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Part One %

Basic Structure and Function
of the Skin

Chapter One

Section One Basic Structure of the Skin

The skin is the largest human organ and completely covers the
body. It accounts for about 15 percent of a human’s weight.and has
an area about 0. 2 m® for a newborn and approximately 1. 6 m® for
an adult. It performs many vital functions and is an important
component of the immune system.

The entire surface of the skin is covered by alternating sets of
fine grooves and ridges which are known as the sulci cutis and the
cristae cutis respectively, The orientation and density of these
dermal ridges and valleys varies according to the specific area of the
body. The openings for the sweat pores are located exclusively in
the ridges. Although it is unknown precisely how the conditions of
human development determine the orientation of these ridges.it is
well known that the swirled pattern on the palms and soles. also
known as the “fingerprints” when it comes to modern crime
analysis dramas, is not only unique to the person but also
unchanging over a person’s life. The terminal hairs or tiny vellus
hairs also cover most parts of the body. In addition. some
characteristic lines known as “Blaschko lines” can manifest themselves
in cutaneous mosaicism as a symptom of certain skin diseases.

The color of the skin depends upon race.age.gender.nutrition
and environment., and even varies with specific location on the
body.

The skin is composed of three anatomically distinct layers.
From the surface inward. these are the epidermis. dermis. and

subcutaneous tissue (fat-storing cells) (Fig. 1-1).

Epidermis

The epidermis is the outmost layer of the skin,which interacts
directly with the external environment. The thickness of the
epidermis varies significantly from site to site on the body. from
less than 0. 1 mm on the eyelids to 1. 5 mm on the palms of the
hands and soles of the feet. The epidermis is composed of
keratinocytes, Langerhans cells, a-dendritic cells (also known as
indeterminate cells), melanocytes. Merkel cells and unmyelinated

neurons, It also contains the cuboidal epithelial cells that form the
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Apocrine gland

Fig. 1-1 Illustration of the skin structure( & 1-1

spiral acrosyringia of the eccrine sweat ducts. In about 10% of the
population.the so-called Toker cells can be found in the epidermis
of the nipple. Toker cells are clear cells with light staining
cytoplasm. vesicular nuclei and prominent small nucleoli. These
cells can express molecular markers for CK7, AE1, CAMS, 2,
cerB2. EMA, ER, PR, but not for P53 and CD138 in contrast to
Paget’s cells which do not express ER or PR but are positive for
P53 and CD138 staining.

1. Keratinocytes

The epidermis is composed primarily of well-ordered cells
called keratinocytes (or squamous cells), The name is derived from
the fact that the basic function of such cells is to synthesize
keratin. Keratinocytes account for 95% of the epidermal cell mass.

At the microscopic level.if we were to slice into the epidermis.
we would see it divided into four layers. From the innermost layer
to the outermost, these are known as the basal cell layer (stratum
basalis) , the prickle cell layer, or suprabasal cell layer (stratwm
spinosum) s the granular cell layer (stratum granulosum).and the
horny cell layer (stratum corneum) (Fig. 1-2,Fig. 1-3). Sometimes a
pink layer can be found between the granular cell layer and the
horny cell layer in the skin of the palms and soles. This layer is
called the stratum lucidum.

The plane of contact between the epidermis and dermis is not
smooth and flat.but is an undulant interface. The rete ridges of the
epidermis grow down into the dermis and alternate with
interdigitated projections of the dermal connective tissue (the latter
are the so-called dermal papilla). The basement membrane zone

(BMZ) is situated just between the epidermis and the dermis.
1) Basal cell layer(stratum basalis)

(1) Basal cells:the basal cells are also called epidermal matrix

Eccrine gland
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Fig. 1-2

BMZ Dermal papilla

Fig. 1-3 The epidermal layers, HE staining( & 1-3

cells or epidermal germinative cells. They proliferate.differentiate,
and then move upward through the full thickness of the epidermis.
layer by layer. The mitotic activity in the epidermis is mainly
confined to the basal cell layer. The time spanning from
differentiation of keratinocytes in the basal cell layer to the
exfoliation process in the horny cell layer is known as the epidermal
transit time or epidermal turnover time. In normal skin. this takes

about 28 days.

The epidermal stem cells are predominately located at the tips
of the epidermal rete ridges,but also in the bulge regions of the hair
folliclessand at the base of the sebaceous glands. Epidermal stem
cells are characterized by their high expression levels of Bl1-
integrin, g6-integrin. Lrigl . Racl and P63, their low expression of
desmoglein 3 and by the lack of markers for terminal differentiation
of epidermal cells. Hair follicle stem cells in the bulge areas can
generate cells of the outer root sheath, differentiate into sebocytes

and interfollicular epidermal cells and express the cell surface

El Stratum corneum

Stratum spinosum

Illustration of the epidermal layers(E 1-2 REHEXRTEE)
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Stratum lucidum
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Stratum basalis
Melanocyte
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molecules such as CD34, VAR and transcription factors TCF3,
Sox9, Lhx2 and NFATcl. Therefore, these stem cells play an
important role in maintaining the homeostasis of the pilosebaceous
unit. When sebocyte stem cells differentiate into sebocytes,the cells
become full of lipid and express Blimpl.

The basal cell layer is grouped into a series of rectangular or
columnar shaped keratinocytes, which contain relatively large
round-oval nuclei dominated by chromatin, and which contain
slightly more basophilic cytoplasm than the keratinocytes above it.
By aligning in the manner of a series of palisades, the basal cells
keep their long axes perpendicular to the plane of the basal
membrane. The melanin in basal cells is obtained from adjacent
melanocytes that govern the color and shades of the skin.

The cytoplasm of the basal cells and the keratinocytes above it
are packed with intermediate keratin filaments arranged as bundles
of threads (tonofilaments). This structure runs from the peripheral
area of the nuclei to the specialized attachment plaques.,
desmosomes or hemidesmosomes.,which are described below.

(2) Desmosome, hemidesmosome.and gap junction: epidermal
cells are joined to one another by desmosomes ( specialized
intercellular bridges as shown in Fig.1-4). They are joined
horizontally between adjacent basal cells, vertically between basal
cells and prickle cells above and also transversely between prickle
cells themselves. The detailed view of desmosome structure reveals
an electron-lucent space in the central part of the desmosomes,and
an electron-dense central lamina (Fig. 1-4 inset)just in the middle
of this intercellular matrix. The hemidesmosomes attach the basal-
cell membrane to the basal membrane. The gap junctions also allow

communication between adjacent basal cells.
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Fig. 1-4 Electron microcopy of desmosome. D :desmosome. Inset is the magnification of desmosome
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(D Desmosomes: desmosomes are composed of attachment
plaque and transmembrane proteins that set up a bridge between

cell surface and intracellular filaments. The attachment plaque is
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where desmoplakin attaches to the keratin fibers, and is also the
place for transmembrane proteins, desmogleins and desmocollins to
attach to desmoplakin via plakoglobin and plakophilin. Then the
extracellular domains of desmogleins and desmocollins bind to each
other in order to bridge the space between adjacent epidermal cells.
In general, desmoglein 3 is common (and easily detected) in
suprabasal keratinocytes and desmoglein 1 is in the group of

keratinocytes just beneath the horny cell layer.

With the use of electron microscopy,each desmosome is seen
to be made of three parts: the trilaminar plasma membrane
structure of the adjacent keratinocytes, the electron-dense
attachment plaque in each adjacent keratinocyte’s cytoplasm, and
an intercellular matrix betneen the two.

This trilaminar plasma.8 nm in width.presents as three layers
of differing density under electron microscopy. The inner layer
(inner leaflet) is a fine electron-dense line along the cytoplasmic
side of the plasma membrane adjacent to the attachment plaque;an
electron-lucent central lamina stands in the middle, and finally the
electron-dense outer layer ( outer leaflet) interfaces to the
intercellular matrix between the epidermal cells. The densest
material of such intercellular matrix tends to be deposited on the
surface of outer leaflet,and is known as cell surface coat. However,
it is not easy to clarify the boundary between the cell surface coat
and outer leaflet of the plasma membrane because of their similar
density.

(@) Hemidesmosomes:as the name implies, hemidesmosomes are
half desmosomes. This structure is important for connecting the
basal cells to the lamina densa of the basal membrane. It is known
that those intermediate filaments of the cytoskeleton at the
hemidesmosomes that protrude from the basal keratinocytes are
keratin 14 and keratin 5. A number of important molecules or
antigens have been linked to hemidesmosomes including bullous
pemphigoid antigen 1 (BPAGI, 230 kD). bullous pemphigoid
antigen 2 (BPAG2,180 kD) ,a6B4integrin,and other molecules such
as a3pl integrin,a2B1 integrin,IFAP300,P200,etc(Fig. 1-7).

3 Gap junctions: these are 2-4 nm wide intercellular spaces
between adjacent cells composed mainly of connexin units on the
cell membrane. A total of 13 connexins have been described so far
that can be classified into three groups:a.p and y. The key function

of these proteins is to connect adjacent cells by transporting small
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