747-
755.

164. Verraes S, Hornebeck W, Polette M, Borradori L, Bernard P. Respective contribution of 
neutrophil elastase and matrix metalloproteinase 9 in the degradation of BP180 (type XVII 
collagen) in human bullous pemphigoid. J Invest Dermatol. 2001;117(5):1091-1096.

165. Liu Z, Zhou X, Shapiro SD, et al. The serpin alpha1-proteinase inhibitor is a critical 
substrate for gelatinase B/MMP-9 in vivo. Cell. 2000;102(5):647-655.

166. Kirtschig G, Middleton P, Bennett C, Murrell DF, Wojnarowska F, Khumalo NP. 
Interventions for bullous pemphigoid. Cochrane Database Syst Rev. 2010;(10):CD002292. 
doi(10):CD002292.

167. Culton DA, Diaz LA. Treatment of subepidermal immunobullous diseases. Clin Dermatol. 
2012;30(1):95-102.

168. Chan LS, Ahmed AR, Anhalt GJ, et al. The first international consensus on mucous 
membrane pemphigoid: Definition, diagnostic criteria, pathogenic factors, medical treatment, 
and prognostic indicators. Arch Dermatol. 2002;138(3):370-379.

169. Thorne JE, Anhalt GJ, Jabs DA. Mucous membrane pemphigoid and pseudopemphigoid. 
Ophthalmology. 2004;111(1):45-52.

170. Mobini N, Nagarwalla N, Ahmed AR. Oral pemphigoid. subset of cicatricial pemphigoid? 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1998;85(1):37-43.

171. Schmidt E, Meyer-Ter-Vehn T, Zillikens D, Geerling G. Mucous membrane pemphigoid with 
ocular involvement. part I: Clinical manifestations, pathogenesis and diagnosis. Ophthalmologe. 
2008;105(3):285-97; quiz 298.

172. Messmer EM, Hintschich CR, Partscht K, Messer G, Kampik A. Ocular cicatricial 
pemphigoid. retrospective analysis of risk factors and complications. Ophthalmologe. 
2000;97(2):113-120.

173. Lazor JB, Varvares MA, Montgomery WW, Goodman ML, Mackool BT. Management of 
airway obstruction in cicatricial pemphigoid. Laryngoscope. 1996;106(8):1014-1017.

174. Marren P, Wojnarowska F, Venning V, Wilson C, Nayar M. Vulvar involvement in 
autoimmune bullous diseases. J Reprod Med. 1993;38(2):101-107.

175. Bernard P, Vaillant L, Labeille B, et al. Incidence and distribution of subepidermal 
autoimmune bullous skin diseases in three french regions. bullous diseases french study group. 
Arch Dermatol. 1995;131(1):48-52.

176. Delgado JC, Turbay D, Yunis EJ, et al. A common major histocompatibility complex class II 
allele HLA-DQB1* 0301 is present in clinical variants of pemphigoid. Proc Natl Acad Sci U S A. 
1996;93(16):8569-8571.

177. Oyama N, Setterfield JF, Powell AM, et al. Bullous pemphigoid antigen II (BP180) and its 
soluble extracellular domains are major autoantigens in mucous membrane pemphigoid: The 
pathogenic relevance to HLA class II alleles and disease severity. Br J Dermatol. 2006;154(1):90-
98.

178. Balding SD, Prost C, Diaz LA, et al. Cicatricial pemphigoid autoantibodies react with 
multiple sites on the BP180 extracellular domain. J Invest Dermatol. 1996;106(1):141-146.

179. Kromminga A, Sitaru C, Meyer J, et al. Cicatricial pemphigoid differs from bullous 
pemphigoid and pemphigoid gestationis regarding the fine specificity of autoantibodies to the 
BP180 NC16A domain. J Dermatol Sci. 2002;28(1):68-75.

180. Petruzzi M. Mucous membrane pemphigoid affecting the oral cavity: Short review on 
etiopathogenesis, diagnosis and treatment. Immunopharmacol Immunotoxicol. 
2012;34(3):363-367.

181. Chan LS. Ocular and oral mucous membrane pemphigoid (cicatricial pemphigoid). Clin 
Dermatol. 2012;30(1):34-37.

2 - 65

518316-sub01-bw-Turcan.indd   65 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 66PDF page: 66PDF page: 66PDF page: 66

182. Foster CS, Chang PY, Ahmed AR. Combination of rituximab and intravenous 
immunoglobulin for recalcitrant ocular cicatricial pemphigoid: A preliminary report. 
Ophthalmology. 2010;117(5):861-869.

183. Ross AH, Jaycock P, Cook SD, Dick AD, Tole DM. The use of rituximab in refractory mucous 
membrane pemphigoid with severe ocular involvement. Br J Ophthalmol. 2009;93(4):421-2, 
548.

184. Saw VP, Dart JK. Ocular mucous membrane pemphigoid: Diagnosis and management 
strategies. Ocul Surf. 2008;6(3):128-142.

185. Kneisel A, Hertl M. Autoimmune bullous skin diseases. part 1: Clinical manifestations. J 
Dtsch Dermatol Ges. 2011;9(10):844-56; quiz 857.

186. BRUNSTING LA PH. Benign pemphigoid?: A report of seven cases with chronic, scarring, 
herpetiform plaques about the head and neck. A M A Archives of Dermatology. 1957;75(4):489-
501.

187. Ahmed AR, Kurgis BS, Rogers RS,3rd. Cicatricial pemphigoid. J Am Acad Dermatol. 
1991;24(6 Pt 1):987-1001.

188. Gibson V, Tschen JA, Bean SF. Localized cicatricial pemphigoid (brunsting-perry syndrome). 
Cutis. 1986;38(4):252-253.

189. Daito J, Katoh N, Asai J, et al. Brunsting-perry cicatricial pemphigoid associated with 
autoantibodies to the C-terminal domain of BP180. Br J Dermatol. 2008;159(4):984-986.

190. Garcia-Martin P, Fraga J, Hashimoto T, Garcia-Diez A. Brunsting-perry-type cicatricial 
pemphigoid with IgG autoantibodies to LAD-1. Br J Dermatol. 2014;170(3):743-745.

191. Jedlickova H, Niedermeier A, Zgazarova S, Hertl M. Brunsting-perry pemphigoid of the 
scalp with antibodies against laminin 332. Dermatology. 2011;222(3):193-195.

192. Fukuda S, Tsuruta D, Uchiyama M, et al. Brunsting-perry type pemphigoid with IgG 
autoantibodies to laminin-332, BP230 and desmoplakins I/II. Br J Dermatol. 2011;165(2):433-
435.

193. Michel B, Bean SF, Chorzelski T, Fedele CF. Cicatricial pemphigoid of brunsting-perry. 
immunofluorescent studies. Arch Dermatol. 1977;113(10):1403-1405.

194. Martin JM, Pinazo I, Molina I, et al. Cicatricial pemphigoid of the brunsting-perry type. Int J 
Dermatol. 2009;48(3):293-294.

195. Tindall JG, Rea TH, Shulman I, Quismorio FP,Jr. Herpes gestationis in association with a 
hydatidiform mole. immunopathologic studies. Arch Dermatol. 1981;117(8):510-512.

196. Djahansouzi S, Nestle-Kraemling C, Dall P, Bender HG, Hanstein B. Herpes gestationis may 
present itself as a paraneoplastic syndrome of choriocarcinoma-a case report. Gynecol Oncol. 
2003;89(2):334-337.

197. Ambros-Rudolph CM, Mullegger RR, Vaughan-Jones SA, Kerl H, Black MM. The specific 
dermatoses of pregnancy revisited and reclassified: Results of a retrospective two-center study 
on 505 pregnant patients. J Am Acad Dermatol. 2006;54(3):395-404.

198. Holmes RC, Black MM, Dann J, James DC, Bhogal B. A comparative study of toxic erythema 
of pregnancy and herpes gestationis. Br J Dermatol. 1982;106(5):499-510.

199. Amato L, Mei S, Gallerani I, Moretti S, Fabbri P. A case of chronic herpes gestationis: 
Persistent disease or conversion to bullous pemphigoid? J Am Acad Dermatol. 2003;49(2):302-
307.

200. Jenkins RE, Jones SA, Black MM. Conversion of pemphigoid gestationis to bullous 
pemphigoid--two refractory cases highlighting this association. Br J Dermatol. 1996;135(4):595-
598.

201. Intong LR, Murrell DF. Pemphigoid gestationis: Pathogenesis and clinical features. 
Dermatol Clin. 2011;29(3):447-52, ix.

202. Al-Mutairi N, Sharma AK, Zaki A, El-Adawy E, Al-Sheltawy M, Nour-Eldin O. Maternal and 
neonatal pemphigoid gestationis. Clin Exp Dermatol. 2004;29(2):202-204.

203. Shornick JK, Stastny P, Gilliam JN. High frequency of histocompatibility antigens HLA-DR3 
and DR4 in herpes gestations. J Clin Invest. 1981;68(2):553-555.

204. Morrison LH, Anhalt GJ. Herpes gestationis. J Autoimmun. 1991;4(1):37-45.

205. Kelly SE, Bhogal BS, Wojnarowska F, Whitehead P, Leigh IM, Black MM. Western blot 
analysis of the antigen in pemphigoid gestationis. Br J Dermatol. 1990;122(4):445-449.

206. Lin MS, Gharia M, Fu CL, et al. Molecular mapping of the major epitopes of BP180 
recognized by herpes gestationis autoantibodies. Clin Immunol. 1999;92(3):285-292.

207. Shimanovich I, Brocker EB, Zillikens D. Pemphigoid gestationis: New insights into the 
pathogenesis lead to novel diagnostic tools. BJOG. 2002;109(9):970-976.

208. Sitaru C, Mihai S, Zillikens D. The relevance of the IgG subclass of autoantibodies for blister 
induction in autoimmune bullous skin diseases. Arch Dermatol Res. 2007;299(1):1-8.

209. Noe MH, Messingham KA, Brandt DS, Andrews JI, Fairley JA. Pregnant women have 
increased incidence of IgE autoantibodies reactive with the skin and placental antigen BP180 
(type XVII collagen). J Reprod Immunol. 2010;85(2):198-204.

66 - 2

518316-sub01-bw-Turcan.indd   66 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 67PDF page: 67PDF page: 67PDF page: 67

182. Foster CS, Chang PY, Ahmed AR. Combination of rituximab and intravenous 
immunoglobulin for recalcitrant ocular cicatricial pemphigoid: A preliminary report. 
Ophthalmology. 2010;117(5):861-869.

183. Ross AH, Jaycock P, Cook SD, Dick AD, Tole DM. The use of rituximab in refractory mucous 
membrane pemphigoid with severe ocular involvement. Br J Ophthalmol. 2009;93(4):421-2, 
548.

184. Saw VP, Dart JK. Ocular mucous membrane pemphigoid: Diagnosis and management 
strategies. Ocul Surf. 2008;6(3):128-142.

185. Kneisel A, Hertl M. Autoimmune bullous skin diseases. part 1: Clinical manifestations. J 
Dtsch Dermatol Ges. 2011;9(10):844-56; quiz 857.

186. BRUNSTING LA PH. Benign pemphigoid?: A report of seven cases with chronic, scarring, 
herpetiform plaques about the head and neck. A M A Archives of Dermatology. 1957;75(4):489-
501.

187. Ahmed AR, Kurgis BS, Rogers RS,3rd. Cicatricial pemphigoid. J Am Acad Dermatol. 
1991;24(6 Pt 1):987-1001.

188. Gibson V, Tschen JA, Bean SF. Localized cicatricial pemphigoid (brunsting-perry syndrome). 
Cutis. 1986;38(4):252-253.

189. Daito J, Katoh N, Asai J, et al. Brunsting-perry cicatricial pemphigoid associated with 
autoantibodies to the C-terminal domain of BP180. Br J Dermatol. 2008;159(4):984-986.

190. Garcia-Martin P, Fraga J, Hashimoto T, Garcia-Diez A. Brunsting-perry-type cicatricial 
pemphigoid with IgG autoantibodies to LAD-1. Br J Dermatol. 2014;170(3):743-745.

191. Jedlickova H, Niedermeier A, Zgazarova S, Hertl M. Brunsting-perry pemphigoid of the 
scalp with antibodies against laminin 332. Dermatology. 2011;222(3):193-195.

192. Fukuda S, Tsuruta D, Uchiyama M, et al. Brunsting-perry type pemphigoid with IgG 
autoantibodies to laminin-332, BP230 and desmoplakins I/II. Br J Dermatol. 2011;165(2):433-
435.

193. Michel B, Bean SF, Chorzelski T, Fedele CF. Cicatricial pemphigoid of brunsting-perry. 
immunofluorescent studies. Arch Dermatol. 1977;113(10):1403-1405.

194. Martin JM, Pinazo I, Molina I, et al. Cicatricial pemphigoid of the brunsting-perry type. Int J 
Dermatol. 2009;48(3):293-294.

195. Tindall JG, Rea TH, Shulman I, Quismorio FP,Jr. Herpes gestationis in association with a 
hydatidiform mole. immunopathologic studies. Arch Dermatol. 1981;117(8):510-512.

196. Djahansouzi S, Nestle-Kraemling C, Dall P, Bender HG, Hanstein B. Herpes gestationis may 
present itself as a paraneoplastic syndrome of choriocarcinoma-a case report. Gynecol Oncol. 
2003;89(2):334-337.

197. Ambros-Rudolph CM, Mullegger RR, Vaughan-Jones SA, Kerl H, Black MM. The specific 
dermatoses of pregnancy revisited and reclassified: Results of a retrospective two-center study 
on 505 pregnant patients. J Am Acad Dermatol. 2006;54(3):395-404.

198. Holmes RC, Black MM, Dann J, James DC, Bhogal B. A comparative study of toxic erythema 
of pregnancy and herpes gestationis. Br J Dermatol. 1982;106(5):499-510.

199. Amato L, Mei S, Gallerani I, Moretti S, Fabbri P. A case of chronic herpes gestationis: 
Persistent disease or conversion to bullous pemphigoid? J Am Acad Dermatol. 2003;49(2):302-
307.

200. Jenkins RE, Jones SA, Black MM. Conversion of pemphigoid gestationis to bullous 
pemphigoid--two refractory cases highlighting this association. Br J Dermatol. 1996;135(4):595-
598.

201. Intong LR, Murrell DF. Pemphigoid gestationis: Pathogenesis and clinical features. 
Dermatol Clin. 2011;29(3):447-52, ix.

202. Al-Mutairi N, Sharma AK, Zaki A, El-Adawy E, Al-Sheltawy M, Nour-Eldin O. Maternal and 
neonatal pemphigoid gestationis. Clin Exp Dermatol. 2004;29(2):202-204.

203. Shornick JK, Stastny P, Gilliam JN. High frequency of histocompatibility antigens HLA-DR3 
and DR4 in herpes gestations. J Clin Invest. 1981;68(2):553-555.

204. Morrison LH, Anhalt GJ. Herpes gestationis. J Autoimmun. 1991;4(1):37-45.

205. Kelly SE, Bhogal BS, Wojnarowska F, Whitehead P, Leigh IM, Black MM. Western blot 
analysis of the antigen in pemphigoid gestationis. Br J Dermatol. 1990;122(4):445-449.

206. Lin MS, Gharia M, Fu CL, et al. Molecular mapping of the major epitopes of BP180 
recognized by herpes gestationis autoantibodies. Clin Immunol. 1999;92(3):285-292.

207. Shimanovich I, Brocker EB, Zillikens D. Pemphigoid gestationis: New insights into the 
pathogenesis lead to novel diagnostic tools. BJOG. 2002;109(9):970-976.

208. Sitaru C, Mihai S, Zillikens D. The relevance of the IgG subclass of autoantibodies for blister 
induction in autoimmune bullous skin diseases. Arch Dermatol Res. 2007;299(1):1-8.

209. Noe MH, Messingham KA, Brandt DS, Andrews JI, Fairley JA. Pregnant women have 
increased incidence of IgE autoantibodies reactive with the skin and placental antigen BP180 
(type XVII collagen). J Reprod Immunol. 2010;85(2):198-204.

2 - 67

518316-sub01-bw-Turcan.indd   67 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 68PDF page: 68PDF page: 68PDF page: 68

210. Horvath B, Niedermeier A, Podstawa E, et al. IgA autoantibodies in the pemphigoids and 
linear IgA bullous dermatosis. Exp Dermatol. 2010;19(7):648-653.

211. Holmes RC, Black MM, Jurecka W, et al. Clues to the aetiology and pathogenesis of herpes 
gestationis. Br J Dermatol. 1983;109(2):131-139.

212. Semkova K, Black M. Pemphigoid gestationis: Current insights into pathogenesis and 
treatment. Eur J Obstet Gynecol Reprod Biol. 2009;145(2):138-144.

213. Zaraa I, Mahfoudh A, Sellami MK, et al. Lichen planus pemphigoides: Four new cases and a 
review of the literature. Int J Dermatol. 2013;52(4):406-412.

214. Stingl G, Holubar K. Coexistence of lichen planus and bullous pemphigoid. A 
immunopathological study. Br J Dermatol. 1975;93(3):313-320.

215. Cohen DM, Ben-Amitai D, Feinmesser M, Zvulunov A. Childhood lichen planus 
pemphigoides: A case report and review of the literature. Pediatr Dermatol. 2009;26(5):569-
574.

216. Zillikens D, Caux F, Mascaro JM, et al. Autoantibodies in lichen planus pemphigoides react 
with a novel epitope within the C-terminal NC16A domain of BP180. J Invest Dermatol. 
1999;113(1):117-121.

217. Fortuna G, Marinkovich MP. Linear immunoglobulin A bullous dermatosis. Clin Dermatol. 
2012;30(1):38-50.

218. Wojnarowska F, Marsden RA, Bhogal B, Black MM. Chronic bullous disease of childhood, 
childhood cicatricial pemphigoid, and linear IgA disease of adults. A comparative study 
demonstrating clinical and immunopathologic overlap. J Am Acad Dermatol. 1988;19(5 Pt 
1):792-805.

219. Burge S, Wojnarowska F, Marsden A. Chronic bullous dermatosis of childhood persisting 
into adulthood. Pediatr Dermatol. 1988;5(4):246-249.

220. Kelly SE, Frith PA, Millard PR, Wojnarowska F, Black MM. A clinicopathological study of 
mucosal involvement in linear IgA disease. Br J Dermatol. 1988;119(2):161-170.

221. Talhari C, Althaus C, Megahed M. Ocular linear IgA disease resulting in blindness. Arch 
Dermatol. 2006;142(6):786-787.

222. Baden LA, Apovian C, Imber MJ, Dover JS. Vancomycin-induced linear IgA bullous 
dermatosis. Arch Dermatol. 1988;124(8):1186-1188.

223. Fortuna G, Salas-Alanis JC, Guidetti E, Marinkovich MP. A critical reappraisal of the current 
data on drug-induced linear immunoglobulin A bullous dermatosis: A real and separate 
nosological entity? J Am Acad Dermatol. 2012;66(6):988-994.

224. Camilleri M, Pace JL. Drug-induced linear immunoglobulin-A bullous dermatosis. Clin 
Dermatol. 1998;16(3):389-391.

225. Collier PM, Wojnarowska F, Welsh K, McGuire W, Black MM. Adult linear IgA disease and 
chronic bullous disease of childhood: The association with human lymphocyte antigens Cw7, 
B8, DR3 and tumour necrosis factor influences disease expression. Br J Dermatol. 
1999;141(5):867-875.

226. Zone JJ, Egan CA, Taylor TB, Meyer LJ. IgA autoimmune disorders: Development of a 
passive transfer mouse model. J Investig Dermatol Symp Proc. 2004;9(1):47-51.

227. Caproni M, Rolfo S, Bernacchi E, Bianchi B, Brazzini B, Fabbri P. The role of lymphocytes, 
granulocytes, mast cells and their related cytokines in lesional skin of linear IgA bullous 
dermatosis. Br J Dermatol. 1999;140(6):1072-1078.

228. Hirako Y, Usukura J, Uematsu J, Hashimoto T, Kitajima Y, Owaribe K. Cleavage of BP180, a 
180-kDa bullous pemphigoid antigen, yields a 120-kDa collagenous extracellular polypeptide. J 
Biol Chem. 1998;273(16):9711-9717.

229. Zone JJ, Taylor TB, Meyer LJ, Petersen MJ. The 97 kDa linear IgA bullous disease antigen is 
identical to a portion of the extracellular domain of the 180 kDa bullous pemphigoid antigen, 
BPAg2. J Invest Dermatol. 1998;110(3):207-210.

230. Ghohestani RF, Nicolas JF, Kanitakis J, Claudy A. Linear IgA bullous dermatosis with IgA 
antibodies exclusively directed against the 180- or 230-kDa epidermal antigens. J Invest 
Dermatol. 1997;108(6):854-858.

231. Zillikens D, Herzele K, Georgi M, et al. Autoantibodies in a subgroup of patients with linear 
IgA disease react with the NC16A domain of BP1801. J Invest Dermatol. 1999;113(6):947-953.

232. Guide SV, Marinkovich MP. Linear IgA bullous dermatosis. Clin Dermatol. 2001;19(6):719-
727.

233. Ng SY, Venning VV. Management of linear IgA disease. Dermatol Clin. 2011;29(4):629-630.

234. Laffitte E, Favre B, Fontao L, et al. Plectin, an unusual target antigen in bullous 
pemphigoid. Br J Dermatol. 2001;144(1):136-138.

235. Buijsrogge JJ, de Jong MC, Kloosterhuis GJ, et al. Antiplectin autoantibodies in 
subepidermal blistering diseases. Br J Dermatol. 2009;161(4):762-771.

236. Proby C, Fujii Y, Owaribe K, Nishikawa T, Amagai M. Human autoantibodies against 
HD1/plectin in paraneoplastic pemphigus. J Invest Dermatol. 1999;112(2):153-156.

237. Nikolskaia OV, Nousari CH, Anhalt GJ. Paraneoplastic pemphigus in association with 
castleman's disease. Br J Dermatol. 2003;149(6):1143-1151.

68 - 2

518316-sub01-bw-Turcan.indd   68 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 69PDF page: 69PDF page: 69PDF page: 69

210. Horvath B, Niedermeier A, Podstawa E, et al. IgA autoantibodies in the pemphigoids and 
linear IgA bullous dermatosis. Exp Dermatol. 2010;19(7):648-653.

211. Holmes RC, Black MM, Jurecka W, et al. Clues to the aetiology and pathogenesis of herpes 
gestationis. Br J Dermatol. 1983;109(2):131-139.

212. Semkova K, Black M. Pemphigoid gestationis: Current insights into pathogenesis and 
treatment. Eur J Obstet Gynecol Reprod Biol. 2009;145(2):138-144.

213. Zaraa I, Mahfoudh A, Sellami MK, et al. Lichen planus pemphigoides: Four new cases and a 
review of the literature. Int J Dermatol. 2013;52(4):406-412.

214. Stingl G, Holubar K. Coexistence of lichen planus and bullous pemphigoid. A 
immunopathological study. Br J Dermatol. 1975;93(3):313-320.

215. Cohen DM, Ben-Amitai D, Feinmesser M, Zvulunov A. Childhood lichen planus 
pemphigoides: A case report and review of the literature. Pediatr Dermatol. 2009;26(5):569-
574.

216. Zillikens D, Caux F, Mascaro JM, et al. Autoantibodies in lichen planus pemphigoides react 
with a novel epitope within the C-terminal NC16A domain of BP180. J Invest Dermatol. 
1999;113(1):117-121.

217. Fortuna G, Marinkovich MP. Linear immunoglobulin A bullous dermatosis. Clin Dermatol. 
2012;30(1):38-50.

218. Wojnarowska F, Marsden RA, Bhogal B, Black MM. Chronic bullous disease of childhood, 
childhood cicatricial pemphigoid, and linear IgA disease of adults. A comparative study 
demonstrating clinical and immunopathologic overlap. J Am Acad Dermatol. 1988;19(5 Pt 
1):792-805.

219. Burge S, Wojnarowska F, Marsden A. Chronic bullous dermatosis of childhood persisting 
into adulthood. Pediatr Dermatol. 1988;5(4):246-249.

220. Kelly SE, Frith PA, Millard PR, Wojnarowska F, Black MM. A clinicopathological study of 
mucosal involvement in linear IgA disease. Br J Dermatol. 1988;119(2):161-170.

221. Talhari C, Althaus C, Megahed M. Ocular linear IgA disease resulting in blindness. Arch 
Dermatol. 2006;142(6):786-787.

222. Baden LA, Apovian C, Imber MJ, Dover JS. Vancomycin-induced linear IgA bullous 
dermatosis. Arch Dermatol. 1988;124(8):1186-1188.

223. Fortuna G, Salas-Alanis JC, Guidetti E, Marinkovich MP. A critical reappraisal of the current 
data on drug-induced linear immunoglobulin A bullous dermatosis: A real and separate 
nosological entity? J Am Acad Dermatol. 2012;66(6):988-994.

224. Camilleri M, Pace JL. Drug-induced linear immunoglobulin-A bullous dermatosis. Clin 
Dermatol. 1998;16(3):389-391.

225. Collier PM, Wojnarowska F, Welsh K, McGuire W, Black MM. Adult linear IgA disease and 
chronic bullous disease of childhood: The association with human lymphocyte antigens Cw7, 
B8, DR3 and tumour necrosis factor influences disease expression. Br J Dermatol. 
1999;141(5):867-875.

226. Zone JJ, Egan CA, Taylor TB, Meyer LJ. IgA autoimmune disorders: Development of a 
passive transfer mouse model. J Investig Dermatol Symp Proc. 2004;9(1):47-51.

227. Caproni M, Rolfo S, Bernacchi E, Bianchi B, Brazzini B, Fabbri P. The role of lymphocytes, 
granulocytes, mast cells and their related cytokines in lesional skin of linear IgA bullous 
dermatosis. Br J Dermatol. 1999;140(6):1072-1078.

228. Hirako Y, Usukura J, Uematsu J, Hashimoto T, Kitajima Y, Owaribe K. Cleavage of BP180, a 
180-kDa bullous pemphigoid antigen, yields a 120-kDa collagenous extracellular polypeptide. J 
Biol Chem. 1998;273(16):9711-9717.

229. Zone JJ, Taylor TB, Meyer LJ, Petersen MJ. The 97 kDa linear IgA bullous disease antigen is 
identical to a portion of the extracellular domain of the 180 kDa bullous pemphigoid antigen, 
BPAg2. J Invest Dermatol. 1998;110(3):207-210.

230. Ghohestani RF, Nicolas JF, Kanitakis J, Claudy A. Linear IgA bullous dermatosis with IgA 
antibodies exclusively directed against the 180- or 230-kDa epidermal antigens. J Invest 
Dermatol. 1997;108(6):854-858.

231. Zillikens D, Herzele K, Georgi M, et al. Autoantibodies in a subgroup of patients with linear 
IgA disease react with the NC16A domain of BP1801. J Invest Dermatol. 1999;113(6):947-953.

232. Guide SV, Marinkovich MP. Linear IgA bullous dermatosis. Clin Dermatol. 2001;19(6):719-
727.

233. Ng SY, Venning VV. Management of linear IgA disease. Dermatol Clin. 2011;29(4):629-630.

234. Laffitte E, Favre B, Fontao L, et al. Plectin, an unusual target antigen in bullous 
pemphigoid. Br J Dermatol. 2001;144(1):136-138.

235. Buijsrogge JJ, de Jong MC, Kloosterhuis GJ, et al. Antiplectin autoantibodies in 
subepidermal blistering diseases. Br J Dermatol. 2009;161(4):762-771.

236. Proby C, Fujii Y, Owaribe K, Nishikawa T, Amagai M. Human autoantibodies against 
HD1/plectin in paraneoplastic pemphigus. J Invest Dermatol. 1999;112(2):153-156.

237. Nikolskaia OV, Nousari CH, Anhalt GJ. Paraneoplastic pemphigus in association with 
castleman's disease. Br J Dermatol. 2003;149(6):1143-1151.

2 - 69

518316-sub01-bw-Turcan.indd   69 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 70PDF page: 70PDF page: 70PDF page: 70

238. Jones J, Downer CS, Speight PM. Changes in the expression of integrins and basement 
membrane proteins in benign mucous membrane pemphigoid. Oral Dis. 1995;1(3):159-165.

239. Bhol KC, Goss L, Kumari S, Colon JE, Ahmed AR. Autoantibodies to human alpha6 integrin 
in patients with oral pemphigoid. J Dent Res. 2001;80(8):1711-1715.

240. Chan RY, Bhol K, Tesavibul N, et al. The role of antibody to human beta4 integrin in 
conjunctival basement membrane separation: Possible in vitro model for ocular cicatricial 
pemphigoid. Invest Ophthalmol Vis Sci. 1999;40(10):2283-2290.

241. Tyagi S, Bhol K, Natarajan K, Livir-Rallatos C, Foster CS, Ahmed AR. Ocular cicatricial 
pemphigoid antigen: Partial sequence and biochemical characterization. Proc Natl Acad Sci U S 
A. 1996;93(25):14714-14719.

242. Leverkus M, Bhol K, Hirako Y, et al. Cicatricial pemphigoid with circulating autoantibodies 
to beta4 integrin, bullous pemphigoid 180 and bullous pemphigoid 230. Br J Dermatol.
2001;145(6):998-1004.

243. Letko E, Bhol K, Foster SC, Ahmed RA. Influence of intravenous immunoglobulin therapy 
on serum levels of anti-beta 4 antibodies in ocular cicatricial pemphigoid. A correlation with 
disease activity. A preliminary study. Curr Eye Res. 2000;21(2):646-654.

244. Sami N, Bhol KC, Ahmed AR. Treatment of oral pemphigoid with intravenous 
immunoglobulin as monotherapy. long-term follow-up: Influence of treatment on antibody 
titres to human alpha6 integrin. Clin Exp Immunol. 2002;129(3):533-540.

245. Kiss M, Perenyi A, Marczinovits I, et al. Autoantibodies to human alpha6 integrin in 
patients with bullous pemphigoid. Ann N Y Acad Sci. 2005;1051:104-110.

246. Miserocchi E, Baltatzis S, Roque MR, Ahmed AR, Foster CS. The effect of treatment and its 
related side effects in patients with severe ocular cicatricial pemphigoid. Ophthalmology. 
2002;109(1):111-118.

247. Domloge-Hultsch N, Gammon WR, Briggaman RA, Gil SG, Carter WG, Yancey KB. Epiligrin, 
the major human keratinocyte integrin ligand, is a target in both an acquired autoimmune and 
an inherited subepidermal blistering skin disease. J Clin Invest. 1992;90(4):1628-1633.

248. Domloge-Hultsch N, Anhalt GJ, Gammon WR, et al. Antiepiligrin cicatricial pemphigoid. A 
subepithelial bullous disorder. Arch Dermatol. 1994;130(12):1521-1529.

249. Kirtschig G, Marinkovich MP, Burgeson RE, Yancey KB. Anti-basement membrane 
autoantibodies in patients with anti-epiligrin cicatricial pemphigoid bind the alpha subunit of 
laminin 5. J Invest Dermatol. 1995;105(4):543-548.

250. Lazarova Z, Yee C, Lazar J, Yancey KB. IgG autoantibodies in patients with anti-epiligrin 
cicatricial pemphigoid recognize the G domain of the laminin 5 alpha-subunit. Clin Immunol. 
2001;101(1):100-105.

251. Lazarova Z, Hsu R, Yee C, Yancey KB. Human anti-laminin 5 autoantibodies induce 
subepidermal blisters in an experimental human skin graft model. J Invest Dermatol. 
2000;114(1):178-184.

252. Lazarova Z, Yee C, Darling T, Briggaman RA, Yancey KB. Passive transfer of anti-laminin 5 
antibodies induces subepidermal blisters in neonatal mice. J Clin Invest. 1996;98(7):1509-1518.

253. Yoneda K, Moriue J, Demitsu T, Ishii N, Kubota Y, Hashimoto T. Case of mucous membrane 
pemphigoid with autoantibodies solely to the gamma2-subunit of laminin-332. J Dermatol. 
2014.

254. Egan CA, Lazarova Z, Darling TN, Yee C, Yancey KB. Anti-epiligrin cicatricial pemphigoid: 
Clinical findings, immunopathogenesis, and significant associations. Medicine (Baltimore). 
2003;82(3):177-186.

255. Chan LS, Majmudar AA, Tran HH, et al. Laminin-6 and laminin-5 are recognized by 
autoantibodies in a subset of cicatricial pemphigoid. J Invest Dermatol. 1997;108(6):848-853.

256. Egan CA, Lazarova Z, Darling TN, Yee C, Cote T, Yancey KB. Anti-epiligrin cicatricial 
pemphigoid and relative risk for cancer. Lancet. 2001;357(9271):1850-1851.

257. Bernard P, Antonicelli F, Bedane C, et al. Prevalence and clinical significance of anti-
laminin 332 autoantibodies detected by a novel enzyme-linked immunosorbent assay in 
mucous membrane pemphigoid. JAMA Dermatol. 2013;149(5):533-540.

258. Egan CA, Yancey KB. The clinical and immunopathological manifestations of anti-epiligrin 
cicatricial pemphigoid, a recently defined subepithelial autoimmune blistering disease. Eur J 
Dermatol. 2000;10(8):585-589.

259. Lazarova Z, Sitaru C, Zillikens D, Yancey KB. Comparative analysis of methods for detection 
of anti-laminin 5 autoantibodies in patients with anti-epiligrin cicatricial pemphigoid. J Am Acad 
Dermatol. 2004;51(6):886-892.

260. Chen KR, Shimizu S, Miyakawa S, Ishiko A, Shimizu H, Hashimoto T. Coexistence of 
psoriasis and an unusual IgG-mediated subepidermal bullous dermatosis: Identification of a 
novel 200-kDa lower lamina lucida target antigen. Br J Dermatol. 1996;134(2):340-346.

261. Zillikens D, Kawahara Y, Ishiko A, et al. A novel subepidermal blistering disease with 
autoantibodies to a 200-kDa antigen of the basement membrane zone. J Invest Dermatol. 
1996;106(6):1333-1338.

70 - 2

518316-sub01-bw-Turcan.indd   70 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 71PDF page: 71PDF page: 71PDF page: 71

238. Jones J, Downer CS, Speight PM. Changes in the expression of integrins and basement 
membrane proteins in benign mucous membrane pemphigoid. Oral Dis. 1995;1(3):159-165.

239. Bhol KC, Goss L, Kumari S, Colon JE, Ahmed AR. Autoantibodies to human alpha6 integrin 
in patients with oral pemphigoid. J Dent Res. 2001;80(8):1711-1715.

240. Chan RY, Bhol K, Tesavibul N, et al. The role of antibody to human beta4 integrin in 
conjunctival basement membrane separation: Possible in vitro model for ocular cicatricial 
pemphigoid. Invest Ophthalmol Vis Sci. 1999;40(10):2283-2290.

241. Tyagi S, Bhol K, Natarajan K, Livir-Rallatos C, Foster CS, Ahmed AR. Ocular cicatricial 
pemphigoid antigen: Partial sequence and biochemical characterization. Proc Natl Acad Sci U S 
A. 1996;93(25):14714-14719.

242. Leverkus M, Bhol K, Hirako Y, et al. Cicatricial pemphigoid with circulating autoantibodies 
to beta4 integrin, bullous pemphigoid 180 and bullous pemphigoid 230. Br J Dermatol.
2001;145(6):998-1004.

243. Letko E, Bhol K, Foster SC, Ahmed RA. Influence of intravenous immunoglobulin therapy 
on serum levels of anti-beta 4 antibodies in ocular cicatricial pemphigoid. A correlation with 
disease activity. A preliminary study. Curr Eye Res. 2000;21(2):646-654.

244. Sami N, Bhol KC, Ahmed AR. Treatment of oral pemphigoid with intravenous 
immunoglobulin as monotherapy. long-term follow-up: Influence of treatment on antibody 
titres to human alpha6 integrin. Clin Exp Immunol. 2002;129(3):533-540.

245. Kiss M, Perenyi A, Marczinovits I, et al. Autoantibodies to human alpha6 integrin in 
patients with bullous pemphigoid. Ann N Y Acad Sci. 2005;1051:104-110.

246. Miserocchi E, Baltatzis S, Roque MR, Ahmed AR, Foster CS. The effect of treatment and its 
related side effects in patients with severe ocular cicatricial pemphigoid. Ophthalmology. 
2002;109(1):111-118.

247. Domloge-Hultsch N, Gammon WR, Briggaman RA, Gil SG, Carter WG, Yancey KB. Epiligrin, 
the major human keratinocyte integrin ligand, is a target in both an acquired autoimmune and 
an inherited subepidermal blistering skin disease. J Clin Invest. 1992;90(4):1628-1633.

248. Domloge-Hultsch N, Anhalt GJ, Gammon WR, et al. Antiepiligrin cicatricial pemphigoid. A 
subepithelial bullous disorder. Arch Dermatol. 1994;130(12):1521-1529.

249. Kirtschig G, Marinkovich MP, Burgeson RE, Yancey KB. Anti-basement membrane 
autoantibodies in patients with anti-epiligrin cicatricial pemphigoid bind the alpha subunit of 
laminin 5. J Invest Dermatol. 1995;105(4):543-548.

250. Lazarova Z, Yee C, Lazar J, Yancey KB. IgG autoantibodies in patients with anti-epiligrin 
cicatricial pemphigoid recognize the G domain of the laminin 5 alpha-subunit. Clin Immunol. 
2001;101(1):100-105.

251. Lazarova Z, Hsu R, Yee C, Yancey KB. Human anti-laminin 5 autoantibodies induce 
subepidermal blisters in an experimental human skin graft model. J Invest Dermatol. 
2000;114(1):178-184.

252. Lazarova Z, Yee C, Darling T, Briggaman RA, Yancey KB. Passive transfer of anti-laminin 5 
antibodies induces subepidermal blisters in neonatal mice. J Clin Invest. 1996;98(7):1509-1518.

253. Yoneda K, Moriue J, Demitsu T, Ishii N, Kubota Y, Hashimoto T. Case of mucous membrane 
pemphigoid with autoantibodies solely to the gamma2-subunit of laminin-332. J Dermatol. 
2014.

254. Egan CA, Lazarova Z, Darling TN, Yee C, Yancey KB. Anti-epiligrin cicatricial pemphigoid: 
Clinical findings, immunopathogenesis, and significant associations. Medicine (Baltimore). 
2003;82(3):177-186.

255. Chan LS, Majmudar AA, Tran HH, et al. Laminin-6 and laminin-5 are recognized by 
autoantibodies in a subset of cicatricial pemphigoid. J Invest Dermatol. 1997;108(6):848-853.

256. Egan CA, Lazarova Z, Darling TN, Yee C, Cote T, Yancey KB. Anti-epiligrin cicatricial 
pemphigoid and relative risk for cancer. Lancet. 2001;357(9271):1850-1851.

257. Bernard P, Antonicelli F, Bedane C, et al. Prevalence and clinical significance of anti-
laminin 332 autoantibodies detected by a novel enzyme-linked immunosorbent assay in 
mucous membrane pemphigoid. JAMA Dermatol. 2013;149(5):533-540.

258. Egan CA, Yancey KB. The clinical and immunopathological manifestations of anti-epiligrin 
cicatricial pemphigoid, a recently defined subepithelial autoimmune blistering disease. Eur J 
Dermatol. 2000;10(8):585-589.

259. Lazarova Z, Sitaru C, Zillikens D, Yancey KB. Comparative analysis of methods for detection 
of anti-laminin 5 autoantibodies in patients with anti-epiligrin cicatricial pemphigoid. J Am Acad 
Dermatol. 2004;51(6):886-892.

260. Chen KR, Shimizu S, Miyakawa S, Ishiko A, Shimizu H, Hashimoto T. Coexistence of 
psoriasis and an unusual IgG-mediated subepidermal bullous dermatosis: Identification of a 
novel 200-kDa lower lamina lucida target antigen. Br J Dermatol. 1996;134(2):340-346.

261. Zillikens D, Kawahara Y, Ishiko A, et al. A novel subepidermal blistering disease with 
autoantibodies to a 200-kDa antigen of the basement membrane zone. J Invest Dermatol. 
1996;106(6):1333-1338.

2 - 71

518316-sub01-bw-Turcan.indd   71 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 72PDF page: 72PDF page: 72PDF page: 72

262. Dilling A, Rose C, Hashimoto T, Zillikens D, Shimanovich I. Anti-p200 pemphigoid: A novel 
autoimmune subepidermal blistering disease. J Dermatol. 2007;34(1):1-8.

263. Dainichi T, Koga H, Tsuji T, et al. From anti-p200 pemphigoid to anti-laminin gamma1 
pemphigoid. J Dermatol. 2010;37(3):231-238.

264. Dainichi T, Kurono S, Ohyama B, et al. Anti-laminin gamma-1 pemphigoid. Proc Natl Acad 
Sci U S A. 2009;106(8):2800-2805.

265. Durbeej M. Laminins. Cell Tissue Res. 2010;339(1):259-268.

266. Aumailley M. The laminin family. Cell Adh Migr. 2013;7(1):48-55.

267. Koga H, Ishii N, Dainichi T, et al. An attempt to develop mouse model for anti-laminin 
gamma1 pemphigoid. J Dermatol Sci. 2013;70(2):108-115.

268. Vafia K, Groth S, Beckmann T, et al. Pathogenicity of autoantibodies in anti-p200 
pemphigoid. PLoS One. 2012;7(7):e41769.

269. Goletz S, Hashimoto T, Zillikens D, Schmidt E. Anti-p200 pemphigoid. J Am Acad Dermatol. 
2014;71(1):185-191.

270. Rose C, Weyers W, Denisjuk N, Hillen U, Zillikens D, Shimanovich I. Histopathology of anti-
p200 pemphigoid. Am J Dermatopathol. 2007;29(2):119-124.

271. Groth S, Recke A, Vafia K, et al. Development of a simple enzyme-linked immunosorbent 
assay for the detection of autoantibodies in anti-p200 pemphigoid. Br J Dermatol. 
2011;164(1):76-82.

272. Pastar Z, Rados J, Lipozencic J, et al. Case of concurrent epidermolysis bullosa acquisita 
and anti-p200 pemphigoid--how to treat it? Int J Dermatol. 2007;46(3):295-298.

273. Mitsuya J, Hara H, Ito K, Ishii N, Hashimoto T, Terui T. Metastatic ovarian carcinoma-
associated subepidermal blistering disease with autoantibodies to both the p200 dermal 
antigen and the gamma 2 subunit of laminin 5 showing unusual clinical features. Br J Dermatol. 
2008;158(6):1354-1357.

274. Lapiere JC, Woodley DT, Parente MG, et al. Epitope mapping of type VII collagen. 
identification of discrete peptide sequences recognized by sera from patients with acquired 
epidermolysis bullosa. J Clin Invest. 1993;92(4):1831-1839.

275. Chen M, Doostan A, Bandyopadhyay P, et al. The cartilage matrix protein subdomain of 
type VII collagen is pathogenic for epidermolysis bullosa acquisita. Am J Pathol. 
2007;170(6):2009-2018.

276. Ishii N, Yoshida M, Ishida-Yamamoto A, et al. Some epidermolysis bullosa acquisita sera 
react with epitopes within the triple-helical collagenous domain as indicated by 
immunoelectron microscopy. Br J Dermatol. 2009;160(5):1090-1093.

277. Ishii N, Yoshida M, Hisamatsu Y, et al. Epidermolysis bullosa acquisita sera react with 
distinct epitopes on the NC1 and NC2 domains of type VII collagen: Study using 
immunoblotting of domain-specific recombinant proteins and postembedding immunoelectron 
microscopy. Br J Dermatol. 2004;150(5):843-851.

278. Abrams ML, Smidt A, Benjamin L, Chen M, Woodley D, Mancini AJ. Congenital 
epidermolysis bullosa acquisita: Vertical transfer of maternal autoantibody from mother to 
infant. Arch Dermatol. 2011;147(3):337-341.

279. Sitaru C, Kromminga A, Hashimoto T, Brocker EB, Zillikens D. Autoantibodies to type VII 
collagen mediate fcgamma-dependent neutrophil activation and induce dermal-epidermal 
separation in cryosections of human skin. Am J Pathol. 2002;161(1):301-311.

280. Sitaru C, Mihai S, Otto C, et al. Induction of dermal-epidermal separation in mice by 
passive transfer of antibodies specific to type VII collagen. J Clin Invest. 2005;115(4):870-878.

281. Woodley DT, Ram R, Doostan A, et al. Induction of epidermolysis bullosa acquisita in mice 
by passive transfer of autoantibodies from patients. J Invest Dermatol. 2006;126(6):1323-1330.

282. Sitaru AG, Sesarman A, Mihai S, et al. T cells are required for the production of blister-
inducing autoantibodies in experimental epidermolysis bullosa acquisita. J Immunol. 
2010;184(3):1596-1603.

283. Roenigk HH,Jr, Ryan JG, Bergfeld WF. Epidermolysis bullosa acquisita. report of three cases 
and review of all published cases. Arch Dermatol. 1971;103(1):1-10.

284. Kurzhals G, Stolz W, Meurer M, Kunze J, Braun-Falco O, Krieg T. Acquired epidermolysis 
bullosa with the clinical feature of brunsting-perry cicatricial bullous pemphigoid. Arch 
Dermatol. 1991;127(3):391-395.

285. Kim JH, Kim SC. Epidermolysis bullosa acquisita. J Eur Acad Dermatol Venereol. 
2013;27(10):1204-1213.

286. Buijsrogge JJ, Diercks GF, Pas HH, Jonkman MF. The many faces of epidermolysis bullosa 
acquisita after serration pattern analysis by direct immunofluorescence microscopy. Br J 
Dermatol. 2011;165(1):92-98.

287. Ray TL, Levine JB, Weiss W, Ward PA. Epidermolysis bullosa acquisita and inflammatory 
bowel disease. J Am Acad Dermatol. 1982;6(2):242-252.

72 - 2

518316-sub01-bw-Turcan.indd   72 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 73PDF page: 73PDF page: 73PDF page: 73

262. Dilling A, Rose C, Hashimoto T, Zillikens D, Shimanovich I. Anti-p200 pemphigoid: A novel 
autoimmune subepidermal blistering disease. J Dermatol. 2007;34(1):1-8.

263. Dainichi T, Koga H, Tsuji T, et al. From anti-p200 pemphigoid to anti-laminin gamma1 
pemphigoid. J Dermatol. 2010;37(3):231-238.

264. Dainichi T, Kurono S, Ohyama B, et al. Anti-laminin gamma-1 pemphigoid. Proc Natl Acad 
Sci U S A. 2009;106(8):2800-2805.

265. Durbeej M. Laminins. Cell Tissue Res. 2010;339(1):259-268.

266. Aumailley M. The laminin family. Cell Adh Migr. 2013;7(1):48-55.

267. Koga H, Ishii N, Dainichi T, et al. An attempt to develop mouse model for anti-laminin 
gamma1 pemphigoid. J Dermatol Sci. 2013;70(2):108-115.

268. Vafia K, Groth S, Beckmann T, et al. Pathogenicity of autoantibodies in anti-p200 
pemphigoid. PLoS One. 2012;7(7):e41769.

269. Goletz S, Hashimoto T, Zillikens D, Schmidt E. Anti-p200 pemphigoid. J Am Acad Dermatol. 
2014;71(1):185-191.

270. Rose C, Weyers W, Denisjuk N, Hillen U, Zillikens D, Shimanovich I. Histopathology of anti-
p200 pemphigoid. Am J Dermatopathol. 2007;29(2):119-124.

271. Groth S, Recke A, Vafia K, et al. Development of a simple enzyme-linked immunosorbent 
assay for the detection of autoantibodies in anti-p200 pemphigoid. Br J Dermatol. 
2011;164(1):76-82.

272. Pastar Z, Rados J, Lipozencic J, et al. Case of concurrent epidermolysis bullosa acquisita 
and anti-p200 pemphigoid--how to treat it? Int J Dermatol. 2007;46(3):295-298.

273. Mitsuya J, Hara H, Ito K, Ishii N, Hashimoto T, Terui T. Metastatic ovarian carcinoma-
associated subepidermal blistering disease with autoantibodies to both the p200 dermal 
antigen and the gamma 2 subunit of laminin 5 showing unusual clinical features. Br J Dermatol. 
2008;158(6):1354-1357.

274. Lapiere JC, Woodley DT, Parente MG, et al. Epitope mapping of type VII collagen. 
identification of discrete peptide sequences recognized by sera from patients with acquired 
epidermolysis bullosa. J Clin Invest. 1993;92(4):1831-1839.

275. Chen M, Doostan A, Bandyopadhyay P, et al. The cartilage matrix protein subdomain of 
type VII collagen is pathogenic for epidermolysis bullosa acquisita. Am J Pathol. 
2007;170(6):2009-2018.

276. Ishii N, Yoshida M, Ishida-Yamamoto A, et al. Some epidermolysis bullosa acquisita sera 
react with epitopes within the triple-helical collagenous domain as indicated by 
immunoelectron microscopy. Br J Dermatol. 2009;160(5):1090-1093.

277. Ishii N, Yoshida M, Hisamatsu Y, et al. Epidermolysis bullosa acquisita sera react with 
distinct epitopes on the NC1 and NC2 domains of type VII collagen: Study using 
immunoblotting of domain-specific recombinant proteins and postembedding immunoelectron 
microscopy. Br J Dermatol. 2004;150(5):843-851.

278. Abrams ML, Smidt A, Benjamin L, Chen M, Woodley D, Mancini AJ. Congenital 
epidermolysis bullosa acquisita: Vertical transfer of maternal autoantibody from mother to 
infant. Arch Dermatol. 2011;147(3):337-341.

279. Sitaru C, Kromminga A, Hashimoto T, Brocker EB, Zillikens D. Autoantibodies to type VII 
collagen mediate fcgamma-dependent neutrophil activation and induce dermal-epidermal 
separation in cryosections of human skin. Am J Pathol. 2002;161(1):301-311.

280. Sitaru C, Mihai S, Otto C, et al. Induction of dermal-epidermal separation in mice by 
passive transfer of antibodies specific to type VII collagen. J Clin Invest. 2005;115(4):870-878.

281. Woodley DT, Ram R, Doostan A, et al. Induction of epidermolysis bullosa acquisita in mice 
by passive transfer of autoantibodies from patients. J Invest Dermatol. 2006;126(6):1323-1330.

282. Sitaru AG, Sesarman A, Mihai S, et al. T cells are required for the production of blister-
inducing autoantibodies in experimental epidermolysis bullosa acquisita. J Immunol. 
2010;184(3):1596-1603.

283. Roenigk HH,Jr, Ryan JG, Bergfeld WF. Epidermolysis bullosa acquisita. report of three cases 
and review of all published cases. Arch Dermatol. 1971;103(1):1-10.

284. Kurzhals G, Stolz W, Meurer M, Kunze J, Braun-Falco O, Krieg T. Acquired epidermolysis 
bullosa with the clinical feature of brunsting-perry cicatricial bullous pemphigoid. Arch 
Dermatol. 1991;127(3):391-395.

285. Kim JH, Kim SC. Epidermolysis bullosa acquisita. J Eur Acad Dermatol Venereol. 
2013;27(10):1204-1213.

286. Buijsrogge JJ, Diercks GF, Pas HH, Jonkman MF. The many faces of epidermolysis bullosa 
acquisita after serration pattern analysis by direct immunofluorescence microscopy. Br J 
Dermatol. 2011;165(1):92-98.

287. Ray TL, Levine JB, Weiss W, Ward PA. Epidermolysis bullosa acquisita and inflammatory 
bowel disease. J Am Acad Dermatol. 1982;6(2):242-252.

2 - 73

518316-sub01-bw-Turcan.indd   73 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 74PDF page: 74PDF page: 74PDF page: 74

288. Chen M, O'Toole EA, Sanghavi J, et al. The epidermolysis bullosa acquisita antigen (type VII 
collagen) is present in human colon and patients with crohn's disease have autoantibodies to 
type VII collagen. J Invest Dermatol. 2002;118(6):1059-1064.

289. Reddy H, Shipman AR, Wojnarowska F. Epidermolysis bullosa acquisita and inflammatory 
bowel disease: A review of the literature. Clin Exp Dermatol. 2013;38(3):225-9; quiz 229-30.

290. Gammon WR, Heise ER, Burke WA, Fine JD, Woodley DT, Briggaman RA. Increased 
frequency of HLA-DR2 in patients with autoantibodies to epidermolysis bullosa acquisita 
antigen: Evidence that the expression of autoimmunity to type VII collagen is HLA class II allele 
associated. J Invest Dermatol. 1988;91(3):228-232.

291. Zumelzu C, Le Roux-Villet C, Loiseau P, et al. Black patients of african descent and HLA-
DRB1*15:03 frequency overrepresented in epidermolysis bullosa acquisita. J Invest Dermatol. 
2011;131(12):2386-2393.

292. Lee CW, Kim SC, Han H. Distribution of HLA class II alleles in korean patients with 
epidermolysis bullosa acquisita. Dermatology. 1996;193(4):328-329.

293. Chen M, Kim GH, Prakash L, Woodley DT. Epidermolysis bullosa acquisita: Autoimmunity 
to anchoring fibril collagen. Autoimmunity. 2012;45(1):91-101.

294. Nieboer C, Boorsma DM, Woerdeman MJ, Kalsbeek GL. Epidermolysis bullosa acquisita. 
immunofluorescence, electron microscopic and immunoelectron microscopic studies in four 
patients. Br J Dermatol. 1980;102(4):383-392.

295. Kim JH, Kim YH, Kim S, et al. Serum levels of anti-type VII collagen antibodies detected by 
enzyme-linked immunosorbent assay in patients with epidermolysis bullosa acquisita are 
correlated with the severity of skin lesions. J Eur Acad Dermatol Venereol. 2013;27(2):e224-30.

296. Terra JB, Jonkman MF, Diercks GF, Pas HH. Low sensitivity of type VII collagen enzyme-
linked immunosorbent assay in epidermolysis bullosa acquisita: Serration pattern analysis on 
skin biopsy is required for diagnosis. Br J Dermatol. 2013;169(1):164-167.

297. Vodegel RM, de Jong MC, Pas HH, Jonkman MF. IgA-mediated epidermolysis bullosa 
acquisita: Two cases and review of the literature. J Am Acad Dermatol. 2002;47(6):919-925.

298. Zambruno G, Manca V, Kanitakis J, Cozzani E, Nicolas JF, Giannetti A. Linear IgA bullous 
dermatosis with autoantibodies to a 290 kd antigen of anchoring fibrils. J Am Acad Dermatol. 
1994;31(5 Pt 2):884-888.

299. Wakelin SH, Allen J, Zhou S, Wojnarowska F. Drug-induced linear IgA disease with 
antibodies to collagen VII. Br J Dermatol. 1998;138(2):310-314.

74 - 2

518316-sub01-bw-Turcan.indd   74 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 75PDF page: 75PDF page: 75PDF page: 75

288. Chen M, O'Toole EA, Sanghavi J, et al. The epidermolysis bullosa acquisita antigen (type VII 
collagen) is present in human colon and patients with crohn's disease have autoantibodies to 
type VII collagen. J Invest Dermatol. 2002;118(6):1059-1064.

289. Reddy H, Shipman AR, Wojnarowska F. Epidermolysis bullosa acquisita and inflammatory 
bowel disease: A review of the literature. Clin Exp Dermatol. 2013;38(3):225-9; quiz 229-30.

290. Gammon WR, Heise ER, Burke WA, Fine JD, Woodley DT, Briggaman RA. Increased 
frequency of HLA-DR2 in patients with autoantibodies to epidermolysis bullosa acquisita 
antigen: Evidence that the expression of autoimmunity to type VII collagen is HLA class II allele 
associated. J Invest Dermatol. 1988;91(3):228-232.

291. Zumelzu C, Le Roux-Villet C, Loiseau P, et al. Black patients of african descent and HLA-
DRB1*15:03 frequency overrepresented in epidermolysis bullosa acquisita. J Invest Dermatol. 
2011;131(12):2386-2393.

292. Lee CW, Kim SC, Han H. Distribution of HLA class II alleles in korean patients with 
epidermolysis bullosa acquisita. Dermatology. 1996;193(4):328-329.

293. Chen M, Kim GH, Prakash L, Woodley DT. Epidermolysis bullosa acquisita: Autoimmunity 
to anchoring fibril collagen. Autoimmunity. 2012;45(1):91-101.

294. Nieboer C, Boorsma DM, Woerdeman MJ, Kalsbeek GL. Epidermolysis bullosa acquisita. 
immunofluorescence, electron microscopic and immunoelectron microscopic studies in four 
patients. Br J Dermatol. 1980;102(4):383-392.

295. Kim JH, Kim YH, Kim S, et al. Serum levels of anti-type VII collagen antibodies detected by 
enzyme-linked immunosorbent assay in patients with epidermolysis bullosa acquisita are 
correlated with the severity of skin lesions. J Eur Acad Dermatol Venereol. 2013;27(2):e224-30.

296. Terra JB, Jonkman MF, Diercks GF, Pas HH. Low sensitivity of type VII collagen enzyme-
linked immunosorbent assay in epidermolysis bullosa acquisita: Serration pattern analysis on 
skin biopsy is required for diagnosis. Br J Dermatol. 2013;169(1):164-167.

297. Vodegel RM, de Jong MC, Pas HH, Jonkman MF. IgA-mediated epidermolysis bullosa 
acquisita: Two cases and review of the literature. J Am Acad Dermatol. 2002;47(6):919-925.

298. Zambruno G, Manca V, Kanitakis J, Cozzani E, Nicolas JF, Giannetti A. Linear IgA bullous 
dermatosis with autoantibodies to a 290 kd antigen of anchoring fibrils. J Am Acad Dermatol. 
1994;31(5 Pt 2):884-888.

299. Wakelin SH, Allen J, Zhou S, Wojnarowska F. Drug-induced linear IgA disease with 
antibodies to collagen VII. Br J Dermatol. 1998;138(2):310-314.

2 - 75

518316-sub01-bw-Turcan.indd   75 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 76PDF page: 76PDF page: 76PDF page: 76

518316-sub01-bw-Turcan.indd   76 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 77PDF page: 77PDF page: 77PDF page: 77

518316-sub01-bw-Turcan.indd   77 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 78PDF page: 78PDF page: 78PDF page: 78

List of abbreviations:

DEB: dystrophic epidermolysis bullosa

EB: epidermolysis bullosa

EBS: epidermolysis bullosa simplex

EBS-PA: epidermolysis bullosa simplex with pyloric atresia 

HD: hemidesmosome

JEB: junctional epidermolysis bullosa

JEB-loc: junctional epidermolysis bullosa, localized

VWFA: von Willebrand factor type A doma

Importance Epidermolysis bullosa (EB) is a group of mechanobullous genodermatoses 
characterized by the fragility of skin and mucous membranes. Mutations in the ITGA6 
and ITGB4 genes, encoding the hemidesmosomal protein integrin α6β4, have been 
involved in the pathogenesis of EB. To date, the inheritance of these particular genes 
is known to be exclusively autosomal recessive. Here we report a novel heterozygous 
missense mutation in the ITGB4 gene exerting a dominant negative effect that co-
segregates with the EB phenotype in an extended family.

Observations The clinical phenotype of affected individuals is primarily characterized 
by nail dystrophy, and late onset of mild skin fragility and acral blistering. Some patients 
developed granulation tissue in the larynx, urethra, lacrimal duct and external auditory 
canal. Sequencing the complete set of genes associated with EB revealed a 
heterozygous missense mutation in exon 5 of ITGB4: c.433G>T, p.Asp145Tyr. The 
mutation was found in the affected relatives and was not present in unaffected 
relatives and control DNA samples. 

Conclusions and relevance This study highlights, for the first time, the possibility of a 
dominant mode of inheritance for a missense ITGB4 mutation in EB, thus expanding 
the mutational database and genotype-phenotype correlation for this rare disease.

Epidermolysis bullosa (EB) comprises a group of heterogeneous inherited blistering 
diseases. Mutations in multiple genes encoding proteins responsible for the 
maintenance of dermal-epidermal adhesion and skin integrity have been implicated in 
the disease pathophysiology. Based on the level of tissue cleavage, EB is further 
subdivided into epidermolysis bullosa simplex (EBS) with intra-epidermal cleavage, 
junctional epidermolysis bullosa (JEB) with intra-lamina lucida cleavage, dystrophic 
epidermolysis bullosa (DEB) with sublamina densa cleavage and Kindler syndrome (KS) 
with a mixed cleavage plane. Loss-of-function mutations in the ITGA6 and ITGB4 genes 
encoding the integrin α6 and integrin β4 subunits, respectively, have been implicated 
in EB.1 The possible subtypes include: epidermolysis bullosa simplex with pyloric atresia 
(EBS-PA), junctional epidermolysis bullosa with pyloric atresia (JEB-PA) and junctional 
epidermolysis bullosa localized (JEB-loc). The latter subtypes are reported solely 
involving the integrin β4 subunit, whereas the subtypes with pyloric atresia involve 
either integrin α6 or β4 subunit.1 The clinical phenotype of the affected individuals 
presents as a spectrum ranging from neonatal death to mild skin fragility and nail 
dystrophy. Pyloric atresia and urethral strictures may occur; these symptoms are, 
however, not obligatory for diagnosis.2 Integrin α6β4 is a heterodimeric 
transmembrane polypeptide located at the core of the hemidesmosomes (HDs).
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Importance Epidermolysis bullosa (EB) is a group of mechanobullous genodermatoses 
characterized by the fragility of skin and mucous membranes. Mutations in the ITGA6 
and ITGB4 genes, encoding the hemidesmosomal protein integrin α6β4, have been 
involved in the pathogenesis of EB. To date, the inheritance of these particular genes 
is known to be exclusively autosomal recessive. Here we report a novel heterozygous 
missense mutation in the ITGB4 gene exerting a dominant negative effect that co-
segregates with the EB phenotype in an extended family.

Observations The clinical phenotype of affected individuals is primarily characterized 
by nail dystrophy, and late onset of mild skin fragility and acral blistering. Some patients 
developed granulation tissue in the larynx, urethra, lacrimal duct and external auditory 
canal. Sequencing the complete set of genes associated with EB revealed a 
heterozygous missense mutation in exon 5 of ITGB4: c.433G>T, p.Asp145Tyr. The 
mutation was found in the affected relatives and was not present in unaffected 
relatives and control DNA samples. 

Conclusions and relevance This study highlights, for the first time, the possibility of a 
dominant mode of inheritance for a missense ITGB4 mutation in EB, thus expanding 
the mutational database and genotype-phenotype correlation for this rare disease.

Epidermolysis bullosa (EB) comprises a group of heterogeneous inherited blistering 
diseases. Mutations in multiple genes encoding proteins responsible for the 
maintenance of dermal-epidermal adhesion and skin integrity have been implicated in 
the disease pathophysiology. Based on the level of tissue cleavage, EB is further 
subdivided into epidermolysis bullosa simplex (EBS) with intra-epidermal cleavage, 
junctional epidermolysis bullosa (JEB) with intra-lamina lucida cleavage, dystrophic 
epidermolysis bullosa (DEB) with sublamina densa cleavage and Kindler syndrome (KS) 
with a mixed cleavage plane. Loss-of-function mutations in the ITGA6 and ITGB4 genes 
encoding the integrin α6 and integrin β4 subunits, respectively, have been implicated 
in EB.1 The possible subtypes include: epidermolysis bullosa simplex with pyloric atresia 
(EBS-PA), junctional epidermolysis bullosa with pyloric atresia (JEB-PA) and junctional 
epidermolysis bullosa localized (JEB-loc). The latter subtypes are reported solely 
involving the integrin β4 subunit, whereas the subtypes with pyloric atresia involve 
either integrin α6 or β4 subunit.1 The clinical phenotype of the affected individuals 
presents as a spectrum ranging from neonatal death to mild skin fragility and nail 
dystrophy. Pyloric atresia and urethral strictures may occur; these symptoms are, 
however, not obligatory for diagnosis.2 Integrin α6β4 is a heterodimeric 
transmembrane polypeptide located at the core of the hemidesmosomes (HDs).
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This protein plays a major role in linking the intracellular hemidesmosomal plaque of 
the basal keratinocytes to the underlying basement membrane, thus providing 
mechanical resilience to the skin and mucous membranes. Also, integrins are known to 
execute agile responses to changes in the local environment and mediate transduction 
of signaling across plasma membranes for important cell functions such as migration, 
proliferation, and apoptosis.3 To date, epidermolysis bullosa due to ITGB4 and ITGA6
gene mutations has been reported to be inherited exclusively in an autosomal 
recessive manner.1 Here, we report a novel autosomal dominant missense mutation in 
the von Willebrand factor type A domain (VWFA domain) of integrin β4 associated with 
an EB phenotype. 

Report of a Pedigree

The index patient (Figure 1, IV:2, EB 301-03) of this family had progressive nail 
dystrophy of the hands and feet since birth, and eventually total loss of nails on his 
feet. After puberty he developed mild acral blistering on palms, soles and wrists (Figure 
2 A, B). In addition, this patient suffered from chronic granulation tissue formation in 
the right external auditory canal, which led to a relapsing obstruction needing repeated 
surgery. The external auditory canal wound was finally closed by autologous split-skin 
graft transplantation (Figure 2 C) from a donor site located on the upper left arm. 
Subsequently, a 3-year long post-operative complication occurred consisting of 
delayed wound healing at the donor site with hypergranulation of the wound bed. 
Multiple attempts to facilitate healing with autologous cultured keratinocytes 
transplants were mostly unsuccessful. He also developed obstructed lacrimal ducts, 
leading to lacrimation. Another problem was the development of urethral strictures 
for which an urethroplasty was performed. At physical examination, hair and teeth 
were unaffected and he had no palmo-plantar keratosis. His younger brother also 
suffered from external auditory canal and urinary tract involvement. Interestingly, his 
youngest daughter developed laryngeal stenosis due to exuberant granulation tissue 
formation at age 5 (Figure 2 D), for which tracheostomy was performed. She 
underwent several endoscopic procedures, in which the granulation tissue was 
repeatedly removed by laser therapy, followed by local application of mitomycine. 
Finally, an endoscopic posterior cricoid split with rib cartilage interposition was 
performed, which resulted in successful decannulation. The child had one relapse for 
which she received local application of mitomycine once more. During a two-year 
follow-up she remains asymptomatic. 

The pedigree of this family clearly demonstrates an autosomal dominant mode of 
inheritance (Figure 1). The clinical phenotype predominantly manifests as 
pachyonychia dystrophic nails and late-onset, mild, acral blistering. Some family 
members developed extracutaneous complications including granulation tissue in the 
larynx and involvement of urethra, lacrimal duct and external auditory canal (Figure 2). 

Immunofluorescence microscopy of nonlesional skin of the index patient and his 
daughters revealed normal staining for both extracellular and intracellular domains of 
integrin β4 with monoclonal antibodies 58XB4 and clone 7, respectively. Plectin, 
dystonin-e, type XVII collagen, laminin 332 and type VII collagen were also normally 
expressed (not shown). The plane of cleavage could not be determined since no 
lesional skin biopsy was available. Electron microscopy of uninvolved skin showed an 
adequate number of hemidesmosomes (HDs), however, some were hypoplastic (Figure 
3). The lamina densa was structurally abnormal with irregular thickness and some blind 
off shoots. The other components of the epidermal basement membrane zone were 
normal.

To identify the underlying genetic mutation for this disease, we applied in the index 
patient and his affected daughters our diagnostic next generation sequencing gene 
panel test consisting of a comprehensive set of 33 genes associated with EB, which is 
based on targeted SureSelect enrichment (Agilent Technologies Inc., Santa Clara, CA 
USA) and subsequent sequencing on a MiSeq sequencer (Illumina Inc., San Diego, CA, 
USA). We identified a heterozygous c.433G>T substitution in exon 5 of the ITGB4 gene 
resulting in the p. Asp145Tyr missense mutation (Figure 4 A). Sanger sequencing of 
genomic DNA confirmed the presence of this mutation in the patient and other 
affected family members. This mutation was not found in the Genome of the 
Netherlands,4 1000 genomes, or the ExAc Browser databases, and to our knowledge 
was not earlier described in the literature. The pathogenicity prediction software tool 
Alamut, version 2.0 (Interactive Biosoftware, Rouen, France), classifies the missense 
mutation as probably pathogenic. The p. Asp145Tyr missense mutation changes the 
acidic side chained aspartate to hydroxyl side chained tyrosine at codon 145 in the 
extracellular VWFA domain of integrin β4. Alignment of integrin β4 orthologues 
illustrated that residue p. Asp145 is highly conserved among species, which advocates 
its functional significance (Figure 4 B). To exclude that this mutation induced 
alternative splicing, nested PCRs surrounding the mutation were performed with cDNA 
isolated from skin biopsies from the index patient and his youngest daughter. No 
alternatively spliced cDNA products were observed (Figure 4 D); this result was in 
congruence with the assessment of in silico splice-site prediction software.
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This protein plays a major role in linking the intracellular hemidesmosomal plaque of 
the basal keratinocytes to the underlying basement membrane, thus providing 
mechanical resilience to the skin and mucous membranes. Also, integrins are known to 
execute agile responses to changes in the local environment and mediate transduction 
of signaling across plasma membranes for important cell functions such as migration, 
proliferation, and apoptosis.3 To date, epidermolysis bullosa due to ITGB4 and ITGA6
gene mutations has been reported to be inherited exclusively in an autosomal 
recessive manner.1 Here, we report a novel autosomal dominant missense mutation in 
the von Willebrand factor type A domain (VWFA domain) of integrin β4 associated with 
an EB phenotype. 

Report of a Pedigree

The index patient (Figure 1, IV:2, EB 301-03) of this family had progressive nail 
dystrophy of the hands and feet since birth, and eventually total loss of nails on his 
feet. After puberty he developed mild acral blistering on palms, soles and wrists (Figure 
2 A, B). In addition, this patient suffered from chronic granulation tissue formation in 
the right external auditory canal, which led to a relapsing obstruction needing repeated 
surgery. The external auditory canal wound was finally closed by autologous split-skin 
graft transplantation (Figure 2 C) from a donor site located on the upper left arm. 
Subsequently, a 3-year long post-operative complication occurred consisting of 
delayed wound healing at the donor site with hypergranulation of the wound bed. 
Multiple attempts to facilitate healing with autologous cultured keratinocytes 
transplants were mostly unsuccessful. He also developed obstructed lacrimal ducts, 
leading to lacrimation. Another problem was the development of urethral strictures 
for which an urethroplasty was performed. At physical examination, hair and teeth 
were unaffected and he had no palmo-plantar keratosis. His younger brother also 
suffered from external auditory canal and urinary tract involvement. Interestingly, his 
youngest daughter developed laryngeal stenosis due to exuberant granulation tissue 
formation at age 5 (Figure 2 D), for which tracheostomy was performed. She 
underwent several endoscopic procedures, in which the granulation tissue was 
repeatedly removed by laser therapy, followed by local application of mitomycine. 
Finally, an endoscopic posterior cricoid split with rib cartilage interposition was 
performed, which resulted in successful decannulation. The child had one relapse for 
which she received local application of mitomycine once more. During a two-year 
follow-up she remains asymptomatic. 

The pedigree of this family clearly demonstrates an autosomal dominant mode of 
inheritance (Figure 1). The clinical phenotype predominantly manifests as 
pachyonychia dystrophic nails and late-onset, mild, acral blistering. Some family 
members developed extracutaneous complications including granulation tissue in the 
larynx and involvement of urethra, lacrimal duct and external auditory canal (Figure 2). 

Immunofluorescence microscopy of nonlesional skin of the index patient and his 
daughters revealed normal staining for both extracellular and intracellular domains of 
integrin β4 with monoclonal antibodies 58XB4 and clone 7, respectively. Plectin, 
dystonin-e, type XVII collagen, laminin 332 and type VII collagen were also normally 
expressed (not shown). The plane of cleavage could not be determined since no 
lesional skin biopsy was available. Electron microscopy of uninvolved skin showed an 
adequate number of hemidesmosomes (HDs), however, some were hypoplastic (Figure 
3). The lamina densa was structurally abnormal with irregular thickness and some blind 
off shoots. The other components of the epidermal basement membrane zone were 
normal.

To identify the underlying genetic mutation for this disease, we applied in the index 
patient and his affected daughters our diagnostic next generation sequencing gene 
panel test consisting of a comprehensive set of 33 genes associated with EB, which is 
based on targeted SureSelect enrichment (Agilent Technologies Inc., Santa Clara, CA 
USA) and subsequent sequencing on a MiSeq sequencer (Illumina Inc., San Diego, CA, 
USA). We identified a heterozygous c.433G>T substitution in exon 5 of the ITGB4 gene 
resulting in the p. Asp145Tyr missense mutation (Figure 4 A). Sanger sequencing of 
genomic DNA confirmed the presence of this mutation in the patient and other 
affected family members. This mutation was not found in the Genome of the 
Netherlands,4 1000 genomes, or the ExAc Browser databases, and to our knowledge 
was not earlier described in the literature. The pathogenicity prediction software tool 
Alamut, version 2.0 (Interactive Biosoftware, Rouen, France), classifies the missense 
mutation as probably pathogenic. The p. Asp145Tyr missense mutation changes the 
acidic side chained aspartate to hydroxyl side chained tyrosine at codon 145 in the 
extracellular VWFA domain of integrin β4. Alignment of integrin β4 orthologues 
illustrated that residue p. Asp145 is highly conserved among species, which advocates 
its functional significance (Figure 4 B). To exclude that this mutation induced 
alternative splicing, nested PCRs surrounding the mutation were performed with cDNA 
isolated from skin biopsies from the index patient and his youngest daughter. No 
alternatively spliced cDNA products were observed (Figure 4 D); this result was in 
congruence with the assessment of in silico splice-site prediction software.
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Discussion

Our findings emphasize the importance of considering heterozygous ITGB4 gene 
mutations as a possible cause for EB, where the pachyonychia dystrophic nails are 
typically the presenting symptom in affected individuals. Also, this study provides 
information on the natural history of this particular mutation in later life, with 
prognostic repercussions for younger patients, such as acral blistering after puberty.

Considering the dominant mode of inheritance of this disorder and the predominant 
feature of pachyonychia nail dystrophy, we considered pachyonychia congenita (PC) as 
a differential diagnosis. Other typical PC symptoms, such as oral leukokeratosis, 
cysts, and follicular keratosis were not part of the phenotype. In addition, 
involvement of the external auditory canal, lacrimal duct and urinary tract, delayed 
wound healing, and granulation tissue formation in the larynx have been reported 
in JEB, but not in PC.5,6 PC was excluded ultimately as diagnosis through our 
extended EB gene panel test, as no mutations in the genes KRT6A, KRT6B, KRT6C, 
KRT16 and KRT17, known to underlie PC,6 were identified. 

Notably, granulation tissue formation in the larynx of individual V:2 is a clinical 
feature reminiscent of junctional epidermolysis bullosa- laryngo-onycho-
cutaneous syndrome (JEB-LOC). This diagnosis was, however, excluded since no 
mutations have been found in LAMA3 and its isoform LAMA3A. 

The immunofluorescence studies with monoclonal antibodies against integrin β4 in the 
index patient and his daughters were normal, which may not be surprising considering 
that the heterozygous missense mutation is not likely to result in diminished protein 
production. Notably, unaltered immunofluorescence staining for integrin α6β4 has 
also been reported in a patient with homozygous missense mutations in ITGB4.2 The 
EM findings in the skin sample of the index patient revealed a combination a normal 
and hypoplastic HDs. Integrin α6β4 is essential for the assembly of HDs.7 In fact, this 
protein is one of the first to emerge at the basement membrane zone and is the 
nucleating factor for HD formation. The occurrence of hypoplastic HDs in the presence 
of this mutation confirms the important role for integrin β4 in the maturation of these 
structures. In non-lethal cases of JEB due to mutations in the ITGB4 gene, HDs are 
present, although they are often incomplete.8 Abnormal assembly of mutated integrin 
β4 and normal integrin α6 polypeptides could explain the occurrence of hypoplastic 
HDs. EM also revealed abnormal architecture of the basement membrane, which may 
be caused by the central role which integrin beta4 plays in its formation9 or due to

constant restoration after microscopic dermal-epidermal cleavage. Such findings have 
been previously noted in EB cases with underlying ITGB4 mutations.2

A question that remains to be answered is, why do we consider this specific 
substitution to be pathogenic? Review of the literature reveals that the majority of 
missense ITGB4 mutations reside in the extracellular domain of integrin β4 with 
evident clustering within the VWFA domain (Figure 4 A). The amino acid substitution 
p. Asp145Tyr is also located within the VWFA domain. This domain, since its discovery, 
has drawn great scientific interest due to its wide variety of important cellular 
functions. These include, among others: basement membrane formation, cell 
migration, ligand binding and signaling.10,11 Specific-site mutations in this domain 
might, accordingly, have a detrimental effect on each of these functions, although 
interpretation of the role of specific residues is a challenge. Mutagenesis studies at the 
Asp145 residue within integrin β4 subunit have not been reported. Interestingly, 
Pasqualini et al.12 have investigated the analog protein region in integrin β3. According 
to their data, the Asp-Asp-Leu (DDL) portion (Figure 4 C, boxed area), of which Asp145 

is the middle residue, represents the contact domain for the Arg-Gly-Asp (RGD) 
containing integrin ligands.12 Such observations emphasize the importance this 
sequence plays in ligand binding. The high conservation of this sequence through 
several integrin β subunits (except β8) supports the idea of functional consequences in 
case of mutations (Figure 4, C).

In eukaryotic cells phosphorylation usually occurs on serine, threonine and tyrosine 
residues. 13 Latest advances in extracellular signaling research have provided mounting 
evidence of extracellular phosphorylation for a large number of extracellular matrix 
proteins and extracellular domains of transmembrane proteins.14 In fact, Yalak et al. 
reported six experimentally verified phosphorylation sites within the extracellular 
domain of integrin β4, including one on a tyrosine residue.15 In regard to our study, the 
p.Asp145Tyr substitution is intriguing because such event may create a novel 
phosphorylation site in the extracellular domain of integrin β4 and modify its function. 

The lack of literature reports regarding dominant integrin β4 subtypes of EB may be 
better comprehended if only particular mutations, such as p. Asp145Tyr, in very 
specific regions, lead to clinical manifestations. For instance, in the case of EBS-Ogna, 
a plectinopathy, the dominant p. Arg2000Trp substitution results in a diseased 
phenotype. Another example is EBS with mottled pigmentation, a rare entity due to 
the p.Pro24Leu substitution in keratin 5 or the p.Met119Thr in keratin 14.1 Evidently, 
more investigation is necessary to address the exact mechanism by which the 
p.Asp145Tyr mutation changes dynamics of ligand interaction and signal transduction 
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to their data, the Asp-Asp-Leu (DDL) portion (Figure 4 C, boxed area), of which Asp145 
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reported six experimentally verified phosphorylation sites within the extracellular 
domain of integrin β4, including one on a tyrosine residue.15 In regard to our study, the 
p.Asp145Tyr substitution is intriguing because such event may create a novel 
phosphorylation site in the extracellular domain of integrin β4 and modify its function. 

The lack of literature reports regarding dominant integrin β4 subtypes of EB may be 
better comprehended if only particular mutations, such as p. Asp145Tyr, in very 
specific regions, lead to clinical manifestations. For instance, in the case of EBS-Ogna, 
a plectinopathy, the dominant p. Arg2000Trp substitution results in a diseased 
phenotype. Another example is EBS with mottled pigmentation, a rare entity due to 
the p.Pro24Leu substitution in keratin 5 or the p.Met119Thr in keratin 14.1 Evidently, 
more investigation is necessary to address the exact mechanism by which the 
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in this particular mutated protein domain of integrin β4. Nevertheless, the extensive 
segregation in a dominant manner, exclusion of mutations in other EB related genes, 
and the typical clinical features suggest that this mutation is responsible for the EB 
phenotype in the affected individuals. 

Given that not all patients developed exuberant granulation tissue in the mucous 
membranes, it is possible that other unidentified modifying genetic or epigenetic 
factors determine whether the patient will develop this particular clinical feature.  

Conclusions

In contrast to previous concept, our data indicate that heterozygous missense 
mutations can cause an autosomal dominant subtype of EB. This expands our current 
knowledge on the genotype-phenotype correlation of EB. The phenotype of the 
affected individuals primarily includes pachyonychia nail dystrophy and mild acral skin 
fragility developing after puberty. Some patients developed extracutaneous 
complications in the external auditory canal, lacrimal duct, larynx and urethra. The 
molecular mechanism by which this particular mutation modifies integrin β4 function 
and leads to EB is yet to be established.
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Figure 1. Clinical pedigree of family with autosomal dominant EB due to ITGB4: p. 
Asp145Tyr mutation. DNA was obtained from individuals III:2, IV:2, IV:4, V:1, V:2, V:3; 
m/wt, mutation/wildtype, or wt/wt, wildtype/wildtype, respectively, underlines the 
genotype of the particular individual. 
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Figure 2. Clinical features of affected family member. A, Pachyonychia nail dystrophy 
consisting of nail thickening, transverse overcurvature, discoloration and brittleness in 
the index patient (IV-2 in Figure 1); B, Blistering on the sole of the index patient. C, 
Postoperative circular external auditory canal stenosis, due to granulation tissue 
formation in the index patient. D, Granulation tissue (arrow) in the larynx of his 
youngest daughter (V-2 in Figure 1).

Figure 3. Transmission electron microscopy of nonlesional skin in the index patient. 
Both normal (solid arrow) and hypoplastic (dotted arrow) hemidesmosomes in 
adequate numbers along the epidermal basement membrane zone. The lamina densa 
displays irregular thickness and some blind off-shoots (asterisk). The intermediate 
tonofilaments are well inserted and the anchoring fibrils are present. Bar: 0.5 μm
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Figure 4. Schematic representation of the integrin β4 subunit, conservation of residues 
and RT-PCR analysis. A, All known ITGB4 missense mutations involved in epidermolysis 
bullosa (EB) are indicated above the schematic polypeptide with evident clustering 
within the Von Willebrand factor type A (VWFA) domain. The heterozygous p. 
Asp145Tyr substitution reported in this study is shown in red below the schematic 
structure. B, Conservation of integrin β4 residue Asp145 (D letter code) between species. 
C, Alignment of integrin β subunits sequences shows evident conservation (except 
integrin β8) of DDL peptide sequence (boxed area). D, Electrophoresis gel analysis of 
mRNA amplified by nested PCR’s in the index patient and his youngest daughter 
identified no alternatively spliced products in the index patient (IV:2, lane 3) and his 
youngest daughter (V:2, lane 2), compared to control (lane 1). 
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List of abbreviations:

DDD: Dowling Degos disease

DPR: dermatopathia pigmentosa reticularis

EB: epidermolysis bullosa

EBS: epidermolysis bullosa simplex

EBS-AR: epidermolysis bullosa simplex autosomal recessive

EBS-MP: epidermolysis bullosa simplex with mottled pigmentation

GS: Griscelli syndrome

NFJS: Naegelli-Franceschetti-Jadasson-syndrome

Importance

Epidermolysis bullosa simplex (EBS) is a group of clinically and genetically diverse 
mechanobullous genodermatoses characterized by the fragility of skin and mucous 
membranes. Recently, mutations in EXPH5 encoding exophilin-5 (also known as Slac2-
b, an effector protein involved in intracellular vesicle trafficking and exosome 
secretion) have been implicated in the pathophysiology of EBS. Here we report a novel 
homozygous nonsense mutation in EXPH5 responsible for an EBS subtype with mottled 
pigmentation.

Main Outcome(s) and Measure(s)

Clinical examination and investigation of the molecular basis of patient’s skin fragility 
and mottled pigmentation phenotype. Electron microscopy studies described the 
underlying pathology on an ultrastructural level.

Results 

The clinical phenotype is characterized by mild generalized skin fragility, trauma-
induced skin blistering since infancy, and development of remarkable diffuse mottled 
pigmentation on the trunk and proximal extremities. Sequencing the complete set of 
genes associated with epidermolysis bullosa revealed a homozygous nonsense 
mutation in exon 6 of EXPH5: c.3917C>G, p. Ser1306*. Electron microscopy revealed 
disruption of keratin filament cytoskeleton and accumulation of melanosomes in a 
disordered distribution in the keratinocytes.

Conclusions and relevance 

The current study illustrates the first clinically well-documented, mottled pigmentation 
phenotype related to a novel EXPH5 mutation. In addition, by means of electron 
microscopy image analysis, it proposes a hypothesis for the pigmentary changes in this 
rare autosomal recessive EBS subtype. These findings expand the genetic and 
phenotypic spectrum of human inherited skin fragility disorders and proposes the 
addition of EBS resulting from EXPH5 mutations to the EBS-mottled pigmentation 
subtype.

94 - 4

518316-sub01-bw-Turcan.indd   94 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 95PDF page: 95PDF page: 95PDF page: 95

List of abbreviations:

DDD: Dowling Degos disease

DPR: dermatopathia pigmentosa reticularis

EB: epidermolysis bullosa

EBS: epidermolysis bullosa simplex

EBS-AR: epidermolysis bullosa simplex autosomal recessive

EBS-MP: epidermolysis bullosa simplex with mottled pigmentation

GS: Griscelli syndrome

NFJS: Naegelli-Franceschetti-Jadasson-syndrome

Importance

Epidermolysis bullosa simplex (EBS) is a group of clinically and genetically diverse 
mechanobullous genodermatoses characterized by the fragility of skin and mucous 
membranes. Recently, mutations in EXPH5 encoding exophilin-5 (also known as Slac2-
b, an effector protein involved in intracellular vesicle trafficking and exosome 
secretion) have been implicated in the pathophysiology of EBS. Here we report a novel 
homozygous nonsense mutation in EXPH5 responsible for an EBS subtype with mottled 
pigmentation.

Main Outcome(s) and Measure(s)

Clinical examination and investigation of the molecular basis of patient’s skin fragility 
and mottled pigmentation phenotype. Electron microscopy studies described the 
underlying pathology on an ultrastructural level.

Results 

The clinical phenotype is characterized by mild generalized skin fragility, trauma-
induced skin blistering since infancy, and development of remarkable diffuse mottled 
pigmentation on the trunk and proximal extremities. Sequencing the complete set of 
genes associated with epidermolysis bullosa revealed a homozygous nonsense 
mutation in exon 6 of EXPH5: c.3917C>G, p. Ser1306*. Electron microscopy revealed 
disruption of keratin filament cytoskeleton and accumulation of melanosomes in a 
disordered distribution in the keratinocytes.

Conclusions and relevance 

The current study illustrates the first clinically well-documented, mottled pigmentation 
phenotype related to a novel EXPH5 mutation. In addition, by means of electron 
microscopy image analysis, it proposes a hypothesis for the pigmentary changes in this 
rare autosomal recessive EBS subtype. These findings expand the genetic and 
phenotypic spectrum of human inherited skin fragility disorders and proposes the 
addition of EBS resulting from EXPH5 mutations to the EBS-mottled pigmentation 
subtype.
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Introduction

Basal epidermolysis bullosa simplex (EBS) represents a group of inherited skin fragility 
disorders that result from mutations in KRT5, KRT14, PLEC, DST, COL17A1, ITGB4, and 
EXPH5 genes.1 To date, only four pedigrees with EBS resulting from EXPH5 (MIM 
612878) mutations have been described (Figure 1A).2-5 EXPH5 encodes exophilin-5, 
also called synaptotagmin-like protein lacking c2 domains b (Slac2-b), an effector 
protein of the Rab27B GTPase. Slac2-b plays a role in intracellular vesicle trafficking 
and exosome secretion.2,6 The clinical phenotype of the affected individuals manifested 
as inherited skin fragility that improved with age and mainly acral blistering with 
hemorrhagic crusts. 3-5

Herein we describe a patient with EBS and a mottled pigmentation (MP) phenotype 
resulting from a novel homozygous nonsense mutation in EXPH5. In addition, we 
propose a hypothesis on the etiology of the pigmentary disturbances in this rare 
autosomal recessive EBS subtype.

Report of a Case

The index patient visited our clinic in her mid-teenage years. She was of Moroccan 
origin, born from a consanguineous union (Figure 1B). Fragility of the skin and 
predominantly acral blistering upon mechanical trauma were first noted when she was 
1 year old. At 10 years of age she started developing remarkable diffuse MP on her 
trunk, axillae, and proximal extremities that was not related to skin blistering (Figure 
2A, B). Skin fragility ameliorated with age; she developed trauma-induced blisters on 
her extremities only sporadically (Figure 2C). No other family members were affected. 

Immunofluorescence microscopy of lesional skin with monoclonal antibody LL001 to 
keratin 14 revealed a cleavage plane through the basal keratinocytes, thus suggesting 
the diagnosis of basal EBS (Figure 1D). Staining with antibodies against integrin α6β4, 
BPAG-1e, plectin, type XVII collagen, laminin-332, and type VII collagen showed normal 
expression (not shown).

Electron microscopy revealed intercellular widening with loss of desmosomes in the 
basal and to some extent suprabasal layer (Figure 3A). In contrast, focally, large 
accumulations of desmosomes and striking cell membrane pliability were identified 
(Figure 3C). The basal keratinocytes showed consistent abnormalities in keratin 
cytoarchitecture with lateral aggregation and clumping of keratin filaments (Figure 3D). 
Few basal keratinocytes exhibited a ‘clear’ aspect with an obvious deficiency in the 
keratin cytoskeleton (Figure 3B). Some suprabasal cells showed retraction of keratin 

filaments from the nuclear envelope (Figure 3A). Scattered within the keratinocytes 
was a large number of melanosomes and mitochondria of variable sizes (Figure 3D). 
The number of melanocytes was normal. Lamina densa showed some focal 
duplications and blind ‘off-shoots’, which represent remnants of the basement 
membrane after its reparation. Hemidesmosomes had normal appearance.

To identify the underlying genetic mutation, we applied our diagnostic next generation 
sequencing gene panel test consisting of a comprehensive set of 33 genes associated 
with or mimicking EB. The test is based on targeted SureSelect enrichment (Agilent 
Technologies Inc) and subsequent sequencing on a MiSeq sequencer (Illumina Inc). A 
novel homozygous mutation c.3917C>G, p. Ser1306* (GenBank NM_015065.2) in the 
last exon 6 of the EXPH5 gene was identified and later confirmed by Sanger sequencing 
(Figure 1C). This mutation was not found in the Genome of the Netherlands7, 1000 
genomes, or the ExAc Browser databases. 

Discussion

EBS-AR resulting from EXPH5 mutations represents a very rare entity. The index patient 
is among the oldest individuals with EXPH5 mutations reported up to now, which 
possibly allowed for the characterization of the MP phenotype, a late onset feature. 
The only previous mention of pigmentary changes in EBS associated with EXPH5
mutations was in the original article of McGrath et al. which described subtle diffuse 
pigmentary skin mottling, similar (but less marked) to the pigment changes seen in 
Griscelli syndrome (GS).2 The absence of photo documentation of the pigmentary 
changes does not allow for comparison with the MP phenotype in our patient. Given 
that in GS there is a pigmentary dilution in skin and hair8, we consider the pigmentary 
changes described in the present study to be phenotypically different from those in GS. 
They resemble those seen in EBS-MP resulting from KRT5 (c.74C>T, p.Pro25Leu; 
c.1649delG, p.Gly550Alafs*77) and KRT14 (c. 356T>C, p.Met119Thr; 
c.1117_1158dup42, p.Ile373Glu386dup) mutations.9 The possibility of EBS-MP was 
excluded through our extended EB gene panel test; no mutations in KRT5 and KRT14
were found. The homozygous mutation c.3917C>G; p. Ser1306* in EXPH5 is located 
within exon 6 (Figure 1A, C). Located within the last exon, we expect this mutation not 
to activate the nonsense-mediated mRNA decay mechanism, and thus lead to the 
truncation of Slac2-b polypeptide. Nevertheless, considering the large size of exon 6, 
the mutation may also lead to protein instability and degradation.
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also called synaptotagmin-like protein lacking c2 domains b (Slac2-b), an effector 
protein of the Rab27B GTPase. Slac2-b plays a role in intracellular vesicle trafficking 
and exosome secretion.2,6 The clinical phenotype of the affected individuals manifested 
as inherited skin fragility that improved with age and mainly acral blistering with 
hemorrhagic crusts. 3-5

Herein we describe a patient with EBS and a mottled pigmentation (MP) phenotype 
resulting from a novel homozygous nonsense mutation in EXPH5. In addition, we 
propose a hypothesis on the etiology of the pigmentary disturbances in this rare 
autosomal recessive EBS subtype.
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The index patient visited our clinic in her mid-teenage years. She was of Moroccan 
origin, born from a consanguineous union (Figure 1B). Fragility of the skin and 
predominantly acral blistering upon mechanical trauma were first noted when she was 
1 year old. At 10 years of age she started developing remarkable diffuse MP on her 
trunk, axillae, and proximal extremities that was not related to skin blistering (Figure 
2A, B). Skin fragility ameliorated with age; she developed trauma-induced blisters on 
her extremities only sporadically (Figure 2C). No other family members were affected. 

Immunofluorescence microscopy of lesional skin with monoclonal antibody LL001 to 
keratin 14 revealed a cleavage plane through the basal keratinocytes, thus suggesting 
the diagnosis of basal EBS (Figure 1D). Staining with antibodies against integrin α6β4, 
BPAG-1e, plectin, type XVII collagen, laminin-332, and type VII collagen showed normal 
expression (not shown).

Electron microscopy revealed intercellular widening with loss of desmosomes in the 
basal and to some extent suprabasal layer (Figure 3A). In contrast, focally, large 
accumulations of desmosomes and striking cell membrane pliability were identified 
(Figure 3C). The basal keratinocytes showed consistent abnormalities in keratin 
cytoarchitecture with lateral aggregation and clumping of keratin filaments (Figure 3D). 
Few basal keratinocytes exhibited a ‘clear’ aspect with an obvious deficiency in the 
keratin cytoskeleton (Figure 3B). Some suprabasal cells showed retraction of keratin 

filaments from the nuclear envelope (Figure 3A). Scattered within the keratinocytes 
was a large number of melanosomes and mitochondria of variable sizes (Figure 3D). 
The number of melanocytes was normal. Lamina densa showed some focal 
duplications and blind ‘off-shoots’, which represent remnants of the basement 
membrane after its reparation. Hemidesmosomes had normal appearance.

To identify the underlying genetic mutation, we applied our diagnostic next generation 
sequencing gene panel test consisting of a comprehensive set of 33 genes associated 
with or mimicking EB. The test is based on targeted SureSelect enrichment (Agilent 
Technologies Inc) and subsequent sequencing on a MiSeq sequencer (Illumina Inc). A 
novel homozygous mutation c.3917C>G, p. Ser1306* (GenBank NM_015065.2) in the 
last exon 6 of the EXPH5 gene was identified and later confirmed by Sanger sequencing 
(Figure 1C). This mutation was not found in the Genome of the Netherlands7, 1000 
genomes, or the ExAc Browser databases. 

Discussion

EBS-AR resulting from EXPH5 mutations represents a very rare entity. The index patient 
is among the oldest individuals with EXPH5 mutations reported up to now, which 
possibly allowed for the characterization of the MP phenotype, a late onset feature. 
The only previous mention of pigmentary changes in EBS associated with EXPH5
mutations was in the original article of McGrath et al. which described subtle diffuse 
pigmentary skin mottling, similar (but less marked) to the pigment changes seen in 
Griscelli syndrome (GS).2 The absence of photo documentation of the pigmentary 
changes does not allow for comparison with the MP phenotype in our patient. Given 
that in GS there is a pigmentary dilution in skin and hair8, we consider the pigmentary 
changes described in the present study to be phenotypically different from those in GS. 
They resemble those seen in EBS-MP resulting from KRT5 (c.74C>T, p.Pro25Leu; 
c.1649delG, p.Gly550Alafs*77) and KRT14 (c. 356T>C, p.Met119Thr; 
c.1117_1158dup42, p.Ile373Glu386dup) mutations.9 The possibility of EBS-MP was 
excluded through our extended EB gene panel test; no mutations in KRT5 and KRT14
were found. The homozygous mutation c.3917C>G; p. Ser1306* in EXPH5 is located 
within exon 6 (Figure 1A, C). Located within the last exon, we expect this mutation not 
to activate the nonsense-mediated mRNA decay mechanism, and thus lead to the 
truncation of Slac2-b polypeptide. Nevertheless, considering the large size of exon 6, 
the mutation may also lead to protein instability and degradation.
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Slac2-b has only recently been implicated in blistering disease and still little is known 
about its cellular functions. Latest studies indicate that Slac2-b is expressed in 
keratinocytes and other cell types involved in surface protection with an important role
in microtubule vesicle transport and exosome secretion.6 In regard to the mechanism 
of pigmentary changes in Slac2-b mutations it is appealing to investigate whether there 
is a relationship with the myosin-Va/ Rab27A/ Slac2-a family. Mutations in genes 
encoding these proteins are known to be involved in GS1, GS2 and GS3, respectively8. 
The pigmentary defect in GS arises from the failure to transfer mature melanosomes 
from melanocytes to the neighboring keratinocytes. Surprisingly, ultrastructural 
examination of our patient’s skin revealed an accumulation of mature melanosomes in 
the keratinocytes (Figure 3D). They exhibited a scattered distribution throughout the 
cell and did not localize around the nucleus as their function would require. While the 
transport of melanosomes within melanocytes is mediated through actin- and myosin-
based motor proteins, knowledge about their transport in keratinocytes is limited.10

Experiments by McGrath et al. showed that keratinocytes from an affected person and 
those with Slac2-b knockdown exhibited disruption of keratin filament network and 
keratin filament aggregation.2 Such features were also noted in our ultrastructural 
studies (Figure 3A,D) and thus underscore the role of Slac2-b in the maintenance of 
cytoskeletal integrity. Of note, exciting data have emerged during the last decade 
reporting new roles for intermediate filaments. In addition to their ‘traditional’ 
function in maintaining cellular scaffolding and integrity, keratin filaments help 
orchestrate the positioning and function of cellular organelles.11 In skin, this role was 
demonstrated when melanosomes and mitochondria showed an accumulation and 
aberrant distribution in keratinocytes of patients with EBS-MP resulting from KRT5 and 
KRT14 mutations.12 Also, haploinsufficiency of KRT5 responsible for Dowling-Degos 
disease (DDD) affected melanosomes distribution in keratinocytes and led to reticulate 
hyperpigmentation.13 Furthermore, autosomal dominant genodermatoses Naegelli-
Franceschetti-Jadasson-syndrome (NFJS) and dermatopathia pigmentosa reticularis 
(DPR) are associated with pigmentary disturbances and mutations predicted to cause 
KRT14 haploinsufficiency.14 This study, in conjunction with reports regarding DDD, 
NFJS, DPR and EBS-MP, suggest that keratins play an important role in melanosomes 
uptake, transport and positioning in keratinocytes, a function thought to be limited to 
microtubules and microfilaments.10 The mechanism how EXPH5 mutations led to 
keratin filament network alteration is yet to be elucidated.

Conclusions

We report a female patient with a rare EBS-MP subtype resulting from a novel 
homozygous nonsense mutation in EXPH5. Based on this case, we propose the addition 
of the EXPH5 gene into the EB consensus classification for the EBS-MP phenotype. The 
clinical presentation is characterized by mild generalized skin fragility, acral blistering 
improving with age, and most prominently late-onset MP features on her trunk and 
proximal extremities. Electron microscopy findings suggested a hypothesis underlying 
the epidermal pigmentary changes, implicating keratin filament impairment in the 
disturbance of pigment distribution. 
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in microtubule vesicle transport and exosome secretion.6 In regard to the mechanism 
of pigmentary changes in Slac2-b mutations it is appealing to investigate whether there 
is a relationship with the myosin-Va/ Rab27A/ Slac2-a family. Mutations in genes 
encoding these proteins are known to be involved in GS1, GS2 and GS3, respectively8. 
The pigmentary defect in GS arises from the failure to transfer mature melanosomes 
from melanocytes to the neighboring keratinocytes. Surprisingly, ultrastructural 
examination of our patient’s skin revealed an accumulation of mature melanosomes in 
the keratinocytes (Figure 3D). They exhibited a scattered distribution throughout the 
cell and did not localize around the nucleus as their function would require. While the 
transport of melanosomes within melanocytes is mediated through actin- and myosin-
based motor proteins, knowledge about their transport in keratinocytes is limited.10

Experiments by McGrath et al. showed that keratinocytes from an affected person and 
those with Slac2-b knockdown exhibited disruption of keratin filament network and 
keratin filament aggregation.2 Such features were also noted in our ultrastructural 
studies (Figure 3A,D) and thus underscore the role of Slac2-b in the maintenance of 
cytoskeletal integrity. Of note, exciting data have emerged during the last decade 
reporting new roles for intermediate filaments. In addition to their ‘traditional’ 
function in maintaining cellular scaffolding and integrity, keratin filaments help 
orchestrate the positioning and function of cellular organelles.11 In skin, this role was 
demonstrated when melanosomes and mitochondria showed an accumulation and 
aberrant distribution in keratinocytes of patients with EBS-MP resulting from KRT5 and 
KRT14 mutations.12 Also, haploinsufficiency of KRT5 responsible for Dowling-Degos 
disease (DDD) affected melanosomes distribution in keratinocytes and led to reticulate 
hyperpigmentation.13 Furthermore, autosomal dominant genodermatoses Naegelli-
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clinical presentation is characterized by mild generalized skin fragility, acral blistering 
improving with age, and most prominently late-onset MP features on her trunk and 
proximal extremities. Electron microscopy findings suggested a hypothesis underlying 
the epidermal pigmentary changes, implicating keratin filament impairment in the 
disturbance of pigment distribution. 

Conflict of Interest Disclosures: none reported

Acknowledgements We would like to thank J. Zuiderveen and G. Meijer for their 
excellent technical assistance performing immunofluorescence staining and dr. G.F.H. 
Diercks for performing electron microscopy image analysis

4 - 99

518316-sub01-bw-Turcan.indd   99 10-04-18   08:22



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 100PDF page: 100PDF page: 100PDF page: 100

Figures

Figure 1. Mutation analysis and family pedigree of a patient with EBS-AR resulting 
from EXPH5 mutations
A, Schematic illustration of exophilin-5 protein and location of all EXPH5 mutations 
disclosed to date (dark blue) and mutation reported in current study (red). Homozygous 
mutations are depicted in thick arrows, whereas the compound heterozygous are 
shown in thin arrows (modified from McGrath et al., 2012). B, Clinical pedigree of the 
index patient. DNA analysis was performed in individuals lll:6, lll:7 and IV:3; m/wt, 
mutation/wildtype, or wt/wt, wildtype/wildtype, respectively, underlines the genotype 
of the particular individual. C, Sequencing of genomic DNA from individual IV:3 
identified a homozygous mutation in EXPH5 in exon 6. A cytosine at position 3917 is 
substituted by a guanine (c.3917C>G). This substitution leads to a nonsense mutation 
(p. Ser1306*). D, Immunofluorescence study with monoclonal antibody LL001 against 
keratin 14 identified a basal epidermal cleavage plane (asterisk) in lesional skin biopsy.

Figure 2. Clinical features 
A, Mottled pigmentation on the trunk and B, axillary area. C, Trauma-induced 
hemorrhagic scale-crusts on the ankle. D, Dermatoscopy of positive ballpoint rub test 
reveals skin fragility upon application of mechanical stress.
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Figure 3. Transmission electron microscopy studies
A, Electron microscopy at low magnification shows basal keratinocytes that exhibit a 
“clear” aspect with an obvious deficiency in keratin filaments or aggregation of keratin 
filaments (black arrow). Some suprabasal keratinocytes show retraction of keratin 
filaments from the nuclear envelope creating a ‘perinuclear halo’ (white arrow). B, 
higher magnification depicts loss of desmosomes and cellular architecture of basal 
keratinocytes; note intracellular vesicles (white arrow). C, Striking pliability of the cell 
membrane containing an aggregation of desmosomes. D, Melanosomes (blue arrow) 
and mitochondria (black arrow) accumulate in a basal cell with clumping of keratin 
(green arrow); note the extracellular vesicle (red arrow). 
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Basal epidermolysis bullosa simplex (EBS) represents a heterogeneous group of 
hereditary mechanobullous diseases characterized by an intraepidermal cleavage 
plane 3. The majority of basal EBS cases (75%) arise from mutations in KRT5 or KRT14
2. Rare subtypes result from mutations in PLEC, COL17A1, ITGB4, EXPH5, KLHL24 or 
DST3,11. DST (dystonin) encodes, among other tissue isoforms, the epithelial isoform of 
bullous pemphigoid antigen 1 (BPAG1-e). To date, only a few pathogenic DST mutations 
have been reported involving the epidermal isoform (Figure 1a), and not the muscle 
and nerve isoforms. They were homozygous nonsense mutations leading to absence of 
the BPAG1-e protein. The clinical phenotype manifested as non-pruritic generalized 
skin fragility and mild, predominantly, acral skin blistering 6,8,12,12,15,15. Herein, we 
report a homozygous nonsense mutation in the epidermal isoform of DST, resulting in 
a truncated BPAG1-e protein and an intermediate generalized phenotype with blisters 
and remarkably prurigo papules.

The index patient is a 39-year-old Syrian man born from a consanguineous union 
(Figure 1b). Clinical history included generalized skin fragility and blistering since his
earliest childhood recollections. Tense blisters arose predominantly on his feet, legs, 
and trunk upon mechanical trauma and increased skin temperature. Skin defects often 
healed with post inflammatory hyperpigmentation, but without scarring or milia 
formation. In addition, he experienced severe generalized pruritus and developed 
prurigo papules. Hair, nails and mucous membranes were unaffected. An older sister 
had similar clinical features with blisters and prurigo papules, she was, however, not 
available for consultation or further testing; no other family members were affected.

Given the context of severe prurigo and tense blisters it was important to exclude the 
possibility of a concomitant autoimmune bullous disease, lichen planus or eczema. 
Immune- and histopathological studies on skin and serum excluded the above 
mentioned differential diagnosis and fitted with prurigo in epidermolysis bullosa 
(Figure 2 e-i). Direct immunofluorescence (DIF) showed no depositions of 
immunoglobulins IgA, IgG and/or C3c in patient’s skin. Also, no circulating 
autoantibodies were found by Western blot (both BPAG1-e, BPAG2), ELISA (NC16A 
domain), and indirect immunofluorescence (IIF) studies using both human salt-split-
skin and monkey oesophagus. To identify the underlying genetic mutation, we applied 
our diagnostic next generation sequencing gene panel test consisting of 33 genes 
associated with or mimicking EB. The test is based on targeted SureSelect enrichment 
(Agilent Technologies Inc) and subsequent sequencing on a MiSeq sequencer (Illumina 
Inc). A novel homozygous nonsense mutation c.6559 C>T, p. Gln2187* was identified 
in exon 24 of the epidermal isoform of DST (GenBank NM_ 001723.5) and confirmed 
by Sanger sequencing (Figure 1a, c).

This mutation was not found in the Genome of the Netherlands 4, 1000 genomes 
(http://www.internationalgenome.org/1000-genomes-browsers/), or the ExAc 
Browser databases (http://exac.broadinstitute.org/).

Immunofluorescence staining with monoclonal antibody (mAb) R815 against the rod 
domain of BPAG1-e (gift Dr K. Owaribe) showed reduced expression at the epidermal 
basement membrane zone (EBMZ) compared to control (Figure 1e). Staining with mAb 
279 (Cosmo Bio, Japan) against the C-terminus of BPAG1-e was negative in patient’s 
skin compared to control. Staining with 10F6 (Santa Cruz Biotechnology) against plectin 
showed increased expression at the EBMZ. Expression of integrin α6 and β4 subunits, 
type XVII collagen, laminin-332, and type VII collagen was normal (not shown). 
Immunoblot staining with mAb 1B10 (US Biologicals) against the N-terminus of BPAG1-
e showed a truncated BPAG1-e product of an estimated 179 kDa weight in patient’s 
cells, consistent with the expected C-terminus truncation (Figure 1d). Quantification of 
BPAG1-e showed a decreased expression (~65%) in patient keratinocytes, compared 
with healthy control (methodology described by Gostyńska et al. (2015)). Transmission 
electron microscopy revealed blisters in the basal keratinocytes in close proximity to 
EBMZ (Figure 1f). Although the number of hemidesmosomes (HDs) was normal, their 
morphology was altered. The HD inner plaque was absent, resulting in reduced 
insertion of the extended intermediate filaments (IFs) into the HDs. The HD outer 
plaque was present but exhibited a ‘blurred’ (not sharply defined) aspect. The sub-
basal dense plaque and other EBMZ components were normal. The medical ethical 
committee of the University Medical Center Groningen, the Netherlands, gave 
approval for studies on human material initially obtained for diagnostic means. Studies 
were performed according to the Declaration of Helsinki Principles. Written informed 
consent for publication and use of his photograph was obtained from the patient.

EBS resulting from DST mutations is rare. The homozygous nonsense mutation (c.6559 
C>T, p. Gln2187*) is located within the last exon 24; the two previously reported 
mutations are within exon 23 (Figure 1a). The mutation is not present in the other 
tissue isoforms of DST, expressed in muscle and nerve tissue 10. Given the last exon 
location, we expect this mutation not to activate the nonsense-mediated mRNA decay 
mechanism. The consequence would be a C-terminus truncation of the BPAG1-e 
protein, which was confirmed by the immunoblot results (Figure 1d). The C-terminus 
binds specifically to IFs, and in conjunction with plectin, tethers them to 
hemidesmosomes 10,13. The mutation disclosed here is, thus, expected to critically 
affect BPAG1-e’s ability to bind IF proteins. Interestingly, the staining of plectin was 
brighter along the EMBZ. This resulted from an increased plectin expression which was 
quantified in keratinocytes to be 250% of control in a Western blot. This phenomenon 
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Basal epidermolysis bullosa simplex (EBS) represents a heterogeneous group of 
hereditary mechanobullous diseases characterized by an intraepidermal cleavage 
plane 3. The majority of basal EBS cases (75%) arise from mutations in KRT5 or KRT14
2. Rare subtypes result from mutations in PLEC, COL17A1, ITGB4, EXPH5, KLHL24 or 
DST3,11. DST (dystonin) encodes, among other tissue isoforms, the epithelial isoform of 
bullous pemphigoid antigen 1 (BPAG1-e). To date, only a few pathogenic DST mutations 
have been reported involving the epidermal isoform (Figure 1a), and not the muscle 
and nerve isoforms. They were homozygous nonsense mutations leading to absence of 
the BPAG1-e protein. The clinical phenotype manifested as non-pruritic generalized 
skin fragility and mild, predominantly, acral skin blistering 6,8,12,12,15,15. Herein, we 
report a homozygous nonsense mutation in the epidermal isoform of DST, resulting in 
a truncated BPAG1-e protein and an intermediate generalized phenotype with blisters 
and remarkably prurigo papules.

The index patient is a 39-year-old Syrian man born from a consanguineous union 
(Figure 1b). Clinical history included generalized skin fragility and blistering since his
earliest childhood recollections. Tense blisters arose predominantly on his feet, legs, 
and trunk upon mechanical trauma and increased skin temperature. Skin defects often 
healed with post inflammatory hyperpigmentation, but without scarring or milia 
formation. In addition, he experienced severe generalized pruritus and developed 
prurigo papules. Hair, nails and mucous membranes were unaffected. An older sister 
had similar clinical features with blisters and prurigo papules, she was, however, not 
available for consultation or further testing; no other family members were affected.

Given the context of severe prurigo and tense blisters it was important to exclude the 
possibility of a concomitant autoimmune bullous disease, lichen planus or eczema. 
Immune- and histopathological studies on skin and serum excluded the above 
mentioned differential diagnosis and fitted with prurigo in epidermolysis bullosa 
(Figure 2 e-i). Direct immunofluorescence (DIF) showed no depositions of 
immunoglobulins IgA, IgG and/or C3c in patient’s skin. Also, no circulating 
autoantibodies were found by Western blot (both BPAG1-e, BPAG2), ELISA (NC16A 
domain), and indirect immunofluorescence (IIF) studies using both human salt-split-
skin and monkey oesophagus. To identify the underlying genetic mutation, we applied 
our diagnostic next generation sequencing gene panel test consisting of 33 genes 
associated with or mimicking EB. The test is based on targeted SureSelect enrichment 
(Agilent Technologies Inc) and subsequent sequencing on a MiSeq sequencer (Illumina 
Inc). A novel homozygous nonsense mutation c.6559 C>T, p. Gln2187* was identified 
in exon 24 of the epidermal isoform of DST (GenBank NM_ 001723.5) and confirmed 
by Sanger sequencing (Figure 1a, c).

This mutation was not found in the Genome of the Netherlands 4, 1000 genomes 
(http://www.internationalgenome.org/1000-genomes-browsers/), or the ExAc 
Browser databases (http://exac.broadinstitute.org/).

Immunofluorescence staining with monoclonal antibody (mAb) R815 against the rod 
domain of BPAG1-e (gift Dr K. Owaribe) showed reduced expression at the epidermal 
basement membrane zone (EBMZ) compared to control (Figure 1e). Staining with mAb 
279 (Cosmo Bio, Japan) against the C-terminus of BPAG1-e was negative in patient’s 
skin compared to control. Staining with 10F6 (Santa Cruz Biotechnology) against plectin 
showed increased expression at the EBMZ. Expression of integrin α6 and β4 subunits, 
type XVII collagen, laminin-332, and type VII collagen was normal (not shown). 
Immunoblot staining with mAb 1B10 (US Biologicals) against the N-terminus of BPAG1-
e showed a truncated BPAG1-e product of an estimated 179 kDa weight in patient’s 
cells, consistent with the expected C-terminus truncation (Figure 1d). Quantification of 
BPAG1-e showed a decreased expression (~65%) in patient keratinocytes, compared 
with healthy control (methodology described by Gostyńska et al. (2015)). Transmission 
electron microscopy revealed blisters in the basal keratinocytes in close proximity to 
EBMZ (Figure 1f). Although the number of hemidesmosomes (HDs) was normal, their 
morphology was altered. The HD inner plaque was absent, resulting in reduced 
insertion of the extended intermediate filaments (IFs) into the HDs. The HD outer 
plaque was present but exhibited a ‘blurred’ (not sharply defined) aspect. The sub-
basal dense plaque and other EBMZ components were normal. The medical ethical 
committee of the University Medical Center Groningen, the Netherlands, gave 
approval for studies on human material initially obtained for diagnostic means. Studies 
were performed according to the Declaration of Helsinki Principles. Written informed 
consent for publication and use of his photograph was obtained from the patient.

EBS resulting from DST mutations is rare. The homozygous nonsense mutation (c.6559 
C>T, p. Gln2187*) is located within the last exon 24; the two previously reported 
mutations are within exon 23 (Figure 1a). The mutation is not present in the other 
tissue isoforms of DST, expressed in muscle and nerve tissue 10. Given the last exon 
location, we expect this mutation not to activate the nonsense-mediated mRNA decay 
mechanism. The consequence would be a C-terminus truncation of the BPAG1-e 
protein, which was confirmed by the immunoblot results (Figure 1d). The C-terminus 
binds specifically to IFs, and in conjunction with plectin, tethers them to 
hemidesmosomes 10,13. The mutation disclosed here is, thus, expected to critically 
affect BPAG1-e’s ability to bind IF proteins. Interestingly, the staining of plectin was 
brighter along the EMBZ. This resulted from an increased plectin expression which was 
quantified in keratinocytes to be 250% of control in a Western blot. This phenomenon 
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might constitute an upregulation of plectin 1a in basal cells 5 resulting from a loss of C-
terminus BPAG1-e functionality due to truncation. 

Why our patient has an intermediate generalized phenotype with prurigo papules, in 
contrast to previous reports, is unknown. Considering the long disease history, a sister 
with, reportedly, similar clinical manifestation, exclusion of atopic constitution; normal 
IgE levels, eosinophils number, kidney function, liver enzyme assays, and good general 
health, we suspect EB as aetiology for pruritus. It is intriguing, however, that the C-
terminus domain of BPAG1-e contains epitopes known to be involved in the 
pathophysiology of bullous pemphigoid (BP), a disorder inherently associated with 
pruritus 7,14. Rico et al. (1990) demonstrated an immunodominant locus against which 
most reactivity is seen in BP patients and suggested that this region may be relevant in 
the generation of an immune response (Figure 1a) 14. This raises the question whether 
exposure to a C-terminally truncated BPAG1-e molecule might promote an 
inflammatory response against remaining epitopes and elicit pruritus in the host.

Of note, elevated levels of proinflammatory cytokines have been described in 
association with dystrophic and simplex EB; the authors suggested that EB might be 
considered a systemic inflammatory disorder rather than a skin-limited disease 1. 
Intense pruritus may, thus, be seen in the setting of mutations in other EB genes. 
Recently, upregulation of the TSLP protein, an IL-7 like cytokine associated with 
pruritus, has been noted in mice with KRT5/14 mutations 9. These data suggest the 
query whether disrupted keratin binding of BPAG1-e might also lead to upregulation 
of TSLP and, thus, pruritus in our patient. 

In summary, we report a patient with EBS caused by a homozygous DST mutation that 
truncates the C-terminus of BPAG1-e. This represents, to our knowledge, a previously 
unreported intermediate generalized phenotype with prurigo papules associated with 
a DST mutation, underscoring a role for BPAG1-e pathology in skin integrity and, 
potentially, pruritus aetiology.
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Figures

Figure 1. Schematic representation of the BPAG1-e protein, patient’s pedigree, 
mutation analysis and laboratory analysis of patient’s skin.
(a) The previously reported DST mutations are indicated above the schematic protein 
structure with grey arrows (thin grey arrow mutations were considered as probably not 
decisive for the phenotype). The homozygous p. Gln2187* mutation in our patient is 
located in the intermediate filament binding domain (IFBD) and indicated with a red 
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might constitute an upregulation of plectin 1a in basal cells 5 resulting from a loss of C-
terminus BPAG1-e functionality due to truncation. 

Why our patient has an intermediate generalized phenotype with prurigo papules, in 
contrast to previous reports, is unknown. Considering the long disease history, a sister 
with, reportedly, similar clinical manifestation, exclusion of atopic constitution; normal 
IgE levels, eosinophils number, kidney function, liver enzyme assays, and good general 
health, we suspect EB as aetiology for pruritus. It is intriguing, however, that the C-
terminus domain of BPAG1-e contains epitopes known to be involved in the 
pathophysiology of bullous pemphigoid (BP), a disorder inherently associated with 
pruritus 7,14. Rico et al. (1990) demonstrated an immunodominant locus against which 
most reactivity is seen in BP patients and suggested that this region may be relevant in 
the generation of an immune response (Figure 1a) 14. This raises the question whether 
exposure to a C-terminally truncated BPAG1-e molecule might promote an 
inflammatory response against remaining epitopes and elicit pruritus in the host.

Of note, elevated levels of proinflammatory cytokines have been described in 
association with dystrophic and simplex EB; the authors suggested that EB might be 
considered a systemic inflammatory disorder rather than a skin-limited disease 1. 
Intense pruritus may, thus, be seen in the setting of mutations in other EB genes. 
Recently, upregulation of the TSLP protein, an IL-7 like cytokine associated with 
pruritus, has been noted in mice with KRT5/14 mutations 9. These data suggest the 
query whether disrupted keratin binding of BPAG1-e might also lead to upregulation 
of TSLP and, thus, pruritus in our patient. 

In summary, we report a patient with EBS caused by a homozygous DST mutation that 
truncates the C-terminus of BPAG1-e. This represents, to our knowledge, a previously 
unreported intermediate generalized phenotype with prurigo papules associated with 
a DST mutation, underscoring a role for BPAG1-e pathology in skin integrity and, 
potentially, pruritus aetiology.
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arrow. (b) Pedigree of the family, affected index patient (arrow) and his reportedly 
affected sister indicated in black square/circle. (c) Sequence chromatogram showing 
the homozygous c.6559 C>T substitution resulting in a premature stop codon in the 
patient (Pt; Wt, wild-type). (d) Immunoblot staining with the monoclonal antibody 1B10 
targeting the N-terminus of BPAG1-e demonstrates a reduced amount (~ 65%) of 
truncated protein product in patient’s cultured keratinocytes; its estimated molecular 
weight is 179 kDa, versus 230 kDa for the wild-type (Wt) BPAG1-e. Immunoblot staining 
with the monoclonal antibody 10F6 against plectin shows an increased expression 
(~250%) in patient’s cultured keratinocytes compared to control. (e) 
Immunofluorescence with the antibodies R815 (BPAG1-e rod domain) and 279 (BPAG1-
e C-terminus) showed reduced and absent expression, respectively, in patient’s skin 
compared to control; expression of plectin with the 10F6 antibody (rod domain) was 
increased at the site of the epidermal basement membrane zone, but reduced in the 
basal epidermal layer in patient’s skin compared to control; note several microblisters 
in the basal layer of the epidermis (asterisks). Bar 50 μm. (f) Transmission electron 
microscopy showed cleavage in the basal keratinocyte; note remains of the plasma 
membrane (PM) on the blister floor and lack of insertion of the extended intermediate 
filaments (IFs) (upper image, bar = 1μm). Higher magnification shows 
hemidesmosomes (HDs) which lack inner plaque. HD outer plaque (HD op) had a 
‘blurred’ aspect. Bar 200 nm.

Figure 2. Clinical and immunopathological findings.
(a) On the legs, markedly around the ankles, blisters and erosions with hemorrhagic 
crusts, lesions healed with hyperpigmentation; inset: detail of prurigo papules (b) 
Conglomerates of lesions on patient’s trunk. (c) Detail of tense blisters and residual 
lesions with desquamation on the lower leg. (d) Serous and hemorrhagic blisters on 
patient’s sole and toes. (e-i) Hematoxylin, eosin (scale bar = 50 μm) and 
immunohistochemical (scale bar = 100 μm) staining of a prurigo papule revealed 
epidermal acanthosis, orthohyperkeratosis, and hypergranulosis. In the superficial 
dermis a slight increase in small vessels is present surrounded by an infiltrate consisting 
of predominantly T lymphocytes (CD3) with some B lymphocytes (CD20), plasma cells 
(CD138), and mast cells (tryptase staining).
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patient’s sole and toes. (e-i) Hematoxylin, eosin (scale bar = 50 μm) and 
immunohistochemical (scale bar = 100 μm) staining of a prurigo papule revealed 
epidermal acanthosis, orthohyperkeratosis, and hypergranulosis. In the superficial 
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Importance 

Epidermolysis bullosa simplex (EBS) caused by DST mutations is a rare genodermatosis 
characterized by skin fragility and blistering. This gene encodes the epithelial isoform 
of dystonin, which constitutes a component of hemidesmosomes. To date, only four 
pathogenic DST mutations have been identified. The heritability was thought to be 
autosomal recessive, but the possibility of semi-dominant inheritance was considered 
because of anecdotal reports. Here we report a pedigree with a constellation of two 
novel DST and a PLEC mutations and propose a different way of viewing disease 
heritability associated with DST mutations.

Observations 

The index patient and her three sons were affected by EBS, albeit one had blisters for 
a transitory period. DNA analysis revealed a novel homozygous nonsense mutation (c. 
4978delG; p.Val1660*) in exon 23 of DST in the index patient and heterozygous status 
for this mutation in her sons. Surprisingly, her middle son also had a heterozygous 
nonsense DST mutation (c.6298C>T; p.Gln2100*) on the other allele. Additionally, a 
heterozygous nonsense mutation (c.6292C>T p.Gln2098*) in exon 31 of the PLEC gene 
was identified in the index patient and two sons with recurrent blisters.

Conclusions and relevance 

Our study illustrates an EB pedigree in which variable disease heritability for DST
mutations was illustrated. These findings imply that EBS caused by DST mutations is a 
dominantly inherited condition of reduced penetrance; PLEC haploinsufficiency may be 
a genetic determinant for penetrance.

Epidermolysis bullosa simplex (EBS) is a heterogeneous group of intraepidermal 
blistering genodermatoses. Recently, several mutations in DST were reported in the 
literature (Figure 1A) 1-6. DST encodes, among other isoforms, the epithelial dystonin, 
also known as 230-kDa bullous pemphigoid antigen or BPAG1-e. This molecule is a 
structural component of the hemidesmosomal inner plaque and together with plectin 
provides anchorage of the keratin filaments to the hemidesmosomes. The clinical 
phenotype of the individuals reported in the literature manifests as generalized skin 
fragility and mild, predominantly acral skin blistering. A recently published case had an 
intermediate generalized phenotype with prurigo papules (Turcan et al, 2017). Joutel 
et al. described a patient that had additional neurological complaints such as: muscle 
weakness, headaches, numbness and collapse. It was, however, not possible to 
establish if these clinical symptoms were caused by the DST mutation given that the 
patient also had NOTCH3 gene pathology, a disorder associated with cerebral small-
vessel arteriopathy (CADASIL syndrome, MIM125310) 7. Herein, we report a pedigree 
with a surprising combination of two novel nonsense DST mutations and a 
heterozygous PLEC mutation. This study provides a pathogenic insight into DST 
heritability.

Case report

The index patient was a 36-year-old female born from a non-consanguineous union 
(II:2, Figure 1B). Skin blistering began in the first year of life at sites of pressure or 
mechanical trauma. The sides and dorsae of her feet were the most commonly affected 
areas, followed by her wrists and lower legs (Figure 2A). Blisters healed without scaring, 
but sometimes with mild post-inflammatory hyperpigmentation. She also reported a 
lifelong history of thin and brittle toenails (Figure 2B). Hair, teeth and mucosal 
membranes were not affected. Her medical record revealed cardiac arrhythmia for 
which she repeatedly received a cardiac ablation. The youngest two sons (six (III:2) and 
five (III:3) years of age, respectively) developed recurrent skin blisters on their feet, 
lowers legs, buttocks area, and hands, occasionally up to several centimeters in 
diameter. The middle child (III:2) had the most severe skin phenotype with pruritus 
(Figure 2C), brittleness and dystrophy of his nails, most remarkably on his fingers 
(Figure 2D), and limited extent of failure to thrive. He had several episodes of fainting, 
which were ascribed to hypoglycemia of unknown origin. Detailed cardiologic and 
neurologic evaluation did not identify an underlying pathology. The eldest son (eight 
years of age (III:1)) had only a transient period of acral skin blistering in his early 
childhood years. Other family members had, reportedly, no recollection of (transient) 
skin blistering. The index patient and her sons suffered from recurrent herpes simplex 
infections on various locations, of which a relation to the EBS phenotype is uncertain.
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Importance 

Epidermolysis bullosa simplex (EBS) caused by DST mutations is a rare genodermatosis 
characterized by skin fragility and blistering. This gene encodes the epithelial isoform 
of dystonin, which constitutes a component of hemidesmosomes. To date, only four 
pathogenic DST mutations have been identified. The heritability was thought to be 
autosomal recessive, but the possibility of semi-dominant inheritance was considered 
because of anecdotal reports. Here we report a pedigree with a constellation of two 
novel DST and a PLEC mutations and propose a different way of viewing disease 
heritability associated with DST mutations.

Observations 

The index patient and her three sons were affected by EBS, albeit one had blisters for 
a transitory period. DNA analysis revealed a novel homozygous nonsense mutation (c. 
4978delG; p.Val1660*) in exon 23 of DST in the index patient and heterozygous status 
for this mutation in her sons. Surprisingly, her middle son also had a heterozygous 
nonsense DST mutation (c.6298C>T; p.Gln2100*) on the other allele. Additionally, a 
heterozygous nonsense mutation (c.6292C>T p.Gln2098*) in exon 31 of the PLEC gene 
was identified in the index patient and two sons with recurrent blisters.

Conclusions and relevance 

Our study illustrates an EB pedigree in which variable disease heritability for DST
mutations was illustrated. These findings imply that EBS caused by DST mutations is a 
dominantly inherited condition of reduced penetrance; PLEC haploinsufficiency may be 
a genetic determinant for penetrance.

Epidermolysis bullosa simplex (EBS) is a heterogeneous group of intraepidermal 
blistering genodermatoses. Recently, several mutations in DST were reported in the 
literature (Figure 1A) 1-6. DST encodes, among other isoforms, the epithelial dystonin, 
also known as 230-kDa bullous pemphigoid antigen or BPAG1-e. This molecule is a 
structural component of the hemidesmosomal inner plaque and together with plectin 
provides anchorage of the keratin filaments to the hemidesmosomes. The clinical 
phenotype of the individuals reported in the literature manifests as generalized skin 
fragility and mild, predominantly acral skin blistering. A recently published case had an 
intermediate generalized phenotype with prurigo papules (Turcan et al, 2017). Joutel 
et al. described a patient that had additional neurological complaints such as: muscle 
weakness, headaches, numbness and collapse. It was, however, not possible to 
establish if these clinical symptoms were caused by the DST mutation given that the 
patient also had NOTCH3 gene pathology, a disorder associated with cerebral small-
vessel arteriopathy (CADASIL syndrome, MIM125310) 7. Herein, we report a pedigree 
with a surprising combination of two novel nonsense DST mutations and a 
heterozygous PLEC mutation. This study provides a pathogenic insight into DST 
heritability.

Case report

The index patient was a 36-year-old female born from a non-consanguineous union 
(II:2, Figure 1B). Skin blistering began in the first year of life at sites of pressure or 
mechanical trauma. The sides and dorsae of her feet were the most commonly affected 
areas, followed by her wrists and lower legs (Figure 2A). Blisters healed without scaring, 
but sometimes with mild post-inflammatory hyperpigmentation. She also reported a 
lifelong history of thin and brittle toenails (Figure 2B). Hair, teeth and mucosal 
membranes were not affected. Her medical record revealed cardiac arrhythmia for 
which she repeatedly received a cardiac ablation. The youngest two sons (six (III:2) and 
five (III:3) years of age, respectively) developed recurrent skin blisters on their feet, 
lowers legs, buttocks area, and hands, occasionally up to several centimeters in 
diameter. The middle child (III:2) had the most severe skin phenotype with pruritus 
(Figure 2C), brittleness and dystrophy of his nails, most remarkably on his fingers 
(Figure 2D), and limited extent of failure to thrive. He had several episodes of fainting, 
which were ascribed to hypoglycemia of unknown origin. Detailed cardiologic and 
neurologic evaluation did not identify an underlying pathology. The eldest son (eight 
years of age (III:1)) had only a transient period of acral skin blistering in his early 
childhood years. Other family members had, reportedly, no recollection of (transient) 
skin blistering. The index patient and her sons suffered from recurrent herpes simplex 
infections on various locations, of which a relation to the EBS phenotype is uncertain.
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Genetic analysis on the index patient’s DNA was performed through our diagnostic next 
generation sequencing gene panel test consisting of a comprehensive set of 33 genes 
associated with or mimicking EB. The test is based on targeted SureSelect enrichment 
(Agilent Technologies Inc., Santa Clara, CA USA) and subsequent sequencing on a MiSeq 
sequencer (Illumina Inc., San Diego, CA, USA). We identified a homozygous nonsense 
mutation c. 4978delG (p.Val1660*); GenBank NM_001723.4 in exon 23 of DST-e (red 
arrow, Figure 1A). The mutation is located within the coiled-coil rod domain of BPAG1-
e distally to previous reports. Sanger sequencing of genomic DNA confirmed the 
presence of this mutation in the index patient and the heterozygous status in all three 
sons (Figure 1B-C). 

This mutation was not found in the Genome of the Netherlands Consortium 2014 8, 
1000 genomes (http://www.internationalgenome.org/1000-genomes-browsers/), or 
the ExAc Browser databases (http://exac.broadinstitute.org/) and to our knowledge 
was not earlier described in the literature. In addition, we identified a heterozygous 
nonsense mutation c.6292C>T, p.Gln2098* in exon 31 of PLEC gene in the index 
patient and her youngest two sons (Figure 1B). 

Immunofluorescence microscopy of index patient’s non-lesional skin with mAb R815 
against the rod domain of BPAG1-e (gift Dr K. Owaribe) showed a normal expression at 
the EBMZ compared to control (Figure 1C). Staining with mAb 279 (Cosmo Bio, Japan) 
against the C-terminus of BPAG1-e was negative in index patient’s skin compared to 
control. Due to the phenotypic severity of the middle son, immunofluorescence studies 
were performed on his skin biopsy. Staining with mAb R815 showed slight reduction in 
expression, whereas staining with mAb 279 showed no expression. Subsequent 
immunoblot staining with mAb 1D2 against the N-terminus of BPAG1-e showed a 
truncated BPAG1-e product of an estimated 144 kDa weight (red strip, Figure 1D) in 
index patient’s cells (II:2), and two products of 144 kDa and 160 kDa (blue strip) in the 
middle son (III:2). Immunoblot staining with mAb 279 against the C-terminus of BPAG1-
e showed no expression in both patients (Figure 1 D). The application of our diagnostic 
next generation sequencing gene panel test in the middle son revealed an additional 
heterozygous DST nonsense mutation (c.6298C>T; p. Gln2100*) (thin blue arrow to 
indicate heterozygosity, Figure 1A). His brothers did not carry this mutation (Figure 1B), 
but his unaffected father was shown to carry this mutation heterozygously. Staining 
with mAb HD121 against the plectin’s rod domain (Dr K. Owaribe) in the index patient’s 
skin and middle son showed a normal expression along the EBMZ, while the faint 
panepidermal expression was lost compared to control (Figure 1C). Staining of integrin 
α6 and β4 subunits, type XVII collagen, as well as laminin-332 and type VII collagen was 
not altered (not shown). 

Western blot with mAb HD121 showed no truncated plectin in patients II:2 and III:2 
compared to control. The expression of plectin in cultured keratinocytes’ extract was, 
however, reduced in both patients (Figure 1D).

Transmission electron microscopy studies in the index patient’s skin noted hypoplastic 
hemidesmosomes with absent or inadequately formed inner plaques (Figure 1E, lower 
panel); additional findings were: reduced insertion of keratin filaments and very low 
basal cleavage with fragments of plasma membrane adhering to the basement 
membrane (Figure 1E, upper panel). Other components of the dermoepidermal 
junction were normal. 

Discussion

The current study provides interesting insight into the heritability of EBS due to DST
mutations. The primary observation was that there is variation in the severity of the 
skin phenotype depending on the biallelic or heterozygous status for a particular 
pathogenic DST mutation. In previous pedigrees, a Kuwaiti father who was 
heterozygous for the nonsense mutation p.Gln1124* in DST had transient blistering in 
childhood. In an Iranian pedigree, two children and their grandfather had mild skin 
blistering, less severe than the mother (index patient) who was homozygous for the 
p.Arg1249* mutation in DST. Dystrophy of all toenails has been reported only in one 
patient in association with EBS resulting from DST mutations. In our family, the index 
patient and her two youngest sons had different degrees of brittleness of their toenails 
and the middle child also showed prominent fingernail dystrophy. The cardiac 
pathology in the mother and the fainting episodes in her middle son were thought not 
to be related to their skin disorder. Noteworthy, in a previously described 
consanguineous Kuwaiti family, one individual had both skin fragility and dilated 
cardiomyopathy; an older sibling also had dilated cardiomyopathy (resulting in heart 
transplantation), but no skin fragility. The authors concluded the skin and heart 
abnormalities to be separate disorders 3. Given the heterogeneity in heritability in skin, 
a pathogenic role for DST mutations in cardiac tissue deserves further investigation. 
The DST gene, through alternative splicing, encodes three major isoforms that perform 
complex functions in different organs, such as the epidermis (BPAG1-e), skeletal and 
cardiac muscle (BPAG1-b), and nervous system (BPAG1-a). A fourth neuronal isoform 
(BPAG1-n) may also exist; its expression in vivo is, however, not definite 9. The 
nonsense mutation c.4978delG (p.Val1660*) is located in the region of the DST gene 
that encodes the coiled-coil domain, which is exclusively expressed in the BPAG1-e and 
BPAG1-n isoforms 9. Thus, the mutation is expected to disrupt BPAG1-n. The clinical 
implication of this is uncertain since Leung et. al showed no significant BPAG1-n mRNA 
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Genetic analysis on the index patient’s DNA was performed through our diagnostic next 
generation sequencing gene panel test consisting of a comprehensive set of 33 genes 
associated with or mimicking EB. The test is based on targeted SureSelect enrichment 
(Agilent Technologies Inc., Santa Clara, CA USA) and subsequent sequencing on a MiSeq 
sequencer (Illumina Inc., San Diego, CA, USA). We identified a homozygous nonsense 
mutation c. 4978delG (p.Val1660*); GenBank NM_001723.4 in exon 23 of DST-e (red 
arrow, Figure 1A). The mutation is located within the coiled-coil rod domain of BPAG1-
e distally to previous reports. Sanger sequencing of genomic DNA confirmed the 
presence of this mutation in the index patient and the heterozygous status in all three 
sons (Figure 1B-C). 

This mutation was not found in the Genome of the Netherlands Consortium 2014 8, 
1000 genomes (http://www.internationalgenome.org/1000-genomes-browsers/), or 
the ExAc Browser databases (http://exac.broadinstitute.org/) and to our knowledge 
was not earlier described in the literature. In addition, we identified a heterozygous 
nonsense mutation c.6292C>T, p.Gln2098* in exon 31 of PLEC gene in the index 
patient and her youngest two sons (Figure 1B). 

Immunofluorescence microscopy of index patient’s non-lesional skin with mAb R815 
against the rod domain of BPAG1-e (gift Dr K. Owaribe) showed a normal expression at 
the EBMZ compared to control (Figure 1C). Staining with mAb 279 (Cosmo Bio, Japan) 
against the C-terminus of BPAG1-e was negative in index patient’s skin compared to 
control. Due to the phenotypic severity of the middle son, immunofluorescence studies 
were performed on his skin biopsy. Staining with mAb R815 showed slight reduction in 
expression, whereas staining with mAb 279 showed no expression. Subsequent 
immunoblot staining with mAb 1D2 against the N-terminus of BPAG1-e showed a 
truncated BPAG1-e product of an estimated 144 kDa weight (red strip, Figure 1D) in 
index patient’s cells (II:2), and two products of 144 kDa and 160 kDa (blue strip) in the 
middle son (III:2). Immunoblot staining with mAb 279 against the C-terminus of BPAG1-
e showed no expression in both patients (Figure 1 D). The application of our diagnostic 
next generation sequencing gene panel test in the middle son revealed an additional 
heterozygous DST nonsense mutation (c.6298C>T; p. Gln2100*) (thin blue arrow to 
indicate heterozygosity, Figure 1A). His brothers did not carry this mutation (Figure 1B), 
but his unaffected father was shown to carry this mutation heterozygously. Staining 
with mAb HD121 against the plectin’s rod domain (Dr K. Owaribe) in the index patient’s 
skin and middle son showed a normal expression along the EBMZ, while the faint 
panepidermal expression was lost compared to control (Figure 1C). Staining of integrin 
α6 and β4 subunits, type XVII collagen, as well as laminin-332 and type VII collagen was 
not altered (not shown). 

Western blot with mAb HD121 showed no truncated plectin in patients II:2 and III:2 
compared to control. The expression of plectin in cultured keratinocytes’ extract was, 
however, reduced in both patients (Figure 1D).

Transmission electron microscopy studies in the index patient’s skin noted hypoplastic 
hemidesmosomes with absent or inadequately formed inner plaques (Figure 1E, lower 
panel); additional findings were: reduced insertion of keratin filaments and very low 
basal cleavage with fragments of plasma membrane adhering to the basement 
membrane (Figure 1E, upper panel). Other components of the dermoepidermal 
junction were normal. 

Discussion

The current study provides interesting insight into the heritability of EBS due to DST
mutations. The primary observation was that there is variation in the severity of the 
skin phenotype depending on the biallelic or heterozygous status for a particular 
pathogenic DST mutation. In previous pedigrees, a Kuwaiti father who was 
heterozygous for the nonsense mutation p.Gln1124* in DST had transient blistering in 
childhood. In an Iranian pedigree, two children and their grandfather had mild skin 
blistering, less severe than the mother (index patient) who was homozygous for the 
p.Arg1249* mutation in DST. Dystrophy of all toenails has been reported only in one 
patient in association with EBS resulting from DST mutations. In our family, the index 
patient and her two youngest sons had different degrees of brittleness of their toenails 
and the middle child also showed prominent fingernail dystrophy. The cardiac 
pathology in the mother and the fainting episodes in her middle son were thought not 
to be related to their skin disorder. Noteworthy, in a previously described 
consanguineous Kuwaiti family, one individual had both skin fragility and dilated 
cardiomyopathy; an older sibling also had dilated cardiomyopathy (resulting in heart 
transplantation), but no skin fragility. The authors concluded the skin and heart 
abnormalities to be separate disorders 3. Given the heterogeneity in heritability in skin, 
a pathogenic role for DST mutations in cardiac tissue deserves further investigation. 
The DST gene, through alternative splicing, encodes three major isoforms that perform 
complex functions in different organs, such as the epidermis (BPAG1-e), skeletal and 
cardiac muscle (BPAG1-b), and nervous system (BPAG1-a). A fourth neuronal isoform 
(BPAG1-n) may also exist; its expression in vivo is, however, not definite 9. The 
nonsense mutation c.4978delG (p.Val1660*) is located in the region of the DST gene 
that encodes the coiled-coil domain, which is exclusively expressed in the BPAG1-e and 
BPAG1-n isoforms 9. Thus, the mutation is expected to disrupt BPAG1-n. The clinical 
implication of this is uncertain since Leung et. al showed no significant BPAG1-n mRNA 
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expression in brain and heart tissue. In the brain, trace amounts were detected only 
after an increased number of PCR cycles 9.

The immunoblot studies confirmed presence of truncated protein. This was confirmed 
by positive staining with mAb R815 against the coiled-coil rod domain and negative 
staining with mAb 279 against the C-terminus. The protein products were of the 
expected size, although reduced in expression. This reduction could possibly be due to 
nonsense mediated RNA decay, or that the protein formed is less stable and thus faster 
degraded. The compound heterozygous status for the DST mutation in the middle son 
and the absence of the second heterozygous DST mutation (c.6298C>T; p.Gln2100*) in 
the other brother explains the variation in the severity of the clinical phenotype. The 
location of this mutation was outside the coiled-coil rod domain of BPAG1-e. In our 
recent article (Turcan et al, 2017) mutations at the C-terminal outside the coiled-coil 
domain were seen in association with pruritus, a feature also noted in the middle son 
in this study. 

The heterozygous mutation c.6292C>T, p.Gln2098* in exon 31 of PLEC gene found in 
the index patient and her two sons seems to segregate with phenotype severity. PLEC
encodes plectin, a versatile linker protein that has several isoforms expressed in 
various tissues including skin, muscle, heart, and nervous tissue, of which plectin 1a is 
expressed along the EBMZ and plectin 1c dominantly in the epidermis 10. Mutations in 
PLEC cause recessive subtypes of EBS: EBS skin only, EBS with muscular dystrophy (EBS-
MD) and EBS with pylorus atresia (EBS-PA), and one autosomal dominant subtype, 
called EBS-Ogna, resulting from a point mutation in the rod domain of plectin 11. 
Homozygous truncation mutations in exon 31 of PLEC, which encodes the rod domain 
of plectin, are known to cause EBS-MD. In relation to our study, the question arises 
whether the change in the amount of plectin might have a modifying role in 
conjunction with the DST mutation. Notably, the immunoblot staining against the rod 
domain of plectin was reduced in both the index patient and the middle son (Figures 
1C and 1D). Generally, heterozygous carriers of truncating PLEC mutations were 
reported as being healthy. However, the possibility that mild phenotypes might have 
been overlooked, is not excluded. In vitro studies have established that presence of the 
plectin rod domain highly improved hemidesmosome stability.12 We speculate that a 
reduced amount of plectin with rod domain in conjunction with truncated BPAG1-e 
protein products may further impair hemidesmosomal inner dense plaque formation 
and keratin anchorage and thus aggravate the phenotype. Taken together with the 
phenotype segregation, we hypothesize that PLEC may function as a modifier gene for 
DST.

Conclusions:

In summary, we report two novel nonsense DST mutations responsible for basal EBS in 
a pedigree consisting of four affected individuals, all expressing a different combination 
of DST/PLEC mutations. The index patient exhibited a classic biallelic DST involvement 
and PLEC heterozygosity, the oldest son only a monoallelic DST involvement 
(phenotype with transient blisters), the middle son biallelic DST dysfunction 
(compound heterozygote) and PLEC heterozygosity, the youngest son monoallelic DST
dysfunction and PLEC heterozygosity (mild, but permanent phenotype). The current 
study clinically shows various disease heritability for EBS caused by DST mutations and 
expands the phenotypic spectrum including hand nail dystrophy as a potential clinical 
feature. PLEC haploinsuffiency may have been the additional genetic factor necessary 
to reach the threshold level above which persistent disease phenotype is achieved.
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expression in brain and heart tissue. In the brain, trace amounts were detected only 
after an increased number of PCR cycles 9.

The immunoblot studies confirmed presence of truncated protein. This was confirmed 
by positive staining with mAb R815 against the coiled-coil rod domain and negative 
staining with mAb 279 against the C-terminus. The protein products were of the 
expected size, although reduced in expression. This reduction could possibly be due to 
nonsense mediated RNA decay, or that the protein formed is less stable and thus faster 
degraded. The compound heterozygous status for the DST mutation in the middle son 
and the absence of the second heterozygous DST mutation (c.6298C>T; p.Gln2100*) in 
the other brother explains the variation in the severity of the clinical phenotype. The 
location of this mutation was outside the coiled-coil rod domain of BPAG1-e. In our 
recent article (Turcan et al, 2017) mutations at the C-terminal outside the coiled-coil 
domain were seen in association with pruritus, a feature also noted in the middle son 
in this study. 

The heterozygous mutation c.6292C>T, p.Gln2098* in exon 31 of PLEC gene found in 
the index patient and her two sons seems to segregate with phenotype severity. PLEC
encodes plectin, a versatile linker protein that has several isoforms expressed in 
various tissues including skin, muscle, heart, and nervous tissue, of which plectin 1a is 
expressed along the EBMZ and plectin 1c dominantly in the epidermis 10. Mutations in 
PLEC cause recessive subtypes of EBS: EBS skin only, EBS with muscular dystrophy (EBS-
MD) and EBS with pylorus atresia (EBS-PA), and one autosomal dominant subtype, 
called EBS-Ogna, resulting from a point mutation in the rod domain of plectin 11. 
Homozygous truncation mutations in exon 31 of PLEC, which encodes the rod domain 
of plectin, are known to cause EBS-MD. In relation to our study, the question arises 
whether the change in the amount of plectin might have a modifying role in 
conjunction with the DST mutation. Notably, the immunoblot staining against the rod 
domain of plectin was reduced in both the index patient and the middle son (Figures 
1C and 1D). Generally, heterozygous carriers of truncating PLEC mutations were 
reported as being healthy. However, the possibility that mild phenotypes might have 
been overlooked, is not excluded. In vitro studies have established that presence of the 
plectin rod domain highly improved hemidesmosome stability.12 We speculate that a 
reduced amount of plectin with rod domain in conjunction with truncated BPAG1-e 
protein products may further impair hemidesmosomal inner dense plaque formation 
and keratin anchorage and thus aggravate the phenotype. Taken together with the 
phenotype segregation, we hypothesize that PLEC may function as a modifier gene for 
DST.

Conclusions:

In summary, we report two novel nonsense DST mutations responsible for basal EBS in 
a pedigree consisting of four affected individuals, all expressing a different combination 
of DST/PLEC mutations. The index patient exhibited a classic biallelic DST involvement 
and PLEC heterozygosity, the oldest son only a monoallelic DST involvement 
(phenotype with transient blisters), the middle son biallelic DST dysfunction 
(compound heterozygote) and PLEC heterozygosity, the youngest son monoallelic DST
dysfunction and PLEC heterozygosity (mild, but permanent phenotype). The current 
study clinically shows various disease heritability for EBS caused by DST mutations and 
expands the phenotypic spectrum including hand nail dystrophy as a potential clinical 
feature. PLEC haploinsuffiency may have been the additional genetic factor necessary 
to reach the threshold level above which persistent disease phenotype is achieved.
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Figures Figure 1. Schematic representation of the BPAG1-e protein, clinical pedigree, 
mutation analysis and laboratory studies on the index patient’s skin.
A, All reported DST mutations to date are indicated with black arrows (grey arrow 
mutations were deemed as not pathogenic by the authors of the respective study 4; the 
homozygous nonsense mutation p.Val1660* in this report is indicated by the red arrow. 
The heterozygous nonsense mutation p.Gln2100* is indicated by the thin blue arrow. B, 
Genetic analysis was performed in individuals I:2, II:2, II:3, III:1, III:2, III:3; m/wt denotes 
mutation/wildtype, m/m bi-allelic mutation, wt/wt wildtype/wildtype and underscores 
the genotype of the particular family member; DST p.Val1660* (red), DST p.Gln2100* 
(blue), PLEC p.Gln2098* (green); black circle/square denotes most severely affected 
individuals, dark grey denotes mild persistent phenotype, light grey represents mild 
transient phenotype. C, Immunostaining of index patients’ skin against BPAG1-e shows 
normal expression with mAb R815 and absent staining with mAb 279 compared to 
control; staining for the rod domain of plectin with mAb HD121 shows normal 
expression at the epidermal basement membrane zone and absent staining 
panepidermal in both patients’ skin compared to control. D, Immunoblot with the 
monoclonal antibody 1D2 targeting the N-terminus of BPAG1-e demonstrates 
truncated protein products in patients’ cultured keratinocytes; their estimated 
molecular weight is 144 kDa and 160 kDa, versus 230 kDa for the wild-type (Wt) BPAG1-
e. Immunoblot with the monoclonal antibody HD121 against plectin shows a reduced 
expression in both patients’ cultured keratinocytes compared to control. E, 
Transmission electron microscopy in index patient’s skin reveals a very low 
intraepidermal cleavage plane (*, asterisk) with remnants of plasma membrane on the 
blister floor (black arrow). Higher magnification shows hemidesmosomes with absent 
inner plaques. 122 - 6
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individuals, dark grey denotes mild persistent phenotype, light grey represents mild 
transient phenotype. C, Immunostaining of index patients’ skin against BPAG1-e shows 
normal expression with mAb R815 and absent staining with mAb 279 compared to 
control; staining for the rod domain of plectin with mAb HD121 shows normal 
expression at the epidermal basement membrane zone and absent staining 
panepidermal in both patients’ skin compared to control. D, Immunoblot with the 
monoclonal antibody 1D2 targeting the N-terminus of BPAG1-e demonstrates 
truncated protein products in patients’ cultured keratinocytes; their estimated 
molecular weight is 144 kDa and 160 kDa, versus 230 kDa for the wild-type (Wt) BPAG1-
e. Immunoblot with the monoclonal antibody HD121 against plectin shows a reduced 
expression in both patients’ cultured keratinocytes compared to control. E, 
Transmission electron microscopy in index patient’s skin reveals a very low 
intraepidermal cleavage plane (*, asterisk) with remnants of plasma membrane on the 
blister floor (black arrow). Higher magnification shows hemidesmosomes with absent 
inner plaques. 6 - 123
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Figure 2. Clinical phenotype of the index patient and the middle son
A, Blisters, superficial erosions and crusting on the lower legs and ankles (II:2). B, Brittle 
and dystrophic toenails (II:2). C, Blisters, erosions and crusts on the knees, lower legs 
and feet (III:2). D, marked dystrophy of finger nails (III:2). 
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Abstract

Background Mutations in genes encoding laminin-332, type XVII collagen and integrin 
α6β4 subunits cause junctional epidermolysis bullosa (JEB). To date, the cleavage plane 
(level of tissue separation) for this heterogeneous group of inherited blistering diseases 
is established to be within lamina lucida. 

Objectives To systematically investigate whether there are different patterns of 
‘lucidolytic’ cleavage within JEB contingent to the involved protein and determine the 
translational value of this analysis.

Methods Lesional skin biopsies of JEB patients (n=22) were analyzed for cleavage plane 
with immunofluorescence antigen mapping (IFM). All the diagnoses were ascertained 
by molecular genetic analysis. The cleavage results were correlated with electron 
microscopy (EM) data. Pre-embedding immunoelectron microscopy studies were 
performed to investigate the expression and precise immunolocalization of study-
relevant molecules and substantiate the observations from IFM studies.

Results Analysis of immunofluorescence patterns in JEB reveals two types of 
‘lucidolytic’ cleavage: a low lamina lucida cleavage and a high lamina lucida cleavage. 
Mutations in genes encoding for type XVII collagen and integrin α6β4 subunits cause a 
high junctional cleavage, while mutations in genes encoding for laminin-332 lead to a 
low junctional cleavage. In the later cases, by means of immunoelectron microscopy, 
the laminin-332 in the blister roof was shown to co-localize with the hemidesmosomes.  

Conclusion These observations increase the scientific insight into the topographic level 
of blister formation and staining patterns in JEB. The main clinical implication is that it 
allows for an easy and straightforward identification of the affected protein, by pattern 
analysis, thus facilitating the diagnosis.

What’s already known about this topic?

The cleavage plane or level of blister formation in the skin of junctional 
epidermolysis bullosa (JEB) patients is established to be within lamina lucida.

What does this study add?

There are, in fact, two patterns of ‘lucidolytic’ cleavage in the lesional skin of 
patients with JEB. This pattern is contingent to the involved molecule. When 
laminin-332 is affected the cleavage is ‘low lucidolytic’, whereas if integrin 
α6β4 or type XVII collagen are involved the cleavage is ‘high lucidolytic’. 
In lesional skin of JEB patient, laminin-332 is localized in the blister roof and 
floor. The ‘connecting complex’ which extracts the individual laminin-332 
molecules from the basement membrane to the blister roof is the 
hemidesmosome
Pattern analysis of the cleavage plane can aid the diagnosis of JEB as it allows 
for an easier identification of the involved protein.
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Abstract

Background Mutations in genes encoding laminin-332, type XVII collagen and integrin 
α6β4 subunits cause junctional epidermolysis bullosa (JEB). To date, the cleavage plane 
(level of tissue separation) for this heterogeneous group of inherited blistering diseases 
is established to be within lamina lucida. 

Objectives To systematically investigate whether there are different patterns of 
‘lucidolytic’ cleavage within JEB contingent to the involved protein and determine the 
translational value of this analysis.

Methods Lesional skin biopsies of JEB patients (n=22) were analyzed for cleavage plane 
with immunofluorescence antigen mapping (IFM). All the diagnoses were ascertained 
by molecular genetic analysis. The cleavage results were correlated with electron 
microscopy (EM) data. Pre-embedding immunoelectron microscopy studies were 
performed to investigate the expression and precise immunolocalization of study-
relevant molecules and substantiate the observations from IFM studies.

Results Analysis of immunofluorescence patterns in JEB reveals two types of 
‘lucidolytic’ cleavage: a low lamina lucida cleavage and a high lamina lucida cleavage. 
Mutations in genes encoding for type XVII collagen and integrin α6β4 subunits cause a 
high junctional cleavage, while mutations in genes encoding for laminin-332 lead to a 
low junctional cleavage. In the later cases, by means of immunoelectron microscopy, 
the laminin-332 in the blister roof was shown to co-localize with the hemidesmosomes.  

Conclusion These observations increase the scientific insight into the topographic level 
of blister formation and staining patterns in JEB. The main clinical implication is that it 
allows for an easy and straightforward identification of the affected protein, by pattern 
analysis, thus facilitating the diagnosis.

What’s already known about this topic?

The cleavage plane or level of blister formation in the skin of junctional 
epidermolysis bullosa (JEB) patients is established to be within lamina lucida.

What does this study add?

There are, in fact, two patterns of ‘lucidolytic’ cleavage in the lesional skin of 
patients with JEB. This pattern is contingent to the involved molecule. When 
laminin-332 is affected the cleavage is ‘low lucidolytic’, whereas if integrin 
α6β4 or type XVII collagen are involved the cleavage is ‘high lucidolytic’. 
In lesional skin of JEB patient, laminin-332 is localized in the blister roof and 
floor. The ‘connecting complex’ which extracts the individual laminin-332 
molecules from the basement membrane to the blister roof is the 
hemidesmosome
Pattern analysis of the cleavage plane can aid the diagnosis of JEB as it allows 
for an easier identification of the involved protein.
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Introduction 

The term epidermolysis bullosa (EB) was first introduced in 1886 and represents a 
group of diverse hereditary mechanobullous diseases, characterized by fragility of skin 
and mucous membranes 1. The clinical phenotype can be variable, ranging from 
relatively minor acral blistering to significantly compromised integrity of the skin, 
which results in fatality early in life 2. According to the new classification, published in 
2014, EB is divided into four major groups based on the level of skin cleavage: EB 
simplex (EBS), junctional EB (JEB), dystrophic EB (DEB) and Kindler syndrome (KS). 
Mutations in several structural proteins in the dermal epidermal junction, such as 
laminin-332, type XVII collagen, α6β4 integrin and α3 integrin subunit are implicated 
in JEB 3. An accurate and prompt diagnosis is essential in this group of disorders in order 
to formulate an appropriate prognosis. For this purpose, both electron microscopy 
(EM) and immunofluorescence antigen mapping (IFM) have been effectively used. 
However, EM is expensive, time-consuming, and requires expertise that might not be 
readily available 4. According to previous research, IFM is as dependable diagnostically 
as EM, at least for some subtypes of EB 5. Furthermore, IFM is currently the primary 
laboratory test employed for the diagnosis of EB and its subtype and it shapes the 
foundation for determining the candidate genes to be targeted in the mutation analysis 
4,6.

To date, the cleavage plane for all subtypes of JEB is considered lamina lucida, without 
further specifications 3,7,8. In this article, we demonstrate, by means of IFM, the 
presence of distinct lucidolytic cleavage patterns within the lesional skin of JEB 
patients. In addition, we propose an algorithm for the identification of the mutated 
gene in JEB based on the pattern of staining and independent from the intensity of 
staining. Furthermore, immunoelectron microscopy studies were employed to 
investigate the exact ultrastructural localization of laminin-332 molecules in the blister 
of a JEB patients and suggested clues to the mechanism of blister formation in JEB skin.

Material and Methods

Patients

The cases included in this study (n=22) were extracted from the Dutch Epidermolysis 
Bullosa Registry. The diagnosis of JEB was established based on clinical findings, IFM, 
EM and molecular genetic analysis. In order to get a representative picture of lamina 
lucida cleavage plane in JEB, skin biopsies of patients with mutation encoding laminin-
332, type XVII collagen and integrin α6β4 were analyzed.

Immunofluorescence microscopy

Punch biopsies preferentially from an artificially induced blister were prepared for IFM 
as previously described 9. The biopsies used for immunofluorescence staining and 
electron microscopy studies were taken as a part of the standard patient care. Special 
attention was given on selecting biopsies showing the roof and the floor of the blister. 
The monoclonal antibodies used in this study have been previously described. 
Pankeratin was stained with CK1 (DAKO, Glostrup, Denmark), plectin with HD-121, 
integrin α6 with GoH3, ectodomain integrin β4 with 58XB4 (gifts from Dr A. 
Sonnenberg, Amsterdam, the Netherlands). Monoclonal antibody specific for the 
ectodomain of type XVII collagen was 233 (epitope residues 1118-1143 in exon 48-49) 
(gift from Dr K. Owaribe, Nagoya, Japan). For the staining of laminin-332 we used three 
specific antibodies: K140 recognizing β3 chain (gift from B. Burgeson, Harvard 
University, Boston, Massachusetts, USA) and BM 165 recognizing the α3 chain (gift 
from Dr P. Marinkovich, Stanford University, Stanford, USA). Type VII collagen was 
identified with LH7:2 (gift from Dr I. Leigh, London, U.K.) All the primary mouse 
monoclonal antibodies were combined with Alexa488 goat anti-mouse IgG (Molecular 
Probes, Eugene, OR, USA), except for the rat antibody GoH3, which was combined with 
goat anti-rat IgG antibody (Southern Biothechnology Associates, Birmingham, AL, USA) 
for the secondary step. The slides were examined with a Leica DMRA fluorescence 
microscope (Leica, Solms, Germany) and images were captured with a Leica DFC350 FX 
digital camera (Leica Microsystems AG, Wetzlar, Germany) or Zeiss LSM780 Confocal 
Microscope (Zeiss, Germany).

Electron microscopy

For EM 2 mm punch biopsies were taken from similar locations as for IFM and prepared 
as described previously 10. The material was analyzed with a Philips CM100 
transmission electron microscope (Philips, Eindhoven, the Netherlands) for the 
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Introduction 

The term epidermolysis bullosa (EB) was first introduced in 1886 and represents a 
group of diverse hereditary mechanobullous diseases, characterized by fragility of skin 
and mucous membranes 1. The clinical phenotype can be variable, ranging from 
relatively minor acral blistering to significantly compromised integrity of the skin, 
which results in fatality early in life 2. According to the new classification, published in 
2014, EB is divided into four major groups based on the level of skin cleavage: EB 
simplex (EBS), junctional EB (JEB), dystrophic EB (DEB) and Kindler syndrome (KS). 
Mutations in several structural proteins in the dermal epidermal junction, such as 
laminin-332, type XVII collagen, α6β4 integrin and α3 integrin subunit are implicated 
in JEB 3. An accurate and prompt diagnosis is essential in this group of disorders in order 
to formulate an appropriate prognosis. For this purpose, both electron microscopy 
(EM) and immunofluorescence antigen mapping (IFM) have been effectively used. 
However, EM is expensive, time-consuming, and requires expertise that might not be 
readily available 4. According to previous research, IFM is as dependable diagnostically 
as EM, at least for some subtypes of EB 5. Furthermore, IFM is currently the primary 
laboratory test employed for the diagnosis of EB and its subtype and it shapes the 
foundation for determining the candidate genes to be targeted in the mutation analysis 
4,6.

To date, the cleavage plane for all subtypes of JEB is considered lamina lucida, without 
further specifications 3,7,8. In this article, we demonstrate, by means of IFM, the 
presence of distinct lucidolytic cleavage patterns within the lesional skin of JEB 
patients. In addition, we propose an algorithm for the identification of the mutated 
gene in JEB based on the pattern of staining and independent from the intensity of 
staining. Furthermore, immunoelectron microscopy studies were employed to 
investigate the exact ultrastructural localization of laminin-332 molecules in the blister 
of a JEB patients and suggested clues to the mechanism of blister formation in JEB skin.

Material and Methods

Patients

The cases included in this study (n=22) were extracted from the Dutch Epidermolysis 
Bullosa Registry. The diagnosis of JEB was established based on clinical findings, IFM, 
EM and molecular genetic analysis. In order to get a representative picture of lamina 
lucida cleavage plane in JEB, skin biopsies of patients with mutation encoding laminin-
332, type XVII collagen and integrin α6β4 were analyzed.

Immunofluorescence microscopy

Punch biopsies preferentially from an artificially induced blister were prepared for IFM 
as previously described 9. The biopsies used for immunofluorescence staining and 
electron microscopy studies were taken as a part of the standard patient care. Special 
attention was given on selecting biopsies showing the roof and the floor of the blister. 
The monoclonal antibodies used in this study have been previously described. 
Pankeratin was stained with CK1 (DAKO, Glostrup, Denmark), plectin with HD-121, 
integrin α6 with GoH3, ectodomain integrin β4 with 58XB4 (gifts from Dr A. 
Sonnenberg, Amsterdam, the Netherlands). Monoclonal antibody specific for the 
ectodomain of type XVII collagen was 233 (epitope residues 1118-1143 in exon 48-49) 
(gift from Dr K. Owaribe, Nagoya, Japan). For the staining of laminin-332 we used three 
specific antibodies: K140 recognizing β3 chain (gift from B. Burgeson, Harvard 
University, Boston, Massachusetts, USA) and BM 165 recognizing the α3 chain (gift 
from Dr P. Marinkovich, Stanford University, Stanford, USA). Type VII collagen was 
identified with LH7:2 (gift from Dr I. Leigh, London, U.K.) All the primary mouse 
monoclonal antibodies were combined with Alexa488 goat anti-mouse IgG (Molecular 
Probes, Eugene, OR, USA), except for the rat antibody GoH3, which was combined with 
goat anti-rat IgG antibody (Southern Biothechnology Associates, Birmingham, AL, USA) 
for the secondary step. The slides were examined with a Leica DMRA fluorescence 
microscope (Leica, Solms, Germany) and images were captured with a Leica DFC350 FX 
digital camera (Leica Microsystems AG, Wetzlar, Germany) or Zeiss LSM780 Confocal 
Microscope (Zeiss, Germany).

Electron microscopy

For EM 2 mm punch biopsies were taken from similar locations as for IFM and prepared 
as described previously 10. The material was analyzed with a Philips CM100 
transmission electron microscope (Philips, Eindhoven, the Netherlands) for the 
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ultrastructural level of blister cleavage, as well as abnormalities in hemidesmosomes, 
subbasal dense plates, tonofilaments, anchoring filaments and anchoring fibrils.

Pre-embedding immunolabelling and scanning electronmicroscopy

Cryosections of 100 nm thickness of lesional patient’s skin were treated with 1% 
formaldehyde in 0,1 M Phosphate buffer, thereafter with 0,15 % Glycine in BPS. 
Blocking was done in incubation buffer (PBS with 1% BSA, 5% normal goat serum and 
1% cold water fish gelatin at 4oC in a humidified chamber. Mouse monoclonal anti 
laminin β3 (K140) and rat monoclonal anti integrin α6 (GoH3) were employed as 
primary antibodies. As secondary antibodies 10 nm gold conjugated goat-anti-mouse 
IgG/ biotin/streptavidin/Qdot655 or Alexa Fluor 488 FluoroNanogold conjugated goat-
anti rat IgG were used, respectively (Nanoprobes, Yaphank, NY, USA). GoldEnhance 
(Nanoprobes, Yaphank, NY, USA) was employed, which resulted in an amplification of 
the golden balls to 30-40 nm sizes. 

Results

A total of 22 lesional skin biopsy specimens across different JEB subtypes and mutated 
target protein underwent IFM. The diagnosis in these patients was determined on the 
basis of clinical findings, IFM, EM and genetic analysis; individual characteristics are 
described in Table 1.  Blister mapping with monoclonal antibodies (mAb) against pan 
keratin (CK1) and plectin (HD-121)(not shown) stained exclusively the blister roof, 
whereas mAb against type VII collagen (LH7:2) stained exclusively the blister floor, thus 
providing evidence for a true lamina lucida cleavage plane in all patients. In this study, 
we revealed the presence of two distinct lucidolytic cleavage patterns within JEB 
(Figure 1). Patients with mutations in genes encoding type VII collagen and integrin 
α6β4 have a high lamina lucida cleavage plane, whereas patients with mutations in 
genes encoding laminin-332 have a low lamina lucida cleavage plane. The later 
observation came from the identification of the laminin-332 in the blister roof and floor 
of the blister (Figure 1c). By means of transmission electron imaging we identified the 
exact immunolocalization of the laminin-332 molecules in the blister roof and floor 
(Figure 3 a, b), and showed their consistent co-localization with the integrin α6 subunit, 
a hemidesmosomal component (Figure 2).

Discussion

IFM has established itself as an accurate study method for the establishment of EB 
diagnosis. Consistent with our findings, in a series of EB patients, previous studies 
showed that all junctional cases related to mutations in the gene encoding type XVII 
collagen and integrin β4, IFM established the expression of laminin-332 chains at the 
blister floor. On the other hand, in literature JEB cases resulting from mutations in 
genes encoding laminin-332, the expression of laminin was either absent or identified 
on the floor or the roof of the blister in reduced intensity11,12. The authors speculated 
that these different patterns might be correlated to the different underlying mutation 
in JEB in LAMA3, LAMB3, or LAMC2 genes. To our knowledge, no investigation to asses 
any such correlation has been performed thus far. 

Our study, on the other hand, consistently indicated that the JEB cases with mutated 
laminin-332 protein showed expression of this molecule both in the blister floor and 
blister roof; in certain cases, however, a meticulous finding. It is unclear why this 
‘mirrored’ expression was not described earlier; a possible explanation could be 
related to its subtlety in cases with considerably reduced expression of laminin-332. 
Further, our JEB cases involving mutations in type XVII collagen and integrin α6β4 
expressed laminin-332 exclusively in the blister floor (Figure 1a, b), consistent with the 
literature.  Simplified models of structural organization of epidermal basement 
membrane (EBM) zone in blistering JEB skin are represented schematically in Figure 1 
B, row. These illustrations integrate information derived from IFM performed in our 
study. Subsequently, the question arose, what causes the presence of laminin-332 in 
the blister roof in the JEB cases resulting from laminin-332 mutations? Equally, what is 
the reason laminin-332 is consistently found within the blister floor in the JEB cases 
with either type XVII collagen or integrin α6β4 involvement? 

Laminin-332 is an essential component of the dermal-epidermal junction. Mutations in 
genes encoding its three constituent polypeptide chains abrogate or perturb the 
functions of laminin-332. Through its interactions with integrin α6β4 in the 
hemidesmosomes and α3β in the focal adhesions, laminin-332 links the basal 
keratinocytes to the epidermal basement membrane (EBM) and provide nucleation
sites for self-assembly of these EBM components and their further polymerization13,14. 
In healthy skin, it has been shown that 90% of laminin-332 concentrates immediately 
under the hemidesmosomes, whereas the remainder is distributed along the EBM 
where is believed to promote stable epithelial-stromal attachment by interaction with 
other laminin isoforms15,16.
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ultrastructural level of blister cleavage, as well as abnormalities in hemidesmosomes, 
subbasal dense plates, tonofilaments, anchoring filaments and anchoring fibrils.

Pre-embedding immunolabelling and scanning electronmicroscopy

Cryosections of 100 nm thickness of lesional patient’s skin were treated with 1% 
formaldehyde in 0,1 M Phosphate buffer, thereafter with 0,15 % Glycine in BPS. 
Blocking was done in incubation buffer (PBS with 1% BSA, 5% normal goat serum and 
1% cold water fish gelatin at 4oC in a humidified chamber. Mouse monoclonal anti 
laminin β3 (K140) and rat monoclonal anti integrin α6 (GoH3) were employed as 
primary antibodies. As secondary antibodies 10 nm gold conjugated goat-anti-mouse 
IgG/ biotin/streptavidin/Qdot655 or Alexa Fluor 488 FluoroNanogold conjugated goat-
anti rat IgG were used, respectively (Nanoprobes, Yaphank, NY, USA). GoldEnhance 
(Nanoprobes, Yaphank, NY, USA) was employed, which resulted in an amplification of 
the golden balls to 30-40 nm sizes. 

Results

A total of 22 lesional skin biopsy specimens across different JEB subtypes and mutated 
target protein underwent IFM. The diagnosis in these patients was determined on the 
basis of clinical findings, IFM, EM and genetic analysis; individual characteristics are 
described in Table 1.  Blister mapping with monoclonal antibodies (mAb) against pan 
keratin (CK1) and plectin (HD-121)(not shown) stained exclusively the blister roof, 
whereas mAb against type VII collagen (LH7:2) stained exclusively the blister floor, thus 
providing evidence for a true lamina lucida cleavage plane in all patients. In this study, 
we revealed the presence of two distinct lucidolytic cleavage patterns within JEB 
(Figure 1). Patients with mutations in genes encoding type VII collagen and integrin 
α6β4 have a high lamina lucida cleavage plane, whereas patients with mutations in 
genes encoding laminin-332 have a low lamina lucida cleavage plane. The later 
observation came from the identification of the laminin-332 in the blister roof and floor 
of the blister (Figure 1c). By means of transmission electron imaging we identified the 
exact immunolocalization of the laminin-332 molecules in the blister roof and floor 
(Figure 3 a, b), and showed their consistent co-localization with the integrin α6 subunit, 
a hemidesmosomal component (Figure 2).

Discussion

IFM has established itself as an accurate study method for the establishment of EB 
diagnosis. Consistent with our findings, in a series of EB patients, previous studies 
showed that all junctional cases related to mutations in the gene encoding type XVII 
collagen and integrin β4, IFM established the expression of laminin-332 chains at the 
blister floor. On the other hand, in literature JEB cases resulting from mutations in 
genes encoding laminin-332, the expression of laminin was either absent or identified 
on the floor or the roof of the blister in reduced intensity11,12. The authors speculated 
that these different patterns might be correlated to the different underlying mutation 
in JEB in LAMA3, LAMB3, or LAMC2 genes. To our knowledge, no investigation to asses 
any such correlation has been performed thus far. 

Our study, on the other hand, consistently indicated that the JEB cases with mutated 
laminin-332 protein showed expression of this molecule both in the blister floor and 
blister roof; in certain cases, however, a meticulous finding. It is unclear why this 
‘mirrored’ expression was not described earlier; a possible explanation could be 
related to its subtlety in cases with considerably reduced expression of laminin-332. 
Further, our JEB cases involving mutations in type XVII collagen and integrin α6β4 
expressed laminin-332 exclusively in the blister floor (Figure 1a, b), consistent with the 
literature.  Simplified models of structural organization of epidermal basement 
membrane (EBM) zone in blistering JEB skin are represented schematically in Figure 1 
B, row. These illustrations integrate information derived from IFM performed in our 
study. Subsequently, the question arose, what causes the presence of laminin-332 in 
the blister roof in the JEB cases resulting from laminin-332 mutations? Equally, what is 
the reason laminin-332 is consistently found within the blister floor in the JEB cases 
with either type XVII collagen or integrin α6β4 involvement? 

Laminin-332 is an essential component of the dermal-epidermal junction. Mutations in 
genes encoding its three constituent polypeptide chains abrogate or perturb the 
functions of laminin-332. Through its interactions with integrin α6β4 in the 
hemidesmosomes and α3β in the focal adhesions, laminin-332 links the basal 
keratinocytes to the epidermal basement membrane (EBM) and provide nucleation
sites for self-assembly of these EBM components and their further polymerization13,14. 
In healthy skin, it has been shown that 90% of laminin-332 concentrates immediately 
under the hemidesmosomes, whereas the remainder is distributed along the EBM 
where is believed to promote stable epithelial-stromal attachment by interaction with 
other laminin isoforms15,16.
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We hypothesized that the laminin-332 molecules expressed in the blister roof were 
‘drawn’ out of the EBM by the strength of their connection with the hemidesmosomal 
molecules. The laminin-332 that remained in the blister floor were likely not associated 
with hemidesmosomes and remained connected to other laminin isoforms in the EBM 
and to type VII collagen17. In fact, our immunoelectron microscopy established the 
consistent co-localization of laminin-332 and integrin α6 (hemidesmosomal 
component) in the blister roof (Figure 3a), thus supporting our hypothesis. These 
observations suggest that there is a hierarchy in the connection strength between 
different components of the dermal-epidermal junction. If the hemidesmosomal 
proteins (integrin α6β4 and type XVII collagen) are involved in the pathophysiology of 
EB, hemidesmosomes are rudimentary and few, ensuing insufficient binding strength 
to ‘draw’ laminin-332 molecules to the blister roof. This results in their expression 
exclusively in the blister floor.

The idea that the hemidesmosomal connection is the strongest at the site of the 
dermal-epidermal junction is further supported by the observation that IFM of skin 
biopsy from a JEB patient resulting from integrin α3 (focal adhesion component, Figure 
2) mutations showed staining of laminin-332 in the blister roof and blister floor18. As 
this rare JEB case represents a focal adhesion disorder and hemidesmosomes were no 
affected, we hypothesize that allowed for the ‘drawing’ of laminin-332 to the blister 
roof.  Interestingly, a lethal case of JEB associated with LAMC2 mutations,
heterozygous for a nonsense mutation (p.Q896X) and a splice site mutation (764-10T-
>G)  resulted in reduced production of wild type laminin-332, presence of normal 
hemidesmosomes, and tissue separation both underneath lamina densa and in the 
lamina lucida 19. This case further argues for the high affinity adhesion of 
hemidesmosomal components to laminin-332, exemplifying how mature 
hemidesmosomes are able to exert considerable binding strength.

The only exception in the studied group was a patient (EB 112-01) with ITGB4
mutation, where staining for laminin-332 was noticed in the blister floor and also a few 
points in the blister roof (not shown). Curiously, the EM analysis of the case reveals 
extensive doubling of lamina densa throughout the skin biopsy. The reason for this 
occurrence in this patient is not certain. Repeated repair attempts of the dermal-
epidermal junction might be an explanation. We believe, however, this to be a 
plausible explanation for staining both the floor and the roof when one would expect 
only floor staining. It is important to note that the roof staining was minimal.

Furthermore, when analyzing cleavage patterns in JEB, it is important to note the 
presence of a broadened EBM zone seen in JEB-late onset (JEB-lo) and associated with 

type XVII collagen mutations. The broadened, aberrant structure of the EBM could well 
explain why these cases exhibit staining for laminin-332 both in the floor and the roof 
of the blister 20. Presumably, this is caused by mutated type XVII collagen forming 
abnormal, covalent interactions with laminin-332 21.

Notably, the skin biopsies of JEB patients affected by mutations in type XVII collagen 
showed a strong reduction or absence of apical-lateral staining in the basal (Figure 1e). 
Our group has previously shown that even in heterozygous carriers of COL17A1 
mutations with no clinical abnormalities of skin, nails or hair, reduced apical-lateral 
staining of the basal cells was observed 22. Loss or reduction of apical-lateral staining is 
thus a sensitive finding for mutation in type XVII collagen. In our practice, most (Mab) 
1A8C/1D1 negative patients with a generalized blistering phenotype have residual 
staining with 233 and NCC-Lu-226 antibodies. These monoclonal antibodies bind to all 
three forms of type XVII collagen (180-kDA, 120kDA and 97-kDa) and their expression 
is the last one to disappear. With the aim of analyzing staining patterns, the strongest 
protein expression is desired, thus the monoclonal antibody (Mab) 233 was used for 
the identification of type XVII collagen.  

Taken together, the results allowed for the development of an algorithm for the 
identification of the affected JEB protein based on pattern analysis (Figure 4); this may 
aid in the identification of the candidate gene, especially in cases where more than one 
dermal-epidermal junction component has a reduced expression.

In summary, this investigation showed that the analysis of IFM patterns is a 
straightforward and rapid technique to identify the involved protein in JEB. The 
interpretation of the cleavage pattern can be done in most laboratories performing 
routine immunofluorescence studies. The results can be consequently utilized for 
determining the prognosis for an individual and reduce the costs of genetic mutational 
analysis through easier identification of the candidate genes, especially in countries 
were genetic skin panels are not yet available. In addition, current study provides an 
insight in the ultrastructural topography of blister formation in JEB skin.
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‘drawn’ out of the EBM by the strength of their connection with the hemidesmosomal 
molecules. The laminin-332 that remained in the blister floor were likely not associated 
with hemidesmosomes and remained connected to other laminin isoforms in the EBM 
and to type VII collagen17. In fact, our immunoelectron microscopy established the 
consistent co-localization of laminin-332 and integrin α6 (hemidesmosomal 
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observations suggest that there is a hierarchy in the connection strength between 
different components of the dermal-epidermal junction. If the hemidesmosomal 
proteins (integrin α6β4 and type XVII collagen) are involved in the pathophysiology of 
EB, hemidesmosomes are rudimentary and few, ensuing insufficient binding strength 
to ‘draw’ laminin-332 molecules to the blister roof. This results in their expression 
exclusively in the blister floor.

The idea that the hemidesmosomal connection is the strongest at the site of the 
dermal-epidermal junction is further supported by the observation that IFM of skin 
biopsy from a JEB patient resulting from integrin α3 (focal adhesion component, Figure 
2) mutations showed staining of laminin-332 in the blister roof and blister floor18. As 
this rare JEB case represents a focal adhesion disorder and hemidesmosomes were no 
affected, we hypothesize that allowed for the ‘drawing’ of laminin-332 to the blister 
roof.  Interestingly, a lethal case of JEB associated with LAMC2 mutations,
heterozygous for a nonsense mutation (p.Q896X) and a splice site mutation (764-10T-
>G)  resulted in reduced production of wild type laminin-332, presence of normal 
hemidesmosomes, and tissue separation both underneath lamina densa and in the 
lamina lucida 19. This case further argues for the high affinity adhesion of 
hemidesmosomal components to laminin-332, exemplifying how mature 
hemidesmosomes are able to exert considerable binding strength.

The only exception in the studied group was a patient (EB 112-01) with ITGB4
mutation, where staining for laminin-332 was noticed in the blister floor and also a few 
points in the blister roof (not shown). Curiously, the EM analysis of the case reveals 
extensive doubling of lamina densa throughout the skin biopsy. The reason for this 
occurrence in this patient is not certain. Repeated repair attempts of the dermal-
epidermal junction might be an explanation. We believe, however, this to be a 
plausible explanation for staining both the floor and the roof when one would expect 
only floor staining. It is important to note that the roof staining was minimal.

Furthermore, when analyzing cleavage patterns in JEB, it is important to note the 
presence of a broadened EBM zone seen in JEB-late onset (JEB-lo) and associated with 

type XVII collagen mutations. The broadened, aberrant structure of the EBM could well 
explain why these cases exhibit staining for laminin-332 both in the floor and the roof 
of the blister 20. Presumably, this is caused by mutated type XVII collagen forming 
abnormal, covalent interactions with laminin-332 21.

Notably, the skin biopsies of JEB patients affected by mutations in type XVII collagen 
showed a strong reduction or absence of apical-lateral staining in the basal (Figure 1e). 
Our group has previously shown that even in heterozygous carriers of COL17A1 
mutations with no clinical abnormalities of skin, nails or hair, reduced apical-lateral 
staining of the basal cells was observed 22. Loss or reduction of apical-lateral staining is 
thus a sensitive finding for mutation in type XVII collagen. In our practice, most (Mab) 
1A8C/1D1 negative patients with a generalized blistering phenotype have residual 
staining with 233 and NCC-Lu-226 antibodies. These monoclonal antibodies bind to all 
three forms of type XVII collagen (180-kDA, 120kDA and 97-kDa) and their expression 
is the last one to disappear. With the aim of analyzing staining patterns, the strongest 
protein expression is desired, thus the monoclonal antibody (Mab) 233 was used for 
the identification of type XVII collagen.  

Taken together, the results allowed for the development of an algorithm for the 
identification of the affected JEB protein based on pattern analysis (Figure 4); this may 
aid in the identification of the candidate gene, especially in cases where more than one 
dermal-epidermal junction component has a reduced expression.

In summary, this investigation showed that the analysis of IFM patterns is a 
straightforward and rapid technique to identify the involved protein in JEB. The 
interpretation of the cleavage pattern can be done in most laboratories performing 
routine immunofluorescence studies. The results can be consequently utilized for 
determining the prognosis for an individual and reduce the costs of genetic mutational 
analysis through easier identification of the candidate genes, especially in countries 
were genetic skin panels are not yet available. In addition, current study provides an 
insight in the ultrastructural topography of blister formation in JEB skin.
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Figure 1. Lucidolytic cleavage (asterisk) patterns in junctional epidermolysis bullosa 
(JEB). (A) Indirect immunofluorescence staining of JEB blistering skin and control. In 
patients with affected type XVII collagen(a) or integrin α6β4 (b) the staining for laminin-
332 is located exclusively in the blister floor, the cleavage plane is therefore high 
lucidolytic. JEB patients with mutations affecting laminin-332 (c), express laminin-332 
both in the blister roof and floor, thus suggesting a low lucidolytic cleavage plane. The 
apical-lateral staining for type XVII collagen is absent in patients with COL17A1 
mutations (e) compared to normal in JEB patients with mutations affecting integrin 
α6β4 (f) or laminin-332 (g). (B) Schematic representation of cleavage plane in JEB and 
distribution of involved targeted proteins.136 - 7
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Figure 2. Schematic representation of the main adhesion complexes at the site of 
dermal-epidermal junction. 

Figure 3. Immunoelectron microscopy showing the mirrored expression of laminin-
332 in blistering skin biopsy of a JEB patient affected by mutations involving 
laminin-332.
The larger dots represent integrin α6 molecules (Alexa Fluor 488 FluoroNanogold 
conjugated goat-anti rat IgG), whereas the agglomeration of smaller dots represent 
the β3 chain of laminin-332 molecules (gold conjugated goat-anti-mouse IgG/ biotin/ 
streptavidin/ Qdot655). Consistent co-localization of laminin-332 and integrin α6 is 
noted through the blister roof (a). Laminin-332 in the blister floor (b).
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dermal-epidermal junction. 

Figure 3. Immunoelectron microscopy showing the mirrored expression of laminin-
332 in blistering skin biopsy of a JEB patient affected by mutations involving 
laminin-332.
The larger dots represent integrin α6 molecules (Alexa Fluor 488 FluoroNanogold 
conjugated goat-anti rat IgG), whereas the agglomeration of smaller dots represent 
the β3 chain of laminin-332 molecules (gold conjugated goat-anti-mouse IgG/ biotin/ 
streptavidin/ Qdot655). Consistent co-localization of laminin-332 and integrin α6 is 
noted through the blister roof (a). Laminin-332 in the blister floor (b).
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Figure 4. Algorithm for the identification of the affected protein in JEB blistering skin, 
based on immunofluorescence pattern analysis.
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Figure 4. Algorithm for the identification of the affected protein in JEB blistering skin, 
based on immunofluorescence pattern analysis.
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The main focus of this thesis was the identification of the underlying genetic mutation 
and phenotype characterization of our ‘cold case’ epidermolysis bullosa (EB) patients 
from the Dutch National EB Registry. These patients were diagnosed and treated at the 
Department of Dermatology in Groningen, which is also the national referral centre for 
blistering diseases, both acquired and inherited, in The Netherlands. The investigation 
gave us an insight into several rare remarkable phenotypes resulting from mutations 
in genes, some of which not until recently were identified as involved in the 
pathophysiology of EB. 

In chapter 2 we present a scientific review on blistering diseases related to the dermal-
epidermal junction thus providing a deeper understanding of the proteins involved in 
EB. Since the publication of the review, two genes, KLHL24 and CD151 have been widely 
accepted for inclusion as EB candidate genes following a series of reports in the 
literature.1-5 Of note, CD151, was identified after the application of targeted next 
generation sequencing gene panel test following unfruitful Sanger sequencing of the 
candidate gene suggested by the clinical phenotype 5. Interestingly, this has also been 
the approach that led to the identification of the gene mutations in the cases from our 
thesis and underscores the role of specifically designed next generation sequencing 
gene panel tests in the establishment of the genetic background of atypical and/or rare 
EB phenotypes. In the meanwhile, whole exome sequencing with the application with 
specific filters has taken the place of specifically designed next generation sequencing 
gene panel tests and will play an increased role in the molecular genetic analysis. The 
discovery of rare genetic mutations is accelerating. High- throughput DNA sequencing 
technologies provide unparalleled opportunities to discover new genes and variants 
underlying human disease.  These findings must, however, rigorously be assed for 
evidence of implication. Clear guidelines for distinguishing disease-causing sequence 
variants from various potentially functional variants present in any human genome are 
certainly needed, otherwise there is a potential for false-positive publications of 
causality. This would impair the translation of genetic analysis results into the clinical 
findings and impede the understanding of disease pathophysiology. An excellent 
perspective on this issue was published by MacArthur et al. in Nature 6. In this thesis, 
the challenge of reliably investigating the role of sequence variants was encountered 
in chapter 3 where we illustrated a family in which heterozygosity for a novel missense 
mutation in the ITGB4 gene resulted in an autosomal dominant epidermolysis bullosa. 
This represents, to our knowledge, the first dominant phenotype associated with a 
ITGB4 mutation. Bellow we outline in a point by point fashion the combined clinical, 
genetic and bioinformatical support for the pathogenicity of the reported mutation. 

Consistent segregation of the mutation in all affected individuals.

Iinvolvement of the external auditory canal, lacrimal duct, and urinary tract, 
as well as delayed wound healing, and granulation tissue formation in the 
larynx in some affected individuals, consistent with junctional EB.

Novel mutation, not found in the Genome of the Netherlands, 7, 1000 
genomes, or the ExAc Browser databases and, to our knowledge, was not 
earlier described in the literature. 

The pathogenicity prediction software tool Alamut (version 2.0, Interactive 
Biosoftware), classifies the missense mutation as probably pathogenic.
Exclusion of other EB genes and genes implicated in pachyonychia congenita 
(KRT6A, KRT6B, KRT6C, KRT16, and KRT17) through our targeted next 
generation sequencing gene panel test.

The c.433G>T, p.Asp145Tyr mutation is non-synonymous and changes the 
acidic side chained aspartate to hydroxyl side-chained tyrosine.

Mutation is located in the von Willebrand factor type A domain (VWFA 
domain) of β4 integrin, a domain where most missense ITGB4 mutations 
reside and known to be implicated in a variety of important cellular functions: 
basement membrane formation, cell migration, ligand binding, and signaling.  
8,9
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The main focus of this thesis was the identification of the underlying genetic mutation 
and phenotype characterization of our ‘cold case’ epidermolysis bullosa (EB) patients 
from the Dutch National EB Registry. These patients were diagnosed and treated at the 
Department of Dermatology in Groningen, which is also the national referral centre for 
blistering diseases, both acquired and inherited, in The Netherlands. The investigation 
gave us an insight into several rare remarkable phenotypes resulting from mutations 
in genes, some of which not until recently were identified as involved in the 
pathophysiology of EB. 

In chapter 2 we present a scientific review on blistering diseases related to the dermal-
epidermal junction thus providing a deeper understanding of the proteins involved in 
EB. Since the publication of the review, two genes, KLHL24 and CD151 have been widely 
accepted for inclusion as EB candidate genes following a series of reports in the 
literature.1-5 Of note, CD151, was identified after the application of targeted next 
generation sequencing gene panel test following unfruitful Sanger sequencing of the 
candidate gene suggested by the clinical phenotype 5. Interestingly, this has also been 
the approach that led to the identification of the gene mutations in the cases from our 
thesis and underscores the role of specifically designed next generation sequencing 
gene panel tests in the establishment of the genetic background of atypical and/or rare 
EB phenotypes. In the meanwhile, whole exome sequencing with the application with 
specific filters has taken the place of specifically designed next generation sequencing 
gene panel tests and will play an increased role in the molecular genetic analysis. The 
discovery of rare genetic mutations is accelerating. High- throughput DNA sequencing 
technologies provide unparalleled opportunities to discover new genes and variants 
underlying human disease.  These findings must, however, rigorously be assed for 
evidence of implication. Clear guidelines for distinguishing disease-causing sequence 
variants from various potentially functional variants present in any human genome are 
certainly needed, otherwise there is a potential for false-positive publications of 
causality. This would impair the translation of genetic analysis results into the clinical 
findings and impede the understanding of disease pathophysiology. An excellent 
perspective on this issue was published by MacArthur et al. in Nature 6. In this thesis, 
the challenge of reliably investigating the role of sequence variants was encountered 
in chapter 3 where we illustrated a family in which heterozygosity for a novel missense 
mutation in the ITGB4 gene resulted in an autosomal dominant epidermolysis bullosa. 
This represents, to our knowledge, the first dominant phenotype associated with a 
ITGB4 mutation. Bellow we outline in a point by point fashion the combined clinical, 
genetic and bioinformatical support for the pathogenicity of the reported mutation. 

Consistent segregation of the mutation in all affected individuals.

Iinvolvement of the external auditory canal, lacrimal duct, and urinary tract, 
as well as delayed wound healing, and granulation tissue formation in the 
larynx in some affected individuals, consistent with junctional EB.

Novel mutation, not found in the Genome of the Netherlands, 7, 1000 
genomes, or the ExAc Browser databases and, to our knowledge, was not 
earlier described in the literature. 

The pathogenicity prediction software tool Alamut (version 2.0, Interactive 
Biosoftware), classifies the missense mutation as probably pathogenic.
Exclusion of other EB genes and genes implicated in pachyonychia congenita 
(KRT6A, KRT6B, KRT6C, KRT16, and KRT17) through our targeted next 
generation sequencing gene panel test.

The c.433G>T, p.Asp145Tyr mutation is non-synonymous and changes the 
acidic side chained aspartate to hydroxyl side-chained tyrosine.

Mutation is located in the von Willebrand factor type A domain (VWFA 
domain) of β4 integrin, a domain where most missense ITGB4 mutations 
reside and known to be implicated in a variety of important cellular functions: 
basement membrane formation, cell migration, ligand binding, and signaling.  
8,9
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Figure 1. All known ITGB4 missense mutations involved in epidermolysis bullosa (EB) 
are indicated above the schematic polypeptide with evident clustering within the Von 
Willebrand factor type A (VWFA) domain. The heterozygous p.Asp145Tyr substitution 
reported herein is shown in red below the schematic structure.

Combination of normal and hypoplastic hemidesmosomes noted in EM 
studies; α6β4 integrin is essential for the assembly of hemidesmosomes. 10

Affected protein region is highly conserved among species and also between 
different β integrin subunits. Analog protein region Asp-Asp-Leu (DDL), (where 
Asp145 is the middle residue) in β3 integrin represents the contact domain for 
the Arg-Gly-Asp (RGD)-containing integrin ligands.11

Figure 2. A, Conservation of β4-integrin residue Asp145 (D letter code) between species. 
B, Alignment of β-integrin subunits sequences shows evident conservation (except β8-
integrin) of DDL peptide sequence (boxed area).

In eukaryotic cells, phosphorylation usually occurs on serine, threonine, and 
tyrosine residues. 12 The p. Asp145Tyr substitution may create a novel 
phosphorylation site in the extracellular domain of β4-integrin and modify its 
function.

Other examples of dominant phenotypes involving specific site mutations 
have been seen in EBS-Ogna (PLEC) and EBS with mottled pigmentation (KRT5
and KRT14) 

The association of the p. Asp145Tyr mutation and the respective clinical phenotype in 
a novel pedigree would provide further evidence for pathogenicity. Interestingly, 
considering the dominant manner of segregation in all affected family members, the 
easiest way to invalidate pathogenicity would be if there will be a new born affected 
family member without the mutation or carrier mutation status in a non-affected 
individual. As Albert Einstein famously quoted, “No amount of experimentation can 
ever prove me right; a single experiment can prove me wrong”.
As these data represent indirect proof, ultimately, the predicted damaging impact of 
the c.433G>T substitution in the ITGB4 gene resulting in p. Asp145Tyr should be 
validated experimentally using well-established models of gene function. Experimental 
data obtained from animal studies are sometimes used to recapitulate the phenomena 
underlying human pathology. Nevertheless, financial, technological and time 
limitations impede the development of an animal model for each genetic variation. It 
is, therefore, conceivable that a rare genetic variant associated with a mild phenotype 
would raise the question of costs and benefits. Also, the biological mechanisms 
observed in an animal model do not always accurately represent the mechanistic 
pathway(s) present in humans. Certainly, if abnormal function is observed, the 
association is strengthened. A negative result, however, does not disprove 
pathogenicity. In vitro studies could also be employed as experimental confirmations 
of pathogenicity in skin tissue. Just as in case of in vivo studies, it is not always possible 
to implement these investigations to characterize each identified genetic variation. 
Also, in vitro functional data does not always reflect in vivo biology. This phenomenon 
is due to the fact that in vitro studies are done in designed models that do not 
incorporate all the necessary biological partners that modify the final phenotype. 

In chapter 4 we describe an EBS case with remarkable Mottled Pigmentation (MP) 
phenotype in association with autosomal recessive EXPH5 mutations.  EXPH5 encoding 
exophilin-5 (also known as Slac2-b, an effector protein involved in intracellular vesicle 
trafficking and exosome secretion) has only recently been implicated in the 
pathophysiology of EB. We illustrate a clinically well-documented, mottled 
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Figure 1. All known ITGB4 missense mutations involved in epidermolysis bullosa (EB) 
are indicated above the schematic polypeptide with evident clustering within the Von 
Willebrand factor type A (VWFA) domain. The heterozygous p.Asp145Tyr substitution 
reported herein is shown in red below the schematic structure.

Combination of normal and hypoplastic hemidesmosomes noted in EM 
studies; α6β4 integrin is essential for the assembly of hemidesmosomes. 10

Affected protein region is highly conserved among species and also between 
different β integrin subunits. Analog protein region Asp-Asp-Leu (DDL), (where 
Asp145 is the middle residue) in β3 integrin represents the contact domain for 
the Arg-Gly-Asp (RGD)-containing integrin ligands.11

Figure 2. A, Conservation of β4-integrin residue Asp145 (D letter code) between species. 
B, Alignment of β-integrin subunits sequences shows evident conservation (except β8-
integrin) of DDL peptide sequence (boxed area).

In eukaryotic cells, phosphorylation usually occurs on serine, threonine, and 
tyrosine residues. 12 The p. Asp145Tyr substitution may create a novel 
phosphorylation site in the extracellular domain of β4-integrin and modify its 
function.

Other examples of dominant phenotypes involving specific site mutations 
have been seen in EBS-Ogna (PLEC) and EBS with mottled pigmentation (KRT5
and KRT14) 

The association of the p. Asp145Tyr mutation and the respective clinical phenotype in 
a novel pedigree would provide further evidence for pathogenicity. Interestingly, 
considering the dominant manner of segregation in all affected family members, the 
easiest way to invalidate pathogenicity would be if there will be a new born affected 
family member without the mutation or carrier mutation status in a non-affected 
individual. As Albert Einstein famously quoted, “No amount of experimentation can 
ever prove me right; a single experiment can prove me wrong”.
As these data represent indirect proof, ultimately, the predicted damaging impact of 
the c.433G>T substitution in the ITGB4 gene resulting in p. Asp145Tyr should be 
validated experimentally using well-established models of gene function. Experimental 
data obtained from animal studies are sometimes used to recapitulate the phenomena 
underlying human pathology. Nevertheless, financial, technological and time 
limitations impede the development of an animal model for each genetic variation. It 
is, therefore, conceivable that a rare genetic variant associated with a mild phenotype 
would raise the question of costs and benefits. Also, the biological mechanisms 
observed in an animal model do not always accurately represent the mechanistic 
pathway(s) present in humans. Certainly, if abnormal function is observed, the 
association is strengthened. A negative result, however, does not disprove 
pathogenicity. In vitro studies could also be employed as experimental confirmations 
of pathogenicity in skin tissue. Just as in case of in vivo studies, it is not always possible 
to implement these investigations to characterize each identified genetic variation. 
Also, in vitro functional data does not always reflect in vivo biology. This phenomenon 
is due to the fact that in vitro studies are done in designed models that do not 
incorporate all the necessary biological partners that modify the final phenotype. 

In chapter 4 we describe an EBS case with remarkable Mottled Pigmentation (MP) 
phenotype in association with autosomal recessive EXPH5 mutations.  EXPH5 encoding 
exophilin-5 (also known as Slac2-b, an effector protein involved in intracellular vesicle 
trafficking and exosome secretion) has only recently been implicated in the 
pathophysiology of EB. We illustrate a clinically well-documented, mottled 
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pigmentation phenotype related to a novel EXPH5 mutation. The only previous 
mention of pigmentary changes in EBS associated with EXPH5 mutations was in the 
original article of McGrath et al. 13 which described subtle diffuse pigmentary skin 
mottling, similar (but less marked) to the pigment changes seen in Griscelli syndrome
(GS). The absence of photo documentation of the pigmentary changes does not allow 
for comparison with the MP phenotype in our patient. Given that in GS there is a 
pigmentary dilution in skin and hair, 14 we find the pigmentation abnormality in our 
patient to be phenotypically different from those in GS.  Considering the novelty of the 
phenotype, we outline the arguments that support indirectly the association between 
EXPH5 mutations and the mottled pigmentation phenotype.

Our patient is one of the oldest reported in the literature, which possibly 
allowed for the characterization of the pigmentary changes, a late onset 
feature, which started developing at 10 years of age.

Mottled pigmentation segregates with the recessive EB phenotype: her 
parents, two brothers and one sister do not have mottled pigmentation.

Skin mottling, mentioned in the original article implicating EXPH5 mutations 
in EB pathophysiology might, in fact, have resembled the mottled 
pigmentation in our patient.

The possibility of EBS-MP was excluded through our extended EB gene panel 
test as no mutations in KRT5 and KRT14 were found.

The level of cleavage plane, as well as the electron microscopy findings were 
consistent with previously reported cases of EBS resulting from EXPH5 
mutations.

Ultrastructural examination of our patient’s skin revealed an accumulation of mature 
melanosomes in the keratinocytes, thus providing evidence for successful transfer 
from melanocytes to the keratinocytes. The melanosomes showed, however, a 
disseminated distribution throughout the cell, and not predominantly supranuclear.  
We also noted a disruption of keratin filament network and keratin filament 
aggregation in basal to some extent suprabasal layer.  Such finding was also reported 
by McGrath et al13 in keratinocytes from an affected individual, but also in those with 
Slac2-b knockdown. This underscores the role of Slac2-b in the maintenance of keratin 
filament network integrity. The question arises whether disruption in keratin filament 
network is related to the mottled pigmentation in our patient?  Keratins have certainly 
been previously implicated in pigmentary abnormalities when:

Melanosomes and mitochondria showed an accumulation and aberrant 
distribution in keratinocytes of patients with EBS-MP resulting from KRT5 and 
KRT14 mutations. 15

Haploinsufficiency of KRT5 responsible for Dowling-Degos disease (DDD) 
affected melanosomes distribution in keratinocytes and led to reticulate 
hyperpigmentation. 16

Autosomal dominant genodermatoses Naegelli-Franceschetti-Jadasson 
syndrome (NFJS) and dermatopathia pigmentosa reticularis (DPR) are 
associated with pigmentary disturbances and mutations predicted to cause 
KRT14 haploinsufficiency. 17

A disturbed keratin 14 filament network in autosomal dominant EB simplex 
due to KLHL24 is accompanied by hyper- and hypopigmentation 4 and (V. 
Yenamandra, personal communication).

The next question would be: How do EXPH5 mutations lead to keratin filament network 
alteration? Very little is known about slac2-b and its previously investigated function 
in exosome traffic does not provide yet clear answers. One of the first steps would be 
to identify interaction partners for slac2-b and study their role in controlling 
keratinocyte behavior and function.  We could start with an in silico analysis for binding 
domains and perform an unbiased screen to identify novel binding partners depending 
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pigmentation phenotype related to a novel EXPH5 mutation. The only previous 
mention of pigmentary changes in EBS associated with EXPH5 mutations was in the 
original article of McGrath et al. 13 which described subtle diffuse pigmentary skin 
mottling, similar (but less marked) to the pigment changes seen in Griscelli syndrome
(GS). The absence of photo documentation of the pigmentary changes does not allow 
for comparison with the MP phenotype in our patient. Given that in GS there is a 
pigmentary dilution in skin and hair, 14 we find the pigmentation abnormality in our 
patient to be phenotypically different from those in GS.  Considering the novelty of the 
phenotype, we outline the arguments that support indirectly the association between 
EXPH5 mutations and the mottled pigmentation phenotype.

Our patient is one of the oldest reported in the literature, which possibly 
allowed for the characterization of the pigmentary changes, a late onset 
feature, which started developing at 10 years of age.

Mottled pigmentation segregates with the recessive EB phenotype: her 
parents, two brothers and one sister do not have mottled pigmentation.

Skin mottling, mentioned in the original article implicating EXPH5 mutations 
in EB pathophysiology might, in fact, have resembled the mottled 
pigmentation in our patient.

The possibility of EBS-MP was excluded through our extended EB gene panel 
test as no mutations in KRT5 and KRT14 were found.

The level of cleavage plane, as well as the electron microscopy findings were 
consistent with previously reported cases of EBS resulting from EXPH5 
mutations.

Ultrastructural examination of our patient’s skin revealed an accumulation of mature 
melanosomes in the keratinocytes, thus providing evidence for successful transfer 
from melanocytes to the keratinocytes. The melanosomes showed, however, a 
disseminated distribution throughout the cell, and not predominantly supranuclear.  
We also noted a disruption of keratin filament network and keratin filament 
aggregation in basal to some extent suprabasal layer.  Such finding was also reported 
by McGrath et al13 in keratinocytes from an affected individual, but also in those with 
Slac2-b knockdown. This underscores the role of Slac2-b in the maintenance of keratin 
filament network integrity. The question arises whether disruption in keratin filament 
network is related to the mottled pigmentation in our patient?  Keratins have certainly 
been previously implicated in pigmentary abnormalities when:

Melanosomes and mitochondria showed an accumulation and aberrant 
distribution in keratinocytes of patients with EBS-MP resulting from KRT5 and 
KRT14 mutations. 15

Haploinsufficiency of KRT5 responsible for Dowling-Degos disease (DDD) 
affected melanosomes distribution in keratinocytes and led to reticulate 
hyperpigmentation. 16

Autosomal dominant genodermatoses Naegelli-Franceschetti-Jadasson 
syndrome (NFJS) and dermatopathia pigmentosa reticularis (DPR) are 
associated with pigmentary disturbances and mutations predicted to cause 
KRT14 haploinsufficiency. 17

A disturbed keratin 14 filament network in autosomal dominant EB simplex 
due to KLHL24 is accompanied by hyper- and hypopigmentation 4 and (V. 
Yenamandra, personal communication).

The next question would be: How do EXPH5 mutations lead to keratin filament network 
alteration? Very little is known about slac2-b and its previously investigated function 
in exosome traffic does not provide yet clear answers. One of the first steps would be 
to identify interaction partners for slac2-b and study their role in controlling 
keratinocyte behavior and function.  We could start with an in silico analysis for binding 
domains and perform an unbiased screen to identify novel binding partners depending 
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on the presence of a binding motif. Then peptides mimicking the binding motif would 
be incubated with lysates from human keratinocytes. Bound protein will be separated 
by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS PAGE) and the 
resolved bands containing binding partners would be sequenced by mass 
spectrometry. Next, the co-localization of novel binding partners and slac2-b would be 
analyzed using confocal microscopy.
As a side note in relation to the mottled pigmentation phenomenon in EBS-MP (KRT5): 
Bchetnia et al. 18 screened for candidate genes that may contribute to the pathogenesis 
of EBS-MP by comparing gene expression profile in EBS-MP and healthy volunteers 
using microarray analysis. The most remarkable difference, with suggestive connection 
to the skin mottled pigmentation, is a two-fold increase in tyrosine (TYR) gene 
expression level in EBS-MP skin tissue compared to controls. TYR is known as the major 
enzyme of melanin biosynthesis. The authors hypothesize that the higher expression 
of TYR in the microarray data could explain the observed ultrastructural features of 
EBS-MP phenotype including the accumulation of mature melanosomes in basal 
keratinocytes. 18 This insight raises the query whether TYR gene expression is also 
altered in EBS cases resulting from EXPH5 mutations with mottled pigmentation.

Chapter 5 reports another rare EB phenotype (generalized intermediate with prurigo 
papules) caused by DST mutations. To our knowledge, this is the first case in the 
literature with such an extent of skin involvement related to DST mutations.  The 
results of the mutation analysis, immunofluorescence and immunoblot studies 
implicate mutations in the DST gene, encoding the hemidesmosomal component 
BPAG1-e, as etiology of EBS in our patient.  The identified homozygous c.6559 C>T, 
p.Gln2187* mutation causes a distal truncation of the BPAG1-e protein.  We 
considered the following arguments when assessing the association between the 
generalized intermediate with prurigo papules phenotype and the identified DST
mutations:

An affected sister with reportedly similar clinical phenotype.

Exclusion of an autoimmune bullous disease and other differential diagnoses.

Exclusion of other EB genes, including COL7A1, through our next generation 
sequencing gene panel test.

Novel homozygous nonsense mutation not found in the Genome of the 
Netherlands 7,  1000 genomes, or the ExAc Browser databases and, to our 
knowledge, not earlier described in the literature.

Mutation identified at novel site, in the last exon 24 of the epidermal isoform 
of DST. Previously reported homozygous nonsense mutations were all located 
in exon 23 and led to absence of BPAG1-e protein.
Truncated BPAG1-e protein with a still present immunodominant region (red 
square) that has been implicated in the pathophysiology of bullous 
pemphigoid, a disorder inherently associated with tense blisters and severe 
pruritus. 19

Figure 3. Schematic representation of the BPAG1-e protein where the previously 
reported DST mutations are indicated above the schematic protein structure with grey 
arrows. The homozygous p. Gln2187* mutation is located in the intermediate filament 
binding domain (IFBD) and indicated with a red arrow. The immunodominant region is 
indicated by the red square.

Of note, in relation to the association between a BPAG1-e peptide and inflammation, 
Hall et al.20 reported that rabbits immunized with a peptide encoded by the 230-kD 
bullous pemphigoid antigen cDNA develop an enhanced inflammatory response after 
epithelial injury. This raises the question whether exposure to a C-terminus truncated 
BPAG1-e molecule might promote an inflammatory response against remaining 
epitopes and elicit pruritus in the host.

In chapter 6 we present a Dutch pedigree with a surprising combination of two novel 
nonsense DST mutations and a heterozygous PLEC mutation. The findings imply that 
EBS caused by DST mutations is a dominantly inherited condition of reduced 
penetrance; PLEC haploinsufficiency may be a genetic determinant for penetrance and 
suggest that PLEC might function as a genetic modifier for DST. Through our next 
generation sequencing gene panel test we identified novel homozygous nonsense 
mutation (c. 4978delG; p.Val1660*) in exon 23 of the DST gene (Figure 4, red m). Sanger 
sequencing of genomic DNA confirmed the presence of this mutation in the index 
patient and the heterozygous status in all three sons. In the middle son, an additional 
heterozygous DST nonsense mutation (c.6298C>T; p.Gln2100*) was identified (Figure 
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on the presence of a binding motif. Then peptides mimicking the binding motif would 
be incubated with lysates from human keratinocytes. Bound protein will be separated 
by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS PAGE) and the 
resolved bands containing binding partners would be sequenced by mass 
spectrometry. Next, the co-localization of novel binding partners and slac2-b would be 
analyzed using confocal microscopy.
As a side note in relation to the mottled pigmentation phenomenon in EBS-MP (KRT5): 
Bchetnia et al. 18 screened for candidate genes that may contribute to the pathogenesis 
of EBS-MP by comparing gene expression profile in EBS-MP and healthy volunteers 
using microarray analysis. The most remarkable difference, with suggestive connection 
to the skin mottled pigmentation, is a two-fold increase in tyrosine (TYR) gene 
expression level in EBS-MP skin tissue compared to controls. TYR is known as the major 
enzyme of melanin biosynthesis. The authors hypothesize that the higher expression 
of TYR in the microarray data could explain the observed ultrastructural features of 
EBS-MP phenotype including the accumulation of mature melanosomes in basal 
keratinocytes. 18 This insight raises the query whether TYR gene expression is also 
altered in EBS cases resulting from EXPH5 mutations with mottled pigmentation.

Chapter 5 reports another rare EB phenotype (generalized intermediate with prurigo 
papules) caused by DST mutations. To our knowledge, this is the first case in the 
literature with such an extent of skin involvement related to DST mutations.  The 
results of the mutation analysis, immunofluorescence and immunoblot studies 
implicate mutations in the DST gene, encoding the hemidesmosomal component 
BPAG1-e, as etiology of EBS in our patient.  The identified homozygous c.6559 C>T, 
p.Gln2187* mutation causes a distal truncation of the BPAG1-e protein.  We 
considered the following arguments when assessing the association between the 
generalized intermediate with prurigo papules phenotype and the identified DST
mutations:

An affected sister with reportedly similar clinical phenotype.

Exclusion of an autoimmune bullous disease and other differential diagnoses.

Exclusion of other EB genes, including COL7A1, through our next generation 
sequencing gene panel test.

Novel homozygous nonsense mutation not found in the Genome of the 
Netherlands 7,  1000 genomes, or the ExAc Browser databases and, to our 
knowledge, not earlier described in the literature.

Mutation identified at novel site, in the last exon 24 of the epidermal isoform 
of DST. Previously reported homozygous nonsense mutations were all located 
in exon 23 and led to absence of BPAG1-e protein.
Truncated BPAG1-e protein with a still present immunodominant region (red 
square) that has been implicated in the pathophysiology of bullous 
pemphigoid, a disorder inherently associated with tense blisters and severe 
pruritus. 19

Figure 3. Schematic representation of the BPAG1-e protein where the previously 
reported DST mutations are indicated above the schematic protein structure with grey 
arrows. The homozygous p. Gln2187* mutation is located in the intermediate filament 
binding domain (IFBD) and indicated with a red arrow. The immunodominant region is 
indicated by the red square.

Of note, in relation to the association between a BPAG1-e peptide and inflammation, 
Hall et al.20 reported that rabbits immunized with a peptide encoded by the 230-kD 
bullous pemphigoid antigen cDNA develop an enhanced inflammatory response after 
epithelial injury. This raises the question whether exposure to a C-terminus truncated 
BPAG1-e molecule might promote an inflammatory response against remaining 
epitopes and elicit pruritus in the host.

In chapter 6 we present a Dutch pedigree with a surprising combination of two novel 
nonsense DST mutations and a heterozygous PLEC mutation. The findings imply that 
EBS caused by DST mutations is a dominantly inherited condition of reduced 
penetrance; PLEC haploinsufficiency may be a genetic determinant for penetrance and 
suggest that PLEC might function as a genetic modifier for DST. Through our next 
generation sequencing gene panel test we identified novel homozygous nonsense 
mutation (c. 4978delG; p.Val1660*) in exon 23 of the DST gene (Figure 4, red m). Sanger 
sequencing of genomic DNA confirmed the presence of this mutation in the index 
patient and the heterozygous status in all three sons. In the middle son, an additional 
heterozygous DST nonsense mutation (c.6298C>T; p.Gln2100*) was identified (Figure 
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4, blue m). Also, a heterozygous nonsense mutation c.6292C>T, p.Gln2098* in exon 31 
of PLEC gene was found in the index patient and her youngest two sons (Figure 4, green 
m).  

Figure 4. Clinical pedigree and the unique genetic constellation of various family 
members.

Following we highlight the arguments that led to the hypothesis that EBS resulting from 
DST mutations is a skin fragility disorder of variable heritability.

Variation in the severity of the skin phenotype is contingent to the biallelic or 
heterozygous status for a particular pathogenic DST mutation; the index 
patient and her middle son (III:2) had the most severe phenotype, her
youngest son (III:3) a milder but a continuously present phenotype, and her 
oldest son (III:1) only a mild, transient phenotype. 

The heterozygous status for c. 4978delG; p.Val1660* DST mutation  (Figure 4, 
red m) led to an, albeit transient, clinical phenotype while the heterozygous 
status for c.6298C>T; p.Gln2100* DST mutation (Figure 4, blue m) did not 
result in a phenotype.

Presence of PLEC haploinsufficiency influences phenotype severity and might 
explain the difference between a continuously present phenotype in the 
youngest son and a transient phenotype in the oldest son. In relation to our 

study, the question arises whether the change in the amount of plectin might 
have a modifying role in conjunction with the DST mutation. Of note, the 
immunoblot staining against the rod domain of plectin was reduced in both 
the index patient and the middle son.

BPAG1-e binds specifically to keratin filaments, and in conjunction with 
plectin, tethers them to hemidesmosomes (Kunzli et al, 2016, Michael et al, 
2014). The DST mutations are expected thus to affect BPAG1-e’s ability to bind 
IF proteins. In a previously reported EBS case caused by DST mutations21, the 
staining of plectin was brighter along the EMBZ. This resulted from an 
increased plectin expression which was quantified in keratinocytes to be 250% 
of control in a Western blot. Such observations underline the functional 
interplay between plectin and BPAG1-e and suggest that plectin may play the 
role of a genetic modifier for BPAG1-e.

Considering the presence of a disease phenotype in a monoallelic disease form in the 
oldest and youngest son, in conjunction with previously reported pedigrees (a Kuwaiti 
father who was heterozygous for the a nonsense mutation p.Gln1124* in DST with 
transient blistering in childhood 22; an Iranian pedigree with two children with 
heterozygous status and mild skin blistering, less severe than their parent who was 
homozygous for the p.Arg1249* mutation in DST23), the term EBS- autosomal recessive 
is not accurate, as it implies the necessity of biallelic mutations for the development of 
a disease phenotype. 

With the evolution of next generation sequencing techniques, the main focus is placed 
on molecular diagnosis instead of fluorescence antigen mapping on patient’s skin 
biopsies. Even though a simple blood test can provide an EB diagnosis in many cases, a 
skin biopsy still remains useful as it may offer the quickest answers and suggest 
candidate genes. Analyzing protein expression and the level of cleavage formation can 
have important prognostic function in genetic counseling. Finally, the value of skin 
biopsies is underscored in dermatological research where, for example, in chapter 5 an 
overexpression of plectin in the EB resulting DST mutations skin provided extra support 
for the data in chapter 6, which suggests that PLEC may function as a genetic modifier 
for DST.

In chapter 7 we aimed to fine tune the understanding of the level of cleavage formation 
in junctional epidermolysis bullosa (JEB) skin through fluorescence antigen mapping. 
Analysis of immunofluorescence patterns revealed two types of ‘lucidolytic’ cleavage: 
a low lamina lucida cleavage and a high lamina lucida cleavage. Mutations in genes 

154 - 8

518316-sub01-bw-Turcan.indd   154 10-04-18   08:23



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 155PDF page: 155PDF page: 155PDF page: 155

4, blue m). Also, a heterozygous nonsense mutation c.6292C>T, p.Gln2098* in exon 31 
of PLEC gene was found in the index patient and her youngest two sons (Figure 4, green 
m).  

Figure 4. Clinical pedigree and the unique genetic constellation of various family 
members.

Following we highlight the arguments that led to the hypothesis that EBS resulting from 
DST mutations is a skin fragility disorder of variable heritability.

Variation in the severity of the skin phenotype is contingent to the biallelic or 
heterozygous status for a particular pathogenic DST mutation; the index 
patient and her middle son (III:2) had the most severe phenotype, her
youngest son (III:3) a milder but a continuously present phenotype, and her 
oldest son (III:1) only a mild, transient phenotype. 

The heterozygous status for c. 4978delG; p.Val1660* DST mutation  (Figure 4, 
red m) led to an, albeit transient, clinical phenotype while the heterozygous 
status for c.6298C>T; p.Gln2100* DST mutation (Figure 4, blue m) did not 
result in a phenotype.

Presence of PLEC haploinsufficiency influences phenotype severity and might 
explain the difference between a continuously present phenotype in the 
youngest son and a transient phenotype in the oldest son. In relation to our 

study, the question arises whether the change in the amount of plectin might 
have a modifying role in conjunction with the DST mutation. Of note, the 
immunoblot staining against the rod domain of plectin was reduced in both 
the index patient and the middle son.

BPAG1-e binds specifically to keratin filaments, and in conjunction with 
plectin, tethers them to hemidesmosomes (Kunzli et al, 2016, Michael et al, 
2014). The DST mutations are expected thus to affect BPAG1-e’s ability to bind 
IF proteins. In a previously reported EBS case caused by DST mutations21, the 
staining of plectin was brighter along the EMBZ. This resulted from an 
increased plectin expression which was quantified in keratinocytes to be 250% 
of control in a Western blot. Such observations underline the functional 
interplay between plectin and BPAG1-e and suggest that plectin may play the 
role of a genetic modifier for BPAG1-e.

Considering the presence of a disease phenotype in a monoallelic disease form in the 
oldest and youngest son, in conjunction with previously reported pedigrees (a Kuwaiti 
father who was heterozygous for the a nonsense mutation p.Gln1124* in DST with 
transient blistering in childhood 22; an Iranian pedigree with two children with 
heterozygous status and mild skin blistering, less severe than their parent who was 
homozygous for the p.Arg1249* mutation in DST23), the term EBS- autosomal recessive 
is not accurate, as it implies the necessity of biallelic mutations for the development of 
a disease phenotype. 

With the evolution of next generation sequencing techniques, the main focus is placed 
on molecular diagnosis instead of fluorescence antigen mapping on patient’s skin 
biopsies. Even though a simple blood test can provide an EB diagnosis in many cases, a 
skin biopsy still remains useful as it may offer the quickest answers and suggest 
candidate genes. Analyzing protein expression and the level of cleavage formation can 
have important prognostic function in genetic counseling. Finally, the value of skin 
biopsies is underscored in dermatological research where, for example, in chapter 5 an 
overexpression of plectin in the EB resulting DST mutations skin provided extra support 
for the data in chapter 6, which suggests that PLEC may function as a genetic modifier 
for DST.

In chapter 7 we aimed to fine tune the understanding of the level of cleavage formation 
in junctional epidermolysis bullosa (JEB) skin through fluorescence antigen mapping. 
Analysis of immunofluorescence patterns revealed two types of ‘lucidolytic’ cleavage: 
a low lamina lucida cleavage and a high lamina lucida cleavage. Mutations in genes 
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encoding for type XVII collagen and integrin α6β4 subunits cause a high junctional 
cleavage, while mutations in genes encoding for laminin-332 lead to a low junctional 
cleavage. By means of immune-electron microscopy, laminin-332 in the blister roof 
was shown to co-localize with the hemidesmosomes; we hypothesized that laminin is 
drawn to the blister roof by its binding strength with the hemidesmosomal molecules. 
The study provided an insight in the hierarchy of intermolecular binding in the lamina 
lucida of the basement membrane zone in human skin.

The application of the next generation sequencing gene panel test in our cold case EB 
population has provided unprecedented opportunities to discover rare genes and 
variants associated with unusual EB phenotypes. Throughout the discussion we 
assessed the evidence for the particular gene implication in a succinct way, combining 
genetic, informatic and literature support for the individual case. In phenotypes which 
are extremely rare it may be impossible to implicate with absolute certainty a specific 
gene or phenotype with the available sample size. Nevertheless, suggestive implication 
can be valuable and provide a starting point for future clinical and research 
investigations. Underneath we present de updated Figure 5. of the phenotype 
spectrum associated with basal EBS genes, including phenotypes in this thesis.
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encoding for type XVII collagen and integrin α6β4 subunits cause a high junctional 
cleavage, while mutations in genes encoding for laminin-332 lead to a low junctional 
cleavage. By means of immune-electron microscopy, laminin-332 in the blister roof 
was shown to co-localize with the hemidesmosomes; we hypothesized that laminin is 
drawn to the blister roof by its binding strength with the hemidesmosomal molecules. 
The study provided an insight in the hierarchy of intermolecular binding in the lamina 
lucida of the basement membrane zone in human skin.

The application of the next generation sequencing gene panel test in our cold case EB 
population has provided unprecedented opportunities to discover rare genes and 
variants associated with unusual EB phenotypes. Throughout the discussion we 
assessed the evidence for the particular gene implication in a succinct way, combining 
genetic, informatic and literature support for the individual case. In phenotypes which 
are extremely rare it may be impossible to implicate with absolute certainty a specific 
gene or phenotype with the available sample size. Nevertheless, suggestive implication 
can be valuable and provide a starting point for future clinical and research 
investigations. Underneath we present de updated Figure 5. of the phenotype 
spectrum associated with basal EBS genes, including phenotypes in this thesis.
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Samenvatting

Het primaire doel van dit proefschrift was de identificatie van de onderliggende 
genetische mutatie en karakterisatie van het klinische fenotype van onze 'cold case' 
epidermolysis bullosa (EB) patiënten van het Nederlandse nationale EB register. Een 
zogenaamde ‘EB cold case’ houdt in dat het klinische vermoeden bestaat dat een 
patiënt of een familie EB heeft, maar bij wie een moleculaire diagnose tot op heden 
ontbreekt. De patiënten zijn gediagnosticeerd en behandeld op de afdeling 
Dermatologie in het Universitair Medisch Centrum Groningen, wat ook het nationale 
verwijzingscentrum voor zowel genetische als auto-immune blaarziekten in Nederland 
is. Het onderzoek geeft ons inzicht in verschillende zeldzame, opmerkelijke fenotypes 
die het gevolg zijn van mutaties in genen, waarvan pas recent is ontdekt dat ze
betrokken zijn bij de etiologie van EB.

In hoofdstuk 2 presenteren we een wetenschappelijke samenvatting van blaarziektes 
waarbij de dermale-epidermale overgang is aangedaan, waardoor een gedetailleerder 
overzicht wordt verkregen van de eiwitten die bij EB betrokken zijn. 

De ontdekking van zeldzame genetische mutaties vordert snel. DNA-
sequencingtechnologieën bieden ongekende mogelijkheden om nieuwe genen en 
varianten die ten grondslag liggen aan menselijke ziekten te ontdekken. Deze 
bevindingen moeten echter nauwkeurig worden beoordeeld op bewijs van implicatie. 
Duidelijke richtlijnen voor het onderscheiden van ziekteverwekkende 
sequentievarianten van verschillende potentieel functionele varianten die aanwezig 
zijn in het menselijk genoom zijn zeker nodig, anders bestaat er een risico op vals-
positieve publicaties van causaliteit. Dit zou de vertaling van genetische analyse 
resultaten naar de klinische bevindingen kunnen beïnvloeden en het begrip van 
ziektepathofysiologie belemmeren. De identificatie van de genmutaties in onze 
patiënten is mogelijk gemaakt met behulp van een Next Generation Sequencing (NGS) 
EB gen panel test. Dit betreft een techniek, waarbij simultaan 33 genen die gerelateerd 
zijn aan EB zijn onderzocht. Wanneer NGS technieken verschillende DNA 
sequentievarianten ontdekken, is daarmee nog niet bewezen dat deze 
sequentievarianten pathogeen zijn. De uitdaging van het betrouwbaar onderzoeken 
van de rol van sequentievarianten is te vinden in hoofdstuk 3, waarin we een familie 
presenteren waarin een nieuwe specifieke mutatie in het ITGB4-gen resulteerde in een 
dominante vorm van EB. Binnen deze familie hebben we een consistente segregatie 
van de ITGB4 mutatie gezien bij alle getroffen personen. Het klinische fenotype werd 
voornamelijk gekenmerkt door nageldystrofie en milde huidfragiliteit met acrale 
blaarvorming. Sommige patiënten ontwikkelden granulatieweefsel in de larynx, 
urethra, traanbuis en het uitwendig gehoorkanaal. De genetische analyse onthulde een 

heterozygote missense mutatie in exon 5 van ITGB4: c.433G> T, p.Asp145Tyr. Deze 
mutatie was niet aanwezig in niet-aangetaste familieleden en controle DNA-monsters. 
Dit is, voor zover ons bekend, het eerste dominante fenotype geassocieerd met een 
ITGB4-mutatie. 

In hoofdstuk 4 beschrijven we een EBS-casus met het opmerkelijke, vlekkige 
pigmentatie (Mottled Pigmentation) fenotype geassoccieerd met twee mutaties in het 
EXPH5 gen. EXPH5 codeert voor exophiline-5 (ook bekend als Slac2-b, een eiwit 
betrokken bij het intracellulaire moleculaire transport). Dit gen is pas recentelijk 
ondekt als betrokken bij de pathofysiologie van EB. Het klinische beeld van de patiënt 
werd gekenmerkt door een milde gegeneraliseerde huidfragiliteit, trauma-
geïnduceerde blaarvorming van de huid sinds de kinderleeftijd, en de ontwikkeling van 
opmerkelijke diffuse vlekkige pigmentatie op de romp en de proximale extremiteiten. 
Het sequencen van de complete set genen geassocieerd met EB onthulde een 
homozygote nonsensmutatie in exon 6 van EXPH5: c.3917C> G, p.Ser1306 *. 
Elektronenmicroscopie ontdekte verstoring van het keratinefilament cytoskelet en 
accumulatie van melanosomen met een ongeordende verdeling in de keratinocyten. 
De huidige studie illustreert het eerste klinisch goed gedocumenteerde vlekkige 
pigmentatie fenotype met betrekking tot EXPH5-mutaties. Daarnaast stelt het met 
behulp van elektronenmicroscopie analyse een hypothese voor met betrekking tot de 
pigmentveranderingen in dit zeldzame autosomaal recessieve EBS-subtype. Deze 
bevindingen vergroten het genetische en fenotypische spectrum van menselijke 
erfelijke huidfragiliteitsstoornissen en stellen de toevoeging van EBS resulterend uit 
EXPH5-mutaties in het EBS-mottled pigmentation subtype voor. Onze patiënt is een 
van de oudste gerapporteerd in de literatuur. Dit heeft waarschijnlijk het beschrijven 
van pigmentveranderingen in associatie met EXPH5 mutaties mogelijk gemaakt, omdat 
pigmentveranderingen op latere leeftijd ontstaan.

Hoofdstuk 5 beschrijft een ander zeldzaam EB-fenotype. Het betreft een 
gegeneraliseerde vorm met jeukende papels. Dit ziektebeeld wordt veroorzaakt door 
nieuwe homozygote nonsense mutaties c.6559 C> T, p.Gln2187 * in exon 24 van de 
epidermale isovorm van het DST gen. Deze mutaties resulteerden in een verkort 
eiwitproduct. De index patiënt is een 39-jarige Syrische man geboren in een 
consanguine familie. De klinische voorgeschiedenis omvatte gegeneraliseerde 
huidfragiliteit en blaarvorming sinds zijn eerste herinneringen aan zijn jeugd. Pral 
gespannen blaren kwamen voornamelijk voor op zijn voeten, benen en romp na 
mechanisch trauma en bij verhoogde huidtemperatuur. Daarnaast had hij ernstige 
gegeneraliseerde jeuk en ontwikkelde hij prurigo papels. Haar, nagels en slijmvliezen 
werden niet aangetast. Een oudere zuster had vergelijkbare klinische kenmerken met 
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genetische mutatie en karakterisatie van het klinische fenotype van onze 'cold case' 
epidermolysis bullosa (EB) patiënten van het Nederlandse nationale EB register. Een 
zogenaamde ‘EB cold case’ houdt in dat het klinische vermoeden bestaat dat een 
patiënt of een familie EB heeft, maar bij wie een moleculaire diagnose tot op heden 
ontbreekt. De patiënten zijn gediagnosticeerd en behandeld op de afdeling 
Dermatologie in het Universitair Medisch Centrum Groningen, wat ook het nationale 
verwijzingscentrum voor zowel genetische als auto-immune blaarziekten in Nederland 
is. Het onderzoek geeft ons inzicht in verschillende zeldzame, opmerkelijke fenotypes 
die het gevolg zijn van mutaties in genen, waarvan pas recent is ontdekt dat ze
betrokken zijn bij de etiologie van EB.

In hoofdstuk 2 presenteren we een wetenschappelijke samenvatting van blaarziektes 
waarbij de dermale-epidermale overgang is aangedaan, waardoor een gedetailleerder 
overzicht wordt verkregen van de eiwitten die bij EB betrokken zijn. 

De ontdekking van zeldzame genetische mutaties vordert snel. DNA-
sequencingtechnologieën bieden ongekende mogelijkheden om nieuwe genen en 
varianten die ten grondslag liggen aan menselijke ziekten te ontdekken. Deze 
bevindingen moeten echter nauwkeurig worden beoordeeld op bewijs van implicatie. 
Duidelijke richtlijnen voor het onderscheiden van ziekteverwekkende 
sequentievarianten van verschillende potentieel functionele varianten die aanwezig 
zijn in het menselijk genoom zijn zeker nodig, anders bestaat er een risico op vals-
positieve publicaties van causaliteit. Dit zou de vertaling van genetische analyse 
resultaten naar de klinische bevindingen kunnen beïnvloeden en het begrip van 
ziektepathofysiologie belemmeren. De identificatie van de genmutaties in onze 
patiënten is mogelijk gemaakt met behulp van een Next Generation Sequencing (NGS) 
EB gen panel test. Dit betreft een techniek, waarbij simultaan 33 genen die gerelateerd 
zijn aan EB zijn onderzocht. Wanneer NGS technieken verschillende DNA 
sequentievarianten ontdekken, is daarmee nog niet bewezen dat deze 
sequentievarianten pathogeen zijn. De uitdaging van het betrouwbaar onderzoeken 
van de rol van sequentievarianten is te vinden in hoofdstuk 3, waarin we een familie 
presenteren waarin een nieuwe specifieke mutatie in het ITGB4-gen resulteerde in een 
dominante vorm van EB. Binnen deze familie hebben we een consistente segregatie 
van de ITGB4 mutatie gezien bij alle getroffen personen. Het klinische fenotype werd 
voornamelijk gekenmerkt door nageldystrofie en milde huidfragiliteit met acrale 
blaarvorming. Sommige patiënten ontwikkelden granulatieweefsel in de larynx, 
urethra, traanbuis en het uitwendig gehoorkanaal. De genetische analyse onthulde een 

heterozygote missense mutatie in exon 5 van ITGB4: c.433G> T, p.Asp145Tyr. Deze 
mutatie was niet aanwezig in niet-aangetaste familieleden en controle DNA-monsters. 
Dit is, voor zover ons bekend, het eerste dominante fenotype geassocieerd met een 
ITGB4-mutatie. 

In hoofdstuk 4 beschrijven we een EBS-casus met het opmerkelijke, vlekkige 
pigmentatie (Mottled Pigmentation) fenotype geassoccieerd met twee mutaties in het 
EXPH5 gen. EXPH5 codeert voor exophiline-5 (ook bekend als Slac2-b, een eiwit 
betrokken bij het intracellulaire moleculaire transport). Dit gen is pas recentelijk 
ondekt als betrokken bij de pathofysiologie van EB. Het klinische beeld van de patiënt 
werd gekenmerkt door een milde gegeneraliseerde huidfragiliteit, trauma-
geïnduceerde blaarvorming van de huid sinds de kinderleeftijd, en de ontwikkeling van 
opmerkelijke diffuse vlekkige pigmentatie op de romp en de proximale extremiteiten. 
Het sequencen van de complete set genen geassocieerd met EB onthulde een 
homozygote nonsensmutatie in exon 6 van EXPH5: c.3917C> G, p.Ser1306 *. 
Elektronenmicroscopie ontdekte verstoring van het keratinefilament cytoskelet en 
accumulatie van melanosomen met een ongeordende verdeling in de keratinocyten. 
De huidige studie illustreert het eerste klinisch goed gedocumenteerde vlekkige 
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pigmentveranderingen op latere leeftijd ontstaan.
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gegeneraliseerde jeuk en ontwikkelde hij prurigo papels. Haar, nagels en slijmvliezen 
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blaren en prurigo papels; ze was echter niet beschikbaar voor consultatie of verdere 
testen. Geen andere familieleden waren aangedaan. Voor zover ons bekend is dit de 
eerste casus in de literatuur met een dergelijke mate van huidbetrokkenheid en 
gegeneraliseerde jeuk gerelateerd aan DST mutaties. 

In hoofdstuk 6 presenteren we een Nederlandse stamboom met een verrassende 
combinatie van twee nieuwe DST mutaties en een PLEC-mutatie. De index patiënt en 
haar drie zonen waren aangedaan door EBS, hoewel één van de zonen alleen voor een 
voorbijgaande periode blaren had. DNA-analyse onthulde een nieuwe homozygote 
nonsense mutatie (c. 4978delG; p.Val1660 *) in exon 23 van DST in de index patiënt en 
een heterozygote mutatie bij haar zonen. Haar middelste zoon had ook een 
heterozygote nonsense DST mutatie (c.6298C> T; p.Gln2100 *) op het andere allel. 
Bovendien werd een heterozygote nonsense mutatie (c.6292C> T; p.Gln2098 *) in exon 
31 van het PLEC gen geïdentificeerd in de indexpatiënt en de twee zonen met 
terugkerende blaren. De bevindingen impliceren dat EBS veroorzaakt door DST 
mutaties een dominant overgeërfde aandoening zou kunnen zijn, waarbij PLEC een rol 
van genetische determinant zou kunnen spelen.

In hoofdstuk 7 hebben we het ultrastructurele niveau van splitsingvorming in 
junctionele epidermolysis bullosa (JEB) huid door middel van immunofluorescentie 
kleuringen in kaart gebracht. De analyse van immunofluorescentiepatronen onthulde 
twee soorten 'lucidolytische' splitsing: een lage splitsing van de lamina lucida en een 
hoge splitsing van de lamina lucida. Mutaties in genen die coderen voor type XVII 
collageen en integrine a6β4-subeenheden veroorzaken een hoge junctionele splitsing, 
terwijl mutaties in genen die coderen voor laminine-332 leiden tot een lage junctionele 
splitsing. Door middel van immuun-elektronenmicroscopie werd laminine-332 in het 
blaarrdak getoond, waar het co-lokaliseert met de hemidesmosomen; we 
veronderstelden dat laminine-332 naar het blaardak getrokken wordt door zijn 
bindkracht met de hemidesmosomale moleculen. De studie leverde een inzicht op in 
de hiërarchie van intermoleculaire bindingen in de lamina lucida van de basale 
membraanzone in de menselijke huid..

Sumar

Principalul obiectiv al acestei teze a fost de a identifica mutațiile genetice precum si 
caracterizarea clinica a fenotipului care stau la baza „cazurilor reci“ (cazuri clinice 
nerezolvate) de epidermoliza buloasă (EB). Boala EB este in esența caracterizata de 
bule, fragilitatea pielii si a membranelor mucoase. Pacienții prezentati in aceasta teza 
au fost extrași din Registrul National EB olandez. Ei au fost diagnosticați si tratați la 
departamentul de dermatologie din Centrul Medical Universitar Groningen, care este, 
de asemenea, centrul național de sesizare pentru bolile buloase de piele, atât 
dobândite cat și moștenite, în Țările de Jos. Studiul ne-a oferit o perspectivă asupra mai 
multor fenotipuri remarcabile care sunt rezultatul unor mutații genetice rare, unele din 
aceste gene numai recent fiind identificate ca implicate în etiologia EB.

În capitolul 2 prezentăm un rezumat științific al bolilor de piele buloase la nivelul 
junctiune dermis- epidermis, astfel oferind o înțelegere mai profundă a proteinelor 
implicate în EB.

Identificarea mutațiilor genetice în familiile tezei noastre a fost posibilă cu ajutorul 
unor teste genetice de tip Next Generation Gene Sequencing. Acestea permit 
examinarea concomitenta a 33 de gene diferite, care sunt implicate in EB sau in alte 
malatii de piele care seamana cu EB.

In general, descoperirea variațiilor genetice asociate cu diferite boli se accelerează. 
Tehnologiile de secventiere a ADN-ului ofera oportunitați fară precedent pentru a 
descoperi noi gene si variante genetice care stau la baza bolilor umane. Cu toate 
acestea, aceste constatări trebuie evaluate riguros pe baza dovezilor științifice de 
implicare. 

Exista necesitatea unui protocol clar pentru a distinge secvențele patogene intre mai 
multe variante potențial funcționale prezente în genomul uman. In caz contrar există 
un potențial de publicații fals-pozitive de cauzalitate. Aceasta ar influența traducerea 
rezultatelor analizelor genetice în constatări clinice și ar împiedica înțelegerea 
patofiziologiei bolii. În această teză, evaluarea rolului pathogen a variantelor de 
secvență a fost găsită în capitolul 3, în care prezentăm o familie în care o nouă, specifică 
mutație în gena ITGB4 a dus la o formă dominantă de EB. Aceasta reprezintă, după 
cunoștințele noastre, primul fenotip dominant asociat cu o mutație in ITGB4. În 
capitolul 4, vom descrie un caz EBS cu fenotip de pigmentare pătată in asociație cu 
două mutații omogene în gena EXPH5. EXPH5 codifică exofilina-5 (de asemenea, 
cunoscuta sub numele de Slac2-b, o proteină implicată în transportul diferitelor 
substanțe în interiorul celulei). Descoperirea acestui fenotip in pacientul nostru a fost 
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blaren en prurigo papels; ze was echter niet beschikbaar voor consultatie of verdere 
testen. Geen andere familieleden waren aangedaan. Voor zover ons bekend is dit de 
eerste casus in de literatuur met een dergelijke mate van huidbetrokkenheid en 
gegeneraliseerde jeuk gerelateerd aan DST mutaties. 

In hoofdstuk 6 presenteren we een Nederlandse stamboom met een verrassende 
combinatie van twee nieuwe DST mutaties en een PLEC-mutatie. De index patiënt en 
haar drie zonen waren aangedaan door EBS, hoewel één van de zonen alleen voor een 
voorbijgaande periode blaren had. DNA-analyse onthulde een nieuwe homozygote 
nonsense mutatie (c. 4978delG; p.Val1660 *) in exon 23 van DST in de index patiënt en 
een heterozygote mutatie bij haar zonen. Haar middelste zoon had ook een 
heterozygote nonsense DST mutatie (c.6298C> T; p.Gln2100 *) op het andere allel. 
Bovendien werd een heterozygote nonsense mutatie (c.6292C> T; p.Gln2098 *) in exon 
31 van het PLEC gen geïdentificeerd in de indexpatiënt en de twee zonen met 
terugkerende blaren. De bevindingen impliceren dat EBS veroorzaakt door DST 
mutaties een dominant overgeërfde aandoening zou kunnen zijn, waarbij PLEC een rol 
van genetische determinant zou kunnen spelen.
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junctionele epidermolysis bullosa (JEB) huid door middel van immunofluorescentie 
kleuringen in kaart gebracht. De analyse van immunofluorescentiepatronen onthulde 
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terwijl mutaties in genen die coderen voor laminine-332 leiden tot een lage junctionele 
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de hiërarchie van intermoleculaire bindingen in de lamina lucida van de basale 
membraanzone in de menselijke huid..
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secvență a fost găsită în capitolul 3, în care prezentăm o familie în care o nouă, specifică 
mutație în gena ITGB4 a dus la o formă dominantă de EB. Aceasta reprezintă, după 
cunoștințele noastre, primul fenotip dominant asociat cu o mutație in ITGB4. În 
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posibilă datorita faptului ca pacientul este cel mai in varstă pană acum descris in 
literatura științifică, acest simptom prezentandu-se doar mai tarziu in viața. 

Capitolul 5 descrie un alt rar EB fenotip. El este caracterizat de o forma generalizata cu 
papule si prurită. Aceată prezentare a bolii este cauzată de mutații în gena DST 
(distonină) care rezulta intr-un produs de proteină scurtat respectiv lungimea 
obișnuita. Din cunoștințele noastre, acesta este primul caz din literatura cu un grad atat 
de avansat de implicare a pielii in asociație cu mutațiile in gena DST. În capitolul 6
prezentăm o familie olandeza in care o combinație surprinzătoare de două mutații noi 
in gena DST și o mutație in gena PLEC sint descoperite. Constatările implică faptul că 
EBS provocată de mutațiile DST ar putea fi o condiție genetica dominantă în care PLEC 
ar putea juca un rol de determinant genetic al bolii. În capitolul 7, am mapat 
ultrastructural nivelul de desprindere (clivaj) a pielii în epidermoliza bullosa juncțională 
(JEB) cu ajutorul studiilor cu imunofluorescență. Analiza acestor studii a dezvaluit două 
niveluri de clivaj al pielii in stratul lamina lucida in JEB.  Mutațiile în genele care codifică 
petru colagen tip XVII si integrina a6β4 determina un clivaj joncțională superior, în timp 
ce mutații ale genelor care codifică pentru laminina-332 duc la un clivaj juncțional 
inferior. Prin intermediul microscopiei electronice, laminina 332 din partea superioara 
a bulei a fost determinată sa se co-localizeze cu hemidesmosomii; am presupus că 
moleculele de laminina 332 sint atrase in partea superioară a bulei prin forța lor de 
conecțiune cu moleculele hemidesmosomale. Studiul a oferit o perspectivă asupra 
ierarhiei conecțiunilor intermoleculare din stratul lamina lucida a zonei membranei 
bazale din pielea umană.

Pезюме

Основной целью этого тезиса было выявление генетических мутаций и 
клиническая характеристика фенотипа, лежащего в основе «холодных случаев» 
(неразрешенные клинические случаи) буллезного эпидермолиза (ЭБ). Болезнь ЭБ 
по существу характеризуется пузырями, хрупкостью кожи и слизистых оболочек. 
Пациенты, представленные в этом тезисе, были извлечены из Нидерландского 
национального регистра ЭБ. Они были диагностированы и лечены в отделении 
дерматологии медицинского центра университета Гронингена, который также 
является национальным центром направления буллезных кожных заболеваний, 
приобретенных и унаследованных в Нидерландах. Исследование дало нам 
представление о нескольких интересных фенотипах, которые являются 
результатом редких генетических мутаций, причем некоторые из этих генов 
только недавно были идентифицированы как вовлеченные в этиологию ЭБ.

В главе 2 мы представляем научное резюме буллезных кожных заболеваний на 
переходе дермиса-эпидермиса, тем самым обеспечивая более глубокое 
понимание белков, участвующих в ЭБ. Идентификация генетических мутаций в 
семьях нашего тезиса стала возможной благодаря генетическому тестированию 
Next Generation gene sequencing genel panel. Он позволяют одновременное 
исследование 33 различных генов, участвующих в ЭБ или других типах 
заболеваний кожи, которые напоминают ЭБ. Как правило, открытие генетических 
вариаций, связанных с различными заболеваниями, ускоряется. Технологии 
секвенцирования ДНК предлагают беспрецедентные возможности для 
обнаружения новых генов и генетических вариантов, которые лежат в основе 
болезней человека. Однако эти выводы необходимо тщательно оценивать на 
основе научных доказательств.

Существует необходимость в четком протоколе, чтобы отличать патогенные 
последовательности между несколькими потенциально функциональными 
вариантами, присутствующими в геноме человека. В противном случае 
существует вероятность публикации ложноположительных причинно-
следственных связей. Это повлияло бы на перевод результатов генетического 
анализа на клинические данные и предотвратило бы понимание патофизиологии 
болезни. В этом тезисе оценка патогенной роли вариантов последовательности 
представленo в главе 3, в которой мы описываем семейство, в котором новая 
специфическая мутация в ITGB4 гене приводит к доминирующей форме ЭБ. Это, 
насколько нам известно, первый доминaнтный фенотип, связанный с мутацией в 
ITGB4. В главе 4 мы описываем случай ЭБ с фенотипом пятнистой пигментации в 
связи с двумя гомогенными мутациями в EXPH5 гене. EXPH5 кодирует экзофилин-

166 - 9

518316-sub01-bw-Turcan.indd   166 10-04-18   08:23



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 167PDF page: 167PDF page: 167PDF page: 167

posibilă datorita faptului ca pacientul este cel mai in varstă pană acum descris in 
literatura științifică, acest simptom prezentandu-se doar mai tarziu in viața. 
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papule si prurită. Aceată prezentare a bolii este cauzată de mutații în gena DST 
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de avansat de implicare a pielii in asociație cu mutațiile in gena DST. În capitolul 6
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ce mutații ale genelor care codifică pentru laminina-332 duc la un clivaj juncțional 
inferior. Prin intermediul microscopiei electronice, laminina 332 din partea superioara 
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5 (также известный как Slac2-b, белок, участвующий в транспортировке различных 
веществ внутри клетки). Открытие этого фенотипа у нашего пациента стало 
возможным из-за того, что пациент является самым зрелым который сейчас 
описан в научной литературе, этот симптом появляется только позже в жизни.

В главе 5 описан еще один редкий фенотип ЭБ. Он характеризуется 
распространенной формой с папулами и зудом. Эта презентация болезни вызвана 
мутациями в DST (дистонин) гене, что приводит к сокращению белкового 
продукта. По нашим сведениям, это первый случай в литературе с такой высокой 
степенью вовлеченности кожи в ассоциации с мутациями в DST гене. В главе 6 мы 
представляем голландскую семью, в которой обнаружено удивительное 
сочетание двух новых мутаций в гене DST и мутация в гене PLEC. Результаты 
показывают, что ЭБ, вызванный мутациями DST, может быть доминaнтным 
генетическoй болезнью, в которой PLEC может играть роль генетическогo 
детерминантa болезни. В главе 7 мы ультраструктурно проанализировали 
уровень расщепления кожи в ЭБ соединительной формы (JEB английский) с 
помощью иммунофлюоресцентными исследований. Анализ этих исследований 
показал два уровня расщепления кожи в слое ламина луцида в ЭБ 
соединительной формы. Мутации в генах, кодирующих коллаген типа XVII и 
интегрин α6β4, приводят к высокой расщеплению соединения, в то время как 
мутации кодирующих генов ламинина-332 приводят к более низкому 
расщеплению. С помощью электронной микроскопии ламинин 332 был 
определен в верхней части пузырька где он колокализован с гемидсомомами; мы 
предположили, что молекулы ламинина 332 притягиваются к верхней части 
пузырька c их соединительной силой к гемидсомосомальными молекулами. Это 
исследование предлагает рассмотреть иерархию межмолекулярных соединений 
в слое ламины луцида базальной мембраны кожи человека.
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