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The importance of the stracum corneum is readily overlooked in histological preparations
of normal skin. The normal corneal layer consists of more than 20 layers of bland, lightly-
staining, polyhedral, anucleate cells, most of which are lost during biopsy sampling, cut-
ting, and processing. The large surface area of the skin puts it in constant contact with envi-
ronmental pollutants, irritants, and allergens and the stratum corneum layer of skin forms
the major protective barrier between the body and the environment. In human medicine,
abnormalities in the barrier function of the stratum
corneum have been hypothesized to permit epicuta-
neous allergen exposure in atopic and asthmatic Cornification Process:
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In the domestic animal population, the stratum
corneum has had limited scientific investigation and
most studies have been performed in dogs. Morpholog-
ically, many types of injury can produce various and
often similar corneal changes. Specific histopathologic
changes are paramount in the diagnosis of a number of
hereditary and metabolic disorders including zinc responsive dermatosis, necrolytic migra-
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tory erythema, and ichthyosiform disorders. In canine atopic dermatitis, the stratum
corneum has been shown to have ultrastructural features that differ from those of normal
dogs.’ The focus of research on the pathogenesis of canine atopic dermatitis has dramati-
cally shifted over the past two decades from that of an acroallergen approach to epicuta-
neous contact via patch testing.“¢

STRATUM CORNEUM FUNCTION

The stratum corneum is the key epidermal layer that restricts water movement into and
out of the skin. In normal humans, approximately 0.5 L of water vapor is expelled
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through the stratum corneum per day.” Even
minor injuries to the corneal layer from tape
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stripping or applications of solvents will result
in increased transepidermal water loss. The
water loss in psoriasis patients can be as much
as 6 L/day” The lipid composition in the
corneal layer is responsible for the hydropho-
bic function. Human atopic dermatitis
patients have xerosis, which may be caused by
a deficiency in ceramides that leads to
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increased transepidermal water loss.® Transepi-
dermal water loss has not been well docu-
mented in dogs, nor have there been many
investigations. One study showed no difference between
the corneal hydration status of normal dogs versus dogs
with atopic dermatitis.”

The stratum corneum prevents the access of pathogens
to the body. Much of this barrier function is likely due to
the physical property of continuous desquamation, which
allows for the expulsion of pathogens. This layer also con-
tains natural antimicrobial peptides such as defensins and
cathelicidins. These small proteins can act on microbial
cell membranes and kill through diverse mechanisms.
Humans with atopic dermatitis have been shown to have
a decreased ability to produce antimicrobial peptides dur-
ing inflammation." Cutaneous Malassezia and Staphylo-
coccus infections are well known to exacerbate the inflam-
matory and immunologic changes that occur in both
dogs and humans with atopic dermatitis.'

The stratum corneum functions to decrease natural
exposure to topical drugs and irritants and these inherent

properties are the targets of
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pharmacologic manipulation.
The stratum corneum also
absorbs UV light to protect the
underlying tissue from free radi-
cal oxidation. This property is
enhanced by the retention of
melanin in corneocytes. Uro-
canic acid, derived from hista-
dine in keratinocytes, also serves
as a natural sunscreen.

PROCESS OF CORNIFICATION

During normal cornification, keratinocytes undergo a
dramatic change in shape, size, and function. These cells
undergo a modified form of programmed cell death. In
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Figure 1: Schematic of normal skin. During cornification, the keratinocytes undergo a dramatic
change in shape and function as the cells mature from the basal cell layer to the stratum corneum.

this process, keratinocytes must lose a large amount of
water volume (from 70% water in nucleated layers to
15% in stratum corneum).' Alterations in any step can
lead to hyperkeratosis, clinical scaling, and decreased
barrier function." There are five key features in the
process of cornification:

1. Lipid formation:

New lipid-laden organelles, called lamellar granules, are
synthesized in the upper stratum spinosum. At the junc-
tion of the stratum granulosum and stratum corneum,
the lamellar granules fuse with the cell membrane and
expel their contents into the intercellular space. As the
lipid is released at the stratum corneum/stratum granulo-
sum junction, the content of the lipid is modified by
enzymes. Glycolipids are converted to ceramides by glu-
cosidases and phospholipids to fatty acids by phospholi-
pases. Hence, the “probarrier lipids” become “barrier
lipids” (ceramides, cholesterol, free fatty acids) that create
a hydrophobic seal. The lipid acts as a glue to adhere the
corneocytes to one another and repel water. The lamellar
granule plays a role in the synthesis and storage of choles-
terol as well as corneocyte desquamation." Mutations in
the genes for steroid and lipid metabolism (e.g., X-linked
ichthyosis) cause failure of the cornified cells to slough
and retention hyperkeratosis."

2. Dissolution of the nucleus and cell organelles:
Dissolution of the nucleus and cell organelles occurs via
newly formed proteases, which cleave DNA, RNA, and
other cellular proteins. The nuclear loss occurs by apop-
tic mechanisms of internucleaosomal cleavage."
Increased turnover of the stratum corneum from minor
trauma or microbial infection leads to patchy areas of
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Corneal Lipid Formation

hyperkeratosis and nuclear retention
(parakeratosis). Specific metabolic dis-
orders (lethal acrodermatitis of Bull ter-
rier, necrolytic migratory erythema, and
zinc responsive dermatosis) produce
more diffuse and severe parakeratosis.
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3. Aggregation of intermediate
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The protein core of the corneocyte pro-
vides much of the structural integrity of
the stratum corneum. Keratohyalin
granules contain profilaggrin, which is a
precursor matrix protein that undergoes
processing (proteolysis, dephosphoryla-
tion) to the active enzyme filaggrin.
This protein is thought to cross-link the
keratin intermediate filaments and
form the protein core of the corneocyte.
Absence of keratohyalin granules and
abnormal filaggrin expression occur in
patients with ichthyosis vulgaris."" A variety of congeni-
tal mutations may occur in the synthesis of different epi-
dermal keratin proteins. The first spontaneous keratin
mutation was recently identified in a family of Norfolk
terrier dogs.'”

4. Formation of the cornified envelope:
Transglutaminases are a group of calcium-containing
enzymes located within both the epidermis and hair
follicles. These proteins (in particular, transglutami-
nase 1 [TGM1]) catalyze the formation of the corni-
fied envelope by cross-linking small protein mole-
cules (e.g., involucrin, loricrin, cystatin A), which
replace the cell membrane. The cornified envelope
surrounds the protein core and provides the structur-
al support for the corneocyte. The complete coding
region of canine TGM1, its chromosome localiza-
tion, and its map position have been documented."

5. Desquamation:
Desquamation is now thought to be an active process.
In the mature stratum corneum, multiple layers of cor-
neocytes are sandwiched between layers of lipid, pro-
ducing the so-called “mortar and bricks” analogy.
Desmosomes are retained in the stratum corneum
(corneodesmosomes). These are actively broken down,
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Figure 2: Lamellar granules fuse with the cell membrane of keratinocytes at the stratum granulosum/stratum
corneum junction and release their contents into the intercellular space. Following release, various enzymes
modify the expelled lipids, initiating a hydrophobic seal to aid in “water proofing” the epidermis.

the corneocytes undergo desquamation, and layers of
keratin squames are shed into the environment.
Defects in desquamation can lead to retained squames,
severe hyperkeratosis, and loss of elasticity of the skin.”

ROUTE OF ALLERGEN EXPOSURE IN DOGS

In 1999, the American College of Veterinary Dermatol-
ogy established a task force to critically review the scien-
tific literature of canine atopic dermatitis using evi-
denced-based medicine. The task force addressed the
route of allergen exposure and recommended that the
term “allergic inhalant dermatitis” no longer be used as
there was a lack of evidence to support the respiratory
route as a means of pathogen exposure. The percuta-
neous route was favored for a number of reasons. First,
the site(s) of active lesions in dogs with atopic dermati-
tis is either in direct contact with the environment
(pedal, inguinal) or involves regions of self-trauma or
friction. Second, histologic changes seen in experimen-
tal models using patch testing (e.g., aggregates of
Langerhans cells in epidermis, subepidermal collections
of eosinophils) are similar to those seen in dogs with
atopic dermatitis. Third, there was a lack of evidence in
the respiratory models that sensitization induced cuta-
neous lesions or pruritus. Finally, atopic dogs do not
develop signs of asthma.'
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ALLERGEN EXPOSURE AND
ALTERED BARRIER FUNCTION

Studies have shown that epicutaneous allergen exposure in
humans may be one route of sensitization (in addition to res-
piratory and oral). Altered barrier function of the stratum
corneum may allow for the entry of allergens into the epi-
dermis and induce a cytokine milieu favoring a Th2
response.” In humans, ceramides are the main polar lipids
in the stratum corneum. These lipids not only play an
important role in skin barrier function but they also are
involved in cell adhesion and epidermal differentiation. As
previously mentioned, alterations in the lipid content, par-
ticularly ceramides, occur in atopic patients as compared to
healthy controls and may lead to increased transepidermal
water loss."* It has also been shown that cholesterol levels are
increased in patients with low ceramide levels. Decreased
ceramide content or altered ceramide/cholesterol ratios may
represent the etiology of dry skin in human atopic patients,”
which may be due to defects in enzymatic pathways (sphin-
gomyelin deacylase, glucosylcerebrosidase), ceramide pro-
duction, or sphingolipid activated protein.®">'®

It is unclear if an epidermal barrier defect exists in
canine atopic patients. Normal dogs have naturally less
lipid content in the epidermis than humans."” The lipid
content also varies among breeds. The Labrador retriev-
er and Siberian husky have more lipid content in the skin
than the miniature poodle.”” Dogs with atopic dermatitis
often have corneal abnormalities, but it is not known if
a functional defect precedes the cutaneous trauma caused
by infection and pruritus. Recently, electron microscop-
ic analysis of the stratum corneum of dogs with atopic
dermatitis revealed abnormalities in the lipid lamellae in
normal skin. These lamellae were discontinuous and
thin; the stratum corneum lacked the normal “mortar
and bricks” appearance of that in normal dogs.’

THERAPEUTIC CONSIDERATIONS

Restoring barrier function may be one means to decrease
allergen exposure. In humans, damage to the skin barrier
may be restored by the topical application of lipids. An
applied mixture of stratum corneum lipids, ceramide, cho-
lesterol, and free fatty acids on murine and human skin
accelerated the repair of water function after damage. This
was effective only when the lipid was applied as a mixture.
Similar mixtures have been shown to produce significant
improvements in patients with allergic contact dermatitis,

irritant dermatitis, and atopic dermatitis."® In dogs, frequent
washing or rinsing of contact areas (e.g., paws) may also
help to decrease allergen exposure. Dietary supplementation
may help to increase epidermal lipid content and decrease
transepidermal water loss.
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This article as well as further information on the topic are
available on the Web at www.HillsVet.com/ConferenceProceedings.
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