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ABSTRACT
Human skin is continually subjected to UV-irradiation with p53 playing a pivotal
role in repair of DNA damage and apoptosis. Mutations in p53 and p53 overexpression
occur early in UV-induced skin carcinogenesis. We studied squamous cell carcinomas
(SCC), actinic keratoses (AK), samples adjacent to AK (sun-damaged), and normal skin
for p53 mutation, p53 immunostaining, apoptosis, and proliferation. The frequency of
p53 mutation, p53 overexpression, and the number of apoptotic cells increased from
normal skin, to sun-damaged skin, to AK, while AK and SCC had similar frequencies.
Cell proliferation was significantly increased in the progression from normal skin to
SCC. These data imply that apoptosis in samples with a high frequency of p53 mutation
may not be p53-dependent. There may be two mechanisms for apoptosis. One is in
response to DNA damage and the other in response to increased proliferation.
It would be of great benefit to reduce the incidence of SCC and its precursor
lesion, AK, through cancer chemoprevention. We applied surrogate endpoint biomarkers
(SEBs) to skin cancer chemoprevention trials in subjects with multiple AK lesions. The
primary SEB in these studies was reduction in the number of premalignant AK lesions,
while secondary SEBs included p53 mutation frequency and exon distribution, p53
protein expression, and PCNA. An RXR-specific retinoid analog, targretin, demonstrated
no significant reductions in SEBs, although there was a trend toward reductions in the
number of AKs, PCNA, and p53 expression. This was a small study lacking power to
detect a significant change. The ODC inhibitor, DFMO on the other hand, demonstrated
.A

significant reductions in the number of AKs, p53 expression, and although there was no

13

reduction in the frequency of p53 mutations, there was a shift in exon distribution.
Inhibition of polyamine synthesis in skin was determined in the DFMO study as a
measure of drug effect.
We conclude that measurement of SEBs in skin cancer chemoprevention studies
is feasible, but it is imperative to choose SEBs that are appropriate to the
chemopreventive agent and that have the potential for modulation. Sample size must have
sufficient statistical power to detect a response to a chemopreventive agent.
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CHAPTER 1.
INTRODUCTION AND OVERVIEW

NMSC, due to chronic sun exposure, is a significant and increasing health
problem in the United States. There is a need to elucidate the genetic and phenotypic
alterations that take place in UV-induced skin carcinogenesis in order to understand the
pathogenesis of this tumor. Additionally, it would be of great benefit to reduce the
incidence of NMSC and its precursor lesion through cancer chemoprevention strategies.
As with many epithelial cancers, NMSC develops in a multistep manner over decades
allowing intervention with chemoprevention agents to delay or reverse the carcinogenesis
process. There also is a need to develop biological markers (referred to as surrogate
endpoint biomarkers or SEBs) of risk or intervention effect for use in cancer
chemoprevention studies. Obvious targets for SEBs are known genetic alterations, like
mutation of the tumor suppressor gene p53, and epigenetic alterations like cell
proliferation or apoptosis.

Nonmelanoma skin cancer and premalignant AK

Non-melanoma skin cancer (NMSC), which includes both squamous cell (SCC) and
basal cell carcinoma (BCC), is the most frequently diagnosed cancer in the United States,
with an estimated incidence of greater than 900,000 cases in 1997 (Parker et al., 1997;
Kwa et al., 1992; Marks, 1995). These incidence rates are likely to be underestimated as
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many cancer registries exclude NMSC and most NMSC are treated by dermatologists on
an outpatient basis (Marks 1995). The incidence of SCC in the United States in 1983 was
41.4 per 100,000 versus 201.0 per 100,000 in the Australian population (Kwa et al.,
1992) The incidence and mortality rates of NMSC appear to be rising in the U.S. and
other countries (Glass and Hoover, 1989; Marks, 1995). SCCs make up approximately
20%, while BCC make up 80%, of NMSC (Kuflik and Schwartz, 1994). The metastatic
potential of SCC is between 1-2% and mortality rates usually associated with SCC are
low (Marks, 1995; Moller et al., 1979), but a high percentage of patients with SCC go on
to develop a second primary skin cancer within 5 years (Frankel et al., 1992; Karagas et
al., 1992; Preston and Stem, 1992). SCCs occur primarily on sun-exposed parts of the
body and have been strongly associated with chronic sun exposure (Kwa et al., 1992).
Solar or actinic keratoses (AKs) are the premalignant precursors to SCC and share
many similarities with SCCs (Kwa et al., 1992; Kuflik and Schwartz, 1994).
Approximately 60% of Australians aged 40 or older have at least one AK and this
incidence increases with advancing age (Marks et al., 1988; Fitzgerald, 1998). The rate of
SCC in the Australian population is much lower than the rate of the premalignant AK
(Marks et al., 1988). Presence of AKs is a major risk factor as well as a marker of
increased risk for NMSC. In a 5-year longitudinal study, 60% of SCCs arose from a
preexisting AK. With a 10 year foliowup of AK patients, it was estimated that there is
6.1-10.2 % rate of malignant progression to SCC or 1 per 1000 per year in individual
lesions (Dodson et al., 1991).
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Risk factors for AK and SCC include both host and environmental factors. These
factors include aging, fair skin pigmentation, poor immune status, presence of genetic
disorders of DNA repair, and exposure to UV through occupation or recreation. Skin
types that bum easily and tan poorly (Types I and II) are at greatest risk of developing
AKs and those at higher elevations are at greater risk (Kwa et al., 1992; Sober and
Burstein, 1995). AKs also have the potential for spontaneous regression with reduction in
UV exposure and reappearance if UV exposure is resumed. Eventually lesions will
become permanent (Sober and Burstein, 1995). Clinically, AKs appear as red, scaly,
non-substantive papules on chronically sun-exposed areas such as the face, ears, and
dorsal surface of hands (Kuflik and Schwartz, 1994). Histologically, AKs are
characterized by dysplasia of keratinocytes with changes in cellular polarity and nuclear
atypia. The diagnosis of SCC is made when these atypical cells pass through the
basement membrane invading into underlying dermis. Sites adjacent to AKs contain
significant histologic alterations including nuclear heterogeneity, variation in cell size,
and loss of polarity, suggesting extensive preneoplastic alterations of sim-damaged skin.
These findings promote the concept that there is a field of cancerization or field effect
due to chronic exposure to sunlight (Marks, 1990).
UV-induced human skin cancer progresses in stages from sun-damaged epidermis, to
disordered keratinocytes, to AK, to cancer in situ and finally to SCC and metastasis as
demonstrated in Figure 1. This sequence of lesions provides an excellent opportunity to
study the progression of molecular and phenotypic alterations that take place during UV-
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induced carcinogenesis. Additionally, AKs and sun-damaged skin may serve as
surrogate endpoint biomarkers (SEBs) in chemoprevention studies.

NORMAL
SKIN

CHRONIC SUN
DAMAGE

CANCER IN SITU

Figure 1. UV-induced skin carcinogenesis.
00
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Ultraviolet (UV)-Ittduced DNA Damage

Sunlight can be divided into three categories, depending on the wavelength: UVC
(200-280 nm), UVB (280-320 nm), and UVA (320-400 nm). The UV radiation that
reaches the earth's surface is composed of 1-10% UVB and 90-99% UVA, with UVC
being filtered by the ozone layer (Matsui and DeLeo, 1995). This spectrum of sunlight is
illustrated in Figure 2. Shorter wavelength UVB is thought to be primarily responsible for
the DNA damage associated with UV exposure. This damage can include cyclobutane
dimers, 6-4 photoproducts, cytosine photohydrates, DNA adducts, DNA strand breaks,
DNA strand crosslinks, and DNA-protein crosslinks (Matsui and DeLeo, 1995; Elmets,
1992). Cyclobutane dimers (CC to TT), if not repaired, lead to the signature mutation of
UV irradiation, as this type of mutation is common in skin cancers but not in internal
cancer. If this type of DNA damage is not repaired the result can be a mutation in DNA
(Brash et al., 1996).
The depth of penetration of UV is dependent on the wavelength. Most of UVB is
absorbed within the first 0.03 mm of epidermis, while one third of UVA penetrates to 0.1
mm (Buzzelli, 1993). Human epidermis is approximately 70 microns or 5 cell layers
thick on the human back, but depth varies with anatomical site (de Gruijil and Forbes,
1995).
Cyclobutane dimers form between the 5 and 6 bonds of any two adjacent pyrimidines
producing a four member ring, while 6-4 photoproducts form a covalent bond between
the 6 and 4 bonds of adjacent pyrimidines as demonstrated in Figures 3 and 4. The
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formation of both of these lesions causes distortion in DNA that is greater in the case of
the 6-4 photoproduct. Both lesions preferentially form in areas of consecutive
pyrimidines. The relative number of pyrimidine dimers and 6-4 photoproducts also
depends on the DNA sequence and chromatin structure (Mitchell, 1988). Animal studies
have demonstrated that 6-4 photoproducts are repaired at a faster rate than cyclobutane
dimers and are not likely to be the primary mutageneic lesion (Hanson et al., 1989).
Although UVA can induce direct DNA damage, it is thought that the primary mechanism
of action of UVA is epigenetic (Matusi and DeLeo, 1995). UVA may act through the
generation of reactive oxygen species which damage cell membranes, modulate cell
proliferation, and signal transduction pathways (Matusi and DeLeo, 1995; Sage, 1993).
Reactive oxygen species may induce mutations other than C to T or CC to TT. Singlet
oxygen can result in production of 8-hydroxydexoxyguanine (G to T by mispairing with
A) (Cheng et al., 1992) or G to C or G to A substitutions (Moraes et al., 1989).
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FIGURE 2. WAVELENTH SPECTRUM OF SUNLIGHT
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Figure 3. FORMATION OF THE CYCLOBUTANE DIMER
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Genetic Alterations in UV-induced Carcinogenesis
Human Studies

Although mutation of the proto-oncogene, ras, is considered to be the initiating event
in the classical chemically-induced rodent skin models (Felling et al., 1995), it does not
appear to be as important as p53 mutations in UV-induced skin carcinogenesis. Early
studies suggested a role for Harvey (H)-ras mutations in UV-induced human skin
carcinogenesis (Ananthaswamy etal., 1988; Ananthaswamy and Pierceall, 1990;
Pierceall et al., 1991) in contrast to later studies where the incidence of H-ras mutations
was low (Corominas et al., 1989; Campbell et al., 1993). Proto-oncogenes are normal
cellular genes that are activated through such means as point mutations, gene
amplification, or chromosomal translocation. This generally results in overexpression of
the gene. Proto-oncogenes have a variety of functions, but are involved in control of
cellular proliferation and differentiation. In contrast, tumor suppressor genes, like p53,
generally play roles in the negative regulation of cell growth. Tumor suppressor genes are
usually lost or inactivated through deletions or point mutations that result in a loss of the
normal flmction and so are lost in normal growth control (Benchimol and Minden, 1998).
Ras mutations in human UV-induced skin cancers have been reported to occur
between 10 and 40% (Pierceall, 1992; Corominas et al., 1989; Ananthaswamy and
Pierceall, 1990). Further support for a limited role for ras mutations in UV-induced skin
carcinogenesis comes from studies of xeroderma pigmentosum (XP) patients who have
an inherited deficiency in excision repair. These patients have a very high risk of
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developing skin cancer on UV-exposed areas at a much younger age than the rest of the
population (1000-2000 fold), but have a low frequency of ras mutations in their skin
tumors (Nataraj et al., 1995). Additionally, these studies of XP patients demonstrate that
DNA nucleotide excision repair is essential to repair of UV induced mutations (Dumaz et
al., 1993).
In humans, mutation rates in the p53 tumor suppressor gene have varied from 0-60%
in AKs (Nelson et al., 1994; Kubo et al., 1994; Taguchi et al., 1994; Zeigler et al., 1994),
0-40% in Bowen's or cancer in situ (Campbell et al., 1993; Moles et al., 1993; Kubo et
al., 1994), and 15-69% in SCCs (Brash et al., 1991; Pierceall et al., 1991; Moles et al.,
1993; Nelson et al., 1994; Kubo et al., 1994). Additionally, mutations found in
premalignant and malignant skin have been consistent with UV as the causative agent
(i.e., CC to TT and C to T substitutions at dipyrimidine sites) (Nelson et al., 1994; Kubo
et al., 1994; Brash et al., 1991; Pierceall et al., 1991; Moles et al., 1993; Campbell et al.,
1993; Taguchi et al., 1994; Zeigler et al., 1994). This high incidence of p53 mutations in
NMSC and premalignant AK lesions strongly suggests that the p53 gene plays an
important role in the etiology of NMSC. The early incidence of p53 mutation in NMSC
is in contrast to the majority of internal cancers where p53 mutations occur much later.
Additionally, the distribution of p53 mutations in skin cancer is different from those
found in internal cancers (Greenblatt et al., 1994). p53 mutations cluster between amino
acids 241-280 for SCC, and 200-280 for AKs (Nataraj et al., 1995).
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p53 Protein Expression

p53 protein overexpression, as measured by immunohistochemistry, has been
demonstrated in numerous studies of AK, Bo wen's, and SCC. Reports of p53 expression
have been extremely variable, ranging from 0-92% of SCCs (McGregor et al., 1992; Ro
et al., 1993; Urano et al., 1992; Sim et al., 1991; Sim et al., 1992; Shea et al., 1992;
McNutt et al., 1991; Nagano et al., 1993; Ren et al., 1996; Jonason et al., 1996), 0-80% of
Bowen's (Taguchi et al., 1994; Urano et al., 1995; Nagano et al., 1993) and 0-80% of
AKs (Nelson et al., 1994; McGregor et al., 1992; Sim et al., 1992; Shea et al., 1992;
Urano et al., 1995; Nagano et al., 1993; Ren et al., 1996; Gusterson et al., 1991) The
availability of antibodies to a nimiber of epitopes, the use of both frozen and fixed tissue,
and the increasing use of antigen retrieval techniques, make these studies difficult to
compare. In several skin cancer studies, the presence of p53 mutations has correlated
poorly with measurement of p53 overexpression by immunohistochemistry (Campbell et
al., 1993; Nelson et al., 1994; Taguchi et al., 1994). We reported that a higher percentage
(80%) of AKs were immunopositive than were positive for p53 mutations (53%) (Nelson
et al., 1994). Two more recent studies microdissected skin samples on the basis of p53
immunopositivity, an approach that may enhance the ability to detect mutations within a
small subset of cells in a tissue sample (Urano et al., 1995; Ren et al., 1996). Urano et
al., (1995) found no p53 mutations in normal epidermal samples from patients with BCC
with usual sun exposure and positive p53 immunostaining. In contrast, samples adjacent
to BCCs had a p53 mutation. Similarly, Ren et al., (1996) found that morphologically
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normal epidermis from patients with SCC having a "disperse pattern" (weaker staining
pattern only affecting a portion of nuclei and not sharply demarcated) of p53
immunopostitive staining had no evidence of p53 mutations. Conversely, the majority of
normal epidermis having a "compact pattern" (uniform nuclear staining in a sharply
defined area) of immunopositive staining showed p53 mutations that were always
different from the mutations found in the corresponding dysplasia, cancer in situ, or
SCC). Additionally, in apparently normal skin adjacent to AKs, SCCs, and BCCs, areas
of p53 expression are evident (Shea et al., 1992; McNutt et al., 1991; Ren et al., 1996;
Urano et al., 1995; Einspahr et al., 1997). In a recent study by our group (Einspahr et al.,
1997), we found that there was a progressive increase in p53 irrununostaining from nonsun exposed skin, to upper-medial arm skin, to skin adjacent to an AK, and finally to AK.
Jonason et al., (1996), found that the number of clonal patches of p53 immunopositive
cells increased from sim shielded areas with the lowest number, to intermittently exposed
skin, and finally to sun exposed skin with the highest number of patches.

Genetic Alterations in UV-induced Carcinogenesis
Animal studies

Rodent skin models of UV-induced skin carcinogenesis have provided further
evidence that p53 mutations are an important etiologic factor in skin carcinogenesis.
Incidence of UV-induced p53 mutations vary from 20-100%, although the protocols,
methods, and animal strains differed significantly between studies (Kress et al., 1992;
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Kanjilal et al., 1993; van Kranen et al., 1995). The majority of p53 mutations in these
studies were at adjacent pyrimidine dimers and were either C-T or CC-TT indicative of
UV-irradiation. The vast majority of these studies used UVB as the irradiation source, but
in real life, ultraviolet light is a mixture of both UVB and UVA. Some studies have
utilized a solar simulator with fairly similar results (Queille et al., 1998).

The tumor suppressor gene p53

Early studies identified p53 as an oncogene because the protein product was found to
be complexed with large T antigen of SV40-transformed cells and was present in a
number of tumor-derived and transformed cell lines (Lane and Craword, 1979; Linzer
and Levine, 1979; Del-Leo et al., 1979). Additionally, it was found that tumor-derived
p53 could immortalize cells and cooperate with activated ras to transform cells in culture
(Parada et al., 1984; Eliyahu et al., 1984; Hinds et al., 1989). Later it was determined that
the transforming p53 gene in these cells was mutated. Transfection of wild type (WT)
p53 into cells inhibited the growth and tumorigenicity of both rodent and human tumor
cells (Eliyahu et al., 1989). These studies determined that p53 acts as a tumor suppressor
gene. Further evidence in support of p53 as a tumor suppressor gene include the finding
that most human tumors contain missense mutations producing a faulty protein, and there
is a selection for loss of heterozygosity and consequently complete loss of WTp53 (Baker
et al., 1990). p53 nidi mice develop normally, but there is a high rate of tumor formation
by 3-6 months of age (Donehower et al., 1992) demonstrating that p53 is not essential for
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development, but is essential for maintenance of genetic integrity. The skin of p53 null
mice also responds differently to mutagens as compared to those with WTp53 (Kemp et
al., 1993). Thus, loss of WT p53 is associated with an accumulation of genetic alterations
and enhancement of the susceptibility to developing cancer (Nataraj et al., 1995).
The p53 gene produces a 53 kd nuclear phosphoprotein that is 393 amino acids in
length with three functional domains. The three domains include an acid-rich N-terminis
transactivation domain, a central hydrophobic DNA binding region, and a basic Cterminis oligiomerization domain (Nataraj et al., 1995; Raycroft et al., 1990; Donehower
and Bradley, 1993). The gene is located on the short arm of chromosome 17 (17 pl3.1)
and is composed of 11 exons and 10 introns (Czosneck et al., 1984; Lamb and Crawford,
1986). There is high degree of conservation between the murine and human gene with
approximately 80% homology while five regions have almost 100% homology. The
central hydrophobic DNA binding domain contains 80-90% of reported mutations and
this region also contains four of the five highly conserved regions (Greenblatt et al.,
1994). The structure of the p53 protein does not resemble other DNA binding proteins.
The hydrophobic domain consists of a p-sandwich which serves to anchor three loop
elements, two of which directly contact DNA and the third stabilizes the conformation of
the region (Cho et al., 1984).
p53 has been shown to be essential in maintaining genomic integrity through its
ability to block DNA replication in response to DNA damage. There is also evidence that
p53 may have a direct role in DNA repair (Smith et al., 1995). Wild-type (WT) p53
binds DNA in a sequence dependent manner and functions as a transcription factor that is
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upregulated in response to DNA damage by a wide variety of agents including UV
irradiation (Kastan et al., 1991; Zahn et al., 1993; Fritsche et al., 1993). Upregulation of
WTp53 results in a transient Gl arrest allowing cells to repair the DNA damage prior to
entry into the S phase of the cell cycle (Maltzman and Czyzyk, 1984; El-Deiry et al.,
1992; Levine, 1993). Additionally, there is evidence for a p53-dependent G2 arrest. The
p53-depedent growth arrest functions through a cyclin-dependent kinase (cdk) inhibitor,
Waf-1 or p21 (Evan and Littlewood, 1998). There is also a p53-dependent pathway
whereby cells too damaged to repair themselves undergo apoptosis. (Nataraj et al., 1995).
The mechanism of p53-dependent apoptosis is still largely unknown, but may be
regulated though the induction of genes that are different from those involved in growth
arrest. These include Bax, insulin growth factor receptor, insulin growth factor receptor
binding protein, components of the renin-angiotension system, and proteins regulating
angiogenesis (Evan and Littlewood, 1998). This p53-dependent pathway of cell cycle
arrest and apoptosis is illustrated in Figure 5.
p53 has a consensus binding sequence of 5'-PuPuPuCA/TA/TG-PyPyPy-3'. The
majority of p53 mutations are missense mutations producing a faulty protein that can not
bind to this DNA binding sequence or promote transcription (Levine, 1993; Raycroft et
al., 1990). Nonsense and splice mutations can also result in truncation of the protein or
loss of the oligomerization domain (Vogelstein and BCinzler, 1992). WTp53 can
specifically bind DNA (Kem et al., 1991), can transcriptionally regulate a number of
genes (El-Deiry et al., 1993; Kastan et al., 1991), is capable of transcriptional repression
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(Margulies and Sehgal, 1993; Ueba et al., 1994), and is capable of binding to
transcription factors like TFIID and TBP (Seto, 1992).
In some instances, when a cell with both mutant and WT p53, the mutant p53 may
play a dominant negative role by interacting with WTp53 (Herkowitz, 1987).
Alternatively there could be a dose effect where a decrease in WTp53 modifies the
phenotype of the cell (Hoffinan and Edehnan, 1993). Mutant forms of p53 may also have
a "gain of flmction" activity where they do not bind DNA directly, but interact with other
transcription factors. An example is the ability of the mutant protein to increase
transcription of the mdr gene which is not seen in cells with WTp53 (Kastan et al., 1991).
WTp53 is present at low levels in normal cells but in response to DNA damage,
the half-life of WTp53 is increased posttranslationally from minutes to hours. Many p53
mutations result in increased protein levels through stabilization of the protein that can
than be detected by immunohistochemical methods (Abrahams et al., 1995). Subtle
mutations in p53 can alter the conformation of the protein. Agents that induce DNA
strand breaks like ionizing radiation rapidly upregulate p53 protein levels. It appears that
DNA strand breaks are capable of triggering p53 induction, while other DNA lesions are
not. Whether DNA damage activates a p53-dependent signal transduction pathway
leading to Gi arrest or apoptosis may depend on the cell type as well as other factors, but
they are likely to have steps in common following DNA damage (Gannon et al., 1990;
Slichenmeyer et al., 1993; Nelson et al., 1994). UV induction of p53 suggests that
excision repair may be coupled to a p53-dependent DNA damage response pathway
triggered by DNA strand breaks. Exposure of normal keratinocytes, both in vitro and in
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vivo, to UV light results in increased p53 protein levels and a transient G1 arrest. This
increase in p53 expression is related to the UV dose (Hall et al., 1993; Gujuluva et al.,
1994; Healy et al., 1994; Campbell et al., 1993). UVA irradiation induces p53 in the basal
layer, while UVB induces p53 in all layers, and UVC induces p53 in the granular layer
and stratum spinosum (Campbell et al., 1993).

Skin homeostasis and the structure of human epidermis

In continually renewing tissues like epidermis, homeostasis is maintained through
a balance between cell proliferation, cell differentiation, and apoptosis (cell suicide or
progranuned cell death). Alterations in any of these processes can result in a
dysregulation of this homeostatic balance. Epidermis displays a highly coordinated
program of events where changes in expression of certain genes are accompanied by
phenotypic changes and migration of cells from the basal layer to the superficial layers
(stratum comeum) (Yuspa and Morgan, 1981). This migration of cells from the basai to
suprabasal layers involves the loss of proliferative capacity, while further migration of
keratinocytes towards superficial layers involves a terminal differentiation program
(Yuspa and Morgan, 1981). Basal keratinocytes express keratins 5 and 14 whereas
suprabasal keratinocytes express keratins 1 and 10. With fiirther migration into the
granular layer, keratins 1 and 10 are suppressed and loricrin, filaggrin, and
transglutaminase are upregulated. The tranglutaminase in granular cells cross-links

33

Figure 5. p53 FUNCTION IN DNA DAMAGE AND APOPTOSIS
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loricrin and other substrates to form the comified envelope. Formation of this envelope
is associated with loss of organelles and programmed cell death of cells in the stratum
comeum (Yuspa and Morgan, 1981; Polakowska and Goldsmith, 1991). The structure of
skin is illustrated in Figure 6. The turnover rate of human epidermal cells is
approximately three weeks. Consequently, with the high rate of proliferative activity in
human epidermis and chronic exposure to UVB and UVA, keratinocytes are a primary
target for UV-induced skin carcinogenesis (de Gruijil and Forbes, 1995).
Epidermal stem cells, located in the basal layer, are relatively undifferentiated and
slow cycling. These stem cells can be stimulated to proliferate giving rise to transient
amplifying daughter cells that have a limited capacity to proliferate. In vitro studies have
shown that initiated keratinocytes express subtle changes in their phenotype that may not
be evident in vivo (Lavker et al., 1995). In vitro they have altered responses to terminal
differentiation signals that may provide a selective growth advantage under conditions
promoting differentiation (Kulesz-Martin et al., 1980; Kilkenny et al., 1995). Exogenous
promotion (eg. UV) of initiated cells could result in selective clonal expansion of initiated
cells.
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FIGURE 6. NORMAL EPIDERMIS
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Cell Death via Apoptosis

Apoptosis is a unique mode of cell death, characterized by ultrastructural changes
distinct from necrosis (Kerr et al., 1972). In the developing animal, programmed cell
death removes cells during remodeling of a number of organs. Apoptosis also is involved
in tissue regression following hormone stimulation or deprivation in hormone sensitive
tissues such as the prostate, and flmctions in development of the immune system. In
continually renewing tissues like skin, there is a homeostatic relationship between cell
proliferation and cell death. Apoptosis also may play an important role in regression of
neoplasms (Haake and Polakolowska, 1993). Terminal differentiation in epidermis serves
to eliminate cells in a programmed maimer, while damaged cells within the epidermis can
be lost via apoptosis in response to insults such as UV-irradiation. Alterations in either
cell proliferation or cell death can lead to loss of growth control and ultimately
tumorigenesis.
Morphologically apoptosis is seen as cell shrinkage, plasma membrane blebbing,
nuclear fragmentation, and chromatin condensation as illustrated in Figure 7. As opposed
to necrosis, apoptosis generally affects scattered single cells. Apoptosis is energydependent requiring adenosine triphosphates (ATP) synthesis from intact mitochondria as
well as RNA and protein synthesis. Apoptotic cells are rapidly phagocytosed by
neighboring cells so that cell contents are not released (Gilchrest et al., 1981). In
contrast, necrotic cells rupture and smear on cytocentifiige preparations, have a distended
appearance, a decrease in cytoplasmic basophilia, swollen nuclei, floculated chromatin,
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often display karyolysis as opposed to fragmentation, and are usually trypan blue positive
and produce local inflammation due spillage of cell contents (Kerr et al., 1972).
After exposure of mice to three times the minimum erythemic dose (MED) of UVB,
apoptotic cells appear as early as 30 minutes in the lower half of the epidermis. After 24
hours, apoptotic cells were present in the upper layers with a peak between 24 and 48 hrs
and disappearance at 60 to 72 hrs (Gilchrest et al., 1981; Woodcock and Magnus, 1976;
Olsen et al., 1974; Danno and Horio, 1982; Kane and Martin, 1995). It appears that
cycling cells are more Likely to imdergo apoptosis than differentiated cells. Kane and
Martin (1995) found that in mice apoptotic cells based on morphology and the in situ
TUNEL assay demonstrated a dose-response relationship to UVB irradiation. Similarly,
Gilchrest et al., (1981) demonstrated the formation of apoptotic cells as early as 30
minutes after a UVB dose of 3 MEDs in human skin with a peak at 24 hrs. Apoptotic
cells were seen primarily above the basal layer at 24 hrs and in the superficial layers by
72 hrs. p53 null mouse skin has a decreased number of apoptotic cells after UVB
irradiation and heterozygous animals have an intermediate level between the null and WT
animals (Zeigler et al., 1994).
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Figure 7. MORPHOLOGICAL ASPECTS OF APOPTOSIS
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A niimber of techniques have been used to measure apoptosis. These include cell
morphology, DNA fragmentation by gel electrophoresis (DNA ladder) (Hotz et al.,
1994), flow cytometry of propidium iodide labeled cells (subdiploid fraction) (Zamai et
al., 1993), and labeling of DNA strand breaks with biotinylated or digoxigenin labeled
dUTPs using terminal deoxyribonucleotide transferase (TdT assay or TUNEL) or DNA
polymerase I in cell suspensions as well as in situ (Gavrieli et al., 1992). DNA
fragmentation of apoptotic cells appears as 180-200 base pair fragments produced by the
cleavage of DNA at nucleosomal junctions allowing visualization of a characteristic
DNA ladder (Coates, 1994).

Gene Products involved in Apoptosis: Bcl-2 and Bax

There is an increasing knowledge of genes and gene products involved in the
apoptotic process in various cell types. One of these genes, bcl-2 (B cell Lymphoma-2)
is a proto-oncogene encoding a protein (Reed 1994) that ftmctions as an inhibitor of
apoptosis. Bcl-2 first was identified in follicular B cell lymphoma at a chromosomal
translocation breakpoint of t(14;18)(13q;q21). This rearrangement brings bcl-2 under the
control of the immunoglobulin heavy chain promoter causing an overexpression of bcl-2
protein. The bcl-2 gene is located on chromosome 18q21 and produces a 26 kd protein
that is localized to mitochondrial membranes, endoplasmic reticulum, and the nuclear
membranes (Korsmeyer ,1995). Bcl-2 has been reported to be under the transcriptional
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control (repressive) of wild-type p53 and this repression was mapped to a fragment
within the NRE, but this role is not yet confirmed (Nguyen et al., 1993). The bcI-2
protein has a hydrophobic domain at its carboxy-terminal end that acts as a targeting
signal and serves as a transmembrane anchor (Miyashita and Reed, 1995).
Bcl-2 has been found to be a member of a multigene family that function to block
apoptosis (bcl-2, bcl-xL) or induce apoptosis (Bax, Bak) with bcl-2 and Bax representing
the classic members of their respective families. Most of the anti-apoptotic genes contain
the BHl and BH2 domains, and those most similar to bcl-2 contain all four BH domains.
Conversely, the pro-apoptotic members all contain a BH3 domain (Adams and Cory,
1998). Bcl-2 knockout mice develop normally but exhibit early mortality associated with
apoptosis (Korsmeyer, 1995).
The Bax protein has extensive amino acid homology to bcl-2 which was identified by
coimmunoprecitiation with bcl-2 (Oltvai et al., 1993). The gene is located in the ql3.3ql3.4 region of chromosome 19 (Apte et al., 1995). The Bax gene is alternatively spliced
to form three proteins, and the p53 protein has been found to be a direct transcriptional
activator of Bax (Miyashita and Reed, 1995; Oltvai et al., 1993).
Bcl-2 and Bax form homo- and heterodimers, and their ratio appears to determine
whether a cell lives (high bcl-2) or dies (high Bax) (Oltvai et al., 1993). Bcl-2 is found in
the basal or proliferative layer in normal epidermis and functions to inhibit apoptosis
without affecting cell proliferation, Bax is found throughout the epidermis and functions
to induce cell death as demonstrated in Figure 6 (Apte et al., 1995). Increased levels of
WTp53 may allow G1 arrest and upregvdation of Bax that in turn will dimerize with bcl-2

and allow cells to undergo apoptosis. Bcl-2 has been found to be increased in AKs and
SCCs suggesting a role in the skin carcinogenesis pathway (Krajewski et al., 1994;
Nakagawa et al., 1994). Korsmeyer et al., (1995) proposed that bcI-2 expression would
extend cell survival allowing the subsequent accumulation of additional genetic
alterations. Bcl-2 transfected into normal keratinocytes blocked differentiation and
extended their life span in culture (Nataraj et al., 1994). p53 knockout mice exhibit
increased levels of bcl-2 and decreased levels of Bax in several tissues (Miyashita and
Reed. 1995). Gillardon et al., (1994) found that transcripts of bcl-2 and Bax are
constitutively expressed in rat epidermis and that bcl-2 mRNA was downregulated up to
48 hrs after a UVB dose whereas Bax remained unchanged.

Cellular Proliferation

Increased cellular proliferation has been closely associated with the process of
tumorigenesis in numerous tissues (Morse and Stoner, 1993), including skin (Soini et al.,
1994; Szekeres and De Giacomoni, 1994; Kanitakis et al., 1993; Morimoto et al., 1991;
Pennyes et al., 1992; Saida et al., 1992; Geary and Cooper, 1992; Heenen et al., 1973;
Pearse and Marks, 1976; Wolfif and Gnas, 1989; Einspahr et al., 1995; Weinstein et al.,
1984; Kahn et al., 1968; Weinstein and Frast, 1969; Pennyes et al., 1970; Va Erp et al.,
1989; Lacappell and Glllman, 1969; Gelfant et al., 1982; Van Nest et al., 1983;
Christphers and Schaumloffel, 1967; Steigleder et al., 1973; Pullman et al., 1974; Randall
et al., 1990). A variety of techniques have been used to measure epidermal cell
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proliferation including tritiated thymidine and bromodeoxyuridine incorporation
(Morimoto et al., 1991; Saida et al., 1992; Heenen et al., 1973; Kahn et al., 1968;
Pennyes et al., 1970; Lachapelle, 1969; Gelfant et al., 1982; Van Nest et al., 1983;
Christphers and Schaumloffel, 1967; Weinstein et al., 1984; Steigleder et al., 1973;
Pullman et al., 1974), flow cj^ometry (Randall et al., 1990), proliferating cell nuclear
antigen (PCNA) (Kanitakas et al., 1993; Geary and Cooper, 1992; Pennyes et al., 1992;
Einspahr et al., 1995), and BCi67 (Soini et al., 1994; Szekeres and De Giacomoni, 1994;
Va Erp et al., 1989). Measurement of both tritiated thymidine and BrdU labeling indices
(Lis) require nucleotide uptake into viable tissue, limiting the applicability of these
techniques to clinical studies. As a result, the use of monoclonal antibodies to
endogenous cell-cycle specific proteins such as BCi67 and PCNA has become widely
used. PCNA functions as an auxiliary protein to DNA polymerase 5 and £ in DNA
replication and repair (Prelich et al., 1987; Bravo et al., 1987; Hall et al., 1990).
Expression of PCNA increases late in Gl, is maximally expressed in S, and decreases in
the G2/M phases of the cell-cycle (Hall et al., 1990).
Human skin is a continually renewing tissue with stem cells located in the basal layer
of the epidermis. In normal skin, cell loss via the normal process of cell differentiation
and sloughing at the surface equals cell production as illustrated in Figure 6 (Alberts,
1994). Benign skin disorders (ie. psoriasis, seborrheic keratosis), premalignant skin
conditions, and skin cancers have increased epidermal cell proliferation rates (Soini et al.,
1994; Szekeres and De Giacomoni, 1994; Kanitakis et al., 1993; Morimoto et al., 1991;
Pennyes et al., 1992; Saida et al., 1992; Geary and Cooper, 1992; Heenen et al., 1973;
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Pearse and Marks, 1976; Wolff and Gnas, 1989; Einspahr et al., 1995; Weinstein et al.,
1984; Weinstein and Frast, 1969; Gelfant et al., 1982; Steigleder et al., 1973; Pullman et
al., 1974; Randall et al., 1990). While most studies have reported the presence of few or
rare proliferating cells in the basal and immediate suprabasal layers in normal skin,
comparison of proliferation rates between studies is difficult due to the differences in the
methods of expressing proliferative indices. We recently published a study of tissue
obtained from AKs, tissue immediately adjacent to AKs, normal-appearing upper-medial
arm skin, and non-sun exposed skin where there was a significant difference and a
progressively increasing mean PCNA labeling index (LI) in total epidermis (basal and
suprabasal layers). PCNA Lis in skin with varying degrees of histologic atypia appears to
be an appropriate surrogate endpoint biomarker for skin cancer chemoprevention studies
(Einspahr et al., 1995).

Cancer Chemoprevention and use of surrogate endpoint biomarkers
(SEBs)

NMSC is the most frequently diagnosed cancer in the U.S. and appears to be on
the increase (Parker et al., 1997). As with many epithelial cancers, SCC develops in a
multistep manner over decades of exposure to UV-irradiation with the premalignant
precursor, actinic keratosis (AK), as an intermediate step. Decreasing the occurrence of
both premalignant AK and malignant SCC through chemopreventive interventions would
be of significant public health benefit.
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Cancer chemoprevention, if effective, would prevent or delay the occurrence of
cancer in high-risk populations, such as those with premalignant lesions or previously
resected cancer, using dietary or chemical interventions. Since the process of
carcinogenesis takes from years to decades, clinical chemoprevention trials using cancer
incidence, as an endpoint requires long follow-up, large sample-sizes and are very costly.
The rationale for trials and surrogate endpoint biomarkers (SEBs) is to circumvent these
issues with smaller sample sizes and studies of shorter duration (Kelloff et al., 1994). An
SEB is a biologic event that takes place between a carcinogen or extemal exposure and
the subsequent development of cancer. It may be a discreet event like a premalignant
lesion, or a measure such as cell proliferation or apoptosis (Schatzkin et al., 1990; 1993).
Useful SEBs would serve as predictors of risk to identify subjects at risk of
developing cancer and/or those subjects in whom an intervention would be effective
(Hong and Spom, 1997). Ideally, an SEB would be associated closely with the
carcinogenic pathway, its expression would be modulated by chemopreventive agents,
and it could be measured reliably in easily accessible tissue samples (Kelloff et al., 1994;
Boone et al., 1992). SEBs can be broadly categorized in two ways: 1) markers with
biologic relevance to the carcinogenic pathway, such as premalignant lesions or measures
of proliferation or apoptosis; or 2) markers that demonstrate the effect of a particular
agent, without the requirement for a direct association to the carcinogenic process. This
can be demonstrated by the suppression of polyamine levels in tissue treated with
difluoromethylorinithine (DFMO) (Boone etal., 1992).
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Premalignant AKs are used as SEBs in skin chemoprevention trials because tliey
lay directly in the pathway to cancer (Figure 1). An intervention may reverse or delay the
progression of premalignant lesions to cancer (Hong and Spom, 1997). As an example, a
recent study of retinol in high-risk subjects prevented the development of cutaneous SCC
in subjects with numerous AK (Moon et al., 1997). In another smdy, a low fat diet
resulted in a reduction in the number of AKs in subjects with a history of NMSC (Black
et al., 1994). In addition to the AKs themselves, specific genetic alterations and
phenotjqjic characteristics of AKs, such as mutation of p53 and cell proliferation can be
used as SEBs to demonstrate the effect of a chemopreventive agent.
Human skin chemoprevention and use of SEBs is still a new area that requires
further research in humans and validation of SEBs. As discussed previously it is
important to show that an SEB is different between the stages of skin carcinogenesis. We
previously published that both PCNA and p53 expression by immunohistochemistry were
significantly different between normal skin, skin adjacent to an AK (sundamaged skin),
and AK (Einspahr et al., 1995; 1997). Since there is differential expression between the
various stages of skin cancer with these SEBs, there is the potential for modulation by an
intervention. Apoptosis is important in carcinogenesis, and would also be a good
candidate SEB in chemoprevention studies.
The most promising area in chemoprevention is the development of new
interventions based on rational mechanistic approaches, and the use of SEBs related to
these mechanisms (Hong and Spom, 1997). These could include inhibiting cell growth
with agents like DFMO through inhibition of polyamine synthesis, or stimulation of cell
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differentiation and/or modulation of signal transduction pathways with retinoids. Agents
also could be targeted against specific genetic alterations, like p53 mutation, that are
responsible for progression of a particular cancer.

Human Chemoprevention Studies in NMSC Skin Cancer

Obviously limiting sun exposure either through use of sunscreen or by covering
skin would reduce skin cancer, but for many reasons these preventive measures have not
been effective (Baade et al., 1996). Sunscreens appear to be beneficial in reducing the
number of AICs in subjects with AK (Naylor et al., 1995; Thompson et al., 1993),
although prospective studies have not shown that sunscreen use is effective in reducing
the incidence of NMSC (Naylor et al., 1995; Harvey et al., 1996). There is even evidence
that suggests that use of sunscreen may stimulate melanoma in a mouse model and there
may be an increase in the incidence of melanoma in people who use sunscreen (Wolf et
al., 1994; Graham et al., 1985). This provides further evidence that chemoprevention
strategies are important in decreasing the rate of both AK and NMSC.
AKs are commonly treated with topical fluorouracil (Simmonds, 1976) or burned
off with liquid nitrogen treatment. Both of these methods can cause adverse side effects
including inflammation, erythema and superficial ulceration and individuals can have
numerous AKs on sun exposed body sites making these side effects prohibitive (Dodson
et al., 1991). Clearly less toxic treatments for individuals with severely sun damaged
skin and AKs are needed making these subjects an excellent target for cancer
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chemoprevention strategies because the AK and sun damaged skin are easily accessible
for repeated sampling to determine the effectiveness of an intervention
A limited number of studies have been done in the area of human UV-induced
skin cancer chemoprevention, with the majority concentrating on use of oral or topical
retinoids. As discussed previously, a large randomized, double-blinded, placebo trial of
oral retinol in subjects with AK resulted in a reduction in SCC, but not BCC (Moon et al.,
1997). A similar large study of oral retinol and isotretinoin in subjects with BCC or SCC
found no difference in the time to NMSC recurrence, or total number of tumors (Levine
et al., 1997). These two studies suggest that retinoids may be more effective in subjects at
an earlier stage in the UV-induced skin carcinogenesis pathway (i.e., between AK and
SCC) as opposed to subjects with more progressed disease (i.e., new cancers in subjects
with resected cancer).
Additionally, a number of smaller studies found retinoids to be effective in
reducing the numbers of AK or SCC (Bavinick, 1995; Moriarty et al., 1982; Misiewicz et
al., 1991; Kraemer et al., 1988; Kingston et al., 1983). This was in contrast to a study of
P-carotene in subjects with a history of NMSC, where there was no decrease in new
NMSCs (Greenberg et al., 1990). These studies demonstrate that agents can be effective
in skin cancer chemoprevention, but further research is required where there is a strong
mechanistic rational, rather than relying primarily on epidemiologic data for the choice of
chemopreventive agent.
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Animal Models of UV-Induced Skin Chemoprevention

Animal models of UV-induced carcinogenesis also are useful in providing preclinical
data for human chemoprevention studies. Carcinogenesis is generally thought of in terms
of initiation, promotion, and progression. Early studies used the DMBA/TPA model of
skin carcinogenesis (Mukhtar and Agarwal, 1996), but the gene mutations that occur in
this model do not mimic those seen with UV-irradiation (i.e., H-ras mutations with
DMBA versus p53 mutations with UV). UV-irradiation is a complete carcinogen capable
of initiation and promotion, and likely progression as well.
A number of studies demonstrate the effectiveness of agents in animal models of UVinduced skin carcinogenesis to inhibit tumor formation as well as modulate biologic
markers. Sunscreens inhibit both p53 mutations and tumor formation in a UVB mouse
model (Ananthaswmy et al., 1997). Vitamin E inhibits UVB-induced tumorigenesis, as
well as inhibiting pjaimidine dimer formation (Gensler et al., 1996; McVean and Liebler,
1997). Similarly a flavinoid, silmyn, decreased tumorigenesis in initiation and promotion
as well as decreasing the number of apoptotic cells and inhibiting induction of ODC, and
COX expression in response to UV (Katiyar et al., 1997). Oral green tea decreased UVBinduced tumors, but not the frequency of p53 mutations, although the exon distribution of
these mutations was different in the green tea-treated animals as compared to the with
placebo (Liu et al., 1998). A monoterpene, perillyl alcohol, inhibited UVB-induced skin
tumors and AP-1 transactivation (Barthelman et al., 1998). The ornithine decaroboxylase
inhibitor, DFMO, suppressed UVB-induced tumors and DNA synthesis in response to

UVB (Gensler, 1991; Eshbaugh et al., 1990). Several studies of retinoids have been
positive in animal UV-induced skin carcinogenesis models (Mathews-Roth, 1982;
Epstein, 1977). The combination of inhibition of UV-induced skin carcinogenesis by
chemoprevenative agents and mechanistic SEBs will contribute greatly to human skin
cancer chemoprevention studies.

STATEMENT OF THE PROBLEM

NMSC is the most frequently diagnosed cancer in the United States and its
incidence is increasing dramatically (Coeberg et a!., 1991; Parker et al., 1997). As with
many epithelial cancers, SCC develops in a multistep maimer over decades of exposure to
UV-irradiation with a premalignant precursor, actinic keratosis (AK), as an intermediate
step (Kwa et al., 1992). This sequence of lesions provides an excellent source of material
to study the molecular and phenotypic alterations that take place during human UVinduced skin carcinogenesis with the goal of better understanding the pathogenesis of this
disease. In addition, subjects who are considered at high risk of developing NMSC (ie,
those with AK and severe simdamaged skin) are excellent candidates for cancer
chemoprevention studies. AKs and simdamaged skin can serve as surrogate endpoint
biomarkers (SEBs) in chemoprevention studies in that they lie directly on the pathway to
carcinogenesis. The development of SEBs, like AK, to replace cancer as an endpoint in
clinical trials would allow studies of shorter duration with fewer subjects making them
more cost effective yet predictive of prevention of malignancies (Keiioff et al., 1994).
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Other SEBs, like cellular proliferation, must be validated as markers of the
carcinogenesis pathway or as markers of the effect of a specific chemoprevention agent.
Decreasing the occurrence of both premalignant AK and malignant SCC, through
chemopreventive interventions, would be of significant public health benefit.
UV-induced skin carcinogenesis is unique in that mutations in the tumor
suppressor gene, p53, occur in premalignant lesions as well as in chronically sim-exposed
skin. This is in contrast to the majority of internal cancers where p53 mutation generally
occurs in the progression from premalignant to cancer or metastasis (Nataraj et al., 1995).
Human skin is continually subjected to UV-irradiation with the p53 gene playing a
pivotal role in the repair of DNA damage and apoptosis. As illustrated in Figure 8, a
mutation in p53 may render a cell less susceptible to undergoing apoptosis when the skin
is again subjected to UV-irradiation. These p53 mutant, apoptotic-resistant, cells may
then clonally expand to form a premalignant AK. Further exposure to UV-irradiation may
then result in additional genetic alterations and progression to an SCC (Brash, 1997).
Chapter two of this research examines the progressive stages (as demonstrated in
Figure 8) of human UV-induced skin carcinogenesis to determine when mutations in p53
and changes in cell proliferation and apoptosis occur. Secondly, the relationships between
p53 mutation and changes in proliferation and apoptosis in these stages of skin
carcinogenesis are examined. This research also asks whether these biological endpoints
could be developed as SEBs for use in skin cancer chemoprevention studies.
The next two chapters focus on the application of SEBs to human skin cancer
chemoprevention trials. Chapter three describes a human skin chemoprevention study
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using a topical retinoid, targretin, in subjects with moderate AK. Retinoids have multiple
potential mechanisms for chemoprevention, many of which may fimction through nuclear
retinoid receptors. The SEBs examined in this study included; mRNA expression of
RAR-a, RAR-P, RAR-5, and RXR-a, change in the number of AK, change in the
histopathology of skin, PCNA, and p53 IHC before and after treatment. In contrast to the
DFMO study described in chapter four, the targretin study sampled the same area of the
forearm at baseline and end of study to assess change in the SEBs. An AK in this area
was sampled, as well as adjacent skin to determine if there was a differential response to
the chemopreventive agent.
Chapter four examines the use of SEBs in a study of topical
difluoromethylomithine (DFMO) in subjects with severe AK. DFMO is believed to
fimction as a growth inhibitor through suppression of polyamine synthesis. The SEBs
studied include; polyamine levels as a measure of DFMO effect, change in the number of
AKs, PCNA, p53 IHC, and p53 mutation before and after DFMO treatment. This study
sampled AKs that were present anywhere on forearms at baseline and at the end of study
to determine the effect of the chemopreventive agent on AK.
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Figure 8. MODEL OF UV-INDUCED SKIN CANCER
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CHAPTER 2.
RELATIONSHIP BETWEEN P53 MUTATION, EXPRESSION, AND
APOPTOSIS IN UV-INDUCED HUMAN NON-MELANOMA SKIN
CARCINOGENESIS.

Introduction

Non-melanoma skin cancer (NMSC), which includes both squamous cell (SCC)
and basal cell carcinoma (BCC), is the most frequently diagnosed cancer in the U.S., with
an estimated incidence of greater than 900,000 cases in 1997 (Parker et al., 1997). Actinic
keratosis (AK) has been identified as the premalignant lesion for SCC (Kwa et al., 1992).
It is thought that the sequence of AK to SCC develops on a background of chronically
sun-damaged skin. The availability of these various stages in skin carcinogenesis allows
for the study of the biology of this cancer. In addition, the existence of premalignant
stages makes it possible to intervene v^th chemopreventive strategies prior to
development of SCC. In a five-year longitudinal study, 60% of SCCs arose from a
preexisting AK. With a ten-year followup of AK patients, it was estimated that there is
6.1-10.2 % rate of malignant progression to SCC or 1 per 1000 per year in individual
lesions (Dodson et al., 1991).
Mutations in genes, cell proliferation, and apoptosis are important in human skin
tumorigenesis. Mutations in the tumor suppressor gene, p53, have been identified in
chronically sun-damaged skin, AKs, and SCC. This high incidence of p53 mutations in
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NMSC and premalignant AK lesions suggests that p53 plays an important role in the
development of skin cancer. In humans, reported mutation frequencies in p53 have been
quite variable, with AKs ranging from 0-60% (Nelson et al., 1994; Kubo et al., 1994;
Taguchi et al., 1994; Zeigler et al., 1994), Bowen's lesions varying from 0-40%
(Campbell et al., 1993; Moles et al., 1993; Kubo et al., 1994), and SCCs from 15-69%
(Brash et al., 1991; Pierceall et al., 1991; Moles et al., 1993; Nelson et al., 1994; Kubo et
al., 1994). The majority of mutations reported in these studies have been consistent with
UV as the causative agent (i.e., CC to TT and C to T substitutions at dipyrimidine sites)
(Nelson et al., 1994; Kubo et al., 1994; Brash et al., 1991; Pierceall et al., 1991; Moles et
al., 1993; Campbell et al., 1993; Taguchi et al., 1994; Zeigler et al., 1994).
p53 protein expression, as measured by immunohistochemistry, also has been
demonstrated in numerous studies and results also have varied between studies. p53
expression has been reported in 0-92% of SCCs ( Moles et al., 1993; Stephenson et al.,
1992; McGregor et al., 1992; Ro et al., 1993; Urano et al., 1992; Sim et al., 1991; Sim et
al., 1992; Shea et al., 1992; McNutt et al., 1991; Nagano et al., 1993; Ren et al., 1996;
Jonason et al., 1996), 0-80% of Bowen's lesions (Moles et al., 1993; Taguchi et al., 1994;
Sim et al., 1992; Nagano et al., 1993) and 0-80% of AKs (Nelson et al., 1994; McGregor
et al., 1992; Nagano et al., 1993; Ren et al., 1996; Gusterson et al., 1991). Generally the
presence of p53 mutations has correlated poorly with measurement of p53 overexpression
by immunohistochemistry (Taguchi et al., 1994; Nelson et al., 1994; Campbell et al.,
1993).
p53 has been shown to be essential in maintaining genomic integrity through its

55

ability to block DNA replication in response to DNA damage. p53 also may have a direct
role in DNA repair (Smith et al., 1995). Wild-type (WT) p53 binds DNA in a sequencedependent manner and functions as a transcription factor that is upregulated in response
to DNA damage by a wide variety of agents including UV irradiation. Upregulation of
WTp53 results in a transient G1 arrest allowing cells to repair the DNA damage prior to
entry into the S phase of the cell cycle (Zhan et al., 1993; Kuerbitz et al., 1992). WTp53
is present at low levels in normal cells, but in response to DNA damage, the half-life of
WTp53 is increased posttranslationally from minutes to hours. Additionally, there is also
a p53-dependent pathway whereby cells too damaged to repair themselves undergo
apoptosis. Whether DNA damage activates a p53-dependent signed transduction pathway
leading to G1 arrest or apoptosis may depend on the cell type as well as other factors, but
they are likely to have steps in common following DNA damage (Lieberman et al.,
1995).
The majority of mutations are missense mutations producing a faulty protein that
can not bind to DNA in a sequence specific manner or promote transcription (Levine,
1993; Raycroft et al., 1990). Additionally, most of the missense mutations occur in the
DNA-binding region of p53 (Hussain and Harris, 1998). Nonsense and splice mutations
can also resxilt in protein truncation or loss of the oligomerization domain (Vogelstein
and Kinzler, 1992). WTp53 specifically binds DNA, transcriptionally activates a number
of genes, transcriptionally represses other genes, and binds to transcription factors
(Hussain and Harris, 1998; Kem et al., 1991; El-Deiry et al., 1992; Seto et al., 1992).
Apoptosis is a unique mode of cell death, characterized by ultrastructural changes
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distinct from necrosis (Kerr et al., 1972). In continually-renewing tissues like skin, there
is a homeostatic relationship between cell proliferation and cell death. Alterations in
either cell proliferation or cell death can lead to loss of growth control thereby playing
major roles in the process of tumorigenesis.
There are an increasing number of genes and gene products which have been
found to be involved in the apoptotic process (Reed, 1994). One of these genes, bcl-2,
flmctions as an inhibitor of apoptosis. Bcl-2 is a member of a multigene family that
functions to block apoptosis (bcl-2, bcl-xL) or induce apoptosis (Bax, bcl-xs). p53 protein
has been found to be a direct transcriptional activator of Bax (Miyashita and Reed, 1995;
Oltvai et al., 1993). Bcl-2 and Bax form homo- and heterodimers, and their ratio appears
to determine whether a cell lives (high bcl-2) or dies (high Bax) (BCroemer, 1997). Bcl-2
is found in the basal or proliferative layer in normal epidermis and functions to inhibit
apoptosis without affecting cell proliferation, whereas Bax is found throughout the
epidermis and functions to induce cell death (Krajeweski et al., 1994). Increased levels
of WTp53 may allow G1 arrest and upregulation of Bax that in turn would dimerize with
bcl-2 and allow cells to undergo apoptosis. Bcl-2 has been found to be increased in AKs
and SCCs suggesting a role in the carcinogenesis pathway (Nakagawa et al., 1994).
p53 mutations in UV-induced skin carcinogenesis are thought to affect the ability
of keratinocytes to undergo apoptosis in response to UV exposure. We hypothesized that
in the presence of a high rate of p53 mutation, as seen in AK and SCC, there would be a
decrease in the number of apoptotic cells. p53 also regulates the transcription of the Bax
gene and we hypothesized that in the presence of a p53 mutation there would be a

reduction in Bax protein expression, but no change in bcl-2 leading to a net increase in
the ratio of anti-apoptotic bcI-2 to pro-apoptotic Bax. We evaluated the relationship
between p53 mutation frequency and p53 protein expression (IHC), as well as the rates of
apoptosis and proliferation in SCC, AK, skin adjacent to an AK, and normal-appearing
upper-medial arm skin.

Methods and Materials
Tissue acquisition and preparation
Shave biopsies of clinical SCCs (unmatched subjects), and matched AKs,
adjacent skin within 4 cm of the AK, and upper-medial arm skin were obtained for this
study. Institutional consent was obtained following institutional and federal guidelines.
The area of skin to be biopsied was anesthetized with 1% xylocaine with epinephrine
(Ekins-Cinn Incorp, Chenyhill, NJ). Three to four mm shave biopsies were taken with a
#15 scalpel yielding primarily epidermis and a minimal amount of dermis. Immediately
after removal, skin biopsies were placed into 10% formalin for 24 hour then transferred
to 70% ethanol until processing. Processing times and temperatures were standardized
and a tissue control was processed identically to samples. Once skin samples were
paraffin-embedded and mounted in blocks they were stored until needed. Clinical
diagnosis was confirmed histologically.
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PCNA. p53 and Bax:
After deparaffinization of 3-niicron tissue sections through a series of alcohols,
immunohistochemical staining was performed using a streptavidin-biotin peroxidase
system with a 3,3 diaminobenzidine tetrahydrochloide (DAB) chromagen and a
hematoxylin counterstain (Ventana Medical Systems, Tucson, AZ.) on an automated
VMS 320 immunostainer (Ventana Medical Systems, Tucson, AZ.). Anti-PCNA PCIO,
p53 (Oncogene Science, Uniondale, N.Y.) and Bax (Santa Cruz Biotech, Santa Cruz, CA)
were used at a 1:200 dilution in antibody diluent (Ventana Medical Systems). Negative
controls (to assure lack of nonspecific staining) were run on each sample by substituting
antibody diluent for the antibody. Tonsil tissue (PCNA and Bax) or the T47D breast
cancer cell line (p53) was included in each run as a positive control to assure proper
staining and to assess variability of staining intensity. Tissue sections were measured on
an RPW Image Analysis System (Roche Image Analysis Systems, Burlington, NC). The
% positive nuclear area per 40X field was determined for PCNA and p53. Bax positivity
was graded from 1-4+ with 1 being the lowest, and 4 the highest degree of staining.

In situ TUNEL:
The method of Gavrieli et £il., (1992) was used for the in situ TUNEL assay. After
deparaffinization, 3-micron tissue sections were digested with protease 1 (Ventana
Medical Systems, Tucson, AZ.) and rinsed in PBS. Endogenous peroxidase was blocked
with 3% H2O2 in methanol for 5 minutes and rinsed in PBS. Slides were covered with
TDT buffer (30 mM Trizma base, pH 7.2, 140 mM Na cacodylate, ImM CoC12) for 15
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minutes. The TDT buffer was tapped off and TDT buffer plus 3.75 U/|il terminal
transferase (Gibco, Gaithersburgh, MD) and 0.5 mM biotinylated dUTPs (Boehringer
Mannheim, Indianapolis, IN) added for 1 hour at 37" C. Slides were then immersed in
stop buffer (300 mM NaCL and 300 mM Na citrate) for 15 minutes at room temperature
and then transferred to PBS. The fmal steps were performed using a streptavidin-biotin
peroxidase kit with a DAB chromagen, and a hematoxylin counterstain (Ventana). A
UVB irradiated skin sample was included as a positive control and buffer was substituted
for the TDT en2yme for a negative control. H&E stained sections were also assessed for
morphologic evidence of apoptosis. Only those cells displaying the morphologic
characteristics of apoptosis were considered as positive for both methods. The number of
in situ TUNEL and morphologically apoptotic cells on H&E were expressed as a
percentage of the number of total cells. The entire tissue section was included in the
count.

Bcl-2 Immunohistochemistrv
Formalin fixed 3-micron sections were deparaffized just prior to antigen retrieval
by microwaving in a citrate buffer (9 ml of 0.1 M citric acid and 41 ml of 0.1 M Na
citrate in 500 ml of DI water, pH 6) for 7 minutes on high power, and 12 minutes at 50%
power. Endogenous peroxidase was blocked with 3% H202 in methanol followed by
blocking with horse serum. Slides were incubated overnight at 4° C with anti-bcl-2
(Dako, Carpinteria, CA) at 1:10 in PBS, with 2% BSA (Sigma, St Louis, MO). A
Supersensitive Strepavidin Kit (BioGenex, San Ramon, CA) was used with incubation of
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the both link and label for 30 minutes each. A VIP chromagen (Vecta Labs, Burlingame,
CA) was used to visualize the reaction and a light hematoxylin was used as a
counterstain. The number of positive cells were counted and expressed as a percentage of
the number of total cells. The entire biopsy was included in the count.

Microdissection of tissue sections and DNA extraction
Epidermis was microdisected from ten 10-micron formalin-fixed sections with a
sterile #11 scalpel under a light microscope and scraped into microcentrifuge tubes. An
Ex-wax DNA extraction kit (Oncor, Gaithersburg, MD) was used to extract genomic
DNA from tissue sections. Tissue was digested with protein digesting solution overnight
at 50° C. Samples were then mixed with extraction solution and spun at 12,000 rpm.
Supernatant was removed to a new microcentrifuge tube and samples were precipitated at
-20° C overnight. Samples were finally spun at 12,000 rpm, the supernatant discarded,
and the pellet dried under vacuum. DNA was resuspended in sterile water and stored at 20° C until fiirther use.

Semirandom priming of genomic DNA
Due to the small amount of DNA extracted from tissue sections, a semirandom
primer TAG-IT kit (BIOS Laboratories, New Haven, CT) was used to obtain adequate
DNA on all samples for p53 mutation analyses (Jonason et al., 1996). Two p.1 of random
primed DNA from samples or controls was added to PGR reaction tubes with 8 |il of
sterile, filtered water. The PGR mixture was made in another sterile microcentiflige tube

61

with 5 |J.l of sterile water, 2.5 |il of Tag-it kit buffer, 4 |il of nucleotide mixture at 1.25
mM, 2.5 |il Tag-it semi-random primers, and 1 p.1 Taq from the kit. This mixture was
vortexed briefly, and 15 |il was added with a new pipet tip to each PGR tube containing
DNA and water. Fifty |il of mineral oil was added to overlay the mixture. A Perkin-EImer
thermocycler was used as follows; 1 step of 60° C for 3 minutes and 94° C for 5 minutes.
Thirty cycles of the following were then performed; 94° C for 2 minutes and 45 seconds,
94° C for 10 seconds, 24° C for 2 minutes, and 24° C for 10 seconds. The final
temperature was 4° C and samples were then stored at -20° C until use.

PGR- Single Stranded Conformational Polymorphism CSSCP") and Direct DNA
Sequencing
Radioactive PGRs were performed using primers for exons 5-8 (Glontech
Laboratories, Inc, Palo Alto, GA). Primers are shown in Table I:
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Table 1. Upstream and Downstream p53 Primers and Fragment Size.
Exon

Sequence

PU5:

5-GTG TTG GTG GAG TAG TGG GGT GG-3

PD5:

5-GGG GGA GGT GGT GAG GAT GGG TA-3

PU6:

5-GAT TGG TGT TAG GTG TGG GGG GTG-3

PD6:

5-GGG GAG TGA GAA GGA GGG TTA AGG-3

PU7:

5-GTG TTG TGT GGT AGG TTG GGT GTG-3

PD7:

5-GAA GTG GGT GGT GAG GTG GAG TG-3

PUS:

5-AGG TGA TTT GGT TAG TGG GTG TGG G-3

PD8:

5-GTG GTG GTT GGT TAG GTG GGT TAG T-3

Fragment size
241

185

139

200

The radioactive PGR procedure for each exon was as follows; 2 jil of randomly primed
DNA, 36.5 ^l1 of sterile filtered water, 11.5 p.1 of PGR cocktail (5 |j.l PGR buffer, 2 jil of
2.5 mM NTPs, 2 jil of the up and downstream primer at 10 fim, 1 p.1 Taq for each sample,
and various amounts of ^^P GTP depending on the activity). A mock tube was also run
with no DNA added. Samples were overlayed with 50 |il of mineral oil and heated to 94°
G before adding the cocktail mixture. After addition of the cocktail the samples
underwent PGR thermocycling as follow:

Exon 5:

95 ° G for 5 minutes, then 40 cycles of 95° G for 30 seconds, 63° G for 45

seconds, 72° G for 1.5 minutes, followed by extension at 72° G for 1 minute and soaking
at 4° G.

Exons 6, 7:

95° C for 5 minutes, then 40 cycles of 95° C for 30 seconds, 66° C for 45

seconds, 72° C for 1.5 minutes, followed by extension at 72° C for 1 minute and soaking
at 4° C.

Exon 8:

90° C for 5 minutes, then 40 cycles of 90° C for I minute, 55° C for 1

minute, 72° C for 1 minute, followed by extension at 72° C for I minute and soaking at
4°C.
Samples were stored at -70° C until the SSCP gels were run.

SSCP
PGR products were diluted in loading buffer (95% formamide, 5% ethylene
diamine tetraacetic acid, 10 mM NaOH, 0.025% xylene cyanol blue), heat denatured at
95 ° C, and loaded onto 6% PAGE 49:1 with 5% glycerol gels, run at room temperature
at 10 W for 4 hour, (exon 7, 8) or without 5% glycerol (exons 5, 6) run at 4 ° C, 20 W for
3-4 hour (Nelson et al., 1994). Positive controls were run for each exon: U266 for exon
5, T47D for exon 6, Ovcar-3 for exon 7, and 8226 for exon 8. DNA from normal human
lymphocytes were used as negative controls. Positive samples were those showing a band
shift as compared to control.

DNA Sequencing
Each sample was subjected to direct DNA sequencing in both directions
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following non-radioactive reamplication of semirandomly primed DNA (exons 5-8,
Clontech Laboratories). PGR product was run on a 2% agarose gel and bands were cut
out with a sterile scapel and placed into a 1.5 ml sterile microcentifuge tube. Gels were
then extracted with a gel purification kit (GFX PGR DNA and gel band purification kit,
Amersham Pharmacia Biotech Inc, Piscataway, NJ). Samples were sequenced with a
Sanger's dideoxy termination method on an Applied Biosystems model 373A DNA
sequencer (Applied Biosystems Foster Gity, GA). Sequencher (Gene Godes Gorp, Ann
Arbor, MI) was used for mutation analysis of chromatograms. Mutations had to be
present in both directions to be considered as positive.

Statistical Analvsis
Stata (Gollege Station, TX) was used for all analyses. Nonparametric tests were
used because data was not normally distributed (Rosner, 1990). Matched AK, adjacent,
and normal samples were compared using Wilcoxon signed-rank test, while unmatched
SGG and AK were compared with the Mann-Whitney rank-sum test. The comparison of
p53 mutation versus p53 immunostaining as well as p53 mutation versus apoptosis, was
done by Pearson chi^. All reported correlations are Pearson correlation coefficients.

Results
Subject Demographics
Subject characteristics are listed in Table 2. Gender and ages were similar for the
SGG and AK groups. AKs were obtained from the forearms of heavily sun-exposed areas
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and 8 of the SCCs also were removed from the forearms.. All SCCs and AKs were
either from the forearms or head area and were presumed to be from sun-exposed areas.

Table 2. Subject characteristics.

see

AK

Subject #

13

16

Gender (M:F)

12:1

15:1

Age (Mean)

72.2

71.8

(Range)

59-85

62-81

Forearm

8/13

16/16

Head*

5/13

0/16

Location:

* Cheek, nasal root, scalp, face.

Single Stranded Conformational Polvmorphims TSSCP')
Figure 9 is a representative SSCP gel from exon 7. Lane 1 shows the positive
control, lane 2 shows normal blood lymphocytes, and lanes 3-13 individual samples. The
sample in lane 11 shows a band shift with an arrow pointing to the shifted band.

Figure 9. SSCP gel of p53 Exon 7.
The positive control (0VCAR3) and a normal control (human lymphocytes in lanes 1 and
2, respectively. Lanes 3-13 are from subjects included in this study. The sample in lane
11 shows a band shift (arrow).

Characteristics of p53 mutations
Table 3 describes the specific p53 mutations for each subject broken down by
see (Table 3a), AK (Table 3b), skin adjacent to an AK (Table 3c), and normalappearing upper-medial arm skin (Table 3d). The percentage of p53 mutations in each
tissue type is also given for mutation frequency. The frequency of p53 mutation in SCC
was 53.8%, in AK was 62.5%, in adjacent skin was 38.5%, and in normal skin was
14.3%. Overall, 74% of mutations were at adjacent pyrimidines and 52% of mutations
were C-T or CC-TT transitions. Interestingly, SCCs had the lowest proportion of C-T or
CC-TT substitutions (25%) while AKs and adjacent skin had the highest, 67% and 60%,
respectively. AK and adjacent skin also had the highest proportion of mutations at
dipyrimidine sites (85% and 80%, respectively) versus 63% for SCCs. The only CC-TT
substitutions were found in AKs (3/13). There were only two mutations found in normal
upper-medial arm skin, with one mutation being a C-T.
The exon distribution of mutations in SCC, AK, adjacent, and normal were also
different. For SCC, the majority of mutations were in exon 7 (4/8, 50%) and exon 6 (3/8.
38%) while there was one mutation in exon 8 and none in exon 5. Similarly, in AK there
were 7/13 (54%) of mutations in exon 7, 2/13 (15%), 1/13 (8%), and 3/13 (23%) in exons
5, 6, and 8, respectively. Adjacent skin had the majority of mutations in exon 6 (3/5,
60%) and 1/5 (20%), 1/5 (20%), and zero in exons 5, 7, and 8, respectively. Of the 2
mutations in normal skin there was one mutation in exon 5 and one in exon 8.
The majority of mutations were missense mutations and were associated with an
amino acid change. There were two nonsense mutations resulting in a stop codon (one in
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an SCC sample and one in an adjacent sample). One intron mutation was found in one
adjacent sample. There were multiple mutations in one SCC (two mutations in exon 6)
and in one AK (3 mutations in exon 7, one mutation in exon 5).
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TABLE 3a. p53 mutations in SCC.
p53 Mutation

Exon Codon

Base Change

Protein Change

1055

8

301

cCCAg-cCAAg

Pro-Gin

1124

7

231

cACCa-cTCCa

Thr-Ser

195

6

1526

7

236

gATGt-gATTGt

Met-Lle

906

6

213

tCGAc-tTGAc

Arg-stop

1032

7

259

aGACt-aGAAt

Arg-Glu

315

7

258

cCTTc-cGTTc

Glu-Gln

191, 193 CCT-Crr, CAT-CCT

Pro-Leu, Hist-Pro

Letters in capital represent the affected codon. Letters in lower case are adjacent bases.
Underlined bases are those bases with changes.
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TABLE 3b. p53 mutations in AK.
p53 Mutation

Exon Codon

Base Change

Protein Change

397

8

266

cCCTg-cICTg

Gly-Arg

407

7

226

aCCGa-aTTGa

Gly-Asn

428

7

247-248

AACCGG-AAUGG

Asn-Asn, Arg-Trp

439

8

300-301

CCCCCA-CCTTCA

Pro-Pro, Pro-Ser

525

5

138

gGCCa-gGTCa

Ala-Val

7

232

gTAGg-gCAGg

Ile-Val

7

234

cTACa-cCACa

Tyr-His

7

252

cCTCa-cTTCa

Leu-Phe

531

6

200

aAATt-aCCTt

Asn-Pro

489

5

161

cCGGt-cTGGt

Ala-Thr

1400

7

245

gCCGt-glCGt

Gly-Ser

1403

7

249

gAGGc-gACGc

Arg-Thr

1411

8

270

cTTTg-cTCTg

Phe-Ser

Letters in capital represent the affected codon. Letters in lower case are adjacent bases.
Underlined bases are those bases with changes.
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TABLE 3c. p53 mutations in skin adjacent to an AK.

p53 Mutation Exon
405
5

Codon
intron

Base Change
ttC-Xta

Protein Change

430

6

207

gGATg-gCATg

Asp-Hist

533

6

218

cCACg-cTACg

Val-Met

1412

7

240-241

AGTTCC-AGCCCC

Ser-Pro

1415

6

196

cCGAg-cTGAg

Arg-stop

TABLE 3d. p53 mutations in normal-appearing skin.

p53 Mutation

Exon

Codon

Base Change

Protein Change

535

8

291

cAAGa-cAATa

Lys-Asn

517

5

161

cCGGt-cTGGt

Ala-Thr

Letters in capital represent the affected codon. Letters in lower case are adjacent bases.
Underlined bases are those bases with changes.

72
P53 protein expression bv inununohistochemistrv and relation to p53 mutation

We were interested in the association of p53 mutation and p53 protein expression
by immunohistochemistry. To do this we used the median % p53 IHC of 23% as a cutoff
point for considering IHC as positive or negative. The chi^ analysis is shown in Table 4.
Using this cutoff point for p53 IHC, 72.0% of samples were positive for both mutation
and IHC (sensitivity), while 67.7% were negative for both (specificity) with a p value of
0.003. In this series of samples, the only significant differences in % p53 IHC were
between normal (I.O ± 1.7%) and adjacent (28.1 ± 22.5%, p=0.002), and between AK
(35.0 ± 19.8%, p=0.001) and normal skin. AK and SCC (33.6 ± 22.2) were similar
(Table 5). An example of p53 IHC in normal skin, sundamaged, and AK is fiorther
demonstrated in Figxire 10.
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ISbnn^

Figure 10. Expression of p53 in SCC, AK, skin adjacent to an AK, and normalappearing upper-inner arm skin.
An example of p53 protein expression using immunohistochemistry in SCC, AK, skin
adjacent to an AK, and normal-appearing upper-inner arm skin. This series demonstrated
the lack of p53 staining in normal compared to adjacent, AK, and SCC. Positive cells are
the darkly stained areas while negative cells are light grey.
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Table 4. Pearson chi^ analysis of mutation frequency versus presence (>23%*) or
absence (<23%) of p53 immunostaining.

% p53 IHC

<23%

^3%

+

p53 Mutation

p53 Mutation

+

67.7%

32.3%

28.0%

72.0%

p=0.003

•Median concentration used as a cut-off point for p53 IHC
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Reproducibility of p53 IHC and PCNA IHC
In order to assess the reproducibility of measuring p53 and PCNA IHC, a control
slide was included each time study samples were counted on the imaging system. For
PCNA the slide was repeated 17 times with a mean of 14.2 ± 1.6 % and a coefficient of
variation (CV) of 8.8%. In the case of p53 IHC there were 16 repeats with a mean of 42.8
±1.1 and a CV of 2.0%. The CV should be less than 10%. The PCNA IHC CV was
higher due to the wide range of staining intensity seen in this marker, but is still falls
below 10%. When a set of 17 study samples were repeated twice, there was a Pearson
correlation coefficient of 0.83.

Relationship of p53 mutation/IHC to apoptosis and proliferation
Next we determined if there was an association between p53 IHC or p53 mutation
and the percentage of apoptotic cells in samples. When a chi^ was performed using the
median in situ TUNEL value (0.1%) compared to p53 mutation, 65.5% were negative for
both while 70.4% were positive in both cases (p=0.007). There was a weak but positive
association between p53 IHC and the in situ TUNEL assay (r=0.35, p=0.008), but not
between p53 IHC and apoptosis by morphology (r=0.14, p=0.3). What was more striking
was that both in situ TUNEL and apoptosis by morphology were highly correlated with
proliferation, as measured by PCNA (PCNA and in situ TUNEL, r=0.68, p<0.0000l,
PCNA and morphology, r=0.59, p<0.00001). Interestingly, PCNA was also positively
correlated with p53 IHC (r=0.42, p=0.001). Table 5 lists the mean percentages for PCNA
in see, AK, adjacent, and normal. This increasing PCNA IHC is illustrated in Figure 11.
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There was a significant difference (p<.0.05) between all samples for PCNA showing that
PCNA increases dramatically in the progression from normal to SCC.

Adfacent

Figure 11. Expression of PCNA in SCC, AK, skin adjacent to an AK, and normal
appearing upper-inner arm skin.
An example of PCNA using immunohistochemistry showing the increasing degree of
staining in SCC, AK, skin adjacent to an AK, and normal-appearing upper-inner arm
skin. Positive cells are the darkly staining areas while negative cells are light grey.

78

Table 5. Mean % PCNA, and apoptosis (in situ TUNEL and morphology)
immunostaining in SCC, AK, adjacent skin, and normal skin.

N

% PCNA

% in situ TUNEL

%Morphology

Apoptosis
SCC

13

69.2 ± 27.5*

0.4 ± 0.3

0.4 ± 0.3

AK

16

36.0 ± 19.2*

0.3 ±0.3*

0.3 ±0.2

Adjacent

13

22.2 ±8.3*

0.1 ±0.2*

0.1 ±0.2*

Normal

14

8.6 ±3.7*

0.06 ± 0.02

0.04 ± 0.09*

*Represents those samples with significant differences (p<0.05).

Recently, rates of apoptosis have been adjusted by the rate of proliferation (Nam,
1998). If we divide the percent of in situ TUNEL cells by the percentage of PCNA
positive cells and multiple by 100 there is a significant difference between normal (0.04 ±
0.02%) and adjacent (0.4 ± 0.6%, p=0.03). Similarly, there is a marginally significant
difference between adjacent and AK (0.7 ± 0.7, p=0.07), while AK and SCC (0.5 ± 0.3)
are not significantly different.
With regard to apoptosis, the two methods (in situ TUNEL and morphology) gave
very similar results and the correlation coefficient was 0.70 (p<0.00001). Figure 12
illustrates the two methods of measuring apoptosis. The mean percentages are given in
Table 5. With both methods there was an increasing trend from normal to adjacent, to
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AK, while AK and SCC were similar. Statistical significance was only reached in the
case ofTUNEL, between AK and adjacent (p=0.02) and between AK and normal
(p=0.02). For morphology, significant differences were found between adjacent and
normal (p=0.03) and between AK and normal (p=0.001).
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H&E

TUNEL

Figure 12. Morphology and in situ TUNEL methods for measuring apoptosis.
The top panel shows a hematoxylin & eosin (H&E) staining section at 40X (left panel)
and lOOX (right panel). The arrow is pointing to a typical apoptotic cell with a pyknotic
nucleus and a shrunken cytoplasm. The bottom panels demonstrate the in situ TUNEL
method of measuring apoptosis where the apoptotic nucleus stains darkly (arrow) and has
typical apoptotic morphology. The left panel was taken at 40X while the right panel was
at lOOX.
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The next question was whether the apoptotic gene products, bcI-2 and Bax, were different
in this series of samples. As seen in Table 6 and Figure 13, bcl-2 was found to be very
similar in all samples, while Bax IHC was significantly higher in SCC than in AK
(p=0.000l). Bax was also highly correlated with PCNA (r=0.65, p<0.0001) and was
weakly, but positively associated wdth apoptosis (TUNEL r=0.32, p=0.02 morphology
r=0.33, p=0.01), bcl-2 (r=0.35, p=0.009), and p53 IHC (r=0.28, p=0.04).

Table 6. Mean p53 IHC, bcl-2, and Bax immunostaining in SCC. AK, adjacent skin,
and normal skin.

Bax

N

%p53 fflC

%bcl2

SCC

13

33.6 ±22.2

5.1 ±3.5

1.8 ±0.8*

AK

16

35.0 ± 19.8

5.5 ±3.3

0.4 ± 0.4*

Adjacent

13

28.1 ±22.5*

5.4 ± 2.4

0.1 ±0.2

Normal

14

1.0 ± 1.7*

4.9 ± 2.4

0.1 ±0.2

* Represents those samples with significant differences (p<0.05).
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Figure 13. bcl-2 expression in SCC, AK, skin adjacent to an AK, and normalappearing upper-inner arm skin.
An example of bcl-2 expression in SCC, AK, skin adjacent to an AK, and normalappearing upper-iimer arm skin. The darkly stained areas are positive while the light grey
areas are negative, bcl-2 has a perinuclear staining pattern. Although it appears that there
is increased expression of bcl-2 in AK and SCC when data were analyzed there were no
significant differences due to increased cell number in the progression from normal skin
to SCC.
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Discussion
The p53 tumor suppressor gene is essential in maintaining the genomic integrity
of cells through its role in DNA damage repair or apoptosis. Nearly half of all human
tumors contain mutations in p53, although these mutations generally occur late in the
tumorigenesis process (Hussain and Harris, 1998). NMSC skin cancer is an exception in
that mutations have been found in normal-appearing chronically sun-exposed skin of skin
cancer patients and in premalignant lesions (Nelson et al., 1994; Kubo et al., 1994;
Taguchi et al., 1994; Zeigler et al., 1994; Nagazawa et al., 1994). This suggests that p53
mutations play an important role in NMSC etiology as well as in the later stages of tumor
progression. In this study we examined the frequency of p53 mutations, p53 IHC,
apoptosis, proliferation, and the apoptotic gene products, bcl-2 and Bax in an attempt to
further delineate the importance of p53 mutations in both the early and late stages of
multistep human skin cancinogenesis.
We foxmd that p53 mutations increase from normal-appearing skin, to sundamaged skin, to AK. This was also the case with p53 IHC. The similar or slightly lower
frequency of p53 mutations in SCC is intriguing. Similar frequencies have been reported
by Brash et al. (1991) for SCC and Zeigler et al. (1994) for AK. Samples in this study
were microdissected so that the tumor or epidermis was separated from contaminating
dermis. AK, sun-damaged skin, and normal skin samples may still have suffered from
contamination with normal cells that may mask mutations, although in the case of SCC
contamination, this would seem to be less of an issue. Additionally, we studied the exons
in the DNA binding region where the majority of mutations have been found (Nataraj et
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al., 1995). Expanding tlie study to include exons 2, 4, 9, and 10 would likely increase the
mutation frequency, but this would presumably be the case for AK as well as SCC. We
also showed that the majority of mutations are at dipyrimidine sites and are either C-T or
CC-TT transitions. Again, it is interesting that AK and sun-damaged skin have even
higher % of mutations at presumed sun-damaged pyrimidine and C-T/CC-TT mutations.
The SCCs were from different subjects, but were assumed to be from sun-exposed sites.
It is possible that not all of the mutations seen in AK, sun-damaged skin, and normalappearing medial arm skin are those that would be selected for in the progression to SCC
(Brash, 1997). There were several G-T mutations that have been previously suggested to
result from 8-hydroxydeoxyguanine (Ellege and Lee, 1995). All mutations resulted in
amino acid alterations, except for one intron mutation.
Another interesting aspect of the study data is that SCC and AK had the highest
proportion (<50%) of mutations in exon 7. It is possible that certain mutations have a
selective advantage in the progression from AK to SCC.
Mutation analysis is time-consuming and use of p53 IHC would be much more
cost effective, but p53 IHC in archival material is nonspecific for wild-type or mutant
p53 protein. The correlation in skin has generally been poor when compared to the
presence of p53 mutation (Nelson et al., 1994; Taguchi et al., 1994; Campbell et al.,
1994). We utilized a chi2 analysis that tests the independence of two measures. This has
been done previously in a report on p53 mutation and IHC (using 30% IHC as a cutpoint)
in colon cancer where sensitivity was 67% and specificity was 90% (Baas et al., 1994). In
our study, there was a statistically significant association between p53 mutation and p53
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IHC (p<0.003) when the median concentration of p53 IHC (i.e., 23% positive) was used
as a cutoff point for positive or negative. The agreement was not 100% and there are a
number of possible explanations. p53 truncation mutations would not be expected to
yield a stabilized protein. Also, not all mutations would be predicted to stabilize the
protein. It is unlikely that the p53 antibody recognizes all conformational alterations in
the protein. With regard to positive IHC and negative mutation results, other exons (2,4,
9, 10) could contain mutations. Furthermore, there may be other means of protein
stabilization.
There may be two different pathways for epidermal cell apoptosis: one which is
p53-dependent and leads to apoptosis in response to UV-induced DNA damage, and a
one which is p53-independent and leads to apoptosis in response to increased
proliferation. We measured spontaneous apoptosis and unexpectedly found that apoptosis
increased in the progression of NMSC (except between AK and SCC). One explanation is
that proliferation, which significantly increases in this progression, and was significantly
correlated with apoptosis, is more important than p53 mutation in spontaneous apoptosis.
An increase in proliferation appears to stimulate an increase in apoptosis that may not be
related to p53 mutation. These results do not suggest, however, that UV-irradiationinduced apoptosis is not p53-dependent, or that p53 mutation is not important to damage
induced apoptosis.
The last study question we raised was the relationship of the apoptotic gene
products, bcl-2 and Bax, to p53, proliferation, apoptosis, and the progression of NMSC.
In our study, only Bax expression was found to be significantly different between SCC
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and AK. All of the other biomarkers did not differ in frequency. We speculated that proapoptotic Bax protein expression would increase proportionately to the rate of apoptosis
during multistep skin carcinogenesis but this did not occur. One explanation is that Bax
may have a different dimer partner in skin other than bcl-2, and the concentration of this
other protein may be important in the apoptotic process.
Results of this study raise a number of questions regarding human UV-induced
skin carcinogenesis. We demonstrated that SCC had a similar or slightly lower rate of
p53 mutation in comparison to AK in this cohesive data set. SCC also had fewer
mutations indicative of UV irradiation than AK. Skin is continually exposed to sunlight
and may accumulate p53 mutations indicative of exposure (sundamaged skin and AK);
however, it is probable that not all of these p53 mutations are capable of progressing to
SCC. UV exposure is assvimed to be the driving force behind the progression from AK to
SCC, although the specific genetic alterations required for the progression of AK to SCC
remain to be elucidated.
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CHAPTERS.
EFFECT OF TOPICAL TARGRETIN ON ACTINIC KERATOSES, CELLULAR
PROLIFERATION, RETINOID X RECEPTOR AND p53 PROTEIN
EXPRESSION IN SUBJECTS WITH MULTIPLE AK

INTRODUCTION

Non-melanoma skin cancer (NMSC), which includes both squamous cell (SCC) and
basal cell carcinoma (BCC), is the most frequently diagnosed cancer in the U.S., with an
estimated incidence of greater than 900,000 cases in 1997 (Parker et al., 1997). SCCs
make up approximately 20%, while BCC make up 80%, of NMSC (Kuflik and Schwartz,
1994). There is strong evidence that the incidence of NMSCs is increasing throughout
the U.S. particularly in regions where simlight is more intense (Coeberg et al., 1991;
Fears and Scotto, 1982). SCCs occur primarily on sun-exposed parts of the body and
have been strongly associated with chronic sim exposure (Kwa et al., 1992).
Actinic keratoses (AKs) are the premalignant precursors to SCC and share many
similarities with SCCs (Kwa et al., 1992; Kuflik and Schwartz, 1994). Approximately
60% of Australians aged 40 or greater have at least one AK and the incidence increases
with increasing age (Marks et al., 1988; Fitzgerald, 1998). The presence of AKs is a
major risk factor and a marker of increased risk for NMSC. In a 5-year longitudinal
study, 60% of SCCs arose from a preexisting AKs (Marks et al., 1988).
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AKs are commonly treated with topical methods that cause significant adverse
side effects, and individuals often have numerous AKs making the toxicities associated
with current treatments prohibitive (Simmonds, 1976; Dodson et al., 1991). Clearly less
toxic treatments for individuals with severely sun damaged skin and AKs are needed,
which makes these subjects excellent targets for cancer chemoprevention strategies.
Additionally, primary prevention of NMSC with sunscreens and clothing have not been
successful, providing an even greater rationale for skin cancer chemoprevention studies
(Naylor et al., 1995; Harvey etal., 1996).
Epidemiology studies have found an inverse association between vitamin A intake
and risk of cancer (Goodman, 1986). Retinoids have been effective in reducing tumor
incidence in animal UV-induced skin carcinogenesis models (Mathews-Roth, 1982;
Epstein, 1977; Chen and De Luca, 1995). It appears that retinoids have activity in both
the initiation and promotion phases of skin carcinogenesis. Mechanisms suggested for
this activity include: inhibition of cell proliferation, stimulation of cell differentiation, an
increase in cell-cell communication, cell adhesion, inhibition of migration, and invasion
(Vainio, 1998).
A limited number of human skin cancer chemoprevention studies using oral or
topical retinoids have been performed. Two large randomized, double-blinded, placebocontrolled trials of oral retinol resulted in a reduction of SCCs in subjects at moderate
risk, while subjects at higher risk demonstrated no benefit (Moon et al., 1997; Levine et
al., 1997).
A number of smaller studies also found retinoids to be effective in reducing the
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number of AK or SCC (Bavrick, 1995; Moriarty et al., 1982; Misiewicz et al., 1991;
Kraemer et al., 1991; Kingston et al., 1983). This was in contrast to a study of (3-carotene
in subjects with a history of NMSC where there was no decrease in new NMSC
formation (Greenberg et al., 1990).
Retinoids comprise a group of compounds having a role in the control of normal
tissue development, proliferation, differentiation, and maintenance (Harris et al., 1973;
Lippman et al., 1987; Weinstein et al., 1981). The mechanism by which retinoids act is
through binding of nuclear retinoic acid receptors (RAR) and/or retinoid X receptors
(RXR) to a response element (RAREs) in DNA, thereby regulating downstream genes.
These receptors belong to the steroid/thyroid hormone-receptor family and form either
homodimers or heterodimers. A distinct feature of RXRs is that they can form
heterodimers with other nuclear receptors (Chen and De Luca, 1995). The naturally
occurring retinoid, all-trans-retinoic acid, binds to RAR (a, (3, 5) receptors, while 9-cisretinoic acid, binds to both RAR and RXR (a, p, 5) receptors (Kang et al., 1996). Human
epidermis contains RAR-a, RAR-8, RXR-a, and RXR-p, while RAR-p expression has
been reported to be limited to dermal fibroblasts (Chen and De Luca, 1995). In the
progression of skin carcinogenesi,s some of these retinoid receptors become altered and
may be up- or down-regulated through chemopreventive treatments by specific retinoids
(Darwiche et al., 1995).
The major problem with the use of natural retinoids in chemoprevention studies is
their potential for toxicity. This has stimulated the development of synthetic retinoids that
are more specific with decreased toxicity (Grififiths and Voorhees, 1995). Targretin is an
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example of a synthetic RXR-specific retinoid found to be effective in inhibiting tumor
formation in a number of animal models with reduced toxicity as compared to natural
retinoids (Gottardis et al., 1996; Bischoff et al., 1998).
In this study we evaluated the effect of topical targretin gel for three months in
subjects with multiple AK on RAR-a, RAR-p, RAR-5, and RXR-a expression, the
change in number of AKs, PCNA and p53 immunohistochemistry, and the
histopathology score at baseline and at the end of study.

Methods and Materials
Eligibility Criteria
Males and females, at least 30 years of age, were recruited from Pima County and
adjoining Arizona counties. Federal and institutional informed consent was obtained.
Subjects with at least four clinical AKs on each forearm with no topical or systemic
therapy within the past three months, and no topical medications on their arms for at least
thirty days (excluding emollients and sunscreens) were eligible. Exclusion criteria
included premenopausal females unless using effective contraception,
immunosuppression, and current malignancy of the skin. Subjects could not be taking
more than 15,000 lU of vitamin A per day or must have discontinued use thirty days prior
to the start of study.

91

Targretin Formulation
Targretin (4-[l-(3,5,5,8,8-pentamethyl-5,6,7,8-tetra-hydro-2-naphthaienyI)-lethenylj-benzoic acid was supplied by Ligand Pharmaceuticals, San Diego, CA.
Targretin was formulated in alcohol-based gel for topical application and included
dehydrated ethyl alcohol, polyethylene glycol 400, hydroxypropyl cellulose, and
butylated hydroxytoluene. The concentrations supplied were 0.1%, 0.5%, and 1.0%.

Study Design
A one-month placebo (gel twice daily) run-in was performed where subjects
applied one inch of cream each morning and night to both forearms. Sixty subjects were
randomized to receive placebo, 0.1%, 0.2%, 0.5%, 1.0%, or 2.0% in a double-blinded
fashion with twice daily application for three months. In addition, subjects were
counseled to use sunscreen or wear long sleeve clothing in order to reduce exposure to
sunlight.
During the placebo run-in (baseline) and at the end of three months of placebo or
targretin topical treatments, there was a clinical evaluation of AK number. Additionally,
skin shave biopsies for retinoid receptors, PCNAIHC, p53 IHC, and histopathology were
taken at baseline and at the end of study. A biopsy was taken from an AK and in addition
from skin directly adjacent to the AK. Biopsies were removed from the same area before
and after treatment in order to assess change in markers.
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Treatment Plan
TREATMENT PERIOD (3 MONTHS^

RUN-IN PERIOD

^

Placebo qd

^ Placebo bid
^ 0.1% Targretin ge1 qd= 0.1%/day
Placebo Application

^ Randomize

^

O.D°/o

Targretin gel qd= 0.5%/day

• 0.1% Targretin gel bid= 0.2%/day
• 0.5% Targretin gel bid= 1.0%/day
• 1.0% Targretin gel bid= 2.0%/day

Baseline Biopsy

End of Study Biopsy

qd- once daily
bid- twice daily
Quantitation of the Number of AKs
The number of AKs were counted from the elbow to the knuckles on the dorsal
surface of forearms by the study dermatologists. Both arms were quantitated at baseline
during the placebo run-in period and again at three months.
Tissue acquisition
Punch and shave biopsies of clinical AKs and adjacent skin were obtained.
Institutional consent was obtained following institutional and federal guidelines. The area
of skin to be biopsied was anesthetized with 1% xylocaine with epinephrine (Ekins-Cinn
Incorp, Cherryhill, NJ). Three to four mm shave biopsies were taken with a #15 scalpel
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yielding primarily epidermis and a minimal amount of dermis. Immediately after
removal, skin biopsies were placed immediately into 10% formalin and transferred to
70% ethanol after twenty-four hours until histologic processing. Processing times and
temperatures were standardized and a tissue control was processed identically to samples.
Once skin samples were paraffin-embedded and mounted in blocks, they were stored
until needed. Clinical diagnosis was confirmed histologically.

Histopathology of Actinic Keratosis
Formalin fixed paraffin-embedded biopsies were stained by routine H&E and
evaluated for presence of: 1. orthokeratosis/parakeratosis (persistence of keratinocyte
nuclei into the comified layer), 2. basal layer pleomorphism (variation in the size and
shape of cells, outline of nucleus and nucleoli, and irregular clearing of the nuclear
chromatin in the basal layer), 3. suprabasilar pleomorphism (variation in the size and
shape of cells, outline of nucleus and nucleoli, and irregular clearing of the nuclear
chromatin in the suprabasal layers), 4. cellular crowding (overlapping of cells), 5.
dyskeratosis (early keratinization of the cytoplasm with most often a hyperchromatic
nucleus), 6. loss of polarity (loss of normally pattern of flattened or horizontal orientation
as cells near the epidermal surface, in AK this is delayed or absent), and 7. budding (in
basal layer, this is an exaggeration of the pleomorphic changes). Each of these parameters
were determined to be present (1) or not present (0) and a final grade was assigned.
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Retinoid Receptor Analysis
The preparation of tissue sections and all procedures were carried out in RNasefiree conditions (i.e., gloves worn during the handling of glassware, reagents, and tissue
blocks) in our laboratory, while the remainder of the retinoid receptor assay was
preformed in Dr. Lotan's laboratory at MD Anderson in Houston, TX.
Diethylpyrocarbonate (DEPC, Sigma Chemical Comp, St. Louis, MO)-treated water was
used to float tissue sections while cutting paraffin blocks. Slides were coated with 5%
poly-L-lysine (Sigma) diluted in DEPC-water for 5 minutes after HCL treatment and
oven baking. Six 4-micron sections were cut onto prepared slides with the waterbath at
39-42° C.

Preparation of Digoxigenin Labeled RNA Probes
The cDNAs for the different receptors were subcloned into pRC/CMV or
pBluescript plasmids in either orientation with respect to the T7 promoter site in order to
transcribe antisense and sense RNA probes. The plasmids were linearized by restriction
enzyme digestion and purified by phenol/chloroform/isoamyl alcohol extraction. A
transcription kit (Boehringer Marmheim, Indianapolis, IN) was used to transcribe
digoxigenin-labeled cRNA probes. Linearized DNA (jig) was incubated for two hours at
37° C in a solution containing transcription buffer, nucleotide triphosphate labeling
mixture, T7 RNA polymerase, and RNase inhibitor . The reaction was stopped by
digesting the DNA template with RNAse-firee DNase, and the RNA probes were
precipitated with LiCL and 70% ice-cold ethanol overnight at -70° C, pelleted by

centrifugation at 12,000 rpm at 4° C and further washed with 70% ethanol. The probes
were then dried under vacuum and dissolved in lOmM Tris-HCL buffer, pH 8.0,
containing 2 mM EDTA (TE buffer), and their concentration adjusted to 100 ng/^1. The
probes were then denatured by heating to 95° C in a waterbath for three minutes. The
digoxigenin-Iabeled probes were then stored at
-20° C.

In Situ Hvbridization
The sections were deparaffinized in xylene, rehydrated in a series of ethanol
concentrations, and deproteinized by incubation in 0.2 N HCl followed by a further 15
minute incubation with proteinase K at 37° C. The slides were then postfixed with 4%
paraformaldehyde and acetylated in freshly prepared 0.25% acetic anhydride in 0.1 M
triethanolamine-HCl buffer. The slides were washed briefly in Dulbecco's phosphatebuffered saline (pH 7.2), dehydrated in graded ethanols up to 100%, and air-dried. The
slides were then prehybridized in humid containers at 42° C with hybridization solution
containing 50% deionized formamide, 2X standard saline citrate (SSC; 0.15 M NaCl,
0.015 M sodiimi citrate), 2X Denhardt's solution (0.02% Ficoll 400,0.02%
polyvinylpyrrolidone, 0.02% bovine serum albumin), 10% dextran sulfate, 400 [ig/ml
yeast tRNA, 250 |ig/ml salmon sperm DNA, and 20 mM dithiothreitol in DEPC-treated
H2O. The slides were then incubated with 50 |il/slide hybridization solution containing
20 ng freshly denatured dig-cRNA probe covered with a coverslip, wrapped in plastic
wrap, placed in closed humid containers and incubated at 42° C for four hours. The
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coverslips were removed in 2X SSC, and the slides are incubated with 40 |ag/ml RNase A
and 10 U/ml RNase T1 (Boehringer-Mannheim) at 37° C for 30 minutes. The sections
were then washed twice in 2X SSC and further incubated in 2X SSC containing 2%
normal sheep serum (NSS) and 0.05% Triton X-100 for two hours with mild agitation.
For the immunodetection of the in situ hybridization signal, the slides were incubated in
0.1 M maleic acid-0.l5 M NaCl, pH 7.5 (buffer 1) containing 2% NSS and 0.3% Triton
X-lOO for 30 minutes at 23° C and further incubated overnight at 4° C with sheep antidigoxigenin antibody (0.75 ^ig/ml in buffer 1 containing 1% NSS and 0.3% Triton X100). The slides were then washed twice in buffer 1 and then with buffer 2, which
consisted of 0.1 M Tris, 0.1 M NaCl, and MgC12, pH 9.5. The color reaction was
developed by incubating the slides in a chromogen solution (45 [il nitroblue tetrazolium
and 35 (il X-phosphate solution in 10 ml buffer 2) in humidified light-tight containers for
up to six hours, with occasional observation for color development. The color reaction
was stopped by washing the slides with TE buffer, and the slides were mounted with
cover glass in Aqua mounding medium (Baxter, Houston, TX).

Review and scoring of the results of in situ hybridization
Both a positive and a negative control for nuclear retinoid receptors mRNAs were
analyzed in each experiment to ensure that the comparison of results obtained at different
times would be valid. The controls were sections of fixed and embedded pellets of
cultured human carcinoma cells whose patterns of expression of the respective receptor
mRNAs had been established. At least twenty specimens were analyzed concurrently
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with the same reagents to reduce inter-experimental variability. The stained sections
were coded and reviewed independently by two researchers using a Nikon Microscope.
The staining of the sections was given scores ranging from 0 representing no staining to
+3, representing very strong staining.

PCNA and p53 immunohistochemistrv
After deparaffinization of three-micron tissue sections through a series of alcohols,
immunohistochemical staining was performed using a streptavidin-biotin peroxidase
system with a DAB chromagen and a hematoxylin counterstain (Ventana Medical
Systems, Tucson, AZ) on an automated VMS 320 immunostainer (Ventana Medical
Systems, Tucson, AZ). Anti-PCNA PCIO and p53 (Oncogene Science, Uniondale, NY)
were used at a 1:200 dilution in antibody diluent (Ventana Medical Systems). Negative
controls (to assure lack of nonspecific staining) were run on each sample by substituting
antibody diluent for the antibody. Tonsil tissue (PCNA) or the T47D breast cancer cell
line (p53) was included in each run as a positive control to assure proper staining and to
assess variability of staining intensity. Tissue sections were measured on an RPW Image
Analysis System (Roche Image Analysis Systems, Burlington, NC). The percent of
positive nuclear area per 40X field was determined for PCNA and p53.

Statistical Methods
The average number of AKs on the right and left arms at baseline and at the end
of study were calculated. The difference between the average number of AKs at baseline
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and at the end of study was then determined. A negative value means that the number of
AKs decreased while a positive value means that the number of AK increased. A Poisson
regression analysis was then preformed with the following model (Plewis, 1985):
Achange= a + Pi *dose + P2 *baseline + e
where Achange is the change in AK number, dose is the targretin dose, and baseline is the
baseline number of AKs. This same model was used for all endpoints. Box and whisker
plots were used to display data.

Results
Demographic Characteristics of Subiects
The demographic characteristics of the study subjects are shown in Table 7.
Sixty-two subjects were randomized to placebo or one of five dose levels of targretin gel.
An adaptive randomization scheme was used based on age, gender, number of AKs, skin
cancer history, weekday sun exposure, and weekend sun exposure. Two subjects dropped
out after randomization resulting in a sample size of sixty subjects. The subjects were
primarily male (82%) and there were no significant differences in gender across doses
(p=0.79). The groups did not differ significantly in age (p=0.09), weight (p=0.28), or
baseline number of AKs (p=0.44).
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Table 7. Number of subjects, age, male to female ratio, and average number of AKs
at baseline based on targretin dose.

Baseline # of AKs (± SE)

Tareretin Dose

N

Aee rVr ± SE")

Male:Female

Placebo

10

75.0 ± 1.8

9:1

17.5 ±4.6

0.1% Targretin

9

62.1 ±3.9

6:3

22.5 ± 5.2

0.2% Targretin

10

68.0 ±3.8

8:2

13.3 ±3.4

0.5% Targretin

9

67.6 ±3.5

7:2

12.3 ±2.8

1.0% Targretin

11

72.3 ±3.0

10:1

23.5 ±5.8

2.0% Targretin

11

68.4 ±2.2

9:2

20.9 ±5.3

Change in the number of AKs with Topical Placebo or Tareretin Treatment
The number of AKs in four of the original sixty subjects could not be measured at
the end of study due to significant inflammatory reactions, leaving fifty-four subjects for
final analysis. Figure 14 demonstrates the group data for the number of AKs in the form
of a box and whisker plot for placebo, 0.1%, 0.2%, 0.5%, 1%, and 2% topical targretin
for three months. There appears to be a decrease inAK numbers for all the doses and
placebo after three months, but the data have significant overlap. When subjects were
viewed individually, it was apparent that many of the subjects had some decrease in the
nimiber of AKs with treatment, as demonstrated in Figure 15 (2% targretin). Figure 16
(1% targretin), or Figure 17 (placebo). Table 8 contains the mean average number of AKs
in all six groups (placebo, 0.1%, 0.2%, 0.5%, 1.0%, 2.0% targretin). Using the Poisson

regression model there was not a significant difference (p=0.73) between groups. The
baseline number of AXs proved to be a significant (p<0.001) factor in the model
suggesting that the initial number of AKs is an important factor in a subjects ability to
change. Additionally, the number of final AKs is also correlated with the number of
baseline AKs (r=0.948, p<0.0001).
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Figure 14. Box and whisker plots of the average number of AKs pre- and posttreatment with topical placebo, 0.1%, 0.2%, 0.5%, 1.0%, and 2.0%
targretin gel for three months.
The boxes represent the IS*** to 75''' percentiles with the line in the middle of the box
representing the 50'*' percentile. The whiskers show the spread of the data.

60 ,
i

50

j

40

<
(<-1 30
o
%

20

10

0

pre

post

Figure 15. Average number of AKs at baseline pre- and post-treatment with 2% targretm
gel (post) in individual subjects.

pre

post

Figure 16. Average number of AKs at baseline pre- and post-treatment with 1% targretin
(post) in individual subjects.
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Figure 17. Average number of AKs at baseline pre- and post-treatment with placebo (post)
in individual subjects.
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Table 8. Mean average number of AKs and difference at baseline and after
treatment with topical targretin or placebo.

N

Dose

#AKs Pre-RX"

#AKs Post-RX"

Mean Difference

10

17.5 ±14.6

14.5 ± 13.6

-3.0 ±8.1

0.1% Targretin

9

22.5 ± 15.5

17.9 ± 14.1

-4.6 ± 5.7

0.2% Targretin

10

13.3 ±10.9

7.3 ±5.5

-6.0 ±8.1

0.5% Targretin

7

10.9 ±3.8

8.6 ±4.0

-4.2 ± 5.4

1% Targretin

9

25.8 ±20.6

17.9 ±16.7

-7.8 ±9.0

2% Targretin

9

21.6 ±19.4

16.4 ± 16.6

-5.2 ±4.1

Placebo

^ mean ± SD

Histopathology of Skin with Placebo or Targretin Treatment
We also measured the degree the histologic abnormality using seven
characteristics of AK, as described in the methods section. Samples could have a value
from 0-7 depending on the number of AK features that were present in the biopsy section.
Table 9 contains the mean histopathology score for placebo and the two highest doses of
targretin. There were no statistical differences in the histologic score between these three
groups, although there appears to be a small decrease after treatment with targretin.
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Table 9. Histopathology of AK at baseline and after treatment with topical targretin
or placebo.
N

Histoloffv score Pre-RX" Histoloev score Post-RX"

Placebo

10

2.6 ±2.8

3.4 ±2.8

1% Targretin

10

4.4 ±2.8

2.9 ±2.5

2% Targretin

9

3.5 ±3.3

3.0 ±3.0

^ mean ± SD

Expression of Retinoid Receptors in Epidermis
We were interested in the potential ability of retinoids to effect the expression of
retinoid receptors in epidermis so it was important to first determine which receptors
were expressed in epidermis during the early stages of UV-induced skin carcinogenesis.
This was accomplished by looking at AK, skin adjacent to an AK, normal-appearing
upper-inner arm skin, and skin from the buttock area. As seen in Table 10, the only clear
difference is the expression of RAR-P in only 18% of AKs and 38% of adjacent skin
versus 80% in normal skin. Interestingly, previous reports (Xu and Lotan, 1997) had
detected no expression of RAR-|3 in human epidermis.
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Table 10. RAR-a, RAR-P, RAR-5, and RXR-a expression in AK, skin adjacent to
an AK, normal-appearing upper-inner arm skin, and buttock skin.

RAR-a

RAR-B

RAR-6

RXR-a

AK

100% (20/20)

18% (3/17)

88% (15/17)

92% (11/12)

Adjacent

93% (13/14)

38% (5/13)

83% (10/12)

100% (9/9)

Normal

100% (15/15)

80% (12/15)

100% (15/15)

100% (9/9)

Buttock

80% (4/5)

80% (4/5)

100 (5/5)

100% (5/5)

Change in retinoid receptor expression with placebo or targretin treatment
RAR-a, RAR-(3, RAR-5, and RXR-a were measured in AKs at baseline and after
treatment with placebo, 1%, or 2% targretin treatment (Table 11). There appeared to be
no significant changes between the targretin treatment groups and placebo for RXR-a
when looking at the number of biopsies that increased, remained the same, or decreased
in staining intensity on the 0-3+ scale. Targretin is an RXR-specific retinoid and, we had
therefore anticipated an upregulation of RXR-a in these biopsies. RAR-a and RAR-^
appear to have some changes, especially decreases and targretin reportedly has some
RAR activity at high doses
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Table 11. Retinoid receptors in AK pre- and post-treatment with placebo or 1%,
2% targretin gel for 3 months.

RAR-g

T

RAR-B
I

T

i

Placebo

55.6%

11.1%

33.3%

33.3%

33.3%

33.3%

1% Targretin

44.4%

22.2%

33.3%

40.0%

50.0%

10.0%

2% Targretin

37.5%

37.5%

25.0%

37.5%

25.0%

37.5%

RAR-6

RXR-5

i

T

T

Placebo

33.3%

44.4%

22.2%

88.9%

0%

11.1%

1% Targretin

30.0%

20.0%

50.0%

70.0%

10.0%

20.0%

2% Tareretin

62.5%

12.5%

25.0%

50.0%

12.5%

37.5%

Percentage of subjects who either increased, had no change, or decreased in staining
intensity (0-3+).
p53 IHC at Baseline and after Treatment in AK and Adjacent Skin
p53 expression data in AK and adjacent skin are shown in Table 12. Figure 18
illustrates the same data for AKs in a box plot form which illustrates the spread of the
data. There appears to be a nonsignificant trend toward reduced p53 expression with
targretin treatment, although analysis using a linear regression model detected no
significant differences. The percentage of mean p53 expression was similar at baseline in
both the AK and adjacent skin suggesting that adjacent skin is not different from the AK

109

in these subjects. There were also similar trends in the data after treatment with either
placebo or targretin gel treatment in AK and in adjacent skin. The linear regression model
found that the baseline percentage of p53 level was a significant factor in the model for
AK (p=0.002) and adjacent skin (p=0.006). Figures 19-21 show individual data for
placebo (Figure 19), 1% targretin (Figure 20), and 2% targretin (Figure 21) at baseline
and after treatment. In the placebo treated subjects in Figure 19, five subjects had an
increase in percentage of p53 IHC, while three subjects decreased, and one remained
unchanged. Treatment with 1% targretin (Figure 20) resulted in seven subjects with a
decrease and three with an increase in percentage p53 IHC. Results shown in Figure 21
for the 2% targretin dose are very similar.
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pre treatment
post treatment
placebo

1.0%

2.0%

DOSE

Figure 18. Box and whisker plots of percentage p53 protein expression in AK preand post-treatment with topical placebo, 1% targretin, or 2% targretin gel for three
months.
The boxes represent the 25''* to 75"* percentiles with the line in the middle of the box
representing the 50'*' percentile. The whiskers show the spread of the data.
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Table 12. Percentage of p53 protein expression in AK and skin adjacent to an AK
pre- and post-treatment with topical targretin or placebo for three months.

AK:
N

D53

Pre-RX

D53

Post-RX (Vo)'

Placebo

10

17.7 ±4.7

22.1 ±6.6

1% Targretin

10

27.2 ± 6.4

10.1 ±2.5

2% Targretin

11

29.2 ± 5.4

18.4 ±4.3

N

D53 Pre-RX (VoY

10

18.8 ±7.2

30.2 ±6.2

1% Targretin

9

24.4 ± 7.0

5.7 ± 1.2

2% Targretin

11

26.8 ±7.5

17.5 ±4.2

Adjacent skin;

Placebo

®mean ±SE

D53

Post-RX (VoV

pre

post

Figure 19. p53 protein expression pre- and post-treatment in AK with placebo gel for
3 months in each of the subjects

70

pre

post

Figure 20. p53 protein expression pre- and post-treatment in AK with 1% targretin gel for
3 months in each of the subjects.

70

pre

post

Figure 21. p53 protein expression in AK pre- and post-treatment with 2% topical targretin
gel for 3 months for each subject.
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PCNA IHC at Baseline and after Treatment
Figxire 22 and Table 13 contain the mean percentage PCNA expression in AK at
baseline and after treatment with placebo or targretin gel (1% and 2%). In addition. Table
13 contains mean PCNA levels for skin adjacent to an AK. Again, the percentage PCNA
values are vary similar in AK and adjacent. The group PCNA data in Figure 22 shows a
decrease in all three groups, including the placebo, although there is significant overlap.
In Table 13 there appears to be a difference in mean PCNA values after treatment with
2% or 1% targretin compared to placebo, although the linear regression model found no
significant differences. The baseline PCNA value (p=0.0001) was a significant factor in
the model for AK and adjacent skin (p=0.007). Additionally, change in PCNA in the AK
was significantly correlated with change in number of AKs (r=0.5, p=0.008).
Figures 23-25 show PCNA data for each subject at baseline and after treatment
with placebo (Figure 23), 1% targretin (Figure 24), or 2% targretin (Figure 25). With
placebo treatment, five subjects had an increase and five had a decrease in percentage
PCNA. With 1% targretin treatment, only two subjects increased, while eight decreased.
Finally at 2% targretin, 2 subjects increased, one stayed the same, and seven decreased.

116

pre treatment
post treatment
1.0%

2.0 %

Figure 22. Box and whisker plots of percent PCNA protein expression in AK preand post-treatment with topical placebo, 1% targretin, or 2% targretin gel for three
months.
The boxes represent the 25^ to
percentiles with the line in the middle of the box
representing the 50* percentile. The whiskers show the spread of the data.
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Table 13. Percent PCNA expression in AK and skin adjacent to an AK preand post-treatment with topical targretin or placebo for three months.

AK:
N

PCNA Pre-RX (Vo)

PCNA Post-RX r/o)

Placebo

10

24.1 ±5.3

21.9±4.0

1% Targretin

10

26.9 ±4.4

10.8 ±2.2

2% Targretin

11

27.8 ±3.3

21.7±4.3

Adjacent skin:
N

PCNA Pre-RX (Vo\

PCNA Post-RX (Vo)

Placebo

10

21.4 ±6.9

25.5 ± 5.4

1% Targretin

10

23.0 ±4.5

9.6 ±2.8

2% Targretin

11

27.5 ±4.8

20.1 ±3.3

mean ±SE
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50 I

40

30

20

10

0

pre

post

Figure 23. PCNA expression in AK pre- and post-treatment with topical placebo gel for
3 months in each subject.

Figure 24. PCNA expression in AK pre- and post-treatment with topical 1% targretin gel
for 3 months in each subject.
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Figure 25. PCNA expression in AK pre- and post-treatment with 2% targretin gel for
3 months in each subject.
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Discussion
Retinoids have been shown to have skin cancer chemopreventive activity in
animal models (Mathews-Roth, 1982; Epstein, 1977; Chen and De Luca, 1995) and in
hnman studies (Moon et al., 1997; Levine et al., 1997; Bavrick 1995; Moriarty et al.,
1982; Misiewicz et al., 1991; Kraemer et al., 1991; Kingston et al., 1983). Natural
retinoids have dose-limiting toxicities that would be prohibitive in chemoprevention
studies. This has stimulated the development of synthetic retinoids that have the potential
for improved specificity with less toxicity. Targretin was developed as a RXR specific
agonist effective in inhibiting tumor formation in a number of animal models with
reduced toxicity, when compared to natural retinoids (Gottardis et al., 1996, Bischoff et
al., 1998). Targretin has also demonstrated activity in reducing Kaposi's sarcoma and Tcell lymphoma in clinical settings (Leoung et al., 1996; Miller et al., 1996).
This study was undertaken to assess the toxicity and ability of five doses of
targretin to modulate a number of surrogate endpoint biomarkers in subjects with
multiple AK. Twenty-seven percent of subjects experienced redness and scaling requiring
a dose reduction, and the proportion of subjects with toxicity increased with increasing
dose (p=0.03), suggesting that the highest doses were not well-tolerated in this
population.
The surrogate endpoint biomarkers (SEBs) smdied include change in number of
AK, change in expression of RAR-oc, RAR-P, RAR-5, and RXR-a, change in PCNA and
p53 expression, and change in histopathology score. Skin samples were taken at baseline
(during the placebo run-in) and after three months of treatment with topical placebo or
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targretin gel. Using a regression model that included both initial baseline levels and
change (pre- minus post-treatment levels), there were no statistically significant changes
in any of the SEBs measured. This study was designed primarily to be a dose-fmding
study with measurement of SEBs as a secondary goal. Unfortunately, we lacked the
power to detect small changes in the SEBs due to the small number of subjects and the
inherent variability of the SEBs measured.
AKs and the histopathology of AK and adjacent skin represent reasonable SEBs
becaxise they lie directly in the carcinogenesis pathway from normal skin to cancer. The
data in this study suggest a downward, but nonsignificant trend, in the number of AK
with targretin treatment. One confounding factor in this study was that subjects were
counciled to use an SPF 50 sunscreen and to cover arms when in the sun so that even
those on placebo may have benefited just from limiting svm exposure. In addition, a
number of subjects had dose reductions in the higher targretin doses due to toxicity, but
an intention-to-treat analysis was performed requiring all subjects to be analyzed as
randomized. The degree of histologic abnormality in the AK, measured using a sevenpoint scale, also showed no statistically significant differences between placebo and the
two highest doses of targretin, although again there is a suggestion of improvement with
targretin treatment.
With regard to the expression of retinoid receptors in AK, we saw no trend for
upregulation of RXR-a with targretin treatment. We would have expected an
upregulation because targretin preferentially binds RXR, but this was not the case. We
only measured RXR-a because the other probes have not yet been used in the laboratory

123

and are presently under development. One potential explanation is that RXR-a
expression was already high, precluding the detection of an upregulation. Additionally,
we may lack the technical ability or sensitivity to detect a change in this marker due to
the semiquantitative manner in which the retinoid receptors are measured. Alternatively,
measurement of genes downstream of RXR might be a more sensitive measure of the
targretin effect on RXR. This will need to be addressed in future.
We report expression of RAR-P in human epidermis. Previously, it had been
assumed that RAR-p was not expressed in human epidermis pCu and Lotan 1997). One
potential explanation is that methods of measuring retinoid receptor expression have
improved allowing detection. Another explanation may be that normal skin was not used
in previous studies; rather it was neoplastic, preneoplastic, or abnormal in some other
maimer.
We previously demonstrated that both PCNA and p53 protein expression,
measured by immunohistochemistry, were altered in the process of skin carcinogenesis.
Therefore, we anticipate that if targretin was effective in reversing this carcinogenesis
process, these SEBs would also be downregulated. Similar to the number of AK, there is
a suggestion of a decrease in the percent of PCNA and percent of p53 expression with
targretin treatment, although the statistical analysis did not detect any significant change.
The initial baseline level for all the SEBs was a significant factor in the regression model.
From a statistical point, this means that there is a regression to the mean (ie., those with
the highest values will become more like the mean value). From a biologic standpoint,
however, one would also expect those subjects with a high degree of PCNA staining to
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have more of a change. The placebo group would also be subject to this regression to the
mean, although the subject numbers were small.
The SEBs measured in this study were quite biologically varied. We may very
well be able to detect a downregulation in these SEBs with a larger sample size. This
study was primarily a dose finding and feasibility study for measurement of SEBs.
Clearly, it is feasible to use these SEBs in skin chemoprevention trials especially those
aimed at premalignant steps in the carcinogenesis process. Other measures that have been
shown to have differential expression in the carcinogenesis process will require further
validation to determine if they have the potential for modulation by chemopreventive
agents and/or if their expression is a surrogate for a premalignant or cancer endpoint.
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CHAPTER 4.
SUPRESSION OF CUTANEOUS ACTINIC KERATOSES AND MODULATION
OF BIOLOGIC ENDPOINTS BY A TOPICAL ORNITfflNE DECARBOXYLASE
INHIBITOR, DIFLUOROMETHYLORNITHINE (DFMO), IN SUBJECTS AT
HIGH-RISK FOR NON-MELANOMA SKIN CANCER.

Introduction

NMSC, which includes both squamous (SCC) and basal cell carcinoma (BCC), is
the most commonly diagnosed cancer in the United States, having an estimated incidence
of greater than 900,000 cases in 1997 (Parker et al., 1997). There is strong evidence that
the incidence of NMSCs is increasing throughout the U.S., particularly in regions where
sunlight is more intense (Coeberg et al., 1991; Fears and Scotto, 1982). SCC makes up
only 20% of NMSC, but it represents the more aggressive tumor type. SCC progresses in
a multistep manner over many years and decades and has a defined premalignant
precursor, actinic keratosis or AK (Kwa et al., 1992). Presence of AKs represents a major
risk factor for NMSC. AK is present in approximately half of Australians aged 40 and
older and the incidence increases with increasing age (Marks, 1995). The premalignant
AK lesion is much more common than SCC making it an excellent target for cancer
chemoprevention studies.
Common treatments for AK can cause adverse side effects including
inflammation, erythema and superficial ulceration. Individuals can have numerous AKs
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making these side effects prohibitive (Simmonds, 1976; Dodson et al., 1991). Less toxic
treatments for individuals with severely sim damaged skin and AKs are needed. Subjects
with AK represent excellent candidates for skin cancer chemoprevention studies.
Difluoromethylomithine (DFMO) is an ornithine analog and irreversible inhibitor
of ornithine decarboxylase, the first enzyme in the polyamine pathway, as illustrated in
Figtire 26. The polyamines; putrescine, spermidine, and spermine are ubiquitous
polycations that are essential for normal cellular proliferation and differentiation.
Depletion of polyamines results in growth inhibition (Pegg, 1988). ODC is a highly
regulated enzyme and is present at very low concentrations in resting cells. An increase
in ODC activity is apparent within a few hours in cells stimulated by a number of tropic
agents, including growth factors and certain hormones.

Figure 26. Poiyamine synthesis biochemical pathway.
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ODC is increased during the promotion phase in mouse skin carcinogenesis
models and DFMO treatment can inhibit this increase in ODC, as well as the
accumulation of individual polyamines. Constitutive overexpression of ODC in a
transgenic skin mouse model further demonstrates that increased polyamines are
sufficient for promotion and maintenance of the malignant phenotype after carcinogen
treatment. In this model DFMO treatment blocks formation of SCCs after initiation by
carcinogen treatment and causes regression of papillomas. DFMO also decreases ceil
proliferation in papillomas, but not in normal skin (Soler, 1998; O'Brien et al., 1997). A
number of studies have shown that DFMO significantly inhibits polyamines in many
types of cultured cells and reduces tumor incidence in a number animal models (Pegg,
1988; Boone et al., 1990; Ratko et al., 1990), including the mouse skin carcinogenesis
model (Weeks, 1982; Takigawa, 1983; Verma, 1986). In particular, one study of

ben2o(a)pyrene-induced cutaneous SCCs found a significant decrease in the number of
cancers with oral DFMO (Mitsunaga et al., 1997). Oral DFMO also inhibited UVBinduced mouse skin cancers (Gensler, 1991). Application of topical DFMO to subjects
with psoriatic lesions resulted in a reduction in skin spermine and a small improvement in
psoriatic lesions (Grosshams et al., 1980). In another human study, oral DFMO treatment
for 6 months in subjects with a history of skin cancer, significantly decreased TPAinduced ODC levels and urinary polyamines (Carbone et al., 1998).
DFMO has some significant toxicities associated with oral administration, making
topical appUcation a better option for skin cancer chemoprevention studies. In this
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population it is important to use interventions with very limited toxicities (Carbone et al.,
1998).
This study determines if topical DFMO can reduce the number of AKs, reduce
polyamine levels in biopsies of AXs as a marker for DFMO effect, reduce cellular
proliferation and p53 protein expression in AK, and reduce the number and type of p53
mutations in AK in high risk subjects with multiple AK.

Materials and Methods
Eligibilitv Criteria
Males and females, at least 30 years of age, were recruited from Pima and
adjoining Arizona Counties. Federal and Institutional informed consent was obtained.
Subjects were required to have at least 10 clinical AKs on each forearm with no topical or
systemic therapy within the past 3 months and no topical medications on their arms for at
least 30 days (excluding emollients and sunscreens). Exclusion criteria included
premenopausal females, immunosuppression, and concurrent malignancy of the skin.

DFMO Formulation
DFMO was supplied as a white powder of the monohydrate, monochloride form
from Marrion-Merrell Dow Pharmaceutical Company (Lot No. 71,782a, Kansas City,
MO). The drug was weighed and mixed by blender into a 10% w/w concentration in
hydrophilic ointment U.S.P. (East Fougera and & Company, Melville, NY). Chemical

129

stability was determined by HPLC The chemical stability of DFMO in tubes with less
than 1% loss of DFMO in 6 months.

Study Design
A one month placebo (hydrophilic cream twice daily) nm-in was performed. One
inch of cream was applied each morning and night. Participants were randomized to
ensure that males and females were equally distributed between the two groups (right arm
treated versus, left arm treated) and that the distributions of initial AKs were the same in
both groups. After randomization, placebo hydrophilic cream or 10% DFMO in
hydrophilic cream were provided separately. Cream was applied twice daily for six
months in a double-blinded fashion to the right and left arms.
During the placebo run-in (baseline) and at the end of 6 months of placebo or
10% DFMO topical treatments, there was a clinical evaluation of AK number.
Additionally, skin punch biopsies were obtained for polyamine levels along with shave
biopsies for PCNA, p53 IHC, and p53 mutations. The shave biopsies were obtained from
AKs at the placebo run-in and at study end anywhere on the dorsal surface of forearms.
Additionally, serum and sidn punch biopsies were obtained on a subset of participants for
DFMO levels after 6 months of treatment.
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Treatment Plan
RUN-IN PERIOD
1 Month
Placebo cream on
left and right
Randomization
forearms AM & PM

TREATMENT PERIOD
6 Months
DFMO on left forearm AM & PM
Placebo on right forearm AM & PM
DFMO on right forearm AM & PM
Placebo on left forearm AM & PM

Skin Biopsy

End of Study Skin Biopsy

Quantitation of the Number of AKs
The number of AKs from the elbow to the knuckles on the dorsal surface of
forearms were counted by the study dermatologists. Both arms were quantitated at
baseline during the placebo run-in period and than again at 3 months.
Tissue acquisition
Pimch and shave biopsies of clinical AKs were obtained for this study.
Institutional consent was obtained following institutional and federal guidelines. The area
of skin to be biopsied was anesthetized with 1% xylocaine with epinephrine (Ekins-Cinn
Incorp, Cherryhill, NJ). Two snap-frozen 3 mm skin punch biopsies were obtained for
DFMO and polyamine levels. Three to four mm shave biopsies were taken with a #15
scalpel yielding primarily epidermis and a minimal amount of dermis. Immediately after
removal, skin biopsies were placed into 70% ethanol until histologic processing.
Processing times and temperatures were standardized and a tissue control was processed
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identically to samples. Once skin samples were paraffin-embedded and mounted in
blocks they were stored until needed. Clinical diagnosis was confirmed histologically.

HPLC Method-Polvamines
Polyamines were quantified in skin biopsies by measurement of dansyl
derivatives. The skin biopsy sample was homogenized with 0.2 M perchloric acid
containing 10 |iM 1,7-dianiinoheptane as an internal standard. The homogenate was then
centrifuged and 100 jiL of the supematzmt was transferred to a new 1.5 mL eppendorf
tube which contained 100 jxL of 1 M sodium carbonate. To the sample tube, 100 fiL of
1% dansyl-chloride in acetone was added and the sample was placed at 60°C for one hour
to allow for derivatization to occur. Fifty microliters of 10% glycine were then added to
remove excess dansyl-choloride. After incubation for an additional 30 minutes, dansylpolyamines were extracted with hexane. The extract was dried under nitrogen and
redissolved with 250 |xL of acetonitrile. A 50 ^.L aliquot of the resulting solution was
injected onto the HPLC column. An Ultrasphere ODC 5|im reversed-phase column
(Beckman Instruments, Inc. San Ramon, CA) (4.6 x 250nun) was used for analysis with a
gradient of acetonitrile-disodium phosphate (1.2 mM, pH 5.49), a flow rate of 2.5
ml/min. at room temperate, and a 7 min. sample time. Detection was provided by a
Kratos Spectroflow 980 fluorescence detector (ABI Analytical Inc., Remsey, NJ) with
excitation at 340 rmi and 550 nm. The detection limit was less than 1 pmole, with
linearity up to 250 pmole for each polyamine injected. Recoveries for putrescine.
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spermidine, and spermine were 105%, 99%, and 81%, respectively. Additionally, all
analytes were stable in skin stored at -80° C for at least 2 months.

HPLC Method-DFMO
HPLC analysis of DFMO required precolumn derivitization with 6aminoquinolyl-N-hydroxysuccinimidyl to produce highly stable derivatives. Twohundred microliters of the plasma samples were mixed with 200 |iL of 0.4 M perchloric
acid containing 120 (iM dl-2,4-diamino-n-butyric acid (DABA, as internal standard) to
precipitate the proteins. A 3-mm skin pvinch biopsy sample was homogenized with 0.2 M
perchloric acid (1.67%, w/v) in the presence of 60 (iM DABA. After centrifugation, 20
|jJL of the supernatant was transferred to a microcentrifiige tube containing 80 nL of
saturated sodium tetraborate solution (pH 9.1). Derivatives were formed via the addition
of 20 (iL of 10 mM 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) in
acetonitrile followed by vortexing for 5 sec. A 5-finiL volume of the derivatives was
directly injected onto the HPLC column. A Nova-Pak C18 column (3.9 x 300 mm)
(Waters Chromatography Division, Millipore, Millford, MA) with a gradient elution of
sodium acetate-acetonitrile, a flow rate of 1.2 ml/min, and detection with a Kratos
Spectroflow 980 fluorescence detector (excitation at 245 nm and emission at 370 nm).
The complete cycle per sample was 30 min with a retention time of 7.9 min for DFMO.
The detection limits (signal-to-noise ratio=3) was 90 fmol for DFMO. Two skin samples
were used for reproducibility studies where samples were homogenized and the aliquots
of supernatant were stored at -80° C for the analysis of DFMO on five different days.
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The results indicated good precision with the CV for each compound being less than 8%.
For recovery studies, known amounts of mixed standards were added to plasma or tissue
samples. Recovery was calculated by dividing the peak height of the standard in tissue
sample by the peak height of the standard in aqueous solution. In the case of skin
samples, recovery for DFMO was 94-99%.

PCNA and p53 immunohistochemistrv
After deparaffinization of 3-micron tissue sections through a series of alcohols,
immunohistochemical staining was performed using a streptavidin-biotin peroxidase
system with a DAB chromagen and a hematoxylin counterstain (Ventana Medical
Systems, Tucson, AZ.) on an automated VMS 320 immunostainer (Ventana Medical
Systems, Tucson, AZ.). Anti-PCNA PC10 and p53 (Oncogene Science, Unicndale, N.Y.)
were used at a 1:200 dilution in antibody diluent (Ventana Medical Systems). Negative
controls (to assure lack of nonspecific staining) were run on each sample by substituting
antibody diluent for the antibody. Tonsil tissue (PCNA) or the T47D breast cancer cell
line (p53) was included in each run as a positive control to assure proper staining and to
assess variability of staining intensity. Tissue sections were measured on an RPW Image
Analysis System (Roche Image Analysis Systems, Burlington, NC). The % positive
nuclear area per 40X field was determined for PCNA and p53.
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DNA extraction
One biopsy from each forearm was snap frozen at baseline and end of study and
stored at -80° C. The biopsies were redigested with lysis buffer (1 M NaHCOs. 1M
NaaCOs, 0.5 M EDTA, N-Lauroyl Sarcosine, Proteinase K, pH 8.0) overnight at 50° C.
Samples were then extracted with phenol/chloroform/isoamyl alcohol and spun at 13,000
rpm. The aqueous phase was removed to a new microcentrifuge tube and samples were
precipitated at -20° C overnight with 10 M sodium acetate and cold isopropanol. Samples
were finally spun at 12,000 rpm, the supematant discarded, and the pellet dried under
vacuum. DNA was resuspended in sterile water and stored at -20 ° C until further use.
The quantity of DNA was determined using the 260/280 spectophotometry reading.

PCR-SSCP and Direct DNA Sequencing
Radioactive PCRs were performed using primers for exons 5-8 (Clontech
Laboratories, Inc, Palo Alto, CA). Primers are shown in Table 14.
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Table 14. Upstream and downstream primers for p53 exons 5-8.

Exon

Sequence

PU5: 5' -GTG TTG GTG GAG TAG TGG GGT GG-3'

Fragment size
241

PD5: 5' -GGG CCA GGT GGT GAG GAT GGG TA-3"
PU6: 5' -GAT TGG TGT TAG GTG TGG GGG GTG-3'

185

PD6: 5' -GGG GAG TGA GAA GGA GGG TTA AGG-3"
PU7: 5' -GTG TTG TGT GGT AGG TTG GGT GTG-3'
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PD7: 5' -GAA GTG GGT GGT GAG GTG GAG TG-3'
PUS: 5' -AGG TGA TTT GGT TAG TGG GTG TGG G-3'

200

PD8: 5'--GTG GTG GTT GGT TAG GTG GGT TAG T-3'

The radioactive PGR procedure for each exon was as follows; 2 ^il of genomic DNA, 36.5 jil
of sterile filtered water, 11.5 }J.l of PGR cocktail (5 |il PGR buffer, 2 |il of 2.5 mM NTPs, 2 p.1
of the up and downstream primer at 10 p,m, 1 |il Taq for each sample, and various amounts of
p32 QYp depending on the activity). A mock tube was also run with no DNA added. Samples
were overlayed with 50 ^il of mineral oil and heated to 94° G before adding the cocktail
mixture. After addition of the cocktail the samples underwent PGR thermocycling as follow:

Exon 5:

95° G for 5 minutes, then 40 cycles of 95° G for 30 seconds, 63° G for 45
seconds, 72° G for 1.5 minutes, followed by extension at 72° G for 1 minute
and soaking at 4° G.
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Exons 6, 7:

95° C for 5 minutes, then 40 cycles of 95° C for 30 seconds, 66° C for 45
seconds, 72° C for 1.5 minutes, followed by extension at 72° C for 1 minute
and soaking at 4° C.

Exon 8:

90° C for 5 minutes, then 40 cycles of 90° C for 1 minute, 55° C for 1 minute,
72° C for 1 minute, followed by extension at 72° C for 1 minute and soaking at
4° C.

Samples were stored at -70° C until the SSCP gels were run.

Single Stranded Conformation Polymorphism CSSCP):
PGR products were diluted in loading buffer (95% formamide, 5% ethylene diamine
tetra acetic acid, 10 mM Na OH, 0.025% xylene cyanol blue), heat denatiired at 95 ° C, and
loaded onto 6% PAGE 49:1 with 5% glycerol gels, run at room temperature at 10 W for 4
hour, (exon 7, 8) or without 5% glycerol (exons 5, 6) run at 4 ° C, 20 W for 3-4 hour (Nelson
et al., 1994). Positive controls were run for each exon: U266 for exon 5, T47D for exon 6,
Ovcar-3 for exon 7, and 8226 for exon 8. DNA from normal human lymphocytes was used as
negative controls. Positive samples were those showing a band shift compared to control.

DNA Sequencing:
Samples that showed a band shift on SSGP gels were subjected to direct DNA
sequencing in both directions following non-radioactive reamplication of genomic DNA
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(exons 5-8, Clontech Laboratories). PGR product was run on a 2% agarose gel to assure
amplification and PGR products were prepared for sequencing with spin columns. Samples
were sequenced with a Sanger's dideoxy termination method on an Applied Biosystems model
373A DNA sequencer (Applied Biosystems Foster City, CA). Sequencher (Gene Codes Corp,
Arm Arbor, MI) was used for mutation analysis of chromatograms. Mutations had to be
present in both directions to be considered positive.

Statistical Methods
The primary outcome of the smdy was a change in number of AK. For AK and all
other measures, the endpoint measure was taken to be the change in the number of AKs
on the DFMO treated arm minus the change on the placebo treated arm. The overall
DFMO effect was calculated using the model (Plewis, 1985):
AAKTR=OC +

PI(AAKUTR - ^KUTR)

(AAKUTR - AAKUTR) is the change in the untreated arm of the subject AAKLTTR minus the

mean change in the all the subjects AAKUTR.
The left and right arm DFMO effects were calculated using the model:

AAKTR=A + Pi (AAKUTR - AAKUTR) +P2IL + PSIR + E
II = 1 if left arm was treated and 0 if the left arm was not treated.
IR = 1 if right arm was treated and 0 if the left arm was not treated.

A nonparametric Wilcoxon signed-rank test was used to determine if there was a
difference between right and left arms at baseline because data was not normally
distributed.
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Results
Subject Characteristics
Table 15 gives the demographic characteristics for age and gender, according to
which arm received DFMO treatment for the 44 subjects who completed at least 1 month
of treatment. The majority of participants were male (76%) with mean ages of 69 and 70
years for those receiving DFMO on the left and right arms, respectively.

Table 15. Subject characteristics by DFMO treated arm.
Arm Treated
Left

Right

Gender

N

Mean Aee

N

Mean Ace

Female

5

69 ±5

5

70 ±6

17

69± 11

17

67 ±2

Male

Skin DFMO Levels after DFMO or Placebo Treatment
The skin DFMO concentrations were measured in a subset of samples after 6
months of DFMO or placebo topical administration and are shown in Table 16. None of
the biopsies obtained from forearms randomized to placebo cream contained DFMO.
Conversely, 13 of 17 forearms randomized to DFMO cream had measurable levels of
DFMO (mean of 962.7 nmol/mg wet skin). Importantly there was no evidence of
systemic uptake of DFMO into blood after 6 months of DFMO treatment (data not
shown).
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Table 16. Skin DFMO levels after 6 months of topical DFMO or placebo treatment.
DFMO (ng/mg wet weight)
DMFO Arm

Mean:

Placebo Arm

592.0

0

538.5

0

824.2

0

402.3

0

0.0

0

2922.8

0

540.5

0

1393.5

0

0.0

0

0.0

0

2428.0

0

0.0

0

1460.0

0

316.9

0

1101.8

0

2125.7

0

1719.7

0

962.7

0
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Change in Number of AKs with DFMO Treatment
The number of AKs on both the right and left arms after treatment for 6 months
with placebo or DFMO cream are shown in Table 17. When the arms were combined,
averaged (total # AKs), and analyzed using the Poisson regression model, there was a
significant change of —5.8 AKs (p=0.004) or a 23% decrease in the DFMO treated arms.
Figure 27 illustrates the spread of the data in combined arms for placebo and DFMO
treated groups. When left and right arms were analyzed separately, it was found that the
change (-11.7, p=0.0001) was primarily on the treated right arms with minimal change on
the treated left arms (-0.09, p=0.97). At baseline, there were slightly more AKs on left
arms than on right arms, but this difference were not statistically significant (p=0.4).

Table 17. Total number of AKs on DFMO treated and untreated (placebo)
arms, as well as number on right and left treated and untreated arms.

Treatment

Total# AKs"

Baseline

#AKs-Ri2ht''

# AKs-Left"

29.2 ±18.6

27.0 ± 18.4

31.4±19.0

Final Placebo

28.5 ±15.8

32.4 ± 19.0

24.5 ±10.8

Baseline

28.1 ± 17.0

25.7 ±18.2

30.4 ± 15.8

Final DFMO

21.5 ±12.0

17.8 ±9.8

25.3 ±13.1

"Total # AKs, N=42.
of AKs on right arm, or # of AKs on left arm, N=21.
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Figure 27. Box and whisker plots of the number of AKs pre- and
post-treatment with topical DFMO or placebo for 6 months.
The boxes represent the 25''' to 75"* percentiles with the line in the middle of the box
representing the 50^'' percentile. The whiskers show the spread of the data. Points above
the box plots represent outliers.
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Change in Polvamines in Skin Biopsies from Placebo and DFMQ Treated Arms
DFMO treatment would be expected to inhibit ODC activity and
subsequently deplete the polyamines putrescine, spermidine, and spermine. Table 18
contains polyamine data expressed in ng/wet weight of skin biopsies for total polyamines,
as well as the individual polyamines. Figure 28 shows total polyamines in a box plot
graph to illustrate the spread of the data in the different groups. Using a linear regression
analysis, there was a marginally significant decrease in total polyamines with DFMO
treatment (-51.4, p=0.06). There was a significant effect on spermidine (-30.2, p=0.03)
and a nonsignificant effect on putrescine (-16.8, p=0.10) and spermine (-4.3, p=0.59).
When the arms were analyzed separately the treated right arms were significantly
affected by DFMO treatment with total polyamines and spermidine decreasing
significantly by -81.4 (p=0.04) and -40.3 (p=0.04), respectively. There were no
statistically significant effects when left arms were treated with DFMO. Polyamines did
not appear to be significantly higher in left arms compared to right arms (data not
shown).

Table 18. Polyamines (ng/mg wet weight) pre- and post-treatment with topical DFMO or placebo for 6 months.

Putrecine

Spermidine

Snermine

593.9 152.6

114.7 ±83.6

278.2 ± 76.7

195.3 ±48.2

44

469.2 ± 107.2

60.3 ±26.1

194.0 ±52.8

172.0 ±38.9

Baseline

44

585.71 171.6

108.5 ±92.5

271.4 ±86.9

187.1 ±53.2

Final Placebo

44

512.3 ± 112.9

70.5 ±24.4

226.1 ±52.5

173.2 ±36.0

Treatment

N

Baseline

44

Final DFMO

Means ± SD

Total Dolvamines
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PRE

DFMO

POST

PRE

POST

PLACEBO

Figure 28. Box and whisker plots of total polyamine levels in ng/mg of wet biopsy
weight pre- and post-treatment with topical DFMO or placebo for 6 months.
The boxes represent the IS*** to TS"" percentiles with the line in the middle of the box
representing the 50''' percentile. The whiskers show the spread of the data. Points outside
the box plots represent outliers.

145

p53 Mutations in AK with DFMQ and Placebo Treatment
Skin biopsies of AK from baseline and DFMO or placebo treated arms were
analyzed for p53 mutations in exons 5-8 by SSCP, and confirmed by direct DNA
sequencing. In contrast to chapter 2 where biopsies were microdisected to limit
contamination by normal cells, these biopsies were not dissected prior to analysis for p53
mutation. There were no differences in the frequency of p53 mutations between the
baseline arms (Table 19, 22.7%), the final DFMO treated arms (Table 20, 7.3%), or in the
placebo treated arms (Table 21, 25.0%). At baseline 61% of p53 mutations occurred at
dipyrimidine sites, while 67% of these mutations were C-T substitutions, deletions of C or
T, or additions of C or T. There were no CC-TT mutations in any of the samples. The
frequency of p53 mutations at dipyrimidine sites or transitions of C-T after DFMO or
placebo treatment were not different from baseline.
A recent report in a mouse UV-induced skin carcinogenesis model demonstrated
that treatment with green tea had no effect on the frequency of p53 mutations, but did have
an effect on the exon distribution of p53 mutations (Liu et al., 1998). In our study the
baseline samples had 56% of mutations in exon 5, 0% in exon 6, 22% in exon 7, and 22%
in exon 8. The arm treated with placebo had 36%, 14%, 43%, and 7% of the p53
mutations in exons 5, 6, 7, and 8, respectively. In contrast, the DFMO treated arms had
14% of p53 mutations in exon 5, 14 % in exon 6, 43% in exon 7, and 29% in exon 8.
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Table 19. p53 mutations in baseline AKs with left and right arms combined.
Subject Exon
501

Codon

Mutation

Change

Amino Acid

8

Intron

5

136

gGTTg-gGCTg

T-C

503

5

180

aCTCg-aCTTCg

+T

Frameshift

511

5

184

tCTAt-tTTAt

C-T

Asp-Asn

509

7

234

gTACg-gTCACg

+C

Tyr-Frameshift

512

5

180

gCTCg-gCTTCg

+T

Frameshift

7

258

cCTTc-cCCTTc

+C

GIu-Frameshift

517

5

180

gCTCg-gCTTg

C-T

Asp-Asn

521

8

304

cACTa-cGCTa

A-G

Thr-Ala

5

180

gCTCg-gCTTCg

+T

Frameshift

523

7

258

cCTTc-cl 11c

C-T

Glu-Lys

524

7

258

cCTTc-cTTTc

C-T

GIu-Lys

537

5

181

gCGCt-gTGCt

C-T

Arg-Cys

539

5

181

gCGCt-gTGCt

C-T

Arg-Cys

542

5

137

aCTGg-aGTGg

C-G

Leu-Val

8

Intron

548

5

184

tCTAt-tTTAt

C-T

Asp-Asn

549

8

Intron

GIn-Arg

18 mutations in 14 subjects at baseline
Capitalized bases at the codon that was altered, lower case bases are surrounding bases.
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Table 20. p53 mutations after topical DFMO treatment AKs with left and right
arms combined.

Subject Exon

Codon

Mutation

Change

Amino Acid

504

8

303

cTCGt-cTTGt

C-T

Ser-Asn

524

7

233

cCACt-cCA.t

-C

His-Frameshift

525

7

258

cCTTc-cCCTc

T-C

Glu-Gly

8

Intron

523

5

184

tCTAt-tTTAt

C-T

Asp-Asn

530

7

258

cCTTc-cTTTc

C-T

Glu-Lys

533

6

194

tCTTa-tTTTa

C-T

Leu-Phe

7

246

cATGa-cATCa

G-C

Met-Lle

7

258

cCTTc-cCTTTc

-i-T

Glu-Frameshift

540

8

304

cACTa-cGCTa

A-G

Thr-Ala

542

8

295

gCCTc-gCTTc

C-T

Pro-Leu

543

7

258

cCTTc-cTTTc

C-T

Glu-Lys

548

5

137

aCTGg-aGTGg

C-G

Leu-Val

549

6

202

gCGTg-gGGTg

C-G

Arg-Gly

14 mutations in 12 subjects after DFMO treatment
Capitalized bases at the codon that was altered, lower case bases are surrounding bases.
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Table 21. p53 mutations after topical placebo treatment of AKs with left and right
arms combined.

Subiect Exon

Codon

Mutation

Chanee

Amino Acid

506

5

130

cCTCa-cTTCa

C-T

Leu-Phe

511

8

303

cTCGt-cCTCGt

+C

Ser-Frameshift

512

5

180

aCTCg-aCTTCg

+T

Frameshift

517

7

258

cCTTc-cCCTTc

+C

Glu-Frameshift

519

5

137

aCTGg-aGTGg

C-G

Leu-Val

525

7

258

cCTTc-cCCTc

T-C

Glu-GIy

532

7

231

cACCa-cAACa

C-A

Thr-Asn

7

236

gATGt-gATTGt

+T

Tyr-Frameshift

537

6

193

gCATc-gCA.c

-T

Hist-Frameshift

541

5

137

aCTTg-aCCTTg

+C

Glu-Frameshift

545

6

192

tCAGc-tCTGc

C-G

Gin-Leu

548

5

137

aCTGg-aGTGg

C-G

Leu-Val

549

7

258

cCTTc-cTTTc

C-T

Glu-Lys

550

7

258

cCTTc-cTTTc

C-T

Glu-Lys

14 mutations in 13 subjects
Capitalized bases at the codon that was altered, lower case bases are surrounding bases.
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Change in p53 expression with placebo or DFMO treatment
The mean % p53 expression in AK lesions are shown in Table 22 for left and
right arms combined as well as left and right arms reported separately by treatment with
either placebo or DFMO for 6 months. There was a significant DFMO effect on % mean
p53 expression (-9.1, p=0.04) using the linear regression model. The p53 expression data
are further illustrated in the form of a box plot graph in Figiire 29 which demonstrates the
spread of the data. In Figure 29 it is clear that DFMO has an affect on p53 expression
when compared to the placebo treated arms. When left and right DFMO arms were
analyzed separately, in contrast to the number of AKs, the change in p53 expression was
limited to the left arm (-12.2, p=0.05) versus right arm (-5.9, p=0.34).

Table 22. The percent p53 protein expression pre- and post-treatment with topical
placebo or topical DFMO for 6 months.
p53 mc (%)
N Risht & Left Arms Combined

Left

Rieht

Baseline

42

25.1 ±21.6

27.1 ±23.9

23.0 ± 19.5

Final DFMO

42

19.4 ±23.3

19.0 ± 22.2

19.8 ±24.8

Baseline

42

26.0 ±29.3

30.4 ±30.5

21.5 ±28.0

Final Placebo

42

29.4 + 26.1

30.6 ±25.5

28.2 ± 27.3
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Figure 29. Box and whisker plots of % p53 protein expression pre- and posttreatment with topical DFMO or placebo for 6 months.
The boxes represent the 25*'' to 75''' percentiles with the line in the middle of the box
representing the 50'*' percentile. The whiskers show the spread of the data. Points above
the box plots represent outliers.
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Change in PCNA expression with placebo or DFMO treatment
Table 23 contains mean % PCNA expression data in AK lesions for the right and
left arms combined and then reported separately at baseline and after 6 months of
treatment with placebo or DFMO. Figure 30 illustrates the PCNA data in the form of a
box plot graph for left and right arms combined in order to demonstrate the spread of the
data across groups. It is clear that DFMO had no effect on PCNA expression in these
samples with an overall DFMO effect of-0.86, p=0.72. When arms were analyzed
separately, there were still no significant differences (right arm -2.4, p=0.51, left arm
0.40, p=0.90). Interestingly, PCNA on the right arms appears to be higher than on the left
arms which is different from the number of AKs and p53 expression where the left arm
was higher. Three subjects had PCNA values of 100% both at baseline and after
treatment on their right arms, which could possibly explain the difference in means
between left and right arms.
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Table 23. The percent expression of PCNA protein pre- and post-treatment with
topical placebo or DFMO for 6 months.
PCNA fflC (%)
N Risht & Left Arms Combined

Left

Risht

Baseline

33

19.7 ±26.9

11.2±9.8

30.0 ±36.4

Final DFMO

33

22.2 ± 27.4

15.0 ± 10.2

31.0 ±38.0

Baseline

33

19.0 ±28.1

13.8 ±13.2

25.3 ±38.9

Final Placebo

33

22.4 ± 27.9

16.8 ±11.9

29.2 ±39.0
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Figure 30. Box and whisker plots of % PCNA expression pre- and
post-treatment with topical DFMO or placebo for 6 months.
The boxes represent the 25^ to 75''' percentiles with the line in the middle of the box
representing the 50''' percentile. The whiskers show the spread of the data. Points above
box plots represent outliers.

154

Discussion
DFMO significantly inhibits ODC activity and polyamines in many types of
cultured cells and reduces tumor incidence in the mouse skin carcinogenesis model. Oral
administration of DFMO has significant toxicity, making topical application an attractive
alternative for human skin chemoprevention studies (Weeks, 1982; Takigawa, 1983;
Verma, 1986; Ratko etal., 1990; Gensler, 1991).
We conducted a randomized, placebo-controlled chemoprevention study in
subjects with multiple AK. Subjects were randomized to treat either right or left arms
with placebo or DFMO with the placebo treated arm of each subject serving as a control
for the DFMO treated arm of each subject. We demonstrated uptake of DFMO into
forearm skin treated for 6 months with DFMO and saw no evidence of systemic uptake,
suggesting that topical application will not be associated with the severe systemic
toxicities demonstrated with oral administration.
The primary SEB in this study was the number of AK lesions on forearms before
and after topical DFMO or placebo treatment. AKs are premalignant lesions and
represent a discreet step in UV-induced skin carcinogenesis, as well as being a marker of
chronic sun exposure and increased risk of SCC. The goal of skin chemoprevention is to
reduce the incidence of these premalignant lesions and to reduce the progression to SCC.
DFMO was effective in significantly reducing (23%) the number of AK lesions after 6
months of treatment with no reduction in the number of AKs on the placebo treated arm.
On further analysis, it was found that the reduction in the number of AKs was limited to
the DFMO treated right arms and not the DFMO treated left arms. At baseline left arms
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(30.4 ± 15.8) had a slightly higher, but nonsignificant number of AKs than right arms
(25.7 ± 18.2) suggesting that left arms may be further along the carcinogenesis pathway
than right arms and possibly more resistant to treatment with a chemopreventive agent.
This increased number of AKs on left arms may be indicative of more cumulative sun
exposure Having more AKs may put that arm at greater risk of progressing to SCC due
only to the higher number of AKs on left arms than on right arms.
Polyamine levels were measured as a marker of DFMO effect, but polyamines
also are likely to be altered in the carcinogenesis process. Polyamines and ODC are
increased in the promotion phase of skin carcinogenesis. A transgenic mouse model
overexpressing ODC in skin demonstrated that elevated ODC was sufficient for
promotion of skin carcinogenesis after carcinogen treatment (O'Brien et al., 1997).
DFMO inhibits ODC activity and would in turn inhibit formation of the individual
polyamines. Total polyamine levels were reduced in the DFMO treated arms as compared
to the placebo treated arms with significant differences in putrescine and spermidine. We
also saw a greater reduction on the DFMO treated right arms, although polyamines did
not appear to be higher in the left arms at baseline as was the case with the number of
AKs.
We had previously shown that mutations in p53 are increased in UV-induced skin
carcinogenesis process. In the current study we wanted to determine if DFMO treatment
could alter the frequency or distribution of p53 mutations in exons 5-8. Although we saw
a decrease in the number of AKs with DFMO treatment and a reduction in polyamines,
we did not see a reduction in the frequency of p53 mutations. There was a suggestion of a
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shift in exon distribution with a decrease in exon 5 mutations, but the relevance of this
finding will need to be addressed in future studies. This may have been a chance finding,
although a recent study of green tea in a mouse UV-induced carcinogenesis model found
a shift in the distribution of p53 mutations in the green tea treated animals with no change
in the p53 mutation frequency (Liu et al., 1998). One potential problem with our study
was that random forearm AKs were collected for SEBs, so that we were looking at AKs
that were resistant to treatment by DFMO. If we had biopsied in the same area as the
baseline AK, we may have obtained different results. p53 protein expression was also
measured in this study because our previous studies showed that p53 increases early in
the UV-induced carcinogenesis process. There was a significant reduction in p53
expression wdth DFMO treatment. Additionally, p53 expression appears to be slightly
higher in the left arms at baseline as seen with the number of AKs. The effect of DFMO
appears to be limited to treated left arms which was opposite to the finding for the
number of AKs and polyamines, suggesting that the differential effect on arms is a
chance finding. If this finding is real, it may be that higher p53 expression (as seen on left
arms) is more likely to change.
The last SEB we measured was cell proliferation in AK lesions. In our previous
study, we found that PCNA was significantly increased in all stages of the skin
carcinogenesis pathway. DFMO did not have an effect on PCNA expression. It may be
that DFMO does not affect proliferation, but alternatively inhibits cell growth. Other
studies have been unable to show an affect of DFMO on cell proliferation in colonic
mucosa (Meyskens et al., 1994). Again, we randomly biopsied AKs that were present
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after DFMO treatment which possibly reduced the chances of detecting a difference in
proliferation.
We demonstrated that in a randomized, placebo-controlled chemoprevention trial
in subjects with AKs that DFMO is effective in significantly reducing the number of AKs
and polyamine levels in skin. There was also a reduction in p53 expression with DFMO
treatment and a suggestion of a shift in exon distribution of p53 mutations.
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CHAPTER 5.
CONCLUSIONS

UV-induced skin carcinogenesis: a multistep process
NMSC is a significant and increasing health problem in the United States.
Epidemiologic evidence has determined that chronic exposure to sunlight is the etiologic
agent responsible for NMSC. Subsequent studies in animal models and cell culture
identified UV-irradiation, particularly UVB, as a complete carcinogen capable of
damaging DNA at adjacent pyrimidines resulting in characteristic double cytosine (CC)
to double thymine (TT) transition mutations (Brash et al., 1996). There is a need to
elucidate the genetic and phenotypic alterations that take place in UV-induced skin
carcinogenesis to better understand the pathogenesis of this tumor. UV-induced human
skin carcinogenesis is a multistep process having discreet steps that include chronically
sundamaged skin, AK, and SCC as illustrated in Figure 31. This multistep process
provides an excellent model for analysis of the alterations that are necessary for
progression to cancer. Additionally, it would be of great benefit to reduce the incidence
of NMSC and its precursor lesion, AK, through cancer chemoprevention strategies. More
primary and traditional prevention strategies, have not been effective in this goal and may
even be detrimental (Naylor et al., 1995; Harvey et al., 1996). AK lesions are far more
prevalent in the population than SCC, providing an excellent opportunity for intervening
with chemoprevention studies.
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In chapter 2, we studied the progression of normal skin to SCC by measuring
genetic as well as epigenetic changes in normal-appearing skin, skin adjacent to an AK
(sundamaged), AK, and SCC. In this cohesive data set, we found that p53 mutations
increase in this progression from normal skin to AK, and the exon distribution of these
p53 mutations suggests that there may be selection for certain exons with progression to
AK (eg., selection for exon 7 mutations). The frequency of p53 mutations did not
increase between AK and SCC, although the exon distribution appeared to be somewhat
different (eg., selection for exon 7 mutations). The p53 gene plays a pivotal role in
genomic stability by initiating growth arrest to allow for DNA repair and in apoptosis
when a cell is too damaged to repair itself. This function is particularly important in
epidermis because epidermis it is continually subjected to damaging UV-irradiation and
would need to continually activate this p53 pathway. Individuals with a DNA repair
syndrome (XP) are at 1000 fold increased risk of NMSC demonstrating that DNA repair
is essential to the maintenance of the normal phenotype (Dumaz et al., 1993). p53
mutations seen early (as in sundamaged skin and AK) may or may not be of biological
consequence, as little is known about the biological ramifications of specific p53
mutations. The data suggest that certain of these p53 mutations may be selected for in the
progression to AK, and yet further selected with the progression to SCC. It has been
assumed that UV light is an important factor in progression to SCC, but this has not been
proven. We saw fewer p53 mutations at dipyrimidine sites indicative of UV light in SCC
than in AK and sundamaged skin, suggesting the possibility that the progression from AK
to SCC may not be directly related to UV light.
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Mutation of p53 often leads to stabilization of the protein allowing detection by
immunohistochemistry. Many studies have equated p53 mutation with p53 protein
expression, but this relationship is not always consistent (Campbell et al., 1993; Nelson et
al., 1994; Taguchi et al., 1994). p53 protein was measured in this series and showed a
pattem very similar to p53 mutation with an increase in sundamaged skin and AK but not
between AK and SCC. A chi^ analysis showed that there was a significant agreement of
p53 mutation and expression, but it is clear that p53 protein expression is not always a
surrogate for p53 mutation.
The measurement of cell proliferation has long been associated with the process
of carcinogenesis. More recently, cell death or apoptosis has been added to this idea with
the concept of a homeostasis between proliferation and apoptosis that is essential to
normal tissue maintenance. In our smdy, cell proliferation increased significantly in all
stages of skin carcinogenesis, even between AK and SCC. Unexpectedly, the number of
apoptotic cells also increased, even in the presence of a high p53 mutation rate as in
sundamaged skin and AK. This finding was surprising because apoptosis in epidermis
had been thought to be p53-dependent. This belief was based primarily on the work of
Zeigler et al. (1994) where p53 null mouse skin had a deceased number of apoptotic cells
after UVB irradiation and heterozygous animals had an intermediate level of apoptosis
between the null and WT animals. In our study, the rate of apoptosis did not increase
between AK and SCC suggesting a net increase in proliferation (Figure 31).
Brash et al. (1996) developed a model (Figure 31) where an initial p53 mutation
would render a cell apoptotic resistant so that further UV exposure would select for this
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mutation. The result would be clonal proliferation (AK) of these apoptotic resistant cells
and further exposure would ultimately lead to additional mutations and the development
of an see. Our data do not contradict this model, but adds a new element. Continuous
exposure to UV-irradiation would result in an accumulation of p53 mutations, most of
which would not be selected for in progression to an AK or SCC. We see an increase in
apoptosis from normal epidermis to AK, but no increase between AK and SCC. It is
likely that we are seeing apoptosis in response to increased cell proliferation rather than
apoptosis in response to a DNA damaging agent like UV. Our conclusion is that tissue
like epidermis has a p53-uidependent mechanism to maintain some degree of
homeostasis in the setting of greatly increased cell proliferation.

DNA damage

p53 mutation or apoptosis

Normal epidermis

Clonal expansion of apoptosis resistant cells

Sun damaged skm

•

Selection of p53 mutations -> Accumulation of mutations

Accumulation of p53 mutations @ dipyrimidine sites

^

Proliferation
Apoptosis

•

necessary for progression

II

Proliferation

^

Apoptosis

^

Proliferation

—
•

Apoptosis

Figure 31. Model of UV-induccd skin carcinogenesis combining the model by Brash et al (1996) and
data contained in this research.
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Application of surrogate endpoint biomarkers in the multistep skin carcinogenesis
process to cancer ciiemoprevention trials

The field of cancer chemoprevention is still a new area of research that focuses on
prevention and/or reversal of premalignant and malignant lesions. The idea behind cancer
chemoprevention is to replace cancer endpoints with inhibition of the precancer or cancer
recurrence. The result will allow studies with fewer subjects, carried out over a shorter
amount of time, thereby dramatically reducing the cost. There also is a need to develop
biological markers (referred to as surrogate endpoint biomarkers or SEBs) of risk or
intervention effect for use in cancer chemoprevention studies. Obvious targets for SEBs
are known genetic alterations (ie. mutation of the tumor suppressor gene p53) and
epigenetic alterations (ie. cell proliferation or apoptosis). It is important to use reasonable
SEBs for the particular cancer type as well as developing svirrogates for a drug or agent
effect like inhibition of polyamines by DFMO.
After demonstrating that there is differential expression of SEBs in the various
stages of carcinogenesis, it is then essential to show that these SEBs can be applied to
chemoprevention studies. AKs are premalignant lesions, and represent a discreet step in
UV-induced skin carcinogenesis, as well as being a marker of chronic sun exposure and
increased risk of SCC. The goal of skin chemoprevention is to reduce the incidence of
these premalignant lesions and to reduce the progression to SCC. The primary SEB
addressed in the two randomized, placebo-controlled trials in Chapters 3 and 4, was the
number of AK lesions on forearms before and after topical DFMO, targretin or placebo
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treatment. We showed that DFMO can significantly reduce the number of AKs after 6
months of treatment. In the targretin study there was a nonsignificant trend toward a
decrease in the number of AKs with 3 months of targretin treatment. In addition, in the
targretin study we measured change in histopathology, another SEB that would
correspond closely to the carcinogenesis process because it is a measure of cellular
abnormality. Although histopathology was not significantly improved with targretin
treatment, there was again a trend toward improvement. The DFMO study was larger,
with 21 subjects per group and had more power than the targretin study to detect a change
in the SEBs. When determining sample size for these studies it is imperative that the
variability of these markers be considered in order to include enough subjects to see a
significant change.
The next SEBs measured in these two trials were markers of drug effect. DFMO
inhibits ODC, the first enzymatic step in the polyamine pathway, thereby reducing tissue
levels of individual polyamines. In the trial in Chapter 4, we demonstrated a significant
reduction in polyamines in skin samples from arms after treatment with DFMO.
Polyamines have been found to be increased in the promotion phase of skin
carcinogenesis (Soler 1998) suggesting that polyamine levels may also be an SEB
associated with the carcinogenesis process. In the trial in Chapter 3 we used change in
retinoid receptors as a measure of the effect of the RXR-specific retinoid, targretin effect.
We did not see a change in RXR-a, but our initial work in samples from normal skin,
sundamaged skin, and AK demonstrated that RXR-a was expressed in all samples. This
suggests that it may be difficult to see a change in this marker. Previous studies found
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that in head and neck cancer patients treated with 9-cis-retinoic acid, there was an
upregulation of RAR-|3, but they were able to show that RAR-|3 was reduced prior to
treatment (Shin et al., 1997). In the setting of subjects with AK will need to find a better
measure of targretin effect than upregulation of RXR-a will need to be found. There are
two additional RXR isoforms that could be analyzed for dysregulation in skin
carcinogenesis in future studies.
As discussed previously, cell proliferation is an essential property in homeostasis
of skin and is often dysregulated in the carcinogenesis process. In the DFMO study, there
was no effect of DFMO on proliferation, while in the targretin study there was trend
toward a reduction in PCNA with targretin treatment. In Chapter 2 we also showed that
measurement of PCNA in laboratory is reproducible. Measurement of PCNA may be
problematic, because PCNA is increased during DNA repair. Therefore, if any of the
chemoprevention agents act through increased DNA repair we would see upregulation of
PCNA rather than a reduction (Prelich et al., 1987).
The frequency and type of p53 mutations were measured in the DFMO study. We
found no difference in the frequency of p53 mutation with DFMO treatment, but did find
that there may be shift in exon distribution of mutations (eg. reduction in exon 5
mutations). This will need to be confirmed by future chemoprevention studies, but it is of
interest that in Chapter 2, AK and SCC had a change in exon distribution (eg. selection
for exon 7 mutations). With further research the presence of specific p53 mutations may
have more meaning then the frequency of p53 mutation in the general sense. Additional
evidence for this comes from a mouse UV-induced skin carcinogenesis model where
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there was a change in exon distribution but not the frequency with green tea treatment
(Liu et al., 1998). We do not know if specific p53 mutations are more likely to progress
to AK or see. It will be important to determine the significance of specific mutations in
future studies.
Lastly, p53 protein expression was measured in the DFMO and targretin studies.
In Chapter 2, we established that p53 expression had fairly good agreement with presence
of a p53 mutation and was reproducibly measured in the laboratory. It is reasonable to
assume that p53 mutation and p53 protein expression are linked, although measurement
of both may still be valuable in chemoprevention studies. We also found that p53
expression was increased in sundamaged skin and AK in a maimer similar to p53
mutation frequency. In the DFMO trial we found that p53 expression was significantly
reduced with DFMO treatment, whereas there was no change in the frequency of p53
mutation. With targretin treatment, there also was a nonsignificant reduction in p53
expression.
We have shown that the frequency and distribution of p53 mutation and p53
protein expression changes in the early progression of UV-induced skin carcinogenesis.
Similarly, there are important epigenetic changes in cell proliferation and apoptosis that
are differentially expressed in carcinogenesis. We have demonstrated that some of these
SEBs can be modulated with chemopreventive agents, but it is clear that sample sizes
must be adequately determined in order to see a significant effect.
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A (Subprojact: Skin Shave Biopsies is Volunteers)

Dear Dr. Alberts:
Ke received your 29 February 1996 memorandum and accompanying
revised consent tom for the above referenced project. Skin Shave
Biopsies ic Volunteers subproject consent form has been revised to
delete study personnel no longer at this institution; also
confidentiality section updated. Approval for these changes is
granted effective 1 March 1996.
The Human Subjects Committee (Institutional Review Board) of the
University of Arizona has a current assurance of compliance, number
M-1233, which is on file with the Department of Health and Human
Services and covers this activity.
Approval is granted with the understanding that no further changes
or additions will be made either to the procedures followed or to
the consent form(s) used (copies of which we have on file) without
the knowledge a*xd approval of the Human Subjects Committee and your
College or Departmental Review Committee. Any research related
physical or psychological harm to any subject must also be reported
to each committee.
A university policy requires that all signed subject consent forms
be kept in a permanent file in an area designated for that purpose
by the Department Head or comparable authority. This will assure
their accessibility in the event that university officials require
the information and the principal investigator is vinavailable for
some reason.
Sincerely yours.

William F Denny, M.D.
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the consent formCs) used (copies of which we have on file) without
the knowledge and approval of the Human Subjects Committee and your
college or Departmental Review Cotamittee. Any research related
physical or psychological harm to any subject must also be reported
to each committee.
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We received your 13 May 1993 letter and accompanying revised
consent fona for your above referenced project.
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