Bahrain Medical Bulletin, Vol. 27, No. 2, June 2005

Recent Advances in the Molecular Pathology of Bullous Skin
Disorders

John A McGrath*

Maintenance of an intact epidermis depends on secure adhesion between adjacent
keratinocytes and between basal keratinocytes and underlying epidermal basement
membrane. The major adhesion units that achieve this are the hemidesmosomes
and desmosomes but when these structures are disrupted, for example by gene
mutations or autoantibodies, the resilience of the epidermis is lost and blisters
develop. Recently, there have been considerable advances in our understanding of
the complex proteins and glycoproteins that contribute to maintaining keratinocyte
adhesion via hemidesmosomes and desmosomes, as well as new insight into the
molecular pathogenesis of several inherited and autoimmune blistering skin diseases.
These new basic scientific data are clinically relevant, helping to improve patient
management as well as providing a rationale for developing better and more specific
treatments for patients with inherited or acquired blistering skin diseases. This
review provides an update on the new information about the molecular pathology of
hemidesmosomes and desmosomes that result in bullous skin diseases.
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In human skin, there are several different types of keratinocyte cell junction, including
hemidesmosomes and focal adhesions at the basement membrane zone as well as
desmosomes, gap junctions, tight junctions and adherens junctions between adjacent
keratinocytes'. All these junctional complexes are composed of intricate networks of
proteins and glycoproteins, disruption of which can lead to skin fragility/blisters or
abnormalities in epidermal differentiation or cell-cell communication. With relevance to
blistering diseases, the main targets in skin are the hemidesmosomes and desmosomes
(Figure 1). These structures can be targeted in two ways, either through inherited
mutations in the genes that encode these proteins, or through acquired autoantibodies that
attack specific proteins’. Depending on which protein is targeted, a particular clinical
disease will result (Figure 2).
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Figure 1. Transmission electron microscopy of (A) hemidesmosome and (B)
desmosome within human skin. Each of these adhesion units consists of compact
electron-dense plaques that contain networks of proteins involved in maintaining cell-
matrix and cell-cell adhesion, respectively.

Figure 2. Skin structural proteins involved in hemidesmosomal or desmosomal
adhesion may be targeted either by gene mutations or by acquired autoantibodies. For
example, gene mutations in the type VII collagen gene result in the inherited blistering
skin disorder, dystrophic epidermolysis bullosa, whereas autoantibodies to the type VII
collagen protein lead to the acquired immunobullous disorder, epidermolysis bullosa
acquisita.

Structural composition of hemidesmosomes

Hemidesmosomes are the major adhesion units at the dermal-epidermal junction.
Ultrastructurally, they are composed of electron dense inner and outer plaques that bind
to keratin filaments and also connect to epidermal basement membrane via anchoring
filaments, which in turn bind to the lamina densa and anchoring fibrils in the superficial
papillary dermis’. In effect, there is a continuous chain of linked proteins extending from
keratin filaments inside basal keratinocytes through hemidesmosomes to the collagen
fibres within the dermis®. Recently, understanding of the composition of the
macromolecular chain of proteins involved in hemidesmosomal adhesion has improved
and this has led to new insight into the pathogenesis of blister formation close to the
dermal-epidermal junction (Figure 3).



Figure 3. lllustration of some of the major structural components of a hemidesmosome,
with a molecular chain extending from keratins 14/5 inside basal keratinocytes to type
VII collagen in the superficial dermis.

Inherited disorders of hemidesmosomes

Mutations in the genes encoding proteins associated with hemidesmosomes result in the
group of inherited skin fragility disorders known as epidermolysis bullosa (Figure 4).
Thus far, mutations in 10 different genes have been identified. Targeted proteins include
keratins 5 and 14, plectin, collagen types VII and XVII, [ 6] 4 integrin and laminin 5°.
The level of blister formation occurs close to the dermal-epidermal junction but the exact
plane of cleavage (intra-epidermal, lamina lucida or sub-lamina densa) depends on
precisely which gene/protein is mutated. In addition to skin blistering, several forms of
epidermolysis bullosa have extracutaneous features, reflecting the tissue distribution of
the abnormal protein. For example, plectin is present in skin and skeletal muscle and
therefore plectin gene mutations result in epidermolysis bullosa associated with muscular
dystrophy®.

Figure 4. lllustration of the clinical disorders associated with either inherited gene
mutations (left column) or acquired autoantibodies (right column) against specific
proteins within hemidesmosomes.

Acquired disorders of hemidesmosomes

Many of the structural components within the basement membrane zone also serve as
target autoantigens in the acquired sub-epidermal autoimmune blistering skin diseases
(Figure 4). For example, specific epitopes within the type XVII collagen protein (also
known as the 180-kDa bullous pemphigoid antigen) are recognised by autoantibodies in
bullous pemphigoid’. Type XVII collagen antibodies may also be found in mucous
membrane pemphigoid (the modern nomenclature for cicatricial pemphigoid),



pemphigoid gestationis and linear IgA disease (including chronic bullous disease of
childhood). Other proteins targeted by autoantibodies include laminin 5 in mucous
membrane pemphigoid and type VII collagen in epidermolysis bullosa acquisita or
bullous systemic lupus erythematosus. Passive transfer studies have shown that several of
these autoantibodies may be directly pathogenic (i.e. cause blisters) although
inflammatory cells (such as neutrophils) and complement may be necessary to create the
clinical disease scenario®.

Structural composition of desmosomes

Desmosomes are intercellular junctions found in various tissues including skin, meninges,
cardiac muscle and lymph nodes’. The main transmembranous proteins are the
desmosomal cadherins (calcium-dependent adhesion glycoproteins) which comprise a
family of desmoglein and desmocollin molecules, within which specific isoforms are
expressed in a tissue-specific and differentiation-specific manner (Figure 5). Within the
desmosomal plaque, the ultrastructurally dense region just inside the cell membrane, are
proteins of the armadillo (eg. plakoglobin, plakophilin) and plakin (eg. demoplakin,
envoplakin, periplakin and epiplakin) families'’. The main desmosomal plaque protein is
desmoplakin which also provides anchorage to the keratin filament cytoskeleton. Some of
the desmosomal proteins, also occur within other intercellular cell adhesion units, such as
plakoglobin in adherens junctions. Many desmosomal proteins are also expressed in cell
nuclei, often in tissues that are devoid of desmosomes, suggesting an alternative role in
signalling rather than cell adhesion’.

Figure 5. Illustration of some of the major structural components of a desmosome, with
a molecular chain extending from keratins inside adjacent keratinocytes, through a
network of plaque proteins to the transmembranous cadherins that extend into the
intercellular space.

Inherited abnormalities in desmosomes

Autosomal dominant or autosomal recessive mutations have now been identified in
several components of desmosomes including plakophilin 1 and 2, desmoplakin,
plakoglobin, desmoglein 1 and 4 and corneodesmosin (Figure 6). Clinically, some of
these mutations result in skin blistering with loss of desmosome adhesion in skin''.



However, several inherited desmosome diseases have other features such as alopecia,
hypotrichosis or woolly hair, as well as keratoderma. Some desmosome gene mutations
lead to cardiac abnormalities (eg. arrhythmogenic right ventricular cardiomyopathy),
often with no skin anomalies at all'>. The spectrum of disease findings demonstrates that
many desmosomal proteins also have important functions in cell signalling relevant to
ectodermal development and conduction of cardiac impulses’.

Figure 6. Illustration of the clinical disorders associated with either inherited gene
mutations (left column) or acquired autoantibodies (right column) against specific
proteins within desmosomes.

Acquired diseases of desmosomes

Pemphigus vulgaris and pemphigus foliaceus result from autoantibodies to desmoglein 3
and desmoglein 1, respectively (Figure 6). These antibodies directly lead to acantholysis
and the pattern of epidermal blistering relates to the relative pattern of desmoglein
expression in skin (desmoglein 3 is mainly within the lower epidermis, desmoglein 1 is
more superficial)”®. Other forms of pemphigus also involve anti-desmoglein antibodies,
although some sub-types may also be associated with antibodies to certain desmocollins.
Antibodies to several desmosomal proteins may also develop in patients with
paraneoplastic antibodies, whether drug-induced or associated with benign or malignant
tumours'®. The presence of multiple anti-desmosomal antibodies may reflect the
phenomenon of epitope spreading, in which prolonged inflammation can gradually lead
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to increased epitope exposure and a broad humoral immune response .

New discoveries in inherited bullous skin diseases

Identifying gene mutations in hemidesmosomes and desmosomes has helped establish the
molecular basis of several inherited skin diseases. However, mutations in other junctional
proteins have also been discovered. For example, the autosomal recessive disorder,
Kindler syndrome, has been something of a mystery, perhaps representing an overlap
between a form of dystrophic epidermolysis and an inherited poikiloderma syndrome.
Now, however, we know that Kindler syndrome is a disorder of a new protein (called
kindlin-1 or kindlerin, encoded by the gene KIND1) that binds actin microfilaments to the
extracellular matrix via focal adhesion junctions at the dermal-epidermal junction'®'’.
Thus, Kindler syndrome represents the first bullous disease to involve a primary
abnormality of the actin sytoskeleton.



New discoveries in acquired bullous skin diseases

Histologically, the pattern of sub-corneal keratinocyte detachment in pemphigus foliaceus
can often resemble the skin biopsy changes seen in bullous impetigo/staphylococcal
scalded skin syndrome. Intriguingly, it has now been shown that both disorders involve
disruption of the desmosomal protein, desmoglein 1'. In pemphigus foliaceus,
autoantibodies target the extracellular EC1 domain, whereas the staphylococcal
exfoliative toxin cleaves the extracellular portion of desmoglein 1 at a specific glutamic
acid amino acid residue close to the EC3/EC4 domain junction'’. Similar cleavage of
desmoglein 1 can occur with staphylotoxins A, B and D, with the toxin acting like a
serine protease in producing the acantholysis.

Benefits of new discoveries for inherited bullous diseases

Defining the molecular basis of inherited abnormalities of hemidesmosomes and
desmosomes has led to several direct translational benefits for patients’. For many
bullous genodermatoses, it is now possible to make an accurate and rapid diagnosis (e.g.
with skin immunohistochemistry), and then substantiated by gene sequencing and
identification of pathogenic mutations. This has resulted in more accurate genetic
counselling, more comprehensive multi-disciplinary clinical care, the feasibility of
screening other family members for carrier status, and the possibility of DNA-based
prenatal diagnosis for couples at reproductive risk for further affected children’’. An
increasing knowledge of the molecular pathology of inherited bullous skin diseases has
also led to the development of trials of newer forms of treatment, including somatic gene
therapy, although more detailed safety and efficiency studies need to be carried out
before it can be established whether gene therapy really is going to be of major clinical
value and relevance®.

Benefits of new discoveries for acquired bullous diseases

The major current benefit of recent research for patients with acquired immunobullous
diseases has been the introduction of better disease monitoring, notably with the
development of several diagnostic ELISA kits™*. These laboratory assays allow titres of
antibodies to de determined very quickly and the values often have direct clinical
relevance, allowing the dose of a particular patient’s systemic immunosuppression to be
modified according to the ELISA findings. ELISA tests for both hemidesmosomal and
desmosomal antibodies are commercially available and their use, in conjunction with
indirect immunofluorescence microscopy, has been helpful in improving the monitoring
of patients in the clinic. Knowledge of particular antibody responses to certain proteins in
immunobullous diseases is also leading to trials of targeted and specific immunotherapy.
Although not yet developed for clinical use, it is hoped that this research will lead to new
forms of immunomodulation that avoid many of the side-effects of current treatments
such as systemic steroids™.



CONCLUSION

Over the last decade there has been a rapid expansion in basic research knowledge

of

the causes of many bullous diseases, both inherited and acquired. This has

already had some beneficial impact on the management of patients in clinic but
current efforts are now being directed towards the development of somatic gene
therapy for inherited bullous skin diseases as well as more specifically targeted
immunotherapy for the immunobullous disorders. It is to be hoped that the next 10
years of basic research will have even more translational benefits, as we strive to
improve the healthcare of our patients with blisters.
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