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A model for UV-induction of skin cancer
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The cellular and molecular events that contribute to the
development of UV-induced skin cancer is a complex process
involving at least two distinct pathways that interact or con-
verge to cause skin cancer (Figure 1). One pathway involves
the action of UV on target cells (keratinocytes) for neoplastic
transformation, and the other involves the effects of UV on
the host’s immune system [1]. There is evidence to indicate
that UV-induced DNA damage plays an important role in
both pathways.

In the normal human epidermis, cells are constantly turn-
ing over, about once a month. During this period, stem cells
in the basal layer undergo cell division, and the keratinocytes
differentiate into squamous cells producing keratin and other
proteins, and finally desquamate. Chronic exposure to sun-
light causes damage to the skin including erythema, edema,
hyperplasia, formation of sunburn cells, photoaging, sup-
pression of the immune system and skin cancer. Some of
the molecular events that occur in cells following UV expo-
sure are DNA damage, induction of p53 and p53-regulated
proteins, cell cycle arrest, DNA repair, and apoptosis. UV-
induced DNA damage causes an elevation of p53 expression
and p53 protein is translocated to the nucleus to regulate its
downstream genes. Among these genes, p21waf1/Cip1 expression
is induced to mediate cell cycle arrest at G1-S phase to allow
the repair of DNA damage. UV can also induce apoptosis to
order cells containing damaged DNA to self-destruct. It has
been shown that UV-induced apoptosis is p53-dependent [2].
Interestingly, we have recently demonstrated that p53 may
up-regulate bax and down-regulate Bcl-2 protein resulting in
apoptosis [3] and that Fas/Fas-ligand pathway is essential for
UV-induced apoptosis [4].

Following chronic UV exposure, errors associated with
DNA repair and/or replication can result into mutations in
the p53 gene, especially C→T or CC→TT transitions, consid-
ered as UV-molecular signature. The p53 mutation in ker-
atinocytes is probably an initiating event in UV skin car-
cinogenesis [5]. Because cells containing p53 mutations are
relatively more resistant to UV-induced apoptosis, they can
acquire a growth advantage. It is likely that the mutated cells
expand preferentially in a clonal fashion at the expense of the
normal surrounding keratinocytes, that commit massive sui-
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Figure 1: Pathways involved in skin cancer development.

cide by apoptosis, leading to the appearance of p53 mutated
clones in the epidermis [5–7]. Chronic exposure to sunlight
may cause mutations in the other p53 allele and/or other un-
known gene(s). Thus, another tumor suppressor gene known
as patched (ptc) has been implicated in the development of
basal cell carcinoma (BCC) [8, 9]. The human ptc gene was
found to colocalize with the map location of nevoid basal cell
carcinoma syndrome (NBCCS) on chromosome 9 at 9q22.3.
NBCCS, also called basal cell nexus syndrome or Gorlin’s syn-
drome, is a rare autosomal dominant disorder characterized
by multiple BCC that appear at a young age on sun-exposed
areas of the skin. Studies of NBCCS patients have shown that
they have both genomic and sporadic mutations in the ptc
gene, suggesting that these mutations are the ultimate cause
of this disease. Sporadic ptc mutations have been found in
BCC from otherwise normal individuals, some of which are
UV-signature, either C→T or CC→TT changes. However, ptc
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mutations have not been reported in SCC. Nonetheless, these
results suggest that genetic alterations in the ptc gene may
also play a role in the development of BCC [9].

In addition, UV radiation causes immunosuppression
that may contribute to the emergence of skin tumors. Im-
mune suppression results from the induction of suppressor
T cells, either by damaged Langerhans cells or inflamma-
tory macrophages that enter the skin following UV expo-
sure [10]. Another mechanism may be the release of cytokines
such as IL-10, TNF-α, and IL-1α that can suppress the im-
mune system and prevent T-cell mediated responses; these
are known to be secreted by keratinocytes after UV dam-
age [11]. In addition, UV irradiation can also convert normal
skin chromophores into agents that are immunosuppressive,
such as the conversion of trans-urocanic acid to cis-urocanic
acid [12].

Thus, UV radiation plays a dual role in the development
of skin cancer, by inducing genetic alterations in keratinocytes
leading to their neoplastic transformation and by depressing
the normal immune responses in the skin.
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