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The 1.75 m2 epidermis is a major interface be-
tween the body and the environment. Though
only a few hundred microns in thickness, this
organ provides a barrier to physical and chemical
trauma through its highly ordered cellular struc-
ture and its synthesis of specialized proteins and
lipids. Human epidermis is composed primarily
of 10-20 cell layers of highly organized kerati-
nocytes attached to a complex basement mem-
brane overlying the dermis (Fig. 1). The basal
layer of this tissue is the site of most mitotic
activity. As keratinocytes lose adhesion to the
basement membrane, they leave the basal layer
and begin to undergo a progressive terminal dif-
ferentiation, culminating in large, anucleated
stratum corneum cells with abundant, relatively
insoluble intracellular proteins. The epidermal
layers can be characterized by different morpho-
logical appearances and unique patterns of gene
expression. The unique spectrum of gene expres-
sion in different layers is mirrored by the exis-
tence of skin diseases limited to individual com-
partments of the epidermis. In the last few years
the molecular basis of several of these skin dis-
eases has been elucidated.

DISEASES OF THE KERATINS
Keratins are the most abundant gene products of
keratinocytes. These proteins are a-helical and
form heterodimeric pairs of acidic and basic part-
ners to form 10 nm intermediate filaments. Dif-
ferent keratin pairs in the basal and suprabasal
layers share the feature of imparting structural
integrity. Albers and Fuchs have shown, by trans-
fecting mutated keratins into keratinocytes in
vitro, that mutations of the helical rod domain of
the proteins are the most disruptive and result in
a collapse of the filament network and overall cell
fragility (1). The major keratin pairs found in the
basal layer of the epidermis are keratins 5 and 14
(K5 and K14); keratins 1 and 10 (KI and K1O)
are the predominant suprabasal keratin pair.
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FIG. 1. A schematic representation of the
epidermis
The basal layer rests upon a basement membrane
(BM) which is composed of extracellular matrix pro-
teins and separates the epidermis from the dermis.
Cell division takes place in the basal layer, and as
cells leave this layer they undergo a progressive ter-
minal differentiation culminating in enlarged,
anucleate cells of the stratum comeum. The major
intracellular proteins present in the keratinocytes of
all layers are the keratins, which impart structural
integrity. The hemi-desmosomes (HD) are structures
responsible for connecting the basal cells to the an-
choring filaments of the basement membrane, while
desmosomes (D) provide cell-cell adhesion in supra-
basal layers. Cells in the stratum corneum synthesize
a structure termed the comified envelope (CE)
which acts primarily as a barrier to the external
environment.

Experiments with transgenic mice suggested
that mutations in K14 which collapsed the intra-
cellular filament network were sufficient to
cause a mouse blistering disease (2). Human blis-
tering diseases have now been found associated
with mutations in this keratin pair. Epidermoly-
sis Bullosa Simplex (EBS) is an autosomal dom-
inant disease of basal cells in which these cells
become very fragile, leading to cell lysis and sep-
aration of the epidermis from the underlying
basement membrane and dermis (3,4). The vary-
ing severity of the blistering, resulting in differ-
ent human skin diseases, is caused by the loca-
tions of the mutations in the keratin genes;
mutations near the end of the a-helical rod do-
main of the proteins result in the most severe
forms of the disease (5).
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Disruption of the suprabasal-specific keratins
results in an epidermal blistering disease caused
by lysis of suprabasal cells. This disease, Epider-
molysis Hyperkeratosis, is characterized by mu-
tations in K1 or K10 which lead to a collapse of
the network in these layers (6-8). Again, trans-
genic mice with mutations in the K1 and K10
genes have exhibited phenotypes mimicking
those of the human diseases (9). Hyperkeratosis
and increased cell proliferation are the promi-
nent feature of this human disease. The link
between altered cytoskeleton and the increase in
proliferation remains to be determined. Other
diseases of the suprabasal layers include Epider-
molytic Palmoplantar Keratoderma, which re-
sults from mutations in the K9 gene, a keratin
specific for the thickened epidermis of the palm
and sole (10). Mutations in the keratin 2e gene
have recently been found to be responsible for
another suprabasal blistering disease, Ichthyosis
Bullosa of Siemans (11,12). Almost one half of
the keratin mutations are localized to one argi-
nine which is conserved throughout evolution in
many intermediate filaments. The association of
keratin mutations with human epidermal disease
underscores the importance of these filament
genes in determining epidermal integrity.

DISEASES OF THE
CORNIFIED ENVELOPE
A major structure produced by keratinocytes in
the suprabasal layers is the cornified cell enve-
lope. This highly insoluble envelope is formed by
the cross-linking of a number of envelope pro-
teins (via the enzyme transglutaminase) imme-
diately subjacent to the plasma membrane. Gene
disruption experiments in mice are currently un-
derway for some of these envelope precursors,
and these results should prove most fruitful in
determining the contribution of these genes to
epidermal disease. An exciting recent develop-
ment is the association of mutations in the kera-
tinocyte transglutaminase gene with the scaling
disease Lamellar Ichthyosis (1 3).

DEFECTS IN CELL ADHESION:
IMMUNOLOGICAL
Both cell-cell and cell-matrix adhesion are im-
portant facets of epidermal homeostasis. Ke-
ratinocytes in the basal layer attach to the un-

derlying basement membrane through structures
termed hemi-desmosomes which contain both
the bullous pemphigoid antigen BP-180 (which
has a collagen domain) and a4 integrin. In
patients with the disease Bullous Pemphigoid,
antibodies to components of the hemi-desmo-
somes are found in the serum (14-16). An ani-
mal model for pemphigoid will allow for detailed
study of the pathophysiology of this disease.

In patients with the diseases Pemphigus
Vulgaris and Pemphigus Folliaceous, autoanti-
bodies to the desmoglein components of desmo-
somes results in decreased cell-cell adhesion and
blister formation (17). It is clear that autoim-
mune reactions to hemi-desmosomal compo-
nents can result in human skin disease.

DEFECTS IN CELL
ADHESION: GENETIC
Mutations in the laminin 5 (also known as nicein
or kalinin) chain component of the anchoring
filaments are found in the recessive blistering
disease Junctional Epidermolysis Bullosa. These
mutations can result in a complete separation of
the epidermis from the dermis at the basement
membrane junction (18-19). In two genetic dis-
orders for which the causative gene defect is not
yet identified, there is epidermal disruption and
loss of epidermal integrity. Darier's Disease,
whose gene maps to chromosome 1 2q2 3-24
(20), is characterized by blistering, hyperkerato-
sis, sun sensitivity, and increased apoptosis. A
similar disorder called Haley's-Haley's Disease
maps to a different chromosomal location and
has symmetrical intertriginous blistering often
precipitated by cutaneous infection.

Other molecules important in epidermal cell
adhesion are the integrins. The integrins are re-
ceptors for extracellular matrix proteins and are
known to regulate both keratinocyte prolifera-
tion and differentiation. Although aberrant pat-
terns of expression of these genes have been
observed in psoriasis and squamous cell carcino-
mas (21-23), a causative role has yet to be es-
tablished.

OTHER EPIDERMAL DISEASES
Genetic diseases involving a variety of other as-
pects of epidermal biology have also been char-
acterized. The cause of the disease, Xeroderma
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Pigmentosum, was found nearly 20 years ago by
Cleaver to be a defect in DNA repair. This defect
renders the epidermis extremely sensitive to sun
damage (24). Genetic mapping studies of Xero-
derma Pigmentosum and of Cockayne's Syn-
drome, another disease caused by a DNA-repair
defect, have yielded the locations of genes to
correct these diseases. The genes are highly con-
served among yeast, Drosophila, and hummans,
and much excitement has been recently gener-
ated by a link between transcription and DNA
repair (25). Recessive X-linked Ichthyosis is a
milder form of ichthyosis which has been found
to be a defect in the steroid sulfatase gene (locat-
ed on chromosome Xp). The scaly skin pheno-
type observed in these patients is caused by a
disorder of lipid metabolism due to low levels of
the enzyme (26).

Although keratinocytes comprise the bulk of
the epidermis, other cell types are also present,
and diseases associated with these cell types il-
lustrate different molecular and cellular mecha-
nisms which are undoubtedly important. Several
diseases affecting skin pigmentation are due to
defects in melanocytes. In albinism, although
melanocytes are present, there is a defect in the
tyrosinase gene and other genes involved in mel-
anin biosynthesis (27,28). Another melanocytic
disease, Piedbaldism, is due to the complete ab-
sence of melanocytes in the epidermis. The ab-
sence of melanocytes from the skin is due, at
least in part, to mutations in the c-kit gene (29).
This gene is responsible for the migration and
proliferation of melanocytes, and may well be
involved in stem cell maintenance in other cell
types as well. There is also a myriad of immune
cells in the epidermis which undoubtedly con-
tribute to epidermal disease. These cell types in-
clude antigen-presenting Langerhans cells and
'yS T-cells, but this topic is beyond the scope of
the present review.

SUMMARY
The complex nature of epidermal tissue ho-
meostasis is borne out by the range of diseases
affecting this tissue. Indeed, mutations in pro-
teins involved in intracellular integrity and cell-
cell or cell-matrix adhesion can cause disease in
an appropriate epidermal compartment. The
most important realization in epidermal disease
in the last two years has been that point muta-
tions in key structural genes can result in fila-
ments collapsing, cell cytolysis, or cell adhesion

defects; and that these defects can result in se-
vere human skin disease. Now that these associ-
ations have been made, the important next step
will be to alleviate the suffering of these patients.
Animal models will be an important part of these
investigations; many molecules including growth
factors, oncogenes, and cell adhesion molecules
have been targeted to the epidermis of transgenic
mice to investigate their role in disease. Such
animal models should also elucidate the causes
of diseases like psoriasis, a very common skin
disease, the molecular basis of which remains
elusive.

Gene therapy involving the replacement of
defective genes or local delivery of therapeutic
molecules will be one of the main goals in alle-
viating these known epidermal diseases. Such
protocols in the epidermis are aided by the rela-
tive accessibility of the skin and the presence of
the "stem cells" in relatively accessible compart-
ments. Indeed, as the last few years have shed
much light on the genetic causes of epidermal
disease, it is hoped that the next several years
will prove as illuminating in the alleviation of
these diseases.
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