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No UV 24 h post-UV

Induction of sunburn cells and epidermal hyperplasia in unirradiated and U V-irradiated mouse skin
at various times after UV irradiation. Arrows indicate representative sunburn cells. Original mag-
nification, x400 for unirradiated and 24 h post-UV and x200 for 48 and 72h post-UV. (Reprinted
with permission from Oubhtit A et al: Temporal events in skin injury and the early adaptive responses
in ultraviolet-irradiated mouse skin, Am J Pathol 156:201-7, copyright 2000.) See color insert.
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ANATOMY AND PHYSIOLOGY OF THE SKIN [24.1]

The skin is composed of two layers: the epidermis and dermis. The epidermis is a layer
of stratified squamous epithelial cells. There are several types of cell in the epidermal
layer: keratinocytes, melanocytes, and sensory cells. Keratinocytes are the largest group
of epithelial cells, which produce and release keratin, a protein forming the surface keratin
layer of the epidermis. The keratin layer protects the epidermis from mechanical injury
and chemical corrosion. Melanocytes are pigmented epithelial cells that determine the
color of the skin. Sensory cells are specialized nerve cells. The endings of these cells are
responsible for sensing mechanical contacting and temperature changes. The epidermis
resides on a matrix layer known as the basement membrane, which separates the epidermis
from the dermis.

The dermis is a layer of connective tissue and serves as the base for the epidermis,
providing structural support and mechanical strength to the skin. The dermis is composed
of several cell types, including the fibroblasts, adipocytes, and macrophages. Fibroblasts
are responsible for the generation of extracellular matrix components such as collagen,
elastin, and proteoglycans. Adipocytes are cells for the metabolism and storage of lipids.
Macrophages are originated from the bloodborne monocytes, which are transformed to
macrophages when migrating from the blood to tissue. These cells are responsible for the
destruction of bacteria and clearance of cell debris. All cell types in the dermal layer
reside in a meshwork of extracellular matrix, composed of collagen fibers, elastic fibers,
and ground substances. In the dermal tissue, collagen fibers are constructed primarily
with collagen type 1. Elastic fibers consist of elastin, microfibrils, and microfibril-associ-
ated proteins. Ground substances are composed of proteoglycans (see Chapter 4 for
details). These matrix components are responsible for the organization, integrity, stability,
elasticity, and strength of the dermis. The dermis is also composed of several other struc-
tures, including blood vessels (arteries, capillaries, and veins), lymphatic vessels, nerve
endings, hair follicles, and sweat and sebaceous glands.

The dermis resides on a deeper layer of connective tissue, known as subcutaneous
tissue. This layer is composed of several cell types, including fibroblasts, adipocytes, and
macrophages, and extracellular matrix. Large blood vessels (arteries and veins) and nerve
bundles are surrounded by the subcutaneous tissue. A large fraction of adipocytes in the
body is found in this type of tissue. The subcutaneous tissue provides a connection
between the skin and internal structures, such as bones and skeletal muscles.

There are several functions for the skin, including protection, regulation of tempera-
ture, and sensation. Given the anatomical location and histological structure, the skin
serves to protect the internal tissues and organs from injury induced by environmental
factors, including chemical toxins, corrosive agents (acids and bases), mechanical forces
(stretching, compressing, and shearing), microorganisms (bacteria and viruses), and radia-
tions (UV and X-ray). The skin contains various types of sensory nerve endings, which
can sense temperature changes, pressure, mechanical contacting, and chemical corrosion.
These sensory structures are critical to the protection of the body from dangerous envi-
ronmental factors. The skin consists of a rich network of blood vessels, which play an
important role in the regulation of body temperature. An increase in the body temperature
induces arteriolar dilation, leading to an increase in blood flow to the body surface and
thus facilitating heat loss. A decrease in the body temperature exerts an opposite effect.
The excretion of sweat is another mechanism that facilitates the loss of body heat and
reduces body temperature. The skin participates in the synthesis of vitamin D, a hormone
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that regulates the metabolism of calcium and phosphate (stimulating the absorption of
calcium and phosphate in the intestines, and increasing the level of blood calcium and
phosphate). Vitamin D is synthesized from a cholesterol molecule, 7-dehydrocholesterol,
which is converted into cholecalciferol under the stimulation of ultraviolet light.
Cholecalciferol is released into the blood and converted into vitamin D in the liver via
hydroxylation. In addition, the skin is an important structure that protects the body from
water loss.

SKIN DISORDERS

Skin Injury

Pathogenesis, Pathology, and Clinical Features [24.2]. The skin directly interacts with
the external environment and is often subject to hazard factors, such as heat, chemical
toxins, radiation, electricity, and mechanical impacts. These factors induce various types
of skin injury ranging from reversible inflammation to the destruction of the skin. The
severity of skin injury is dependent on the skin layers involved and is classified into three
degrees. First-degree skin injury is defined as injury limited to the epidermis, character-
ized by the presence of redness, an increase in local temperature, itching, and pain in the
injured area. Examples of first-degree injury include scalds and sunburn. Second-degree
injury involves the epidermis and dermis, and is characterized by severe local pain, swell-
ing, and the formation of blisters containing fluids or blood, which arise from tissue cleav-
age within the epidermis (intraepidermal vesication) or the separation of the epidermis
from the dermis (subepidermal vesication). Sweat glands and hair follicles are often
damaged in the second degree of injury. Third-degree of skin injury involves the epidermis,
dermis, and subcutaneous tissue, characterized by the destruction of all skin layers, the
exposure of the subcutaneous tissue or other internal tissues, such as the skeletal muscles,
tendons, ligaments, and bones, in association with massive swelling. Since sensory nerve
endings are destroyed, third degree skin injury may not be associated with severe pain. The
first and second degrees of skin injury can be self-healed within 1 to 3 weeks without the
formation of scars. The recovery of the third degree of skin injury is often associated with
scar formation. In severe cases with the exposure of skeletal muscles, tendons, ligaments,
and bones, distortion and malfunction of the internal tissues may occur.

The impact of skin injury on the function of the skin and internal tissues is dependent
on the area and degree of the injury. A small area of skin injury, referred to as minor
injury, may not significantly influence the function, except that scars may form when the
subcutaneous tissue is involved. A large area of third-degree skin injury, referred to as
major injury, can cause pathological changes in not only the skin but also internal tissues
and organs. Major changes in the skin include loss of the protective function and loss of
body fluids. The loss of the protective function renders the skin vulnerable to bacterial
and viral infection. Patients with fire- or chemical-induced injury are often associated
with bacterial infection, the most common cause of death in these patients. Because of
the destruction of the skin, water loss by evaporation is greatly enhanced in the area of
injury, resulting in a reduction in the volume of blood and interstitial fluids. In addition,
scar formation may result in distortion of the subcutaneous and internal tissues. When
scars form over a joint, the flexibility of the joint will be reduced, influencing the mobility
of the joint and extremities.
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The pathological effects of skin injury are not limited to the skin. A large area of
third-degree skin injury can result in malfunction of the internal tissues, organs, and
systems. When internal tissues such as skeletal muscles and bones are injured, the func-
tions of these tissues are impaired. Severe skin injury may also involves the vascular,
lymphatic, and hormonal systems. Injured cells can release inflammatory mediators, such
as histamine and prostaglandins. These mediators act on capillary endothelial cells and
increase the permeability of capillaries, resulting in the transport of fluids from the blood
to the interstitial tissue and a decrease in the volume of circulating blood. In severe cases,
the deficit of blood volume may affect the performance of the heart and leads to oxygen
deficiency in peripheral tissues and organs. In the case of bacterial infection, toxins
released by the bacteria, together with inflammatory mediators released by infected and
injured cells, may induce cell malfunction in the brain, heart, kidney, and liver, resulting
in the impairment and failure of these organs.

Conventional Treatment of Skin Injury [24.2]. For the first and second degree of skin
injury, injured skin can usually be self-cured. However, the third degree of skin injury
cannot be self-cured and may result in serious clinical consequences. There are several
strategies for the treatment of third-degree skin injury. These include the restoration of
fluid and electrolyte balance, protection of the skin from bacterial infection, coverage of
injured skin to prevent water loss and bacterial infection, and prevention of scar formation.
Water loss and increased capillary permeability result in a reduction in the volume of
circulating blood and imbalance of electrolytes. Thus, patients with severe skin injury
should be treated to restore the water and electrolyte balance. Bacterial infection occurs
in almost all cases of sever skin injury. Antibiotics should be used to prevent bacterial
infection. The most important treatment for severe injury is skin transplantation. In prin-
ciple, all areas of third-degree skin injury should be covered with autogenous skin speci-
mens collected from intact areas of the patient. This is a critical treatment for the
prevention of water loss and bacterial infection. In most cases of third-degree skin injury,
however, it is difficult to collect sufficient skin specimens. Artificial skin substitutes can
be constructed and used for the treatment of severe skin injury. When scar formation
influences the function of the joints and extremities, the scar should be removed and
replaced with intact skin specimens or skin substitutes.

Skin Regenerative Engineering. Skin regenerative engineering is to develop cell-based
functional skin substitutes that can be used for the coverage of injured skin or replacement
of the lost skin. Skin regenerative approaches are established based on the natural healing
processes of skin wounds. In response to skin injury, the wound site is rapidly plugged
with fibrin clots. Injured epithelial cells and fibroblasts at the wound site may release
cytokines and growth factors, which attract leukocytes and fibroblasts to the wound site,
inducing inflammatory reactions and formation of granulation tissue. The vascular endo-
thelial cells are activated in response to angiogenic factors to induce the formation of new
blood vessels. The epithelial cells at the edge of the wound are stimulated to proliferate
and migrate over the wound area to form a new epidermal layer. The fibroblasts within
the wound produce and release extracellular matrix, which contributes to fibrosis and scar
formation (Fig. 24.1). When the skin wound only involves the epidermis and a small area
of the dermis (first- and second-degree of wounds), the wound can be completely self-
healed. However, when the wound involves the deep subcutaneous tissue (third-degree
wounds), the wound cannot be self-healed, often resulting in permanent scars and distor-
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Figure 24.1. Schematic representation of the key players in the healing of a skin wound. The defect
is temporarily plugged with a fibrin clot, which is infiltrated by inflammatory cells, fibroblasts, and
a dense capillary plexus of new granulation tissue. An epidermal covering is reconstituted from the
edges of the wound and from the cut remnants of hair follicles. At the migrating keratinocyte
leading edge, cells bore a passageway enabling them to crawl beyond the cut basal lamina and over
provisional matrix and healthy dermis, Cell division occurs back from the leading edge. Monocytes
emigrate from wound capillaries into the granulation tissue, which contracts by means of smooth-
muscle-like myofibroblasts that tug on one another and the surrounding collagen matrix. (Reprinted
with permission from Martin P: Wound healing—aiming for perfect skin regeneration, Science
276:75-81, copyright 1997 AAAS.)

tion of the skin and involved joints. For third-degree of skin wounds, it is necessary to
cover the wounds with skin substitutes and reduce inflammatory reactions, which facilitate
the healing process of skin wounds. Skin regenerative engineering approaches are estab-
lished for these purposes. A skin substitute can be generated by seeding and growing stem
cells or epidermal cells on extracellular matrix or synthetic scaffolds. Several factors
should be taken into account for the construction of skin substitutes. These include cell
types, matrix types and forms, appropriate growth stimulators, and a suitable growth
system. These factors are discussed as follows.

Cell Types for Constructing Skin Substitutes [24.3]. Several cell types can be used for
the construction of skin substitutes. These include embryonic stem cells, multipotent fetal
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stem cells, adult bone marrow stem cells, adult epidermal progenitor cells, and mature
epidermal and dermal cells. Embryonic stem cells, collected from the inner cell mass of
the blastocyst, are pluripotent cells that can differentiate into all specialized cell types,
including epidermal cells, when appropriate growth conditions are provided. Fetal ecto-
dermal stem cells are multipotent cells that are committed to the differentiation into
ectodermal cells, including epidermal cells. Adult stem cells, such as bone marrow stem
cells, can also be induced to differentiate into epidermal cells. Since mature epidermal
cells can proliferate, these cells can also be used for the construction of skin substitutes
(Fig. 24.2).

Although embryonic and fetal stem cells are potential candidate cell types for skin
regeneration, these cells are derived from allogenic sources and cause immune rejection
responses. Thus, an ideal approach is to identify and use autogenous epidermal stem cells.
In the adult skin, there exist potential epidermal stem and progenitor cells. The hair folli-
cles and sebaceous glands contain multipotent epidermal stem cells. In response to skin
injury, these stem cells can be activated to form epidermal cells, follicle cells, and seba-
ceous gland cells. The differentiation of the epidermal stem cells is a critical processes

Figure 24.2. Skin tissues reconstituted by a mixture of epidermal and dermal cells. (A) Active
hair growth in a region transplanted with embryonic epidermal and dermal cells observed 3 weeks
after transplantation. (B) Histology of the reconstituted skin stained with hematoxilin/eosin. Epi-
dermis and hair follicles with sebaceous glands (inset) were seen. Scale bar: 50um (inset, 10 um).
(C) Skin reconstituted by epidermal and dermal cells derived from GFP-transgenic mice: (C-1)
DAPI staining of nuclei; (C-2) fluorescent microscopic image. The dotted line in C-1 indicates the
part of reconstituted skin. Scale bar: 200 um. (Reprinted with permission from Kataoka K et al:
Participation of adult mouse bone marrow cells in reconstitution of skin, Am J Pathol 163:1227-31,
copyright 2003.)
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for the self-healing of injured skin. In addition, the basal cells of the epidermis, residing
on the basement membrane, are capable of proliferating and differentiating into mature
keratinocytes. These cells are considered epidermal progenitor cells and can be used for
skin regeneration. Adult epidermal stem cells have a large growth capacity. Under appro-
priate conditions, basal epidermal and hair follicle stem cells can differentiate into kera-
tinocytes and expand rapidly in a cell culture system. Expanded cells can be used for skin
regeneration and reconstruction. Experimental investigations have shown that the trans-
plantation of epidermal stem cells to injured skin significantly enhances skin recovery
from injury (Fig. 24.3).

As for other tissue types, it is necessary to identify epidermal stem cells before they
are collected and used for skin reconstruction. This can be done by detecting molecules
specific to the epidermal stem cells. Compared to mature epidermal cells, the epidermal
stem cells express a higher level of 06 and 1 integrins, although these integrins are not
specific to epidermal stem cells. The hair follicle stem cells and basal cells express a
unique keratin molecule known as keratin 15. This molecule has been considered a marker
for identifying epidermal stem cells. Antibodies specific to keratin 15 can be used to
identify epidermal stem cells. The p63 protein, a homologue of the p53 tumor suppressor,
is expressed in the basal cells and follicle cells. The expression level of this gene is directly
proportional to the activity of cell proliferation. Thus, p63 has been considered a potential
marker protein for identifying epidermal stem cells. Several other proteins, including
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Figure 24.3. Wounds receiving epidermal stem cells (EpiSC) healed faster than did wounds receiv-
ing no cells. Full-thickness skin wounds were created in the back skin of C57BL/6 nontransgenic
mice. Two days later EpiSC were isolated from the back skin of neonatal GFP transgenic mice,
and injected beside and beneath the wound beds. Shown here are adjacent sections through the
middle of the healed wound bed 21 days after GFP* EpiSC were injected. (A) H&E-stained section;
(B) unstained adjacent section showing GFP fluorescence. Circle surrounds a cluster of GFP* cells
showing varying morphology. (Reprinted with permission from Bickenbach JR, Grinnell KL:
Epidermal stem cells: Interactions in developmental environments, Differentiation 72:371-80,
copyright 2004.)
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CD34 and AC133-2 (an isoform of CD133), have also been identified as potential markers
for epidermal stem cells. Antibodies for these proteins can be used for the identification
of epidermal stem cells. However, mature epidermal cells and follicle cells may express
some of these proteins in certain developmental stages. These marker proteins should
be used in caution. The use of multiple protein markers may help to identify epidermal
stem cells.

Matrix Scaffolds for Constructing Skin Substitutes [24.4]. Epidermal cells reside on the
dermis, a soft connective tissue containing fibroblasts and extracellular matrix that is
constituted with collagen fibers, elastic fibers, and proteoglycans. These matrix compo-
nents not only provide a structural basis for the integrity and mechanical strength of the
skin, but also play critical roles in the regulation of cell attachment, proliferation, migra-
tion, regeneration, and wound repair. Thus, extracellular matrix is an essential component
for skin regeneration and reconstruction. Collagen matrix is commonly used as a substrate
for culturing epidermal cells and constructing skin substitutes. Artificially constituted
collagen gel and natural collagen matrix collected from the host or allogenic patients can
be used for such a purpose. Collagen stimulates cell adhesion, proliferation, and migration,
thus enhancing skin regeneration. Other matrix components, such as fibronectin, proteo-
glycans, and fibrin, can also be used or added to the collagen matrix to construct matrix
scaffolds for skin regeneration and reconstruction.

In addition to natural extracellular matrix components, synthetic polymers, such as
polyethylene glycol and polyglycolide, can be used for skin regeneration and reconstruc-
tion. These polymers are often used as substrates for seeding and culturing cells or for
delivering biological substances that are required for cell growth and differentiation. In
particular, the use of biodegradable polymers, such as polyglycolide and poly(glycolide-
L-lactide), may provide suitable conditions for the growth of epidermal cells. Biological
substances can be easily incorporated into the polymer matrix and delivered to the target
cells. The polymer matrix can serve as a substrate for cell attachment, growth, migration,
and pattern formation. By controlling the degradation of the polymeric matrix, seeded
cells can gradually form a natural structure with cell-synthesized extracellular matrix,
which replaces the polymeric matrix and provide a permanent substrate for grown cells.

Growth Factors for Stimulating the Growth of Epidermal Cells [24.5]. Epidermal cells
express a number of growth factors and cytokines, including epidermal growth factor
(EGF), keratinocyte growth factor (KGF), fibroblast growth factor (FGF), platelet-derived
growth factor (PDGF), hepatocyte growth factor (HGF), vascular endothelial growth
factor (VEGF), insulin-like growth factor (IGF), macrophage colony-stimulating factor
(M-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), and interleukin-
1,3,6,8,10,18. These growth factors and cytokines play important roles in regulating the
proliferation and differentiation of the epidermal cells. Figure 24.4 shows the effectiveness
of EGF in improving the proliferation and migration of epithelial cells.

Although the exact mechanisms of cell differentiation remain poorly understood, time-
dependent dynamic activation of selected growth factors and cytokines is critical to the
differentiation of epidermal stem cells. Thus, these factors can be applied to cultured
epidermal stem cells to stimulate cell differentiation and growth and facilitate skin regen-
eration. Alternatively, the genes that encode these factors can be used and transferred into
epidermal stem cells to enhance the expression of these factors and facilitate cell differ-
entiation and growth. (See Table 24.1 for further details.)
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Figure 24.4. Epidermal growth factor (EGF) enhances serum-dependent closure of CV-1 cell
scrape wounds: (A) parallel serum-starved CV-1 cell cultures were scrape wounded on the micro-
scope stage, and images were collected at 6-min intervals for 24 h. The area of the scrape wound
was measured for each image and is plotted for cells cultured in 10% calf-serum-containing
medium (control) or in 10% calf-serum-containing medium supplemented with 10nM EGF. (B) At
the end of the experiment shown in panel A, the medium in both cultures was replaced with 10%
calf serum and the assay was repeated. No EGF was present on day 2 of the experiment. The arrows
to the right of the plots in A and B indicate the point of complete wound closure. (C) the sustained
maximum migration rates were calculated using linear regression (means = SE). *Significant
increase (P < 0.05) in the monolayer migration rate compared with time-matched controls. (D)
Cells cultured in calf-serum-containing medium were treated with EGF during the indicated inter-
vals on day 1, and wound closure on day 2 was measured using a static assay. Values are means *
SE from triplicate determinations in 4 independent experiments. *Significant reduction (P < 0.05)
in wound area compared with the time-matched control treated with calf serum only. The morphol-
ogy of wound closure after 15h is shown for cells cultured in serum (E) or in serum plus 10nM
EGF (F). See Video 3 for an example of time lapse. (Reprinted with permission from Kurten RC
et al: Coordinating epidermal growth factor-induced motility promotes efficient wound closure,
Am J Physiol Cell Physiol 288:C109-21, copyright 2005.)
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Construction of Skin Substitutes [24.6]. The skin is a structure that interacts with the
external environment at one side and the internal connective tissue at the other side. Thus,
a growth model for constructing skin substitutes should provide an environment that
mimics the physiological conditions for the natural skin. Such a model can be established
by using several necessary components, including epidermal stem cells or keratinocytes,
fibroblasts (for the formation of dermis-like connective tissue), a matrix scaffold, essential
growth-stimulating factors, and culture media. To avoid immune rejection responses, cells
should be collected from the host patients, if possible.

In a skin growth apparatus, a sheet-like matrix scaffold can be constructed with either
collagen gel, composite matrix components including collagen, fibronectin, and proteo-
glycan, or biodegradable polymers. Collected fibroblasts can be seeded in the matrix
scaffold with the cells submerged under a culture medium. Epidermal cells or stem cells
can be identified, collected, expanded, and seeded on the top of the fibroblast-containing
matrix scaffold. Alternatively, host skin specimens can be collected and directly placed
on the fibroblast-containing matrix scaffold. In the later case, the surface of the skin
specimen should be exposed to the air. The culture medium may be supplemented with
desired growth-stimulating factors, such as epidermal growth factor (EGF), keratinocyte
growth factor (KGF), and/or fibroblast growth factor (FGF). Other necessary components
may also be added, such as insulin (to promote the uptake of glucose and amino acids)
and hydrocortisone (to promote cell adhesion and proliferation). The skin constructs can
be cultured under standard conditions (37°C, 5% CO, and 95% air). The constructed skin
substitutes usually exhibit a skin-like structure and express common epidermal cell
markers such as keratin 6, 15, 16, and 17 (Fig. 24.5).

When a sheet-like skin structure is established, an enzyme called dispase can be
applied to the skin construct to remove the epidermal layer from the underneath fibroblast-
containing matrix. This enzyme cleaves adhesion molecules between the epidermal cell
layer and the substrate without breaking the molecular adhesion bonds between the epi-
dermal cells. The skin construct can be collected and applied to the injured skin. Alter-
natively, the skin construct can be stored at 4°C for a short period. When autogenous skin
specimens are not available in patients with a large area of third-degree injury, allogenic
epidermal cells can be used instead. In such a case, immuno-suppressors should be admin-
istrated to prevent skin-substitute rejection.

Skin Cancer

Pathogenesis, Pathology, and Clinical Features [24.7]. Skin cancers are originate pri-
marily in the epidermal cells and belong to the carcinoma family (defined as cancers of
epithelial origin). There are several types of common skin cancer, defined on the basis of
the types of epidermal cells. These include basal cell carcinoma, squamous cell carci-
noma, and melanoma. Basal cell carcinoma arises from deep basal epidermal cells, which
are located on the basement membrane and can differentiate into superficial keratin-pro-
ducing squamous epidermal cells for replacing lost cells. Once becoming cancer cells, the
basal epidermal cells can no longer differentiate into squamous epidermal cells. Basal cell
carcinoma accounts for about 70% of skin cancers. Squamous cell carcinoma originates
from differentiated keratin-producing epidermal cells. This type of cancer can arise from
a location with chronic inflammation, a burn scar, a sun-damaged area, chronic ulcers, or
keratoses. It can also arise from normal skin. Melanoma is a type of malignant skin cancer,
originating from the epidermal pigment cells, which are concentrated in the skin moles.



1018 SKIN REGENERATIVE ENGINEERING

NHS CSS in vitro CSS wk1 in vivo CSS wk4 in vivo
e Fnd ;

"7’\»‘.. £

Figure 24.5. Immunohistochemical localization of keratin proteins in native human skin (NHS)
and constructed skin substitutes (CSS). Shown are sections of native human skin (A,E,[,LM,Q), CSS
at 2 weeks incubation in vitro (B,F,J,N,R), and CSS at 1 week (C,G,K,0,S) and 4 weeks (D,H,L,P,T)
after grafting to athymic mice (in vivo). For all sections, epidermis is at the top of the panel. (A-D)
Keratin 6, (E-H) keratin 16, (I-L) keratin 17, (M—P) keratin 15. (Q-T) Immunohistochemistry
using a nonimmune mouse IgG antibody as a negative control. Note the nonspecific background
staining in the dermis of CSS sections in vivo, seen with the nonimmune negative control primary
antibody (S.T) as well as the keratin-specific antibodies (C,D,G,H,K,L,O,P). This background
staining, seen only in sections of CSS after grafting, resulted from the detection procedure used
for mouse monoclonal antibodies on tissues excised from mice. Scale bar in (A) is same for all
panels (100um). (Reprinted from Smiley AK et al: Keratin expression in cultured skin substitutes
suggests that the hyperproliferative phenotype observed in vitro is normalized after grafting, Burns
32:135-8, copyright 2006, with permission from Elsevier Ltd. and the International Society for
Burn Injuries.)

Melanoma develops rapidly with a high capability of invasion and metastasis. This type
of cancer is characterized by progressive changes in the color, border shape, and the
surface roughness of the skin moles. Melanoma is the leading cause of death among
patients with skin diseases.

Several factors have been known to contribute to the pathogenesis of skin cancer.
Exposure to ultraviolet light is a common cause for skin cancer, especially in patients with
weak melanin pigmentation (see chapter-opening figure). People with poor tolerance to
sunlight have a higher incidence of skin cancers compared to the general population.
Exposure to chemical carcinogens (e.g., inorganic arsenicals and organic hydrocarbons)
and ionizing radiation (e.g., X rays and y rays) can also cause skin cancers. The patho-
genesis of cancers is discussed in detail in Chapter 25.
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Treatment of Skin Cancers. As for cancers in other tissues and organs, surgical removal
of skin cancers prior to metastasis remains the primary treatment. Thus, early diagnosis
of skin cancers is critical to the treatment of skin cancers. When cancers become meta-
static, general treatment, such as chemotherapy and radiotherapy, should be used. Molecu-
lar therapy has also been used for the treatment of skin cancer in experimental investigations
and clinical trials. These methods are discussed in Chapter 25.
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