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below 300 nm, 20% of radiation below 360 nm, and 33% of short visible
radiation reach the basal cell layer in untanned human skin. In contrast, UV-A readily penetrates to the dermis and is capable of altering
structural and matrix proteins that contribute to photoaging of chronically sun-exposed skin, particularly in individuals of light complexion.
Thus, longer wavelengths can penetrate more deeply into the skin.

PART 2
Cardinal Manifestations and Presentation of Diseases

Molecular Targets for Uvr-Induced Skin Effects Epidermal DNA—
predominantly in keratinocytes and in Langerhans cells, which are
dendritic antigen-presenting cells—absorbs UV-B and undergoes
structural changes between adjacent pyrimidine bases (thymine or
cytosine), including the formation of cyclobutane dimers and 6,4-photoproducts. These structural changes are potentially mutagenic and
are found in most basal cell and squamous cell carcinomas (BCCs
and SCCs, respectively). They can be repaired by cellular mechanisms
that result in their recognition and excision and the restoration of
normal base sequences. The efficient repair of these structural aberrations is crucial, since individuals with defective DNA repair are
at high risk for the development of cutaneous cancer. For example,
patients with xeroderma pigmentosum, an autosomal recessive disorder, have a variably deficient repair of UV-induced photoproducts.
The skin of these patients often shows the dry, leathery appearance
of prematurely photoaged skin, and these patients have an increased
frequency of skin cancer already in the first two decades of life. Studies
in transgenic mice have verified the importance of functional genes
that regulate these repair pathways in preventing the development of
UV-induced skin cancer. DNA damage in Langerhans cells may also
contribute to the known immunosuppressive effects of UV-B (see
“Photoimmunology,” below).
In addition to DNA, molecular oxygen is a target for incident solar
UVR, leading to the generation of reactive oxygen species (ROS).
These ROS can damage skin components, such as epidermal lipids—
either free lipids in the stratum corneum or cell membrane lipids. UVR
also can target proteins, leading to increased cross-linking and degradation of matrix proteins in the dermis and accumulation of abnormal
dermal elastin leading to photoaging changes known as solar elastosis.
Cutaneous Optics and Chromophores Chromophores are endogenous
or exogenous chemical components that can absorb physical energy.
Endogenous chromophores are of two types: (1) normal components
of skin, including nucleic acids, proteins, lipids, and 7-dehydrocholesterol (the precursor of vitamin D); and (2) components that are
synthesized elsewhere in the body and that circulate in the bloodstream and diffuse into the skin, such as porphyrins. Normally, only
trace amounts of porphyrins are present in the skin, but, in selected
diseases known as the porphyrias (Chap. 430), porphyrins are released
into the circulation in increased amounts from the bone marrow and
the liver and are transported to the skin, where they absorb incident
energy both in the Soret band (around 400 nm; short visible) and, to
a lesser extent, in the red portion of the visible spectrum (580–660
nm). This energy absorption results in the generation of ROS that
can mediate structural damage to the skin, manifested as erythema,
edema, urticaria, or blister formation. It is of interest that photoexcited
porphyrins are currently used in the treatment of nonmelanoma skin
cancers and their precursor lesions, actinic keratoses. Known as photodynamic therapy, this modality generates ROS in the skin, leading to
cell death. Topical photosensitizers used in photodynamic therapy are
the porphyrin precursors 5-aminolevulinic acid and methyl aminolevulinate, which are converted to porphyrins in the skin. It is believed
that photodynamic therapy targets tumor cells for destruction more
selectively than it targets adjacent nonneoplastic cells. The efficacy of
such therapy requires appropriate timing of the application of methyl
aminolevulinate or 5-aminolevulinic acid to the affected skin followed
by exposure to artificial sources of visible light. High-intensity blue
light has been used successfully for the treatment of thin actinic keratoses. Red light has a longer wavelength, penetrates more deeply into
the skin, and is more beneficial in the treatment of superficial BCCs.
Acute Effects of Sun Exposure The acute effects of skin exposure to sunlight include sunburn and vitamin D synthesis.
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Sunburn  This painful skin condition is an acute inflammatory
response of the skin, predominantly to UV-B. Generally, an individual’s ability to tolerate sunlight is inversely proportional to that
individual’s degree of melanin pigmentation. Melanin, a complex
polymer of tyrosine derivatives, is synthesized in specialized epidermal dendritic cells known as melanocytes and is packaged into
melanosomes that are transferred via dendritic processes into keratinocytes, thereby providing photoprotection and simultaneously
darkening the skin. Sun-induced melanogenesis is a consequence of
increased tyrosinase activity in melanocytes. Central to the suntan
response is the melanocortin-1 receptor (MC1R), and mutations
in this gene contribute to the wide variation in human skin and
hair color; individuals with red hair and fair skin typically have
low MC1R activity. Genetic studies have revealed additional genes
that influence skin color variation in humans, such as the gene
for tyrosinase (TYR) and the genes APBA2[OCA2], SLC45A2, and
SLC24A5. The human MC1R gene encodes a G protein–coupled
receptor that binds α-melanocyte-stimulating hormone, which is
secreted in the skin mainly by keratinocytes in response to UVR. The
UV-induced expression of this hormone is controlled by the tumor
suppressor p53, and absence of functional p53 attenuates the tanning
response. Activation of the melanocortin receptor leads to increased
intracellular cyclic adenosine 5′-monophosphate (cAMP) and protein kinase A activation, resulting in an increased transcription of
the microphthalmia-associated transcription factor (MITF), which
stimulates melanogenesis. Since the precursor of α-melanocytestimulating hormone, proopiomelanocortin, is also the precursor of
β-endorphins, UVR may result in not only increased pigmentation
but also in increased β-endorphin production, an effect that has been
hypothesized to promote sun-seeking behaviors.
The Fitzpatrick classification of human skin phototypes is based
on the efficiency of the epidermal-melanin unit, which usually can be
ascertained by asking an individual two questions: (1) Do you burn
after sun exposure? (2) Do you tan after sun exposure? The answers to
these questions permit division of the population into six skin types,
varying from type I (always burn, never tan) to type VI (never burn,
always tan) (Table 75-1).
Sunburn erythema is due to vasodilation of dermal blood vessels.
There is a lag time (usually 4–12 h) between skin exposure to sunlight
and the development of visible redness. The action spectrum for sunburn erythema includes UV-B and UV-A, although UV-B is much
more efficient than UV-A in evoking the response. However, UV-A
may contribute to sunburn erythema at midday, when much more
UV-A than UV-B is present in the solar spectrum. The erythema that
accompanies the inflammatory response induced by UVR results from
the orchestrated release of cytokines along with growth factors and the
generation of ROS. Furthermore, UV-induced activation of nuclear factor κB–dependent gene transcription can augment release of several proinflammatory cytokines and vasoactive mediators. These cytokines and
mediators accumulate locally in sunburned skin, providing chemotactic
factors that attract neutrophils, macrophages, and T lymphocytes, which
promote the inflammatory response. UVR also stimulates infiltration of
inflammatory cells through induced expression of adhesion molecules
such as E-selectin and intercellular adhesion molecule 1 on endothelial
cells and keratinocytes. UVR also has been shown to activate phospholipase A2, resulting in increases in eicosanoids such as prostaglandin E2,
which is known to be a potent inducer of sunburn erythema. The role
Table 75-1 S kin Type and Sunburn Sensitivity (Fitzpatrick
Classification)
Type
I
II
III
IV
V
VI

Description
Always burn, never tan
Always burn, sometimes tan
Sometimes burn, sometimes tan
Sometimes burn, always tan
Never burn, sometimes tan
Never burn, always tan
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