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SKIN BARRIER FUNCTION: MORPHOLOGICAL
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Abstract: Skin covers the body and fulfils different functions: defensive, thermoregulatory, excretory, resorptive, metabolite
and sensory. It accomplishes the protection of the mammalian organism against exogenous physical, chemical, and biological agents, as well as it sustains the organism’s homeostasis. Almost 90% of the skin barrier function resides in the stratum
corneum. The major constituents of the barrier – lipid bilayers and corneocytes embedded in a cornified envelope interact to
perform the multiple defensive functions. Herein the mechanisms for the regulation of the barrier homeostasis are discussed.

Review Article
Introduction
Skin is the largest organ in the mammalian organism
and its direct defence from external factors.1,2 The skin
is not merely an inert body coverage but it fulfils several important functions: defensive, thermoregulatory,
excretory, resorptive, metabolite and sensory. Healthy
skin provides protection of the body from environmental factors: physical (mechanical trauma, thermal
injury, radiation), chemical (destructive agents, surface
active substances, xenobiotics, allergens) and biological (bacteria, viruses, etc.).3 A major element of the defensive function of the skin is to maintain homeostasis
by preventing the uncontrolled loss of water, ions and
serum proteins from the organism into the environment. The epidermis is not absolutely impermeable
to substances applied directly onto the skin surface
- a phenomenon on which the topical dermatology
treatment is based as well as the application of transcutaneous therapeutic systems for transdermal drug
transport.4
36

For the first time, in the 20s of the 20th century, Marchionini and Schade applied scientific evidence for the
protective function of the water-lipid mantle of the
skin and introduced the concept of the skin barrier.5
According to the definition, barrier refers to an object
that separates two distinct spaces and/or prevents
the free passage between two environments.6 In this
sense, the skin barrier ensures the integrity of the
body and controls the exchange of substances with
the environment.
The concept of skin barrier has been constantly
evolving in parallel with the advance of the research
methods. Currently, it is considered that over 90% of
the skin barrier function resides in the epidermis and
particularly in its outermost corneous layer (stratum
corneum).2,7 The morphological structures, constituting the skin barrier develop relatively late in the ontogenesis (about 34th gestational week).8,9 The skin
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barrier is not fully competent immediately after birth
and develops in the earliest stages of the neonatal period.10,11 Exploring the morphological and biochemical
bases of the epidermal barrier is essential for understanding its main functions. Initially, stratum corneum
(SC) was considered an inert layer of dead cells formed
in the keratopoesis, interconnected through intercellular lipid layer. In recent decades, the understanding
of the structure of SC has been updated and the classical model (cement and concrete) has now developed
into the concept that SC is a dynamic system with
metabolic activity, which responds to external influences through the process of regulation in the synthesis of DNA and structural proteins, proteolysis and ion
transport.12 The schematic structure of the epidermal
barrier is illustrated in figure 1.
SC with its main constituents the corneocytes and
the intercellular lamellar lipid bilayers, are considered
the main structures determining the speed of the
transcutaneous exchange of substances.3,13 The mechanical resistance of the epidermal barrier is mainly

due to the corneocytes embedded in the so-called
cornified envelope. It is composed of proteins such
as the dynamically linked loricrin, involucrin and filaggrin.14 The adjacent lipid layers are responsible for the
water permeability and the exchange of substances
with the external environment. The main biochemical
components of the skin barrier are lipids and proteins.
1. Lipids
Lipids involved in the composition of SC are 50%
ceramides, 25% cholesterol and cholesterol esters, 15%
free fatty acids and other lipids presented in small
concentrations.15 The lipids of the SC are substantially different from those constituting other biological
membranes in the body.16 Ceramides are structurally а
heterogeneous family of lipids that contain long main
hydrocarbon chain omega-hydroxy acids and 6-hydroxysphingosine as а binder. New members of the
ceramide family are constantly being discovered, but
ceramide-1 (the least polar ceramide in the structure of
SC) plays a crucial role in the organization of the inter
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cellular lipid layers.17 Double-stranded layers of omegahydroxy ceramides are covalently bound to proteins of
the cornified envelope surrounding the corneocytes,
thus determining the homogeneity and unity of the
stratum corneum.18 Cholesterol increases the fluidity
of the intercellular lipids, and thus contributes to the
elastic properties of skin.19,20
The three main classes of SC lipids are derived from
their precursors - phospholipids glycoceramides, sphingomyelin, and unbound sterols - delivered to the SC
through ovoid structures, surrounded by membrane,
called lamellar bodies or Odland bodies.15 The Odland
bodies contain enzymes such as hydrolases and pro-

38

teases, responsible for the synthesis of lipids of the
corneous layer and the physiological process of desquamation. Once secreted into the intercellular space
of the SC, lipid precursors undergo enzymatic conversion to ceramides, cholesterol and free fatty acids by
the enzymes of the lamellar bodies (Figure 2). The
process is called lipid processing and its goal is the
biochemical conversion of polar precursors to nonpolar lipids and their organisation into lipid layers. Different models are proposed for the organization of
intercellular lipids in SC: a “sandwich“19, a “mosaic“21
and a “gel-phase“ model.22 Electron microscopy studies using ruthenium tetroxide as postfixation reagent
reveals the composition of the intercellular lipid layers:

J Clin Med. 2011; 4(1):36-45
the light lamellae have a bilayer organization and are
partly interrupted by electron-dense areas.23
Various factors, such as the change in the acidity of
the skin surface, the mechanical disruption of the epidermal barrier and others, influence the process of lipid processing. Inhibiting the activity of secretory phospholipase (converting phospholipids to free fatty acids
- Figure 2) leads to defects in the structure of intercellular lipid layers.24 Experimental destruction of the
skin barrier leads to increased synthesis of cholesterol,
associated with higher activity of the enzyme HMGCoA-reductase (a key enzyme in cholesterol synthesis).15 Lack of β-glucocerebrosidase and acidic sphingomyelinase, respectively in Gaucher and Niemann-Pick
disease, leads to an impaired organization of intercellular lipids in the areas of SC and clinical manifestations
of impaired skin barrier function.15
The sebum, produced by sebaceous glands, is involved in the formation of water-lipid mantle of the
skin surface and thus participates in the formation of
epidermal barrier. The composition of human sebum
was analyzed by a thin layer chromatography: fatty acids (47%), wax esters (17%), ceramides (13%), squalene
(11%), cholesterol (7%), triglycerides (3%) and cholesterol esters (2%).25 Fatty acids serve as a substrate for
the formation of skin surface acidity – an important
defensive mechanism against pathogenic flora, as well
as a maintenance of barrier homeostasis.26,27 Reduced
sebum secretion is a key element in the pathogenesis
of senile xerosis and atopic skin.28
2. Proteins
Several proteins such as keratins, loricrin, involucrin,
filaggrin and corneodesmosin participate in building
the corneocyte cytosol, the cornified envelope and
the links between the corneocytes. 		
The keratins form the intermediate filaments of
the corneocyte cytoskeleton. The major keratins, expressed in the suprabasal layers are keratins 1, 2f and
10, constituting about 80% of the corneocyte weight.14
Keratins 1 and 10 forming the corneocyte cytoskeleton
are connected with desmoglein 1 and desmocollin 1
through desmosomal plaque proteins – plakoglobin
and desmoplakins. The keratins are attached to the

cornified envelope proteins surrounding the corneocyte, thus contributing to the stability of the epidermal barrier. Mutations in the gene responsible for
the synthesis of keratin 1 in ichthyosis hystrix, leads to
incomplete formation of intermediate filaments and
impaired barrier function.29
Filaggrin belongs to the family of the S100 Ca2+-binding proteins. The enzymatic transformation of profilaggrin located in keratohyalin granules in stratum
granulosum, leads to the formation of two products
filaggrin and N-terminal peptide.14 Filaggrin provides
the formation of keratin filaments into macrofibrils in
the lowest layers of SC. The filaggrin is an important
source for maintaining skin moisture.30 By reaching
the skin surface, filaggrin is degraded to free amino
acids – the basic components of a highly absorbent
complex called natural moisturizing factor (NMF).31 A
small part of filaggrin binds with loricrin for the formation of the corneocyte cornified envelope.32 The Nterminal peptide is involved in regulation of the corneocyte programmed cell differentiation.33
Mutations in the filaggrin gene are associated with
impaired barrier function in diseases such as ichthyosis
vulgaris and atopic dermatitis.34,36
Structurally different proteins build up the hydrophobic cornified envelope which wraps the corneocytes, for example - involucrin, loricrin, envoplakin and
proteins containing proline.32,37 The loricrin, supplied to
the SC by keratohyalin granules, is a major component
of the cornified envelope and represents about 70% of
its mass.37 Patients with mutations in the loricrin gene,
clinically develop the Vohwinkel syndrome38, characterized by digital constrictures (pseudo-ainhum), keratodermia, mild to moderate ichthyosis and impaired skin
barrier function.
The involucrin is located mainly at the outer layers
of the cornified envelope and is considered the primary precursor for its formation.1 The process of forming bonds between proteins in the composition of
the cornified envelope is accomplished by an enzyme
– transglutaminase -1.39,40 Although there are at least
two other isoforms of this enzyme, their activity is not
sufficient to compensate for the deficiency of transglutaminase-1 in ichthyosis lamellaris.39,40
39
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Corneodesmosomes (the desmosoms in SC) are
made of different proteins - desmosomal cadherins,
desmogleins, desmocollins, desmosomal plaque proteins and extracellular corneodesmosin.41 The corneodesmosin secreted by the lamellar bodies binds
to proteins of the cornified envelope, corresponding
with the location of the corneodesmosomes.41 This
protein plays an important role in the physiological
desquamation process demonstrated by its increased
degradation and the increased corneocyte detachment from the skin surface.42
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Figure 3: A curve demonstrating the actual water distribution in the
epidermis, obtained by in vivo confocal Raman microspectroscopy of the
forearm volar surface in healthy volunteers. A marker placed at a depth of
about 20 µm corresponds to the border between the stratum corneum and
stratum granulosum.

The skin barrier fulfils various defensive functions:
a) protection from environmental factors (physical,
chemical, biological); b) antimicrobial protection c)
regulates the transport of water and the exchange
of substances with the environment (excretion, secretion, resorption) and d) protection against oxidative
stress.1 A precise regulation is needed for the proper
implementation of these function. There are several
interrelated mechanisms and signaling systems for the
formation and maintenance of the epidermal barrier:

water content [%]

3. Regulation mechanisms
of the skin barrier homeostasis

3.1. Hydration of the stratum corneum
Water is essential for the functioning of the physiological processes in the mammalian organism. The
uncontrolled passage of water to the external environment mainly depends on the integrity of the stratum
corneum of the epidermis.14 Water retention contributes to the skin elasticity. Water distribution is not
homogeneous in the epidermis and its water gradient
is determined through a new method - in vivo confocal Raman microspectroscopy (CRM).43,44 The authors
demonstrate a gradual increase in water content in SC
from 15% to 25%, which reaches 40% at the border of
SC and stratum granulosum.43 With the transition to
the deeper layers of the epidermis there is a rapid increase in the water content up to 70% which remains
constant throughout the epidermis. A typical epidermal water distribution curve obtained by CRM in
healthy volunteers is presented in Figure 3 (modified
by Darlenski, R. et al. Non-invasive in vivo methods
for investigation of the skin barrier physical properties.
40

distance of the skin
surface to the dermis [µm]
Many physiological processes depend directly on
the hydration of SC. The degradation of corneodesmosomes is carried out by enzymes (glycosidase and serine-proteases) which require water for functioning. In
this way the process of desquamation depends on the
water content in SC.45 Impaired desquamation occurs
in diseases and conditions with reduced hydration of
the SC, such as ichthyosis vulgaris and xerosis senilis.46
The enzymatic degradation of filaggrin is dependent
also on the water content in SC.44 The reduced hydra-
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tion of SC activates the filaggrin degradation to hygroscopic amino acids (the composition of the natural
moisturizing factor) which retain water in the stratum
corneum.47 Impairment of this regulatory mechanism
in ichthyosis vulgaris is associated with reduced levels
of natural moisturizing factor and impaired skin barrier function.45		
Stratum corneum contains pre-formed pro-inflammatory cytokines.48 The low humidity environment
causes a release of proinflammatory mediators such
as interleukin-1.49 This may explain the progression of
some inflammatory skin diseases in low-humidity environment (e.g. in winter).
3.2. Calcium ions gradient in the epidermis
The quantitative distribution of calcium ions (Ca2+)
in the epidermis is inhomogeneous. Ca2+ levels are
low in basale and spinous layers of the epidermis, and
peak in stratum granulosum.50 Experimental damage
to the skin barrier stimulates recovery processes that
occur at low Ca2+ concentrations in the epidermal surface layers. It has been demonstrated that reducing
Ca2+ in the violation of the barrier integrity stimulates
the secretion of lamellar bodies at the border between stratum granulosum and stratum corneum.51,52
The barrier recovery is hindered in a Ca2+ rich environment. On the other hand, calcium is essential for cell
differentiation and development of intercellular contacts in the epidermis. The formation of intercellular
contacts through cadherins is difficult in the absence
of Ca2+.53
The disturbance in Ca2+ gradient has a clinical significance. In diseases such as psoriasis vulgaris and X-linked ichthyosis, such a disturbance in the Ca2+ gradient is observed in parallel
with the impaired skin barrier function.54,55

3.3. Skin surface acidity
as a regulatory mechanism
The acidic pH of the skin surface layers is important
for the defensive function of the epidermal barrier and
for the formation and maintenance of its integrity.42,56
The mechanisms for the formation of the skin pH are
exogenous and endogenous and are presented in figure 4.
The skin barrier function is competent at birth,
while the skin surface pH is neutral.11,57 Neutral pH is
the cause of delayed recovery of experimentally damaged epidermal barrier in neonatal rats.11 The authors
explain this phenomenon with reduced activity of
β-glucocerebrosidase and acidic sphingomyelinase (involved in the lipid processing of SC and with acidic pH
optima) and increased activity of serine-protease (degrading the corneodesmosomes and with alkaline pH
optima).58,59 The role of pH is confirmed by the normalization of the recovery process through acidification
of the environment.11 The clinical significance of these
results is demonstrated by the pathogenetic vicious
circle in diaper dermatitis. The insufficient acidity of SC
in infants and the alkaline environment (from ammonium salts in the urine) activate enzymes (originating
from faeces) - trypsin, and lipase, causing further damage and irritation of the skin barrier.60,61
The increased epidermal pH at birth predisposes
to more frequent bacterial and fungal infections in
neonates.56,57,61 High pH values favor the development
of the skin surface pathogens such as Staphylococcus
aureus and Candida albicans.60,61
In conclusion, the violation of a single regulatory
mechanism leads to the impairment of various skin
barrier functions. The integrity of the skin barrier is essential for carrying out the defensive function of skin.
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