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Abstract
The p53 tumor suppressor gene and gene product are among the most diverse and complex molecules
involved in cellular functions. Genetic alterations within the p53 gene have been shown to have a
direct correlation with cancer development and have been shown to occur in nearly 50% of all cancers.
p53 mutations are particularly common in skin cancers and UV irradiation has been shown to be a
primary cause of specific ‘signature’ mutations that can result in oncogenic transformation. There
are certain ‘hot-spots’ in the p53 gene where mutations are commonly found that result in a mutated
dipyrimidine site. This review discusses the role of p53 from normal function and its dysfunction in
pre-cancerous lesions and non-melanoma skin cancers. Additionally, special situations are explored,
such as Li-Fraumeni syndrome in which there is an inherited p53 mutation, and the consequences of
immune suppression on p53 mutations and the resulting increase in non-melanoma skin cancer in
these patients.

MOLECULAR INDICATIONS OF THE ROLE OF p53 IN CANCER
There are multiple genetic alterations that have been shown to have a direct correlation with
cancer development. Majority of these mutations can be found within three categories of genes:
proto-oncogenes, tumor suppressor genes, or DNA repair genes. A mutation in one of these
groups or any combination can cooperate to induce a neoplastic condition. The proto-
oncogenes act as a crucial growth regulators in normal cell division, while the tumor suppressor
genes act as negative growth regulators. The p53 tumor suppressor gene is involved in the cell
cycle arrest and activation of programmed cell death (Hartwell and Weinert, 1989; Lane,
1992). Mutations in the p53 gene have been detected in 50% of all human cancers and in almost
all skin carcinomas (Basset-Seguin et al., 1994). p53 codes for a 53-kDa phosphoprotein
involved in gene transcription and control of the cell cycle by coordinating transcriptional
control of regulatory genes (Levine et al., 1991; Vogelstein and Kinzler, 1992; Harris, 1996).
Human p53 is a highly conserved 11 exon gene that is located on the short arm of chromosome
17 (Lamb and Crawford, 1986) that is about 20 Kb in size. The p53 protein forms tetramers
through interactions between C-terminal regions of the protein. These tetramers can then
recognize specific binding sites on target genes and stimulate their activation. Mutant forms
of p53 rarely exhibit mutations in the oligomerization region, but rather have mutations in the
DNA binding domain.

Majority of carcinomas have missense mutations that produce a full-length protein with altered
function. Often the other allele is lost resulting in loss of heterozygosity (LOH), which is
particularly high (40–80%) in carcinomas of the colon, lung, and bladder (Greenblatt et al.,
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1994). In squamous (SCC) and basal cell carcinomas (BCC) of the skin, the frequency of LOH
is much lower with a higher proportion of both p53 alleles being independently mutated
(Ziegler et al., 1993; Ziegler et al., 1994). Mouse skin models have shown that standard
chemical initiation/promotion protocols results in LOH, where as repeated carcinogen
experiments (like UV exposure) results in independent mutations on both p53 alleles (Burns
et al., 1991).

ROLE OF p53 TUMOR SUPPRESSOR GENE IN UV-INDUCED NMSC
Individuals with Li-Fraumeni syndrome inherit a mutation in one allele of the p53 gene (Malkin
et al., 1990). These individuals have a high incidence of malignancies including NMSC. This
data along with observations that many cancers have a mutated or lost p53 gene, suggests that
alterations in either pathway contributes to neoplastic transformation. Inactivation of the p53
gene plays an important role in the induction of skin cancer by UV radiation. Analysis of
mutations in the p53 gene has established an unequivocal connection between UV exposure,
DNA damage, and skin carcinogenesis. UVB and UVC radiation induces unique types of DNA
damage, producing cyclobutane-type pyrimidine dimers (CPD) and pyrimidine (6–4)
pyrimidone or (6–4) photoproducts (Setlow and Carrier, 1966; Mitchell, 1988; Mitchell and
Nairn, 1989). And it has been shown that p53 plays an important role in the protection of cells
from DNA-damage from UVB exposure (Kuerbitz et al., 1992; Smith and Fornace Jr., 1997).
UV-induced DNA damage activates mechanisms for removal of DNA damage, delay in cell
cycle progression, DNA repair, or apoptosis by transcriptional activation of p53-related genes,
such as p21 (Brugarolas et al., 1995), MDM2 (Kamijo et al., 1998), and Bax. Normally, there
is little p53 protein in the cell, but in response to UV damage, high levels of p53 are induced
(Hall et al., 1993; Healy et al., 1994). With high levels of p53 protein, there is a G1 arrest,
allowing the cellular repair pathway to remove DNA lesions before DNA synthesis and mitosis
(Kuerbitz et al., 1992; Zahn et al., 1993) and an increase in apoptosis (Yonish-Roauch et al.,
1991; White, 1996). Therefore, p53 aids in the DNA repair or the elimination of cells that have
excessive DNA damage (Lane, 1992; Levine, 1997).

An important finding about p53 was the fact that upon UV irradiation, there is an increased
half-life of the p53 protein in murine 3T3 fibroblasts (Maltzman and Czyzyk, 1984). Typically,
wild-type p53 has a relatively short half-life, but stabilization and elevation of p53 protein
levels may signify early events in tumorigenesis. This information is important when
considering that M1 leukemia cells arrest at the G1-S and G2-M phases of the cell cycle when
irradiated (Kastan et al., 1991; Kastan et al., 1992; Kuerbitz et al., 1992). Additionally, the
levels of p53 induction in human skin is proportional to the level of UVB exposure, although
there is no correlation between UVB-induced p53 levels and erythema (Healy et al., 1994).
Several DNA damaging agents have been shown to induce p53 and growth arrest (Kastan et
al., 1992; Fritsche et al., 1993), but only by those agents that induce strand breaks. Pyrimidine
dimers alone do not trigger p53 induction unless accompanied by excision repair-associated
DNA strand breaks (Nelson and Kastan, 1994).

In UV-induced skin cancer, the frequency of C to T transitions is especially frequent at the
trinucleotide sequence 5′-PyCG in the p53 gene (Setlow and Carrier, 1966). There are several
‘hot spot’ mutation sites with in the p53 gene. Data collected from Pfeifer et al. show that of
the most commonly mutated sites in p53 five are mutated dipyrimidine in the sequence context
5′-CCG or 5′-TCG (codons 196, 213, 245, 248, and 282). Additionally, they found only 19 5′-
CCG or 5′-TCG transitions in the target sequence occurring between codons 120 and 290
(Pfeifer et al., 2005). Mouse tumors induced by irradiation with UVB lamps or solar simulators
have identified a hotspot mutation at codon 270 of the p53 gene, which correlates to a sequence
change from 5′-TCGT to 5′-TTGT (Tommasi et al., 1997). Codon 270 of the mouse p53 gene
is the equivalent to codon 273 of the human p53 gene, but there is no dipyrimidine sequence
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at this location. Codon 270 is methylated at the CpG site and UVB produced the strongest CPD
at the 5′-TCG. Time course experiments have shown that the CPD at this sequence persists
longer than average, which suggests that the CPD is responsible for the induction of this
mutational hotspot in UV-induced skin tumors (You et al., 2000). In fact CPDs are responsible
for majority of mutations induced by UVB irradiation in mammalian cells. Using mammalian
cells containing the mutational reporter genes lacI and cII You et al. (2001) concluded that
CPDs are responsible for at least 80% of the UVB-induced mutations in this model.

p53 MUTATIONS IN HUMAN PRE-CANCEROUS SKIN LESIONS
The mutations in p53 gene appear to be an early genetic change in the development of UV-
induced skin cancers. Thousands of p53-mutant cell clones are found in normal-appearing sun-
exposed skin (Nakazawa et al., 1994; Jonason et al., 1996; Ren et al., 1996). There is a high
frequency of p53 mutations reported in pre-malignant actinic keratosis (AK) lesions, which
are considered to be pre-SCCs. In an AK study by Ziegler et al. (1994), p53 mutations were
found at a 66% frequency and a high proportion of them (23/35) were C→T transition. Nelson
et al. (1994) showed that 8 of 15 (53%) AKs had C→T transition in p53 gene and Campbell
et al. (1993) showed that 40% (8 out of 20) of individuals with Bowen’s disease carried p53
mutations as well. These early findings suggested that p53 mutations may be involved in the
malignant conversion of precancerous lesions to SCCs and that mutations in p53 and/or p53
over expression may be used as biomarkers for skin cancer susceptibility. Since then, the
presence of UV signature C→T and CC→TT mutations in the p53 gene in human and
experimental mouse skin cancers has been well documented (Pierceall et al., 1991b; Kress et
al., 1992; Rady et al., 1992; Dumaz et al., 1993; Kanjilal et al., 1993; Sato et al., 1993; Ziegler
et al., 1993; Greenblatt et al., 1994; van der Riet et al., 1994; Stern et al., 2002; Bolshakov et
al., 2003).

p53 MUTATIONS IN SCC AND BCC OF THE SKIN
A number of investigators have detected p53 gene mutations in a large proportion of human
squamous cell carcinomas and basal cell carcinomas (Pierceall et al., 1991a; Pierceall et al.,
1991b; Rady et al., 1992; Dumaz et al., 1993; Moles et al., 1993; Sato et al., 1993; Ziegler et
al., 1993; Greenblatt et al., 1994; van der Riet et al., 1994; Ziegler et al., 1994; Stern et al.,
2002; Bolshakov et al., 2003). Initial studies by Brash and co-workers (Brash et al., 1991)
revealed p53 mutation in 58% of human SCC. Later studies by Ziegler et al. (1994), and Rady
et al. (1992) have demonstrated p53 mutations in human BCCs at 56% and 50% frequencies,
respectively. Interestingly, Ziegler et al. (1994) found that 45% of human BCCs contained a
second point mutation on the other p53 allele. More recently, Bolshakov et al. (2003) analyzed
342 tissues from patients with aggressive and nonaggressive BCCs and SCCs for p53
mutations. p53 mutations were detected in 66% BCCs, 38% of nonaggressive BCCs, 35% of
aggressive SCCs, 50% of nonaggressive SCCs, and 10% of samples of sun-exposed skin. About
71% of the p53 mutations detected in aggressive and nonaggressive BCCs and SCCs were UV
signature mutations (Bolshakov et al., 2003).

Most recently, Agar et al. has examined 8 primary SCCs and 8 pre-malignant solar keratosis
lesions for p53 mutations separately, in basal and suprabasal layers of keratinocytes using laser
capture microdissection (Agar et al., 2004). They were able to detect UVA-type mutations
(A:T→C:G transversions) both in SCCs and SC lesions mostly in the basal germinative layer,
which contrasted with a predominantly suprabasal localization of UVB-signature mutations in
these lesions (Agar et al., 2004). This epidermal layer bias was confirmed by
immunohistochemical analyses with a superficial localization of UVB-induced CPD
contrasting with the localization of UVA-induced 8-hydroxy-2′-deoxyguanine adducts to the
basal epithelial layer. The basal location of UVA- rather than UVB-induced DNA damage and
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mutation suggests that UVA component of solar radiation is an important carcinogen in the
stem cell compartment of the skin.

Analyses of mouse skin cancers induced by UV radiation have provided strong evidence for
the involvement of p53 mutation in the pathogenesis of UV-induced murine skin cancer.
Analogous to human skin cancers, UV-induced mouse skin cancers also display p53 mutations
(Kress et al., 1992; Kanjilal et al., 1993; Dumaz et al., 1997; Ananthaswamy et al., 1998),
although the frequency of mutations and the exons in which they occur differ among mouse
strains, for reasons that are not yet clear. For example, in our study, p53 mutations were detected
at 70–100% frequency in UV-induced SKH-hr1 and C3H mouse skin tumors, respectively
(Kanjilal et al., 1993; Ananthaswamy et al., 1998). In contrast, 20% of SCC from SKH-1/hr
hairless mice and 50% of SCC from BALB/c mice exhibited p53 mutations in another study
(Kress et al., 1992). Nonetheless, most of the mutations detected in UV-induced mouse skin
tumors were C→T and CC→TT transitions at dipyrimidine sites, like those found in human
skin cancers, and most were located on the non-transcribed DNA strand.

Further evidence for the involvement of mutations in p53 on the development of cancer is
supplied by studies on p53 knockout mice. Heterozygous (+/−) and homozygous (−/−) p53
mice have been shown to develop spontaneous tumors of both primary lymphoid malignancies
and various sarcomas (Donehower et al., 1992; Jacks et al., 1994). Ionizing radiation can
enhance the frequency of these tumors even with a single dose (Kemp et al., 1994).
Interestingly, these mice failed to develop skin tumors. Chemical induction of skin cancer on
these mice did not yield an increase in the frequency of papillomas, but there was an enhanced
progression from papillomas to carcinomas compared to wild type mice (Kemp et al., 1993).
Since there is a strong association between UV-induced skin cancers and p53 mutations, studies
using congenic p53 mutant mice and UV-irradiation revealed that heterozygous mice had
increased susceptibility to skin cancer induction and p53−/− mice were at an even greater risk
of developing skin cancer. Tumors in the heterozygous (+/−) mice were predominantly
sarcomas, while the tumors from homozygous (−/−) mice were mostly squamous cell
carcinomas associated with premalignant lesions resembling actinic keratosis (Jiang et al.,
1999). Point mutations in the p53 gene affect the tumor susceptibility differently than allelic
loss. Point mutations are generally associated with early stages of skin tumors, while allelic
loss enhances tumor development at high levels of UVB exposure and increases progression
of skin tumors to a higher malignancy (van Kranen et al., 2005).

p53 MUTATIONS IN NMSC OF PATIENTS WITH XERODERMA
PIGMENTOSUM AND RENAL ALLOGRAFT RECIPIENTS (RAR)

p53 mutations have also been found at high frequencies in skin cancers from patients with the
genetic disorder Xeroderma Pigmentosum (Dumaz et al., 1993; Sato et al., 1993). Studies by
Sato et al. (1993) revealed that 5 of 8 XP skin cancers had p53 mutations and of the 6 mutations
seen, 2 were C→T transitions and 2 were CC→TT double base substitutions. Dumaz et al.
(1993) showed that p53 mutations were present in 17 of 43 (40%) skin cancers from XP patients
and 61% of these mutations were tandem CC→TT base substitutions.

Immunosuppressed recipients of renal allografts (RAR) are also at much higher risk for skin
cancer development. Over-expression of p53 protein and p53 mutations has been detected in
large proportion of SCCs and pre-malignant lesions in RAR patients. In one study, accumulated
p53 was present in 41% of premalignant keratosis, 65% of intraepidermal carcinomas and 56%
of squamous cell carcinomas from RAR patients (Stark et al., 1994). McGregor et al. (1997)
has shown similarly high incidence of p53 mutations in non-melanoma skin tumors from RAR
patients and sporadic NMSC from immune-competent patients: 48% and 63% respectively.
75% of all mutations in transplant patients and 100% mutations in non-transplant tumors were
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UV-signature mutations. Some evidence suggest that arginine/arginine genotype at a common
polymorphism site at p53 codon 72 may confer a susceptibility to the development of NMSC
in RAR patients (McGregor et al., 2002). Finally, some evidence suggest a role for human
papillomavirus (HPV) and its p53 protein-inhibitory activity in skin carcinogenesis within the
immunosuppressed population (Purdie et al., 1999).

p53 MUTATIONS ARE AND EARLY EVENT IN UV CARCINOGENESIS IN
HUMAN AND MOUSE SKIN

Mutations in p53 arise early in UV-induced skin cancer (Campbell et al., 1993; Ziegler et
al., 1994; Berg et al., 1996; Jonason et al., 1996) and have been identified in normal sun-
exposed skin (Nakazawa et al., 1994; Jonason et al., 1996) as well as UV-irradiated mouse
skin (Ananthaswamy et al., 1997). This differs from other cancers such as colon cancer in that
p53 mutations are a late event marking the progression from a late adenoma to a carcinoma
(Fearon and Vogelstein, 1990) as well as with melanoma marking the progression to a higher
grade malignancy (Hussein et al., 2003). Non-cancerous skin adjacent to cancerous tumors has
been shown to harbor p53 mutations that are different from those contained within the tumor
(Kanjilal et al., 1995; Ren et al., 1996). Actinic keratosis carries p53 mutations at about 60%
with 89% of them UV signature type mutations. This can suggest that actinic keratosis is a
clonal expansion of the cells that already contain the p53 mutation. Recent data investigating
the role of clonal expansion suggests that it is more involved than hyperproliferation. Brash et
al. (2005) has shown that UV not only can induce mutations, but that it drives clonal expansion
of these cells by inducing apoptosis in surrounding normal cells and creating a micro-
environment in need of repopulating. Thus the repopulation is an enrichment for the death-
resistant mutant cells. Using a mouse model that over-expresses Survivin, a molecule that
functions in suppressing apoptosis, clonal expansion of mutated cells was suppressed due to
the reduced apoptotic death of the surrounding normal cells within the micro-environment
(Brash et al., 2005).

MECHANISMS OF CLONAL EXPANSION OF p53 MUTANT KERATINOCYTES
A murine model of UV-induced carcinogenesis allowed a unique opportunity for investigating
the fate of p53-mutant keratinocytes during various stages of skin cancer development. In skin
of hairless mice, p53 mutations induced by chronic UV exposure could be detected by allele-
specific PCR as early as one week after initiation of the experiment, with 100% animals
incurring p53 mutations after eight weeks of UV treatment (Ouhtit et al., 2000). Two to three
weeks after beginning the UV treatment, clones of keratinocytes carrying mutant p53 can be
already visualized using immunohistochemical assays (Berg et al., 1996; Rebel et al., 2001;
Zhang et al., 2001). As a tumor promoter, UV induces cell proliferation by stimulating the
production of various growth factors and cytokines, as well as activation of their receptors
(Coffer et al., 1995; De Meyts et al., 1995; Rosette and Karin, 1996; Bender et al., 1997; Kuhn
et al., 1999; Jost et al., 2000; Peus et al., 2000; Walterscheid et al., 2002). Repeated exposure
of skin to UV radiation therefore results in clonal expansion of initiated p53-mutant cells (Berg
et al., 1996; Rebel et al., 2001; Zhang et al., 2001). Brash and colleagues have shown that
every successive UVB exposure allows p53-mutant keratinocytes to colonize adjacent
epidermal stem-cell compartments without incurring additional mutations (Zhang et al.,
2001). Two mechanisms are believed to contribute to selective expansion of p53-mutant cells:
their resistance to UV-induced apoptosis, and their proliferative advantage over normal
keratinocytes in response to stimulation with UV. Indeed, single UV exposure was shown to
stimulate the proliferation of p53-mutant cells while inducing apoptosis in normal
keratinocytes in culture and in artificial skin models (Ziegler et al., 1994; Oda et al., 2000;
Mudgil et al., 2003). However, chronic UV irradiation of skin quickly induces apoptosis-
resistance and stimulates hyperproliferation throughout the epidermis as an adaptive response
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(Ouhtit et al., 2000). The mechanism of selective proliferative advantage of p53-mutant cells
is yet unclear, but it may be a critical factor promoting clonal expansion of initiated cells.

One mechanism that may contribute to expansion of initiated keratinocytes is the deregulation
of UV-induced Fas/Fas-Ligand mediated apoptosis in skin. Hill et al. (1999) showed that
accumulation of p53 mutations in the epidermis of FasL deficient mice occurred at much higher
frequency compared with wild-type mice after chronic UV irradiation. Authors concluded that
FasL-mediated apoptosis is important for skin homeostasis, and that the dysreguration of Fas-
FasL interactions may be central to the development of skin cancer. Ouhtit et al. (2000) further
found that in skin of chronically-irradiated SKH-hr1 mice, the progressive decrease of FasL
expression was paralleled by accumulation of p53 mutations and the decrease in a number of
apoptotic cells. These findings suggest that chronic UV exposure would induce a loss of FasL
expression and a gain in p53 mutations, leading to dysregulation of apoptosis, expansion of
mutated keratinocytes, and initiation of skin cancer.

While patches of p53-mutant keratinocytes grow in density and size while UV treatment
continues, they decline rapidly once the UV exposures are ceased (Berg et al., 1996; Rebel et
al., 2001; Remenyik et al., 2003) Remeynic et al. (2003) showed that regression of pre-
cancerous p53-positive clones occurs due to mechanisms other than antigen-specific immunity,
proceeding with similar kinetics in the skin of Rag1−/− antigen-specific immunity incompetent
mice and their wild-type counterparts. Our preliminary results suggest that elimination of p53-
mutated keratinocytes occurs due to normal skin turnover.

Both, continued and discontinued regiments of chronic UV treatment ultimately result in skin
tumor development with 100% incidence, although the kinetics of tumor occurrence is delayed
in the later case (de Gruijl and van der Leun, 1991). De Gruijl and coworkers have used a
mathematical model that relates tumor occurrence to the daily dose of UV and the time needed
to contract tumors. This model also offers prediction of skin cancer susceptibility depending
on the load of p53-mutated keratinocyte clones in skin (Rebel et al., 2001). Thus these studies
suggest that skin cancer development can be delayed but not abrogated upon further avoidance
of exposure to UV.

INHIBITION OF UV-INDUCED p53 MUTATIONS PROTECTS AGAINST SKIN
CANCER IN MICE

Our studies have shown that p53 mutations can be detected in UV-irradiated mouse skin months
before the gross appearance of skin tumors suggesting that p53 mutations can serve as a
surrogate early biological endpoint in skin cancer prevention studies (Ananthaswamy et al.,
1997; Ananthaswamy et al., 1999). To determine whether there is an association between
reduction of UV-induced p53 mutations and protection against skin cancer, sunscreens (SPF-15
to 22) were applied onto the shaved dorsal skin of C3H mice 30 min before each exposure to
4.54 kJ/m2 of UVB (290–400 nm) radiation. Control mice were treated 5 days/wk with UV
only or vehicle + UV. p53 mutation analysis indicated that mice exposed to UV only or vehicle
+ UV for 16 wk (cumulative exposure to 359 kJ/m2 of UVB) developed p53 mutations at a
frequency of 56–69%, respectively, but less than 5% of mice treated with sunscreens + UV
showed evidence of p53 mutations. More importantly, 100% of mice that received a cumulative
dose of 1,000 kJ/m2 of UVB only, or vehicle + UVB developed skin tumors, whereas, the
probability of tumor development in all the mice treated with the sunscreens + 1,000 kJ/m2 of
UVB was 2% and mice treated with sunscreens+1,500 kJ/m2 of UVB was 15%. These results
demonstrate that the sunscreens used in this study not only protect mice against UV-induced
p53 mutations, but also against skin cancer. Because of this association, it was concluded that
inhibition of p53 mutations is a useful early biologic endpoint of photoprotection against an
important initiating event in UV carcinogenesis.
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p53 INFLUENCE ON DOWNSTREAM MOLECULES
P53-related genes, p63 and p73, share functional and structural properties with the p53 tumor
suppressor, but their role is less defined (Hagiwara et al., 1999). It was believed that p63 and
p73 were linked to apoptotic activity not tumor suppression although they both can activate
p53 target genes. Recently it has been shown that p63 and p73 have a role in tumor suppression
as well as apoptosis. Direct evidence was provided as tumors from mice heterozygous for
combinations of p53-related genes exhibit a high frequency of loss of heterozygosity (Flores
et al., 2005). This allelic loss leads to more aggressive tumor types than the p53−/− tumors
described by Jacks et al. 1994. Additionally, p63 and p73 tumor suppressor activity is unique
to various tissue types. Epithelial tissues display a high expression of p63 and p73, while p53
is ubiquitously expressed, making p63 and p73 activity very relevant to the suppression/
development of cutaneous carcinomas as loss of expression of p63 and/or p73 has been noted
in several squamous cell carcinomas (Chen et al., 2003).

More recent data investigating the role of p53 in UV-induced skin carcinogenesis has revealed
other factors that are important to mention, such as the molecular downstream targets of p53:
MDM2, GADD45, and p21CIP/WAF1. Murine double minute 2 (MDM2) protein is a
transcriptional target of p53, which binds to the N-terminus of p53 to promote degradation
through the ubiquitin-proteasome pathway (Oliner et al., 1993; Haupt et al., 1997; Kubbutat
et al., 1997; Giaccia and Kastan, 1998). Under normal cellular circumstances, in the presence
of DNA damaging agents, p53 protein is stabilized by inhibition of the Mdm2-mediated p53
ubiquination (Weissman, 1997). Growth arrest and DNA damage-inducible gene 45
(GADD45) is a member of a group of genes induced in response to growth-arrest signals and
it is a p53 regulated gene that can suppress cell growth. Loss of GADD45 results in reduced
nucleotide excision repair activity (Korabiowska et al., 1999). p21CIP/WAF1 is a moderator
of p53-mediated cell-cycle arrest, by directly interfering with DNA synthesis by binding to
PCNA. Its role is largely unknown, but there are two observations to support its importance.
First, the p21CIP/WAF1 promoter has a p53 protein-binding site. Secondly, there is a
significant increase in p21CIP/WAF1 mRNA following UVR in cells with intact p53, but not
in cells with mutant p53 (Hussein, 2005).

Calpains are calcium-dependent cytoplasmic proteases that are involved in various cellular
functions, including exocytosis, cell fusion, apoptosis, and the differentiation and proliferation
of keratinocytes. Inhibition of calpains has been correlated with the enhanced stability of the
p53 protein suggesting that the calpain system can also cleave the p53 protein (Kubbutat and
Vousden, 1997). Several studies have shown that calpains cleave the p53 protein to generate
an N-terminally truncated protein (Kubbutat and Vousden, 1997; Pariat et al., 1997). In vitro
addition of calpastatin, a calpain inhibitor, to reconstructed human epidermis resulted in the
total inhibition of proteolysis of p53 and an increase in Mdm2 expression, binding, and ultimate
stabilization of p53 in response to UV irradiation (Gelis et al., 2005).

SUMMARY
Approximately 80,000 pyrimidine dimers per cell are induced in human epidermis in one hour
of sunlight exposure (Setlow, 1982). Fortunately, cells are equipped with a variety of
mechanisms that constantly monitor and repair most of the damage inflicted by UV light.
However, occasional mistakes in DNA repair and replication can introduce mutations in the
genome. Accumulation of several mutations in key genes due to chronic exposure to sunlight
can lead to the development of skin cancer. Mutations in ras oncogenes do not appear to be as
important as mutations in the p53 tumor suppressor gene in skin cancer development. Since
skin cancers do not arise immediately after exposure to UV light, mutated ras or p53 genes
must remain latent for long periods of time. It is clear that the p53 gene has a role in early
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events of pre-malignant lesions and involvement through clonal expansion with progression
into a tumorigenic condition. While there is an enormous amount of data to support this as
evident in this review, new discoveries in the involvement of p53 are being made everyday. It
is also clear that p53 has an expanding family of related genes, is involved in many pathways,
and has numerous functions. P53 is also involved in not only NMSC, but plays a role in
melanoma as well as numerous other cancers. It is no wonder that p53 has been coined
“guardian of the genome.”
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