
Chemoprevention of Melanoma

SubbaRao V. Madhunapantula1 and Gavin P. Robertson2,3,4,5,6,7,8

1Jagadguru Sri Shivarathreeshwara Medical College, Jagadguru Sri Shivarathreeshwara
University, Mysore, Karnataka 570 015, India
2Department of Pharmacology, The Pennsylvania State University College of Medicine, Hershey,
PA 17033
3Department of Pathology, The Pennsylvania State University College of Medicine, Hershey, PA
17033
4Department of Dermatology, The Pennsylvania State University College of Medicine, Hershey,
PA 17033
5Department of Surgery, The Pennsylvania State University College of Medicine, Hershey, PA
17033
6Penn State Melanoma Center, The Pennsylvania State University College of Medicine, Hershey,
PA 17033
7Penn State Melanoma Therapeutics Program, The Pennsylvania State University College of
Medicine, Hershey, PA 17033
8The Foreman Foundation for Melanoma Research, The Pennsylvania State University College of
Medicine, Hershey, PA 17033

Abstract
Despite advances in drug discovery programs and molecular approaches for identifying the drug
targets, incidence and mortality rates due to melanoma continues to rise at an alarming rate.
Existing preventive strategies generally involve mole screening followed by surgical removal of
the benign nevi and abnormal moles. However, due to lack of effective programs for screening
and disease recurrence after surgical resection there is a need for better chemopreventive agents.
Although sunscreens have been used extensively for protecting from UV-induced skin cancer,
results of correlative population based studies are controversial, requiring further authentication to
conclusively confirm the chemoprotective efficacy of sunscreens. Certain studies suggest
increased skin-cancer rates in sunscreen users. Therefore, effective chemopreventive agents for
preventing melanoma are urgently required. This book-chapter, reviews the current understanding
regarding melanoma chemoprevention and the various strategies used to accomplish this
objective.

INTRODUCTION
Chemoprevention is a strategy that was first proposed by Sporn, Dunlop, Newton, and Smith
(1). It referred to the use of natural or synthetic agents to reverse, suppress, or prevent
molecular or histologic premalignant lesions from progressing to invasive cancer (1). The
original definition also included treating patients who had undergone successful primary
cancer treatment but were at increased risk of developing a second primary cancer (1, 2).
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More recently, cancer delay has been emphasized as yet another goal of chemoprevention
(3, 4). Chemopreventive agents that delay the onset of melanoma are extremely important as
even small changes in the early melanocytic lesion size can significantly alter the 5-year
survival rate (5, 6). For example a change in the Breslow depth of 4 mm compared to 0.7
mm could decrease the 5-year survival by 40% (5, 6). In breast and other cancers,
chemoprevention has proven successful (7). Tamoxifen, the first Food and Drug
Administration (FDA)-approved chemopreventive agent, has been used effectively to reduce
breast cancers (8) (http://www.fda.gov/NewsEvents/Testimony/ucm115118.htm). Similarly
the FDA approved topical diclofenac and imiquimod were proven effective for actinic
keratoses treatment (9)

Chemoprevention of melanoma is based on the principle that melanoma is a progressive
disease, and various molecular events and pathways associated with different stages of the
disease can be targeted using synthetic or naturally occurring chemical compounds (10).
However, chemoprevention of melanoma remains an underdeveloped area. One of the
reasons for this under-exploration is the logistical and procedural difficulties associated with
testing of chemopreventive agents in clinical trials. Even though ~30% melanomas are
known to be caused by exposure to UV radiation, risk factors responsible for about 60%
melanomas are unknown (11–14). Furthermore, the molecular basis for UV-mediated
transformation of melanocytes to melanomas is also not fully understood (15–17). Moreover
results of recent trials evaluating whether limiting or blocking sun exposure to reduce
melanoma incidence and mortality rates are confusing and not encouraging (18–21).
Therefore chemoprevention of melanoma remains a challenge to the scientific community.
Recent studies have focused on identifying the molecular pathways triggering the
transformation of melanocytes to melanomas when exposed to UV light, as well as genetic
and non-genetic risk factors that could be targeted for chemoprevention (10, 22–26). For
example, ras-signaling can be used as a chemoprevention target in UV-induced melanomas
(27, 28).

Broadly, three categories of melanoma chemopreventive agents exist (6, 29) (Figure 1). The
first category prevents the occurrence of melanoma in healthy individuals, whereas, the
second and third categories prevent melanoma development in melanoma patients (6, 29)
(Figure 1). Secondary chemopreventive agents would prevent pre-malignant melanomas
from developing into malignant melanomas (6, 29) (Figure 1). Tertiary chemopreventive
agents would prevent melanomas to reoccur after getting treated for melanomas (6, 29)
(Figure 1).

An ideal chemopreventive agent should inhibit (a) oncogenic kinases inducing the
transformation of melanocytes, and (b) trigger apoptosis in damaged melanocytes (10, 30).
In addition, chemopreventive agents should also induce DNA repair pathways so that the
UV-induced damage could be alleviated thereby preventing transformation (31–33).
Therefore, chemoprevention strategies should consider following key aspects while
developing a particular compound for preventing melanomas: (a) molecular basis of
melanoma genesis and tumor progression; (b) reasons for the failure of existing agents; (c)
selection of appropriate in vitro and in vivo models representing different stages of tumor
progression for testing the identified agents; and (d) better methods of drug delivery, which
helps to reduce toxicity as well as release the preventive agent at the site of action (34, 35)

Melanoma models for studying the efficacy of chemopreventive agents
There is an urgent need to develop models for studying the efficacy of chemopreventive
agents for melanoma. Since, there is not much information available about the molecular or
histological markers of the carcinogenic processes to be used as endpoints and prognostic-
as well as drug efficacy predictive indicators, development of potent chemopreventive
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agents for inhibiting melanomas has been hampered (36). Furthermore, testing the efficacy
of developed chemopreventive agents in prevention studies in humans require long periods
and involves many ethical, financial as well as experimental difficulties (34, 35, 37).
Therefore there is an urgent need to develop clinical research models to evaluate candidate
chemopreventive agents for inhibiting melanoma development. The in vitro and in vivo
animal models that are in wide usage for assessing chemoprevention include (a) laboratory
generated skin reconstructs with and without melanoma tumor nodules (38–40); (b) use of
human skins to test the drug permeability and safety; (c) xenografted melanoma tumor
models combining with topical/oral administration of chemopreventive agents (38–40); and
(d) use of spontaneous melanoma models (41, 42) (Figure 2). Other models that have been
developed to test chemopreventive agents include (a) transgenic hepatocyte growth factor
(HGF)-scatter factor (SF) mouse models (43); (b) transgenic mouse SV40 T antigen (44); (c)
spontaneous and UV induced xiphophorus fish model where melanoma progression from
nevus to melanoma has be studied (45, 46) (Figure 2). Appropriate models also have to
assess the suitability of administration of the particular agents, which can be a challenge for
certain of these models.

Chemopreventive agents that have been tested for preventing melanomas
Statins—Results of recent preclinical as well as Phase-I and Phase-II clinical trials and
unanticipated secondary clinical observations from cardiovascular disease trials have led to
enthusiasm regarding the use of statins for melanoma prevention (47–50). Statins are
antiproliferative, proapoptotic, angiostatic, anti-invasive and immunomodulatory
compounds known to inhibit Ras proteins (49). Mechanistically statins inhibit key steps in
the mevalonate pathway to decrease protein prenylation (49, 51). Lack of this post-
translational modification of Ras and many other proteins impedes function, resulting in the
prevention of melanoma cell proliferation and oncogenicity (49, 51). A recent study showed
inhibition of geranylgeranylation of RhoC and other small G-proteins by atrovastatin, which
reverted the metastatic phenotype in human melanomas expressing this protein (52) (Figure
3). While preclinical findings support the chemopreventive ability of statins for melanoma
prevention, epidemiological data are yet to confirm this observation (6, 48, 53, 54). A meta-
analysis of randomized controlled trials of statins in cardiovascular disease found no
statistically significant differences between statin and observation groups with respect to
melanoma incidence (48, 55). Despite these observations, the usage of statins for melanoma
chemoprevention continues, as the safety-profile of these compounds is very good (49, 56).
Moreover, some of the published meta-analysis reports failed to include the results of most
recent clinical trials, which showed positive association between statins use and melanoma
prevention (48, 57). Therefore, use of statins for preventing melanoma needs further
evaluation in large, multi-centric trials. The Southwest Oncology Group (SWOG) has
proposed a phase IIB chemoprevention study of statins versus placebo in a population of
patients who have been treated for early-stage melanomas or the presence of clinically
atypical nevi (34). This phase IIB trial will involve dermatologists, medical and surgical
oncologists that will undertake prospective evaluation of biological markers in both blood
and biopsied nevi (34). Results of this clinical trial are expected to yield enough data to
determine whether statins have a role in melanoma prevention, or the reported observations
are just a chance by luck.

Curcumins—Curcumin, chemically 1,7-Bis-[4-hydroxy-3-methoxyphenyl]-1,6-
heptadiene-3,5-dione; also known as diferuloylmethane, is a commonly used spice derived
from Curcuma longa (turmeric) (58, 59) (Figure 3). Although, the clinical efficacy of this
yellow pigment is yet to be confirmed, in vitro observations using cultured cells and in vivo
studies in xenografted and carcinogen induced animal models suggest it may perform a
chemopreventive role in melanomas (60–64). Curcumin and its derivatives act by inhibiting
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key enzymes involved in melanoma tumor development (64, 65). For example, curcumin
inhibits the xanthine oxidase, tyrosine kinase, cyclooxygenase (COX) and lipo-oxygenase
(LOX) enzymes thereby exerting anti-oxidant effects (58, 59). Curcumin also inhibited cell
survival by targeting NF-kB and XIAP only in melanoma cells but not in melanocytes (58,
59, 66, 67). Topical application of curcumin inhibited UVB-induced NF-kB activation in
cultured keratinocytes and TPA-induced tumor formation in mice (68, 69). Furthermore,
curcumin treatment reduced lung metastasis of B16F-10 melanoma cells in experimental
models of metastasis and increased the lifespan of animals (70, 71). Mechanistically,
curcumin treatment inhibited matrix metalloproteinases to reduce melanoma cell invasion
and metastasis (72).

Curcumin protects from UVA and UVB induced skin damage by triggering DNA repair
mechanisms (73). Although UVB is primarily responsible for skin cancers initiation and
progression, recent studies have also found the involvement of UVA in melanoma and non-
melanoma skin cancer development (74). Despite its anti-cancer activity as well as safety
and tolerability profiles, not many clinical trials have been conducted to study the efficacy of
curcumin for inhibiting melanomas (75, 76). Some of the practical concerns associated with
curcumin use for melanoma prevention include (a) its nature to stain skin; (b) poor
absorption; and (c) rapid metabolism which limits its availability (76). However various
semi-synthetic derivatives and nano-formulations have been developed that can overcome
these limitations (77). A recent study also demonstrated augmentation of tumoricidal
properties of curcumin when coupled with a cancer cell-specific antibody (78). This study
evaluated the efficacy of curcumin coupled to a melanoma surface antigen recognizing
Muc18 antibody, through a cleavable arm, for preventing B16F-10 melanoma tumor growth
in mice (78). The Curcumin-Muc18 antibody complex was found ~230 fold more effective
at inhibiting melanoma cell metastasis in mice than the unconjugated control (78). Although
these preclinical trials are encouraging, the clinical trials data is not available yet, hence,
warranting further studies to determine the safety, efficacy and feasibility of translating
these preclinical mice studies in to efficacy for humans.

Resveratrol—Chemically known as 3,5,4′-trihydroxy-trans-stilbene, resveratrol is a
polyphenolic phytoalexin isolated from grapes, mulberries and peanuts (79) (Figure 3).
Resveratrol is a good antioxidant (80). Due to it’s anti-inflammatory and anti-proliferative
properties, resveratrol effectively inhibits initiation, progression and metastasis of several
cancers including those of the breast, prostate and skin (80). For example, topical resveratrol
has been demonstrated to protect skin from UV induced tumor growth by inhibiting COX-2
as well as mTORC2 component rictor and hydrogen peroxide formation (81, 82).
Resveratrol can also protect cells by preventing radiation induced DNA damage (83, 84).
Studies have shown that this natural product scavenges free radicals and inhibit the
activation of polyhydroxy aromatic hydrocarbon carcinogens (84–86). Many in vitro and in
vivo studies using animal models show that resveratrol (a) arrests cells in G0/G1 phase of
the cell cycle; (b) inhibits Pi3K-Akt signaling; (c) down-regulates NF-kB activation by
blocking IKK; and (d) upregulates Egr-1, a known inhibitor of Cdk2 (80, 85). In addition,
resveratrol can also inhibit survivin, TGF-beta signaling and sensitize cells to TRAIL (83,
87). Collectively, these combined effects mediated by resveratrol, trigger apoptosis and
inhibit cell proliferation in various tumor types.

Adding to its pluripotent anti-cancer effects, resveratrol has a good pharmacokinetic profile
in animals leading to high absorption in the gut (88, 89). Furthermore, its solubility makes it
a suitable candidate for testing in clinical trials (89). The metabolites of resveratrol also
retain the original chemopreventive activity, a key factor one should consider when using
this agent in chemoprevention trials (90). A Phase-1 interventional, open label prevention
trial has studied the side effects of oral resveratrol administration over 4 weeks to establish
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the mechanism through which it prevents cancer http://clinicaltrials.gov/ct2/show/
NCT00098969. This study measured the drug and carcinogen metabolizing enzymes,
primarily cytrochrome P450, in blood and urine collected from study participants who have
taken resveratrol.

Although in vitro studies using resveratrol show potent anti-melanoma activity, an in vivo
study found that resveratrol is rapidly metabolized in athymic nude mice and does not
inhibit human melanoma xenograft growth (91). Administration of 110 or 263 μM
resveratrol in diet prior to subcutaneous injection of tumor cells had no tumor inhibitory
effect, instead mice treated with the highest resveratrol concentration had bigger tumors
compared to control diet fed animals (91). Authors of this study hypothesized that rapid
clearance as well as transformation of resveratrol when given in diet might be responsible
for this tumor promoting effect (91). Further experiments designed to circumvent the rapid
clearance of resveratrol when administered through oral gavage or in diet have also failed to
inhibit tumor growth indicating that resveratrol on its own is not an effective
chemopreventive agent for inhibiting melanoma development (91).

Derivatives of resveratrol with greater stability and efficacy have been created by chemical
modifications and tested in vitro as well as in mouse models. Results of these studies
identified that hydroxylated analogs of resveratrol might be more potent than resveratrol (92,
93). For example, hexahydroxystilbene (M8) effectively inhibited COX-2 activity to inhibit
the growth of various tumor cell lines at very low concentrations (93, 94). In vivo,
intraperitoneal administration of M8 at 2.5 mg/kg or 5 mg/kg/day for 4 weeks alone as well
as in combination with 80 mg/kg DTIC (on days 4 and 6) inhibited the growth of palpable
melanoma tumors in xenografted mice models (92, 94). In addition, M8 could also inhibit
melanoma tumor metastasis as evidenced by decreased tumor development in the lymph
nodes (92, 94). Although these preliminary findings are encouraging, further studies
evaluating M8 in Phase-I and Phase-II trials in humans are needed. It is also unknown
whether M8 could be combined with FDA approved V600EB-Raf inhibitor Vemurafenib, and
Akt inhibitor MK-2206 to cooperatively or synergistically inhibit melanoma development.
Therefore future studies should try these combinations for preventing melanomas.

Silymarin—Silymarin, a polyphenolic flavonoid isolated from Silybum marianum (milk
thistle), is a potent antioxidant and anti-inflammatory agent (95, 96) (Figure 3). Silymarin is
a mixture of 4 isomeric compounds namely silybinin, silychristin, silydianin, isosilybinin
(95, 96) (Figure 3). Studies using cultured cells and animal models demonstrated its
chemopreventive ability against non-melanoma skin cancers induced by chemical
carcinogens and UV-radiation (97). Mechanistically, silymarin inhibits NF-kB, c-Jun N-
terminal kinase, and COX-2 activities (98). In addition, it also suppresses the production of
reactive oxygen species thereby preventing DNA damage. Silymarin also inhibits cell
proliferation by inducing a G0/G1 block, and suppresses invasion by inactivating PI3K-Akt
as well as MAPK pathways (98, 99). Recent studies have demonstrated that silymarin
inhibits melanoma cell migration by reducing MMP-2 as well as MMP-9 protein levels
(100). Further studies identifying the mechanistic basis of UV-induced melanoma
chemoprevention showed that silymarin inhibits immunosuppressive IL-10 production in the
skin as well as in draining lymph nodes (101). In addition, silymarin also acts on immune
system stimulating IL-12 to increase its levels thereby protecting cells from UV-induced
damage (102). For example, topical application of silymarin prevented UV-induced immune
suppression only in wild-type mice but not in IL-12 knockout mice (102).

Epigallocatechin-3-gallate (EGCG)—EGCG, a major constituent of green tea, has been
shown to protect from UV-induced skin cancers by inhibiting DNA damage and oxidative
stress (103–105) (Figure 3). Experimentally, topical application of EGCG inhibited the
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reduction of antioxidants such as glutathione peroxidase and catalase in the epidermis,
thereby protecting cells from oxidative stress (103, 105, 106). Studies have demonstrated
that topical application or oral administration of EGCG reduced cutaneous edema and
erythema, and decreased the incidence of tumor incidence, multiplicity and size (105, 107).
In cultured cells, treatment of metastatic A375M and Hs-294T melanoma cells with EGCG
inhibited oncogenic BCL2, and upregulated Bax as well as caspase-3, 7, & 9 expression in a
dose-dependent manner (106). In addition, EGCG also reduced the expression of the
proliferation regulator cyclin-D1 and induced cell cycle inhibitors p16, p21 and p27 (106).
Furthermore, in murine models of melanoma, EGCG reduced cell migration, induced
apoptosis and triggered cell cycle arrest thereby inhibiting melanoma tumor growth and the
metastatic potential of the cells (108). Additional studies showed effective anti-angiogenic
properties of EGCG, as this compound reduced the production of VEGF (109, 110). Since
EGCG is less expensive and has negligible toxicity, it is an attractive candidate
chemopreventive agent, however, no clinical trials data using EGCG has been reported,
warranting further study.

Selenium-containing agents for preventing melanoma—Anti-cancer activity of
selenium has been suggested for preventing cancers of the prostate, breast and lung (111).
Many in vitro and in vivo studies also tested various selenium containing compounds for
inhibiting proliferation and inducing apoptosis as well as triggering cell cycle arrest (40,
112). However, a multicenter, double-blinded, randomized, placebo-controlled trial of 1,312
patients (mean age 63 years) with a history of BCC or SCC and a mean follow-up of 6.4
years showed that 200 μg of selenium in the form of brewer’s yeast tablets did not have a
statistically significant effect on BCC or SCC development (113). But, results from
secondary end-point analyses showed that supplemental selenium might reduce the
incidence (77 cancers in the selenium group and 119 in controls) and mortality rates from
carcinomas (29 deaths in the selenium treatment group and 57 deaths in controls) (113).
However, authors of this study stated that these results need further evaluation before
considering for testing in clinical trials.

Recently, selenomethionine was tested for its efficacy in a large multi-center
chemoprevention trial, known as SELECT (selenium and vitamin E cancer prevention trial)
trial, for preventing prostate cancer (114–116) (Figure 3). Results of the SELECT trial have
raised further concerns regarding the clinical utility of selenium for chemoprevention (114–
116). SELECT is the largest clinical trial ever-conducted for prostate cancer prevention
(114–116). The trial, sponsored by NCI ($114 million) and NCCAM ($4.5 million) from
1999–2008, was initiated based on results of the NPC trial showing 52–60% fewer new
cases of prostate cancer following selenized yeast treatment compared to placebo (113, 117).
SELECT was a double-blinded placebo controlled study examining the role of nutritional
supplementation of selenomethionine and/or vitamin E for preventing prostate cancer (114).
Based on the experts’ opinion and available compelling evidences showing the efficacy of
selenium containing yeast in preclinical data, SELECT study group decided to use 200 μg
selenomethionine for the trial. Participant men between 50–55 years old with no history of
prostate cancer and in good health, took pills constituting one of four possible combinations:
two placeboes; 200 μg selenomethionine and a placebo; vitamin E and a placebo or
selenomethionine and vitamin E daily for 7–12 years with follow-up visits every 6-months
for 7–12 years. It was predicted to decrease prostate cancer at ≥25% (114). Whereas
selenized yeast reduced the incidence of prostate cancer in the NPC trial, the same trend was
not observed in SELECT using selenomethionine. On September 15th 2008, the data and
safety monitoring committee announced that all SELECT participants must discontinue
supplements because, although statistically insignificant, more prostate cancer cases
occurred in men taking only vitamin E and an increase in diabetes was noticed in the
selenium groups.
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Despite these negative results for inhibiting basal cell carcinoma (BCC) and squamous cell
carcinoma (SCC) with selenized yeast, use of selenium for preventing human skin cancers
continues to be investigated. Possible reasons for considering selenium for melanoma
prevention include: (a) very low selenium levels observed in the serum of melanoma
patient’s; (b) an inverse correlation between the selenium concentration and melanoma
incidence rates in population based studies; (c) encouraging in vitro as well as in vivo
studies demonstrating the efficacy of selenium for preventing melanomas; (d) feasibility of
substituting selenium for sulfur for improving the efficacy of various chemopreventive
agents; and (e) availability of a wide variety of selenium containing compounds for better
agent selection (118, 119). In fact, several selenium-containing agents have been prepared
and tested in vitro as well as in vivo for safety and efficacy (120, 121).

Isolated soy proteins generated from high-Se as well as low-Se soybeans have been tested
for efficacy to inhibit pulmonary metastasis of mouse melanoma cells (122). Analysis of
experimental data revealed an inverse correlation between selenium content of the mice and
metastasis development (122). Experimentally, ISP differing in selenium content has been
given to mice two weeks before and after administration of B16BL6 mouse melanoma cells
and metastasis development in lungs quantified (122). The results showed a significant
decrease in tumor number and tumor size in the 10% high-Se ISP diet that contained 3.6 μg/
g Se compared to 10% low-Se ISP diet having 0.13 μg/g Se (122). Furthermore, addition of
selenomethionine to the 10% low-Se ISP diet to levels equivalent to 10% high-Se ISP diet
inhibited metastasis development similar to 10% high-Se ISP diet indicating that the active
ingredient responsible for metastasis development inhibition in the high-Se ISP could be
selenomethionine (122).

Several other studies also have shown the ability of selenomethionine to inhibit metastasis
development in animal models (123) (Figure 3). For example, diet containing
selenomethionine, one of the major constituents of selenized yeast, has been shown to
inhibit pulmonary metastasis in a mouse model (123). Experimentally, mice were given a
diet containing 2.5 ppm or 5 ppm selenium as selenomethionine (experimental group) or as
selenite (control group) two weeks before and after the intravenous injection of B16BL-6
murine melanoma cells and the effect on number as well as size of the tumors developing in
lungs measured (123). Authors of this study found that selenium in the form of
selenomethionine or selenite could reduce lung metastasis, hence, selenomethionine is an
active form of selenium (123).

In addition to selenomethionine, the effect of p-XSC on lung metastasis development also
found decreased metastatic tumor nodules when the mice were fed with this agent (124)
(Figure 3). Mice were fed with experimental diets containing 4, 8, 15 mg/kg p-XSC
(corresponds to 2, 4, 7.5 mg/kg selenium) before and after inoculation B16BL-6 cell
intravenously (124). Compared to controls, p-XSC fed mice were found to contain low
melanoma lungs metastasis (124). Mechanistic studies found that p-XSC could induce
apoptosis in melanoma cells without affecting neighboring epithelial cells thereby reducing
tumor development in the lungs (124). Further studies have demonstrated that p-XSC can
also inhibit tumor angiogenesis as well as proliferation of melanoma cells (124). Hence, p-
XSC could be a potential candidate for testing in phase clinical trials. However, to date, no
such trials have been conducted in melanomas warranting further evaluation of this agent.

Whereas selenomethionine, high-Se ISP, and p-XSC treatments reduced the metastasis
development, efficacy against melanoma tumor development and progression were not
studied. Therefore, it is unknown whether selenium could inhibit very early events in
melanoma development, and if so, could selenium be used to prevent melanoma tumor
growth in its very earliest stages. Recent studies have synthesized selenium containing
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isoselenocyanates as well as isoselenoureas by substituting sulfur of parent isothiocyanates
and PBIT with selenium (112, 120, 121, 125, 126) (Figure 3). Results of in vitro and in vivo
studies using laboratory generated skin-reconstructs and xenografted melanoma tumor
models found greater tumor inhibition with selenium containing derivatives (40, 112).
Topical application of ISC-4 and PBISe significantly delayed xenografted melanoma tumors
growth (40, 112). Two weeks after topical treatment, a 50 to 70% decrease in tumor volume
was observed (40, 112). Furthermore, topical administration of these compounds was safe
with no major differences in vital organ function or in blood parameters indicative of major
organ functions (40, 112). Therefore, selenium might be useful for prevention of melanomas
if provided in the correct form and dosage. Although both ISC-4 and PBISe inhibited growth
of melanocytic nevi in laboratory-generated skin reconstructs as well as in subcutaneous
xenografted melanoma tumors, efficacy and safety of these agents in humans remains to be
established.

The mechanism through which selenium containing compounds function seems to vary and
can affect efficacy. Recent studies have shown that ISC-4 could inhibit carcinogen induced
DNA adducts formation as well as modulate both phase-I and phase-II enzymes to prevent
lung cancer development (127) (Figure 3). In melanomas, ISC-4 reduced the Akt3 signaling
activity thereby inhibiting melanoma cell proliferation and inducing apoptosis (121). In a
separate study, ISC-4 has been shown to activate prostate apoptosis response protein-4
(Par-4) expression thereby inhibiting tumor development in mice (128).

PBISe is another selenium containing compound found effective at inhibiting melanomas
(40, 120, 126) (Figure 3). Compared to its sulfur-containing analog PBIT, this compound
effectively inhibited cell proliferation as well as survival of melanoma cells growing in
culture (40, 120, 126). PBISe also retarded the growth of melanocytic nevi developing in
skin reconstructs (40). Mice receiving PBISe intraperitoneally or through topical application
exhibited slow tumor growth compared to PBIT or vehicle controls (40, 120, 126).
Mechanistically, PBISe inhibited iNOS and Akt3 pathways, while inducing pErk1/2
expression (40). Elevated expression and activity of iNOS as well as Akt3 have been
reported in melanoma (129, 130). Targeted inhibition of iNOS and Akt3 have been shown to
reduce cell proliferation and induce apoptosis (129, 131). In addition, PBISe induced the
phosphorylation of endogenous Erk1/2 to levels that triggers senescence by upregulating
proliferation inhibitor p27 in melanoma cells (132). Therefore, PBISe could be a potent anti-
melanoma agent.

Non-steroidal anti-inflammatory drugs (NSAIDs)—Use of NSAIDs for preventing
cancers has been reported by several investigators with good safety and health beneficial
effects compared other chemopreventive agents (133). In addition, many in vitro studies
using cultured cells as well as mouse models showed efficacy of NSAIDs for preventing
melanomas (134). Interestingly the primary target of NSAIDs, COX2 is expressed at a very
high level in >93% patient tumors as well as in the majority of melanoma cell lines (135).
Many studies have shown the protective effects of NSAIDs for inhibiting colorectal cancers
when used for extended periods of time (>5 years) with frequent administration. Similarly
several in vitro and observational studies testing the long-term use of NSAIDs and statins
found reduced cutaneous melanoma development (136). However, some conflicting reports
have hampered further development of NSAIDs for cutaneous melanoma prevention (134,
137, 138). For example, a large cohort study measuring the association between NSAIDs
use and melanoma risk found no association indicating that the NSAIDs may not be good
for melanoma chemoprevention (138). In this study 63809 men and women from VITAL
(vitamins and lifestyle) cohort study were linked to NCI Surveillance, Epidemiology and
End Results (SEER) cancer registry to determine whether NSAIDs use in the past 10 years
had any association with melanoma risk (138). Furthermore, this study also pointed that use
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of NSAIDs has no impact on tumor invasion, thickness and metastasis (138). However, a
recent case-control study measuring the prevalence of cutaneous melanoma among
populations using lipid lowering agents and NSAIDs reported that long-term use of at least
one NSAID for >5 years decreased the likelihood of developing cutaneous melanoma by
half compared with those who taken NSAID for < 2years or who had not taken these anti-
inflammatory agents (47).

Acetyl salicylic acid (ASA) has been reported to half the risk of developing cutaneous
melanoma compared to non-users or those who used ASA for < 2 years (47) (Figure 3).
Protective effects of ASA are primarily attributed to its influence on various signaling
cascades regulating cell proliferation and survival (47). For example ASA, has been reported
to inhibit oncogenic NF-kB as well as BCL2, while upregulating the levels of tumor
suppressor TP53, CDKN1A and BAX (139, 140). While some studies have shown an
inverse association between NSAIDs use and risk of developing cutaneous melanomas,
other reported none (47, 138). These conflicting results necessitate the need for further
studies to confirm the clinical utility of NSAIDs for preventing melanomas. For example, in
a prospective cohort study investigating the association between over-the-counter self-
reported NSAIDs use and melanoma risk, no association was found (138).

Beta carotene—Beta carotene is a potent antioxidant known to exhibit photoprotective
effects and anticancer activity (141) (Figure 3). For example, an in vitro study using mouse
melanoma models showed inhibition of angiogenesis as well as nuclear localization of
transcription factors and induction of BAX mediated apoptosis by beta-carotene (142, 143).
A physicians’ health study consisting of 21,884 male physicians showed that administration
of 50 mg/kg daily oral beta carotene for ~12 years had no effect on the incidence of BCC
and SCC (144). Similarly, a separate community based randomized trial with betacarotene
in 1621 study participants from Nambour district, Southeast Queensland, Australia found
that beta carotene alone and in combination with a sunscreen having a SPF-15 also had no
beneficial effects for preventing the incidence of basal cell carcinoma (145). Therefore, use
of beta-carotene for preventing progression and metastasis of melanoma is questionable.
However, combination trials using beta-carotene needs to be conducted before excluding
this potent antioxidant from chemoprevention use.

Celecoxib—Celecoxib is a selective inhibitor of cyclooxygenases (146). Cyclooxygenase
(COX, EC1.14.99.1) is an oxygenase responsible for the production of biological mediators
prostaglandins, prostacyclin and thromboxanes from arachidonic acid (AA) (147, 148)
(Figure 3). COX is also called prostaglandin synthase (PHS) and prostaglandin
endoperoxide synthase (EPS) (149). Three COX isoforms COX-1, COX-2 and COX-3 (a
splice variant of COX-1) have been identified in human tissues (149). Although all COX
isoforms are structurally similar (sharing >65% amino acid homology and having near-
identical catalytic sites) and perform similar catalytic reactions, the tissue distribution and
expression levels in response to various stimuli differs (149). For example, COX-1 is a
constitutive enzyme, whereas COX-2 is inducible in most instances (149). In addition,
COX-2 expression is elevated in the majority of tumors and is selectively inhibited by
various pharmacological agents (150). Studies measuring the expression levels of COX-2 in
melanomas found very high protein levels in early and late-phase melanoma patients
compared to normal human melanocytes (147). Furthermore, levels of COX-2 were also
upregulated when mice were exposed to UV light indicating a potentially important role of
COX-2 expression in melanoma tumorigenesis (151). Similarly, COX-2 expression was
elevated when human skins were exposed to UV radiation (152). Additional studies also
showed that targeted inhibition of COX-2 using siRNA or pharmacological agents could
inhibit melanoma tumor growth and sensitizes cells to radiation (153).
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A separate study evaluated the efficacy of celecoxib for preventing actinic keratosis in a
double-blind, randomized, placebo-controlled trial (154). Administration of 200 mg
celecoxib twice daily to 240 high-risk men and women having 10 to 40 actinic keratoses and
a history of previous skin cancer resulted in no response in terms of the incidence of actinic
keratosis (154). Therefore, the utility of celecoxib for treating non-melanoma skin cancers
was unclear. Further studies are therefore warranted to determine whether COX-2 is a
potential chemopreventive target, and, if so, what level of COX-2 inhibition is required for
cancer prevention.

In vitro studies using other COX-2 inhibitors showed that COX-2 is an effective
chemopreventive target for reducing the metastatic potential of melanoma cells (155).
Naturally occurring inhibitors such as berberine inhibited melanoma cell proliferation and
metastasis by targeting COX-2 and ERK pathways (156). Another study tested the ability of
celecoxib for preventing melanoma in 27 patients with surgically incurable recurrent
melanoma (146). Data showed tumor regression in 7 patients, among whom 2 patients had
complete regressions, 2 experienced partial regressions, and 3 showed a mixed response
(146). The median overall survival time from first incurable metastasis was 31.9 months
(146). Analysis of median times to progressive disease and death from start of celecoxib was
4.3 months and 10.4 months, respectively (146). Although results of this study are
encouraging, celecoxib failed to show similar efficacies in all patients despite the presence
of high COX-2 expression, indicating the level of inhibition might not be sufficient to
prevent melanoma development in certain cases, warranting the development of more potent
COX-2 inhibitors.

Since targeting COX-2 alone failed to lead to complete tumor inhibition in vitro as well as in
vivo, further studies considered testing COX-2 inhibitors in combination trials (157). For
example, a combination of COX-2 inhibitor celecoxib and 5-fluorouracil (5-FU) reduced the
number of UV-B induced skin tumors 70% more effectively in mice compared to either
single agent (157). Mechanistically, in addition to the inhibition of cell cycle, celecoxib also
facilitated the diffusion of 5-FU in to tumor cells thereby increasing its efficacy to inhibit
cell proliferation (157).

Alpha-difluoromethylornithine—Alpha-difluoromethylornithine (DFMO), also known
as eflornithine, is an irreversible inhibitor of ornithine decarboxylase and is involved in
inhibiting polyamine production (158) (Figure 3). Several in vitro and mice studies have
shown the efficacy of DFMO for inhibiting pulmonary melanoma metastases (158, 159). For
example a preclinical study evaluating the efficacy of DFMO in malignant mouse B16
amelanotic melanoma (B16a) showed a dose-dependent decrease in the tumor growth and
pulmonary metastasis development. Administration of 0.5, 1 and 2% DFMO in water,
inhibited tumor growth by 0, 24.5 and 60%, while the same doses reduced metastasis by 55,
83 and 96% (158). Since administration of DFMO did not inhibit the experimental
metastasis, authors of this study concluded that DFMO might be affecting invasion of
melanoma cells (158). A separate study tested the efficiency of DFMO in combination with
Type I interferon in melanoma mouse models (160, 161). The data showed the
antiproliferative potential of DFMO, both alone and in combination in several tumor cell
lines. For example, treatment of B16 melanoma cells with DFMO inhibited the growth with
an IC50 of 31.1 μM. However, when used in combination, DFMO exhibited a marked
synergism with Type I interferon. Mechanistically, DFMO enhanced the therapeutic efficacy
of interferon treatment by controlling interferon receptor down-regulation.

A previous Phase-II study using DFMO (2g/m2 po, q 8h) in 21 evaluable patients showed a
complete response in 1 patient for 11 months (162). Seven other patients presented with
stable disease for 8 weeks (162). However, due to toxicity and hearing loss observed in 5
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patients, further use of DFMO was discouraged (162). Further studies are warranted to
determine whether using a different DMFO schedule would prevent hearing loss (162).
Future trials should also consider using DMFO in combination with other agents. A separate
investigation has examined the antitumor and antimetastatic activities of DFMO by inducers
of interferon, namely, tilorone and polyriboinosinic:polyribocytidilic acid complex [poly(l)
X poly(C)] (161). Results of these combination trials indicated that interferon inducers
enhanced the antitumor activity of DFMO against B16 melanoma in mice (161). DFMO,
tilorone, or poly(l) X poly(C), when administered alone, showed 85, 39, and 39% of
inhibition of tumor growth, respectively (161). However, a combination of DFMO and
tilorone or poly(l) X poly(C) resulted in 98 and 95% growth inhibition (161). Efficacy was
linked to induction of interferon (161). Other studies with Lewis lung carcinoma cells also
showed similar DFMO potentiating effects of interferons (161, 163). A combination of
DFMO and tilorone led to 78% inhibition of tumor growth and 99.5% inhibition of
metastases, but the mechanisms remain to be fully elucidated (161, 163). Enhancement of
host immune response or interferon-mediated cytotoxicity would likely be the mechanism of
action (161, 163).

Sunscreens—Sunscreens are topically applied creams or gels protect underlying skin
cells from UV-induced damage (164). Use of sunscreens is widely advocated as a preventive
measure against sun-induced skin cancers (165). However, to date, no epidemiologic study
has reported decreased melanoma risk associated with sunscreen use (166). Furthermore,
results from a collaborative European case-control study and animal studies have raised
concerns about the protection sunscreens provide against UV radiation–associated cutaneous
melanomas (21, 167, 168). Moreover, meta-analysis of 18 studies investigating the
association between melanoma risk and previous sunscreen use, suggested little or no
beneficial correlation (169, 170). Therefore, although sunscreens are known to act as
physical barriers protect skin from UV induced damage, the role of these agents for
preventing skin-cancers requires further investigation. This is especially important since
some studies suggest that increased skin cancer risk when sunscreens were used (18, 19,
171, 172). Therefore, it is currently unknown whether sunscreens that have been designed to
reduce exposure to UV radiation will reduce skin cancer incidence in humans. In addition,
since host factors such as propensity to burn, variable numbers of benign melanocytic nevi,
and atypical nevi may also increase the risk of developing cutaneous melanoma, clinical
trials should consider these influencing factors while evaluating and testing the efficacy of
sunscreens for preventing melanoma (173–176).

A very small randomized placebo-controlled study with 53 volunteers who had either
clinical evidence of solar keratoses or non-melanoma skin cancer was conducted using a
sunscreen with a SPF of 29 (177). The study showed, among 37 participants, a decrease rate
of new solar keratoses after 2 years using sunscreen compared to the placebo group (177).
Another randomized controlled study evaluating the effect of regular sunscreen with SPF of
17 on solar keratoses in 431 patients demonstrated that individuals in the sunscreen group
developed fewer new lesions and more remission of existing lesions than those in the base-
cream placebo group http://www.cancer.gov/cancertopics/pdq/prevention/skin/
HealthProfessional/page4. Furthermore, the development of new lesions and the remission
of existing lesions had been reported to correlate with the amount of sunscreen used. In
contrast, a separate randomized study (the Nambour Skin Cancer Prevention Trial from
Australia) showed no statistically significant difference in incidence of BCCs or SCCs with
regular SPF-16 sunscreen use (145).

According to the Nambour Skin Cancer Prevention Trial, which compared incidence of
melanoma between randomly assigned daily or discretionary sunscreen use, an increase in
the number of melanomas in the discretionary-use group was found (145). Whereas eleven
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melanomas (3 of them invasive) were diagnosed in the daily sunscreen group, about 22
melanomas have been identified with half of them being invasive in the discretionary-use
group (145). Furthermore, no difference was noticed in rates of melanoma on prescribed
sunscreen application sites between the two groups (145). Although, results of this study
indicate no protective effect of sunscreen on melanoma incidence, this study has several
important limitations (145). For example, (a) melanoma was not the primary planned
endpoint of the original trial, hence the selection of study subjects and end-points might not
be as effective when melanoma is considered as the primary outcome; (b) the confidence
intervals (CIs) of the outcome estimates are very wide, demonstrating substantial uncertainty
regarding the magnitude of the effect; and (c) widespread use of the passive participant
option during the follow-up phase of the study (145). In contradiction with the Nambour
Skin Cancer Prevention Trial, a recent separate study using sunscreens of SPF-15
demonstrated that the incidence of squamous-cell carcinoma was significantly lower in the
sunscreen group compared to the groups not using it (178).

A separate case-control study with 418 melanoma cases and 438 healthy individuals also
recently evaluated the influence of sunscreen use on the occurrence of cutaneous malignant
melanoma (179). This study found increased melanoma risk among psoralen sunscreen users
compared to regular sunscreen users (179). The melanoma risk was 1.5 for regular sun-
screen users whereas for psoralen sunscreen users it was 2.28 suggesting a negative
influence of the psoralen sunscreen (179). This study supports the hypothesis that sunscreens
do not protect against melanoma. This negative correlation with sunscreens use could be due
to the prolonged exposure to unfiltered UV radiation, which induces melanoma formation.
In support of this hypothesis, a separate study in mice testing the effect of sunscreens on UV
radiation induced melanoma found increased melanoma cell growth in sunscreen utilization
group compared to controls (168). C3H mice were exposed to UVB radiation twice a week
for 3 weeks (168). The sunscreens contain ED 7.5% 2-ethylhexyl-p-methoxycinnamate, 8%
octyl-N-dimethyl-p-aminobenzoate, 6% benzophenone-3, or the oil-in-water vehicle alone
applied to the ears and tails of mice 20 minutes before irradiation and the UV induced
inflammation as well as histological alterations were measured (168). Injection of melanoma
cells in to the external ears created melanomas in both control and experimental animals
(168). Although sunscreens protected from UV radiation-induced ear damage, they failed to
protect from melanoma indicating that the protection against sunburn does not necessarily
imply protection against melanoma growth (168). A comprehensive MEDLINE search
analysis of reports published between 1966 and 2003 about the use of sunscreens and
melanoma protection also showed no association (170). Furthermore, this meta-analysis
study suggests that the positive association reported in some prior studies could be due to
failure to control for confounding factors such as the sensitivity to sun, age of the patient,
frequency and type of sunscreen use.

Betulinic acid—Betulinic acid is a triterpene isolated from the bark of Betula pubescens
(180) (Figure 3). Betulinic acid has been found to kill several cancer types including
melanoma (180, 181). Betulinic acid inhibited melanoma tumor development in mice
without causing systemic toxicity (180). Mechanistically, betulinic acid induced apoptosis in
a p53- and CD95-independent manner in cancer cells to inhibit tumor development (182).
Other studies have suggested involvement of reactive oxygen species, inhibition of
topoisomerase I, activation of Erk1/2 phosphorylation, suppression of tumor angiogenesis,
and modulation of pro-growth transcriptional activators as well as aminopeptidase N activity
for betulinic acid chemopreventive activity (183). Due to encouraging in vitro and in vivo
studies, safety and cost effectiveness, betulinic acid is currently being evaluated for the
prevention of malignant melanomas (184, 185) http://clinicaltrials.gov/ct2/show/
NCT00346502. Recently, betulinic acid was also found to be effective at preventing small-
and non-small-cell lung, ovarian, cervical, and head & neck carcinomas (183).
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While betulinic acid inhibits the growth of many cancer cells in vitro, a separate study
comparing the efficacy of betulinic acid for inhibiting the MeWo melanoma cells (both drug
sensitive and drug resistant) compared to normal melanocytes demonstrated greater
cytotoxicity to normal melanocytes, which could be a concern (184). Another study showed
increased sensitivity of keratinocytes to betulinic acid treatment compared to melanoma
cells (186). Therefore, additional experimentation is required to dissect the mechanistic basis
for this effect on normal cells. Molecular mechanisms inducing resistance to betulinic acid
have been investigated and found the involvement of the PI3K-Akt pathway (187). Since
betulinic acid induces apoptosis by activating the Erk pathway and decreasing CDK4
expression, inhibitors reducing MEK1/2 activity such as U0126 have been reported to
induce resistance to betulinic acid (188). Furthermore, resistance to betulinic acid could be
due to induction of Akt activity and survivin expression (187). Betulinic acid first
upregulates EGFR phosphorylation to promote Akt as well as survivin expression (187).
Targeted inhibition of EGFR using PD153035 decreased betulinic acid induced EGFR
phosphorylation and inhibited Akt activation to promote cancer cell destruction (187).
Compound combination studies have observed synergistic inhibition of cancer cell growth
when betulinic acid is combined with PD153035, suggesting the new direction for future
clinical trials (187). Betulinic acid has also been reported to inhibit the migration of
melanoma cells (188). For example, human metastatic C8161 melanoma cells but not their
non-metastatic variant C8161/neo6.3 were found to be more susceptible to betulinic acid
treatment (188). In these cells, betulinic acid induced p53 expression thereby inducing
apoptosis (189, 190). A phase I/II, study (NCT00346502) is currently evaluating the efficacy
of 20% betulinic acid ointment for determining the safety and efficacy for decreasing
dysplastic nevi from transforming into melanomas http://clinicaltrials.gov/ct2/show/
NCT00346502.

Vitamin-D—In vitro and in vivo studies using vitamin-D as a chemopreventive agent for
melanoma demonstrated reduced tumor growth (191, 192) (Figure 3). Furthermore, a large
case-control study using dietary vitamin-D found it reduced melanoma risk (193). However,
recent studies showed lack of melanoma inhibitory activity for vitamin-D, which raised
concerns regarding use of this natural product for preventing melanoma (194). A pilot study
is underway to evaluate the effect of vitamin-D on melanocyte biomarkers (NCT01477463).
The purpose of this study is to identify the signaling pathways and changes in gene
expression in melanocytes of patients with a history of non-melanoma skin cancer who are
exposed to oral vitamin D http://clinicaltrials.gov/ct2/show/NCT01477463. If vitamin D
inhibits a signaling pathway involved in the development of melanoma, such as V600EBRAF
protein involved in cell proliferation, then oral vitamin D could be explored further as a
chemoprevention. The results of this trial are pending.

CONCLUSIONS
Chemoprevention of melanoma if successful could be used to prevent the transformation of
nevi into invasive melanomas, which could reduce the incidence of this deadly disease. Even
though several chemopreventive agents have been developed, currently, no single agent is
effective for preventing melanomas, which is driving the search for more potent compounds
or compound combinations having greater chemopreventive efficacy. Although encouraging
data has been reported with selenium containing isoselenocyanates as well as isoselenoureas
in laboratory generated skin reconstructs as well as xenografted animal models, further
studies are required to determine the safety and efficacy of these agents for human use.
Similarly, studies are also warranted to determine the efficacy of naturally occurring, cost
effective compounds such as curcumins and EGCGs for melanoma prevention.
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FUTURE DIRECTIONS
Future studies aiming at effective melanoma chemoprevention should consider (a) using
targeted nano-technologies for effective delivery of chemopreventive agents; (b)
determining the efficacy of compound derivatives such, as those for curcumin, for safety and
efficacy; (c) developing better preclinical models for evaluating the chemopreventive
efficacy of various agents; and, (d) evaluating various compound combinations primarily
focusing on target based preventive strategies.
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Figure 1.
Types of chemopreventive agents used for preventing melanomas. Chemopreventive agents
have been classified based on whether they prevent the occurrence of melanomas in normal
healthy individuals (Category – I), or prevent the progression of already existing melanomas
(Category – II), or inhibit the recurrence of melanomas after a surgical treatment.
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Figure 2.
In vitro and In vivo models for testing the efficacy of melanoma preventing agents. Several
in vitro and in vivo models have been developed and tested for suitability to evaluate the
safety and efficacy of a particular chemopreventive agent. Although the in vitro skin
reconstruct model is a good representative of human skins it is not an exact replica of the in
vivo situation, hence several in vivo models also used for chemopreventive agents efficacy
and safety testing. Xenografted and spontaneous mouse models have been utilized for
chemoprevention studies. Additional models include transgenic mouse models and fish
models of melanoma
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Figure 3.
Structures of reported chemopreventive agents tested against melanoma. Chemopreventive
agents that have been tested using in vitro and in vivo models for preventing melanoma are
shown. For additional information refer the citations listed in parenthesis.
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