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Abstract

development and treatment.

Cutaneous malignant melanoma is a heterogeneous disease, being the consequence of specific genetic alterations
along several molecular pathways. Despite the increased knowledge about the biology and pathogenesis of
melanoma, the incidence has grown markedly worldwide, making it extremely important to develop preventive
measures. The beneficial role of correct nutrition and of some natural dietary compounds in preventing malignant
melanoma has been widely demonstrated. This led to numerous studies investigating the role of several dietary
attitudes, patterns, and supplements in the prevention of melanoma, and ongoing research investigates their
impact in the clinical management and outcomes of patients diagnosed with the disease. This article is an
overview of recent scientific advances regarding specific dietary compounds and their impact on melanoma
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Introduction
Nutrition plays an important role in cancer. The Ameri-
can Institute for Cancer Research and the World Cancer
Research Fund have estimated that 30-40% of all can-
cers can be prevented by a proper diet, physical activity,
and the maintenance of correct body weight [1, 2]. In-
deed, epidemiological evidence indicates that a poor
quality diet, physical inactivity, and overweight and obes-
ity are strong risk factors for multiple malignancies [3].
In this scenario, increasing numbers of foods and nutri-
ents with a protective effect have been identified in re-
cent years [4]. Despite the role of diet in cancer
prevention, this evidence is widely perceived as incon-
sistent, underlining the need for greater research and
communication clarity.

Cutaneous malignant melanoma (CMM) is the most
dangerous form of skin cancer, having a growing
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incidence, high metastatic potential and affecting all age
groups, which makes preventive measures particularly
urgent. The incidence differs among countries but has
increased markedly worldwide in recent years, especially
in white-skinned populations [5]. CMM arises from me-
lanocytes, the cells responsible for the production of the
melanin pigment of the skin, hair, and eyes, and is the
result of complex interactions between individual genetic
factors and environmental risk factors. The scientific lit-
erature has provided direct evidence that sun exposure
causes mutations in critical genes for melanoma [6].
Ultraviolet B (UVB) radiation is the most mutagenic
component of the ultraviolet spectrum and promotes
DNA damage more than ultraviolet A (UVA) radiation.
UVB radiation is responsible for the production of DNA
photoproducts such as cyclobutane pyrimidine dimers
(CPDs). CPDs cause bulky lesions that distort the DNA
helix, producing adducts that can suspend DNA replica-
tion and transcription. UVB can also damage DNA in-
directly by causing oxidative stress resulting from lipid
peroxidation and the formation of reactive oxygen and
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nitrogen intermediates [7, 8]. Moreover, exposure to
UVB causes inflammation, including erythema and
edema, and chronic inflammation is a recognized risk
factor for tumor development [9].

Molecular pathways underlying melanoma genesis are
complex; RAS-RAF-MEK-ERK mitogen-activated pro-
tein kinase (MAPK) and PI3K-PTEN-AKT (AKT) are
the two major pathways constitutively activated through
genetic abnormalities [10]. The two most common mu-
tations occur in BRAF (40-55%) and NRAS (15-30%);
clinically relevant BRAF mutations result in the substitu-
tion of valine at position 600 (BRAF'®®) in the gene en-
coding BRAF serine-threonine kinase in the MAPK
pathway [10].

As mentioned above, the incidence of CMM has con-
tinued to rise in recent years despite public efforts to
promote sun protection habits. Considering that the use
of sunscreen does not entirely prevent skin cancer, add-
itional chemo-preventive approaches are desirable. In
this regard, attention has been focused on the possible
role of diet in reducing the melanoma risk. Furthermore,
dietary interventions may have systemic benefits, unlike
purely topical methods of sun protection, and do not
need constant reapplication. Numerous studies have
suggested a protective role of some dietary elements, but
relationships between dietary intake of certain foods and
the cancer risk are still controversial. Dietary antioxidant
phytochemicals have demonstrated protective effects
and the presence of these compounds in the traditional
Mediterranean diet may be partly responsible for the
low incidence of CMM in this area, despite high levels
of solar radiation; other studies showed a trend towards
a reduced risk of CMM with a greater intake of vegeta-
bles and fruit, fish, as well as vitamins and beverages
such as coffee or tea [11, 12]. The results appear encour-
aging and could reinforce nutritional prevention cam-
paigns and the development of appropriate initiatives.
Extrinsic factors thought to play a role in melanoma pre-
vention are summarized in Fig. 1.

In this review, we report the most recent advances on
the comprehension of the biological mechanisms, which
underlay the impact of foods and dietary compounds on
the risk and prevention of melanoma. Considering the
wideness of the topic, and in order to avoid redundancy,
we chose to describe the main dietary compounds in-
volved in active research with substantial advances in
the last decade, excluding foods and compounds with
well-known impact on the disease.

Foods and melanoma risk: recent advances

There has been growing interest in the role of nutrition
for melanoma prevention in recent years, as demon-
strated by the rising of the total number of articles pub-
lished in PubMed on the topic (Fig. 2). Numerous
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Fig. 1 Extrinsic factors involved in melanoma prevention

epidemiological studies have widely demonstrated that
regular consumption of fruit and vegetables is associated
with a reduced risk of cancer [13]. Modification of diet
alone, by increasing vegetable and fruit intake, could
even prevent cancer. This evidence has awakened inter-
est in research on bioactive food components, and has
led to the identification of compounds with a cancer
preventive and therapeutic potential. Owing to their
safety, low toxicity and antioxidant properties, fruits,
vegetables and other dietary elements (phytochemicals
and minerals) have being analysed as chemopreventive
agents, intended to interrupt the carcinogenesis process,
which includes the initiation, promotion, and progres-
sion of otherwise normal cells to cancer. Some evidence
has also suggested that a variety of substances may en-
hance the therapeutic efficacy of drugs, reduce
chemotherapy-induced side effects or overcome
drug-resistance [14—16].

Bioactive food substances are identified on the basis of
in vitro and in vivo studies. These compounds present
tumor-suppressing properties in animal models of car-
cinogenesis, interfering with cellular processes of tumor
formation. In phase II studies in humans, it has fre-
quently been impossible to draw definite conclusions
about the preventive or clinical efficacy because of the
great variability and differences in study designs, patient
numbers, study duration, as well as lack of a standard-
ized formulation. Lastly, it is not always easy to reach a
consensus due to discordant results obtained in similar
studies.

In melanocytes, reactive oxygen species (ROS) accu-
mulate - including singlet oxygen (*O,), hydrogen perox-
ide (H,0,), and superoxide (O,") - leading to oxidative
stress-induced cell damage. In general, ROS may induce
antioxidant defenses by enhancing the expression of
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superoxide dismutase, catalase, glutathione peroxidase,
and peroxiredoxins, which maintain the redox balance
[17, 18]. However, when cellular ROS production over-
whelms the antioxidant capacity, the ROS cause serious
toxicity and damage in cells. Thus, ROS scavengers and
inhibitors of ROS production may suppress melanoma-
genesis and protect against skin damage.

From the molecular point of view, ROS are reported
to activate p21ras protein through increased phosphoryl-
ation [19]. Another signaling molecule which has been
shown to act as a direct target of ROS and nitrogen spe-
cies is ataxia-telangiectasia mutated (ATM) protein kin-
ase. It has been shown that the ATM protein is activated
after certain stresses, most notably after double-stranded
DNA breaks, through oxidation at the C-terminal region
of ATM [20]. Moreover, cells carrying inactivated ATM
exhibit constitutively high levels of ROS [21]. The mech-
anism whereby ATM regulates the intracellular redox
state is complex and may involve alterations of some
mTOR-dependent mechanisms [22]. In recent years,
studies have shown that ROS activate COX (three iso-
forms of cyclooxygenase, namely COX1, COX2, and
COX3) and that COX and its products induce ROS gen-
eration. A diagram of the main molecular effects trig-
gered by ROS is shown in Fig. 3.

Natural antioxidants are a focus of skin protection due
to their potential to scavenge ROS and inhibit the
UV-induced signal transduction pathway, thus offering a
promising strategy for combating melanogenesis [23,
24]. Many dietary compounds have been identified: vita-
mins, minerals, carotenoids and a large class of phyto-
chemicals (polyphenols, isothiocyanates, organosulfur

compounds), as well as sulforaphane, anthocyanidins,
lycopene, diallyl disulfide, rosmarinic acid, silymarins,
oleuropein, etc. [25, 26]. Both in vitro and in vivo studies
have elucidated various cellular and molecular mecha-
nisms by which such compounds scavenge ROS and act
against melanoma cell formation; we will focus initially
on coffee, tea and pomegranate, and then in specific
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dietary compounds in which consistent advances were
carried out in the last decade.

Coffee and tea are the most widely consumed bever-
ages worldwide. They contain numerous phytochemi-
cals, many of which are antioxidants, such as
chlorogenic acids, quinic acid, caffeic acid, ferulic acid,
and coumaric acid among the polyphenols and caffeine,
diterpenes (coffee lipids). The quantities of these compo-
nents depend on the brewing method [27, 28], and were
object of active research in relation to melanoma in re-
cent years.

Coffee

In vitro and animal studies suggest that bioactive con-
stituents of coffee may have anti-carcinogenic effects
against cutaneous melanoma; however, the epidemio-
logical evidence is limited to date. Prospective studies on
coffee consumption and malignant melanoma have
shown conflicting results, ranging from no association to
lower relative risk. Potential mechanisms of coffee phy-
tochemicals include inhibition of oxidative stress and
oxidative damage by ROS, regulation of DNA repair,
phase II enzymatic activity, apoptosis, inflammation, as
well as anti-proliferative, anti-angiogenetic effects, and
antimetastatic effects.

According to Loftfield et al. [29], high coffee intake is
associated with a lower risk of melanoma. The authors
found a 20% lower risk for participants who drank 4 or
more cups per day. The protective effect appeared to in-
crease with a higher intake, increasing from 1 or fewer
cups to 4 cups of coffee or more. The study on coffee
consumption was performed on 447,357 white partici-
pants using a self-administered food frequency question-
naire in 1995 through 1996, and for a median follow-up
of 10 years. The subjects were free of cancer at baseline
and the authors adjusted for ultraviolet radiation expos-
ure, body mass index, age, sex, physical activity level, al-
cohol intake, and smoking history. The preventive effect
was found to be statistically significant only for caffein-
ated coffee, and only for protection against malignant
melanoma and not melanoma in situ [29]. Their findings
suggested that drinking four or more cups per day may
decrease the risk of melanoma by 20%, but require repli-
cation also in other populations.

In another study, Wu et al. [30] reported that compo-
nents in coffee and tea may have anti-carcinogenic prop-
erties. They prospectively analysed coffee, tea and CMM
risk in the Women’s Health Initiative: a cohort study of
66,484 postmenopausal women, followed for an average
of 7.7years. Coffee and tea intakes were measured
through self-administered questionnaires at the begin-
ning and at year 3 of follow-up. Daily coffee and tea in-
takes were not significantly associated with melanoma
risk compared with no-daily intake of each beverage. No
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significant trends were observed between melanoma risk
and increasing intakes of coffee or tea. Women who re-
ported a daily coffee intake at both the starting point
and year 3 had a significantly decreased risk compared
with women who reported non-daily intake at both time
points (HR =0.68, 95% CI 0.48-0.97). Daily tea intake
was not associated with a decreased melanoma risk.
They concluded that there is no strong evidence that in-
creasing coffee or tea consumption can lead to lower
melanoma risk [30].

In another large study, Wu et al. [31] used data from
163,886 women in the Nurses’ Health Study II (NHS II,
1991-2009) and Nurses’ Health Study (NHS, 1980-
2008) and 39,424 men in the Health Professionals
Follow-up Study (HPES, 1986-2008). They documented
2254 melanoma cases over 4 million person-years of
follow-up. After adjustment for other risk factors, higher
total caffeine intake was associated with a lower risk for
CMM (2393 mg/d vs. <60mg/d: HR=0.78, 95% CI=
0.64—0.96, P trend = 0.048). The association was more
apparent in women (2393 mg/d vs. <60 mg/d: HR =
0.70, 95% CI=0.58-0.85, P trend = 0.001) than in men
(HR=0.94, 95% CI=0.75-1.18, P trend =0.81), and
more apparent for melanomas occurring on body sites
with a higher continuous sun exposure (head, neck and
extremities) (=393 mg/d vs. <60 mg/d: HR =0.71, 95%
CI=0.59-0.86, P trend = 0.001) than for melanomas on
other body sites (trunk including shoulders, back, hips,
abdomen and chest) (HR =0.90, 95% CI =0.70-1.16, P
trend = 0.60). No association was found between decaf-
feinated coffee consumption and CMM risk. They con-
cluded that caffeinated coffee consumption may be
protective against CMM [31].

A meta-analysis of cohort studies was conducted by
Wang et al. [32] to investigate the association between
coffee and the most common cancer types. This study
evidenced an inverse association between coffee intake
and oropharyngeal cancer, liver cancer, colon cancer,
prostate cancer, endometrial cancer, and melanoma but
an increased association for lung cancer. The reduction
was found to be up to 31% for oropharyngeal cancer,
13% for colon cancer, 54% for liver cancer, 11% for pros-
tate cancer, 27% for endometrial cancer, and 11% for
melanoma, for the highest compared to the lowest coffee
intake [32]. Simultaneously, Wang et al. [33] conducted
another meta-analysis to study the associations between
the consumption of total coffee, caffeinated or decaffein-
ated coffees, and melanoma risk, respectively. They se-
lected 12 studies including 832,956 participants for total
coffee consumption, 5 studies involving 717,151 partici-
pants for caffeinated coffee consumption and 6 studies
for a total of 718,231 participants for decaffeinated cof-
fee consumption. This meta-analysis suggests that coffee
consumption may reduce the risk of CMM. A
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dose-response analysis defined a decreased cutaneous
melanoma risk by 3% [0.97 (0.93-1.00)] and 4% [0.96
(0.92-1.01)] per 1 cup/day increment of total coffee and
caffeinated coffee consumption, respectively [33].

Also, Yew et al. [34] performed a meta-analysis of pub-
lished studies to evaluate any association between coffee
consumption and melanoma. Nine observational studies
were identified, for a total of 927,173 participants, of
which 3787 had melanoma. They calculated a 0.75 (95%
CI 0.63-0.89, p =0.001) relative risk (RR) for melanoma
among regular coffee drinkers compared to controls.
The pooled relative risk for melanoma among decaffein-
ated coffee drinkers was not, however, statistically sig-
nificant, at 0.92 (95% CI 0.82-1.05, p =0.215). The
authors concluded that there is some evidence for a
beneficial effect of regular coffee consumption on mel-
anoma, but more studies would be necessary to confirm
this association [34].

Liu et al. [35] identified and analyzed two case-control
studies (846 CMM patients and 843 controls) and five
cohort studies (including 844,246 participants and 5737
CMM cases). For caffeinated coffee, the RR for CMM
was 0.81 (95% CI =0.68—0.97; P-value for Q-test = 0.003;
12=63.5%) for those with the highest versus lowest
quantity of coffee intake. In the dose-response analysis,
the RR for CMM was 0.955 (95% CI =0.912-0.999) per
1 cup/day increment of caffeinated coffee consumption,
and a linear dose-response association was found
(P-value = 0.326). Moreover, no significant association
was found between the decaffeinated coffee intake and
CMM risk (RR=0.92; 95% CI=0.81-1.05; P-value for
Q-test =0.967; 12=0%) for the highest versus lowest
quantity of intake. This meta-analysis concluded that
caffeinated coffee might have preventive actions against
malignant melanoma but not decaffeinated coffee, in ac-
cordance with previous studies [35]. According to Lukic
et al. [36] who performed the Norwegian Women and
Cancer (NOWAC) study, moderate consumption of fil-
tered coffee is associated with a decreased risk of malig-
nant melanoma. Interestingly, the authors found no
evidence of an association between instant, boiled, or
total coffee consumption and the risk of CMM ([35].

In a more recent study, Caini et al. [37] examined the
relationships between coffee (total, caffeinated or decaf-
feinated) and tea consumption and the risk of melanoma
in the European Prospective Investigation into Cancer
and Nutrition (EPIC). EPIC was a multicentre prospect-
ive study that enrolled over 500,000 participants aged
25-70years from ten European countries in the years
1992-2000. Information on coffee and tea drinking were
collected at baseline using validated country-specific
dietary questionnaires. In this study, 2712 melanoma
cases were identified during a median follow-up of 14.9
years among 476,160 participants. Consumption of
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caffeinated coffee was inversely associated with melan-
oma risk among men (HR for the highest quartile of
consumption versus non-consumers 0.31, 95% CI 0.14—
0.69) but not among women (HR 0.96, 95% CI 0.62—
1.47). There were no statistically significant associations
between the consumption of decaffeinated coffee or tea
and the melanoma risk among men or women. In this
large cohort study, consumption of caffeinated coffee
was inversely associated with melanoma risk, only
among men [37].

A further study by Conney et al. [38] examined the ef-
fects of caffeine and the molecular mechanisms at the
basis of its protective effect. They indicated that caffeine
administration inhibits UVB-induced carcinogenesis by
enhancing apoptosis in UVB-induced tumors. The
stimulatory effect of caffeine on apoptosis occurs by
p53-dependent and p53-independent mechanisms. In-
hibition of the ATR/Chk1 pathway by caffeine is a major
contributor to caffeine inhibition of UVB-induced car-
cinogenesis. In addition, a p53-independent effect indi-
cated that caffeine enhanced UVB-induced apoptosis by
inhibiting the increase in ATR-mediated formation of
phospho-Chkl (Ser345) and abolishing the decrease in
cyclin B1, which resulted in caffeine-induced premature,
lethal mitosis in mouse skin. In short, ATR-mediated
phosphorylation of Chkl is an important target for caf-
feine’s inhibitory effect on UVB-induced carcinogenesis.
Moreover, caffeic acid inhibited the activation of the
IKK-NF-kB signaling pathway by scavenging intracellular
ROS generated by oxidative stress (Fig. 4). Upon activa-
tion, NF-kB can undergo retention in the nucleus of the
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cells and regulate the transcription of a wide variety of
genes, including those involved in cell proliferation [39].

Tea

Tea is also a popular beverage worldwide, derived from
the infusion of leaves of Camellia sinensis, a species
of the Theaceae family. The tea plant and its leaves have
long been used for medicinal purposes. Several in
vitro, in vivo, and epidemiological studies have reported
that the consumption of green tea may decrease
cancer risk. In particular, green tea and its major
polyphenol constituents, such as epicatechin (EC),
epicatechin-3-gallate (ECG), epigallocatechin (EGC), and
epigallocatechin-3-gallate (EGCG), have been shown to
possess many beneficial properties for health; further-
more, black tea polyphenols can induce apoptosis of
melanoma cell lines in vitro [40]. Evidence is now accu-
mulating that catechins and theaflavins, which are the
main polyphenolic compounds of green and black tea,
are responsible for further beneficial effects.

Regarding melanoma, large epidemiological studies did
not evidence a strong association between the consump-
tion of tea and risk prevention [30, 37]. Nevertheless, in-
teresting results come from in vitro and in vivo studies.
The anti-cancer properties of green tea are referred
mainly to epigallocatechin-3-gallate (EGCG). Owing to
its chemical properties, EGCG may act both as a sun-
screen and as a quencher of free radicals [41]. Experi-
ments in mouse models of melanoma indicated that
EGCG inhibits the formation of lung metastases after
tail vein injection of B16 melanoma cells [42], whereas
topical application showed partial inhibition of skin pap-
illoma growth in mice. Epigallocatechin-3-gallate helps
to reverse damage caused by UV light, and drinking
green tea has caused a decrease in UV-induced skin
tumor incidence and size compared with controls. In
mice, green tea polyphenols have also caused inhibition
of UV-induced matrix metalloproteinase-2, — 3, — 7, and
-9 expression, involved in degradation of the basement
membrane, preliminary to metastasis [43].

Animal studies have clearly demonstrated the
anti-carcinogenic effects of EGCG through induction of
melanoma cell apoptosis and cell cycle arrest by modulating
B-cell lymphoma 2 (Bcl-2) and the CKI-Cyclin-CDK path-
way [44—46]. In vitro studies evidenced that Green tea poly-
phenol epigallocatechin-3-O-gallate inhibits melanoma
tumor growth by activating the 67-kDa laminin receptor
(67LR) [44]. 67LR has been identified as a cell surface recep-
tor of EGCG and plays a key role in the cancer preventive
effects of EGCG. In melanoma, 67LR is expressed at a
higher level than in normal skin cells. The authors have pre-
viously shown that EGCG suppresses melanoma tumor
growth by activating the intercellular signaling pathway,
cAMP/protein kinase A (PKA)/protein phosphatase 2A, as
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an agonist of 67LR. They assessed the involvement of
67LR signaling pathway in the miRNA regulation mech-
anism of EGCG. Tea polyphenols have also been impli-
cated in multiple carcinogenesis pathways, including
angiogenesis inhibition, immune system modulation, and
activation of enzymatic systems involved in cellular de-
toxification through the glutathione S-transferase and
quinone reductase pathways [45, 46]. Overall, EGCG, ac-
counting for up to 80% of the total antioxidant polyphe-
nols called catechins in tea, exert inhibitory effects on
several components of the signaling cascades, which con-
trol proliferation and survival of cells of the melanocytic
lineage (Fig. 5).

However, the concentrations of EGCG required to
elicit the anticancer effects in a variety of cancer cell
types are much higher than the peak plasma concentra-
tion registered after drinking an equivalent of 2-3 cups
of green tea. Furthermore, the anti-cancer efficacy of
EGCG can be due to or enhanced by combining it syn-
ergistically with other chemical compounds, mixtures of
specific polyphenols or mixtures of polyphenols with vi-
tamins, amino acids, and other micronutrients.

Previous human studies have demonstrated the topical
effects of EGCG, which inhibits erythema, oxidative
stress, and infiltration of inflammatory leukocytes and
enhances pyrimidine dimer repair in DNA, in
UV-irradiated human skin. Because of these properties,
some skin-care products, including sunscreens, contain
green tea extracts, although in many cases their quanti-
tative polyphenol content is not standardized [47]. Still,
the photoprotective bioactivities of orally administered
polyphenols were validated in a 12-week, double-blind,
placebo-controlled study [48]. Moreover, in a clinical
study, topical use of 660uM EGCG for 2 weeks
during radiotherapy was non-toxic for patients with
non-inflammatory breast cancer, effectively preventing
radiation-induced dermatitis and significantly lowering
the symptom scores of burning, pain, and itching [49].
Therefore, polyphenols and EGCG can relieve
carcinogen-induced cutaneous damages and may then
help to prevent cutaneous carcinogenesis.

The conflicting results obtained in the studies ex-
amined may be because of the various types of teas
used, as well as variable tea preparations, unknown
concentrations of different antioxidants, and also the
bioavailability of many of these compounds after in-
gestion may be different across populations. Further-
more, many of these studies are often influenced by
the intake of other protective or harmful substances,
and it is difficult to distinguish these confounding
variables [50]. Further preclinical and clinical studies
on green tea compounds and, especially, polyphenols
for the prevention of skin cancers including melan-
oma are required.
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Pomegranate

Several studies have demonstrated that pomegranates
possess strong anti-oxidant actions due to their free rad-
ical scavenging capacity [51]. These fruits possess
anti-proliferative, anti-inflammatory and anti-tumorigenic
functions [52-54]. In preclinical animal studies, oral con-
sumption of pomegranate extract inhibited the growth of
lung, skin, colon and prostate tumors. Several clinical
studies have been conducted on human volunteers.
Pomegranate extract, given to 70 patients with diagnosed
prostate adenocarcinoma for 4 weeks decreased
8-hydroxy-20-deoxyguanosine  (8-OHdG), an oxidative
stress biomarker. The presence of pomegranate metabolites
was shown in benign and malignant prostate tissues [55].
Nevertheless, no epidemiological studies investigating their
role in preventing melanoma are currently available.

Kang et al. [23] examined the underlying mechanisms
of dried pomegranate concentrate powder (PCP) on
melanin synthesis in BI6F10 melanoma cells. Pomegran-
ates are rich in ellagic acid and other polyphenols, such
as flavonoids and hydrolyzable tannins. Recently, it was
demonstrated that the skin-whitening effects of pome-
granates are due to the inhibition of proliferation and
melanin synthesis by tyrosinase in melanocytes. The re-
sults obtained in B16F10 cells suggest that pomegranate
decreases tyrosinase activity and melanin production via
inactivation of the p38 and PKA signaling pathways, and
subsequently decreases phosphorylation of CREB, MITFE,
and melanogenic enzymes. Oral feeding of pomegranate
fruit extract (PFE, 0.2%, wt/vol) was found to sustain
protection from the adverse effects of single UVB

radiation in mice. UVB-induced epidermal hyperplasia,
infiltration of leukocytes, protein oxidation and lipid
peroxidation were inhibited by pomegranate [56]. Pom-
egranate also elicited significant suppression of
UVB-induced protein expression of COX-2, iNOS,
PCNA, cyclin D1, and matrix metalloproteinases-2, — 3
and - 9. Moreover, the protection mechanism involved
the inhibition of UVB-induced nuclear translocation and
phosphorylation of NF-kB /p65, phosphorylation, and
degradation of IkBa, activation of IKKa/IKKP as well as
phosphorylation of MAPK and c-Jun. [56]

In another study performed with HaCaT cell line,
pomegranate seed oil nano-emulsion entrapping
polyphenol-rich ethyl acetate fractions was able to protect
the DNA against UVB-induced damage [57]. Studies in a
mouse skin tumorigenesis model also showed that the
combination of polyphenols and diallyl sulfide (DAS) syner-
gistically reduced the tumor incidence by interfering with
cell proliferation and by stimulating apoptosis, as shown by
histological and cell death analysis [58]. In SKH-1 hairless
mice, pomegranate fruit extract (PFE) reduced UVB-NF-kB
activation and mitogen-stimulated protein kinase pathways.
Per-oral administration of PFE (0.2%,wt/vol) for 14 days de-
creased the UVB-mediated skin edema, hyperplasia, infil-
tration of leukocytes, lipid peroxidation, hydrogen peroxide
generation, ornithine decarboxylase (ODC) activity, expres-
sion of ODC, COX-2 and proliferating cell nuclear antigen
protein. In addition, PFE increased the repair of
UVB-stimulated production of cyclo-butane pyrimidine di-
mers and 8-oxodG. PFE increased the UVB-mediated rise
of tumor suppressor p53 and cyclin kinase inhibitor p21.
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Per-oral administration of PFE reduced the nuclear trans-
location of NF-kB, activation of IKKa and phosphorylation
and degradation of IkBa mediated by UVB [59].

In a mouse model, topical application of PFE 2mg
prior to the application of 3.2 nmole 12-O-tetradecanoyl
phorbol-13-acetate (TPA) time-dependently elicited a
significant inhibition of the TPA-induced rise in skin
edema and hyperplasia, epidermal ODC activity and
protein expression of ODC and COX-2 [60]. In addition,
PFE showed a decrease of TPA-mediated phosphoryl-
ation of ERK1/2, p38 and JNK1/2, as well as the activa-
tion of NF-kB and IKKa, and phosphorylation and
degradation of IKBa. PFE-treated animals revealed a re-
duced tumor incidence and lower tumor volume burden.
All these studies indicate that PFE is a strong antitu-
moral agent in animal models. More clinical trials are
required to confirm the efficacy of pomegranate [60].

Nutrients/phytochemicals and melanoma
Resveratrol

Resveratrol is a natural polyphenol commonly found in
fruits, grape skins, mulberries, and red wine. Early basic
research studies identified anticancer effects of resvera-
trol against several different tumors and in multiple
stages of tumor initiation and proliferation [61]. Specific-
ally, resveratrol can induce cancer cell apoptosis by
interfering with multiple signaling pathways of the
transformed cells. Resveratrol may also promote
immune-surveillance through the innate immune sys-
tem, thereby influencing the elimination of spontaneous
tumor cells prior to proliferation [62].

To delineate this role, a clinical trial focused on de-
tecting differences in immune system profiles was per-
formed in healthy subjects given 1 g of resveratrol daily
for 2 weeks. Preclinical studies had confirmed that res-
veratrol can induce the expression of NKG2D ligands in
transformed cells and thus render these cells more sus-
ceptible to NK cell lysis via NKG2D cytotoxic pathways
[63]. Resveratrol may modulate this axis to allow for in-
creased tumor surveillance by the innate immune sys-
tem. Moreover, it has previously been shown to protect
human skin from the effects of sun damage by decreas-
ing sunburn cell formation [64, 65]. Pharmacokinetic
evidence indicates that resveratrol has poor bioavailabil-
ity due to its rapid and extensive liver metabolism, which
severely impairs its therapeutic effects. Melanoma cells
often rely on alpha-melanocyte-stimulating hormone
signal transduction, a crucial process in the development
and spread of melanoma cells, that is suppressed by res-
veratrol [66, 67]. The alpha-melanocyte-stimulating hor-
mone has also demonstrated immunosuppressive
properties and beneficial effects in modulating chronic
inflammation, by down-regulating major histocompati-
bility complex (MHC) molecules, in addition to CD40,
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CD80, and CD86 co-stimulatory molecules [68, 69]. Res-
veratrol was shown to have other anticancer properties;
in particular, it exerts anti-proliferative activity against
melanoma A431 cells and induces apoptosis in A475
and SK-mel28 cells [70, 71].

Although human studies are limited, further data have
shown that resveratrol is pharmacologically safe, making
it a prime candidate for potential future cancer thera-
peutic agents. Resveratrol may also be an effective adju-
vant treatment, as it prevents endothelial cell injury in
high-dose interleukin 2 therapy for melanoma. A topical
application of a formulation containing 1% resveratrol,
0.5% baicalin and 1% vitamin E for 12 weeks can mildly
modulate photo-damaged skin, improving the chances of
cutaneous rejuvenation [72, 73]. Given the low bioavail-
ability of this compound when administered either orally
or topically, novel formulation strategies have been
attempted. Researchers have designed dermal resveratrol
delivery into human skin by using formulation techniques
such as micro-emulsions [74] or lipid-core nano-capsules
[75]. In addition, Amiot et al. developed a soluble resvera-
trol formulation that had an 8.8-fold higher plasma con-
centration in healthy volunteers than that of powders [76].
Based on these pharmaceutical achievements in human
subjects, it seems necessary to further verify the
chemo-preventive activities of resveratrol.

Vitamins

Vitamin A (retinol) is a fat-soluble compound that is ne-
cessary for normal physiologic function and cannot be
synthesized by humans, is therefore classified as an es-
sential nutrient [77]. Vitamin A is obtained in the form
of retinyl esters from the diet, mostly from animal
sources such as eggs, milk, and liver. Also, plant-based
pro-vitamin A carotenoids, such as o-carotene and
B-cryptoxanthin, can be converted to vitamin A in the
intestine but only <10% of these carotenoids can
undergo conversion [78, 79].

The effect of vitamin A on melanoma development is
of particular interest. Results from epidemiologic studies
concerning the association between vitamin A intake
and melanoma risk are still controversial [80]. Older evi-
dence suggests that retinoids have powerful effects in
inhibiting cell growth, proliferation, inducing apoptosis
and differentiation in human and murine melanoma cell
lines. Dietary carotenoids have antioxidant properties,
thus reducing the risk of UV-induced skin tumors in
mice, and the administration of vitamin A has been pro-
posed as a melanoma chemoprevention approach;
pro-vitamin A carotenoids have also been proven to
exert an anti-melanoma activity through alternate path-
ways including anti-angiogenic effects by altering cyto-
kines profiles and nuclear translocation of transcription
factors in melanoma cell lines [80-85].
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Vitamin C may also have a potential role in melanoma
chemoprevention [86, 87]. It is an essential
water-soluble nutrient that acts as an antioxidant and a
cofactor of various metabolic enzymes [88]. Moreover,
vitamin C exerts effects on host defense mechanisms
through the maintenance of immune homeostasis [89].
It has dual properties in oxidative processes, acting as an
antioxidant and pro-oxidant in the presence of metal
ions [90]. As an antioxidant, it protects cells and tissues
from oxidative stress due to its conversion to the oxi-
dized form, dehydroascorbic acid (DHA), that is reduced
to ascorbic acid inside the cells, thereby decreasing
intracellular ROS levels. On the other hand, it also accel-
erates oxidative metabolism by preventing the use of
pyruvate for glycolysis. This feature helps to inhibit the
proliferation of tumor cells, but not normal cells. Ascor-
bate decreases the mitochondrial membrane potential,
activates caspase 3 which results in apoptosis in
melanoma A375 cells. Ascorbate is even responsible for
a decrease of HIF-1 levels, through the inhibition of
COX-2 expression, through IGF-II production and
caspase-independent autophagy [90-93].

Vitamin E and its various derivatives have demon-
strated photo-protective and anti-oxidative properties
against melanoma in animal studies. However, the re-
sults in epidemiological studies have been less convin-
cing [94-96]. The studies have failed to demonstrate a
clear relationship between the dietary intake of vitamin
E and melanoma incidence. Accordingly, it has been
suggested that oral supplementation may not have a
clinically significant effect [62]. From a biological point
of view, there are eight natural compounds that have
been found to have vitamin E activity: D-a-, D-p-, D-y-
and D-6-tocopherol, and D-a-, D-B-, D-y- and
D-6-tocotrienol. a-Tocopherol may inhibit melanin syn-
thesis both directly by inactivating tyrosinase, which is
the key enzyme of melanogenesis in melanocytes, and by
affecting the post-translation levels of tyrosinase-related
protein 1 and 2 [97]. According to Kamei et al. [98],
other forms of tocopherol (D-B-tocopherol and
D-y-tocopherol) have a promising anti-melanogenetic
activity with less cytotoxicity at relatively high concen-
trations. Moreover, it has been reported that vitamin E
succinate can inhibit the growth and survival of melan-
oma cells in vitro [99], while another study reported
anti-melanoma effects of vitamin E succinate in vivo
[100]. Vitamin E also reduces IL-6 and IFN-y production
by different leukocyte subsets and limits the toxic effects
of ROS released during inflammation [101]. The transla-
tional value of these evidences remain to be clarified.

Vitamin D status has been widely suggested to affect
cancer risk and play a role in cancer prevention (includ-
ing melanoma) by exerting anti-proliferative effects [102,
103]. Solar radiation is critical for vitamin D synthesis in
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humans; however, uncontrolled and intensive sun expos-
ure is dangerous to skin health and may contribute to
the development of cutaneous malignant melanoma
[104]. A correct balance between sun protection/expos-
ure and vitamin D status is thus advocated. In recent
years, there has been growing interest in understanding
the link between vitamin D levels and melanoma. There
are epidemiological studies to confirm the hypothesis
that higher vitamin D levels might protect from melan-
oma, although a number of cohort studies have ad-
dressed a possible protective effect of vitamin D [103—
108]. Nevertheless, there are insufficient indications to
recommend vitamin D supplementation to decrease
melanoma risk.

Vitamin D has a clear anti-proliferative activity on mel-
anoma cell lines in vitro [109]. There is evidence of re-
duced expression of the vitamin D receptor during
progression from nevi through primary to metastatic mel-
anoma. These observations suggest that if vitamin D is
anti-proliferative for melanoma cells in vivo, then those
cells might be less likely to respond to the
anti-proliferative effects of vitamin D as progression oc-
curs. A high circulating vitamin D concentration has been
found to be associated with reduced melanoma progres-
sion and improved survival. The reported effects of vita-
min D on the immune system are extremely complex. If
vitamin D supplements suppress adaptive immunity, then
that would be a potentially harmful effect in melanoma
patients. High doses of vitamin D are also to be avoided.
The evidence that vitamin D levels might influence melan-
oma risk remains uncertain; however, it should also be
pointed out that no studies of sufficient size to address
this issue have been conducted [110]. In addition, patients
with CMM who strictly avoid sun exposure might benefit
from 25(OH) D supplements that are sufficient to main-
tain serum levels above 30 ng mL-1. Given the interest in
using vitamin D to reduce cancer risk, more research is
warranted to establish its role in the control and progres-
sion of melanoma, and whether vitamin D supplements
can reduce cancer risk and progression and improve out-
comes. Interestingly, it has been also shown that vitamin
D could be used to control immune-related adverse events
mediated by Th-17+ cell expansion occurring during im-
munotherapy for CMM [111-113].

Flavonoids

Flavonoids are a large group of polyphenolic compounds
(more than 5000) found in vegetables, which exhibit
anti-tumor activities that are attracting more and more
attention in chemoprevention and cancer treatment. The
molecular mechanisms of flavonoids and their activities
in antioxidant, anti-inflammation and immune modula-
tion, anti-proliferation, anti-angiogenesis, apoptosis in-
duction, and epigenetic modifications have been studied
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in vitro, or in mouse [114]. Large epidemiological studies
(including melanoma) are currently lacking. The mo-
lecular mechanisms of flavonoids as antioxidants can be
summarized in three major categories:

a. Reacting directly with free radicals via their free
hydroxyl group(s) and quenching these activities.

b. As chelators for redox-potent transition metal ions,
Cd2+,Fe2+, Co 2+, Ni 2+, Cu 2+, Cr 3+ and Zn2+
[46, 47]. These metals cause a ROS increase and the
metal binding sites for flavonoids are usually adja-
cent to hydroxyl and/or ketone side groups.

¢. Modulating multiple cellular anti-oxidant systems
which re-establish the redox balance in cells after
oxidative stress.

Flavonoids modulate inflammatory effects through a few
key mediators in melanoma and skin tissues: AP-1
[115], NFKB [116], STAT3 [117] and nitric oxidases (mainly
iNOS and nNOS) [118, 119]. Flavonoids exhibit also
anti-proliferative and anti-apoptotic effects via HGF/SF-Met
signaling, MAPK pathway and PI3K-Akt pathway [120].

Proanthocyanidins

Proanthocyanidins are effective antioxidants and
anti-inflammatory agents found in particularly high con-
centrations in grapes (GSPs) [60]. GSPs have been found
to reduce UV skin damage, like photo-aging, and to de-
crease melanin synthesis [121, 122]. .In humans, GSPs
have been shown to reduce mutant p53-positive epider-
mal cells and prevent the depletion of Langerhans cells
after sunburns. Mouse studies have also yielded strong
evidence supporting the inhibition of UV-induced tumor
incidence, growth, and size, as well as metastatic pul-
monary nodules, after the administration of grape seed
extract [123, 124]. GSPs were also shown to inhibit cell
migration in highly metastasis-specific human A375 and
Hs294t melanoma cell lines: 22 to 65%, (P < 0.01) and 29
to 69%, (P <0.01), respectively. In addition, GSPs de-
creased tissue plasminogen activator-induced activation
of extracellular-signal-regulated kinase 1/2 protein and
nuclear factor-xB/p65. These proteins have been shown
to enhance and mediate the migration of melanoma
cells. The inhibitory effects of GSPs on NF-«xB also
helped to reverse the epithelial-to-mesenchymal transi-
tion occurring in both melanoma cell lines. This
evidence suggests a potential utilization as an
anti-melanoma agent, considering that no toxicity has
been shown in vivo [125].

Luteolin

Luteolin is another flavonoid common to many plants. It
protects against SSBs (single-strand breaks) induced by
oxidative stress in PC12 rat pheochromocytoma cells
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[126]. It possessed apoptotic potential in human lung
squamous carcinoma CH27 cells, showing greater DNA
damage and “S” phase cell cycle arrest [127]. Luteolin
activates intrinsic apoptotic pathways by inducing DNA
damage and p53 in many cancer cells [128, 129]. It induced
apoptosis by inhibiting fatty acid synthase, a key lipogenic
enzyme overexpressed in many human cancers [130].
Moreover. a chemo-preventive effect of luteolin and associ-
ated mechanisms were reported in the JB6 P+ neoplastic
mouse cell line and the SKH-1 hairless mouse models
[131]. Luteolin has been shown to delay or block the devel-
opment of cancer cells both in vitro and in vivo, to protect
DNA and induce cell cycle arrest and apoptosis via intrinsic
and extrinsic signaling pathways [132]. Additionally, luteo-
lin induces apoptosis in multidrug-resistant cancer cells by
ROS generation, DNA damage initiation, activation of
ATR/Chk2/p53 signaling, inhibition of NF-kB signaling, ac-
tivation of p38, and depletion of anti-apoptotic proteins
[133]. In addition, luteolin inhibits the hypoxia-induced
epithelial-mesenchymal transition (EMT) in malignant mel-
anoma cells both in vitro and in vivo via the regulation of
3 integrin [134]. Another study demonstrated that luteolin
7-sulfate isolated from P. iwatensis (a marine plant) is a hu-
man TYR inhibitor with advantageous anti-melanogenic
properties, and would be a useful agent for the control of
unwanted skin pigmentation [135].

Apigenin

Like luteolin, apigenin is a natural dietary flavonoid with
anti-inflammatory and anti-oxidant properties. Epi-
demiological evidence suggests that apigenin intake re-
duces the risk of cancers and it has been found that
apigenin inhibited ultraviolet light-induced skin carcino-
genesis in mice. Subsequent studies also suggested
anti-melanoma effects of apigenin, including inhibition
of melanoma metastasis [136, 137]. In Cao [138], the in-
volvement of the STAT3 signaling pathway in the
anti-metastatic effect of apigenin was examined. Two
human melanoma cell lines, A375 and G361, with con-
stitutive activation of STAT3, together with a murine
melanoma cell line, B16F10, were employed, showing
that inhibition of the STAT3 signaling pathway contrib-
utes to the anti-metastatic effect of apigenin. In view of
the reported anti-proliferative activity and low toxicity
property of this compound, apigenin may also have a po-
tential role in melanoma treatment or prevention. In
Table 1, the anti-melanoma effects of the main dietary
compounds are synthesized.

Dietary lipids

Several studies suggest that high dietary fat intake is dir-
ectly associated with the risk of colorectal, liver, breast,
pancreatic, gastrointestinal and prostate cancer [139, 140].
An increased intake of certain fatty acids promotes cancer
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Table 1 Dietary compounds and their effects against melanoma
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Dietary source/ Anti-melanoma effect References
compounds
Coffee/various inhibition of oxidative stress and oxidative damage, regulation of DNA repair, phase Il enzymatic activity, 29-39
phytochemicals apoptosis, inflammation, antiproliferative, antiangiogenetic effects, and antimetastatic effects
Tea/catechins and reverse damage caused by UV light; decrease in UV-induced skin tumor incidence and size inhibiting angiogen- 40-50
theaflavins esis, modulation of the immune system; activation of enzyme systems involved in cellular detoxification; EGCG
inhibits erythema, enhances pyrimidine dimer repair in DNA, in UV-irradiated human skin
Pomegranate decreases tyrosinase activity and melanin production; decreases phosphorylation of CREB, MITF, and 51-50
melanogenic enzymes; strong antitumor agent in animal models
Resveratrol antiproliferative activity against melanoma cells, induction of apoptosis; modulation of photodamaged skin 61-76
Vitamin A Inhibition of growth, proliferation, apoptosis-induction, alteration of cytokines profiles 77-85
Vitamin C to limit the toxic effects of ROS, immune homeostasis, apoptosis 86-93
Vitamin D anti-proliferative activity, effects on the immune system 109-113
Vitamin E reduction of IL-6 and IFN-y production by different leukocyte subset, to limit the toxic effects of ROS, tyrosinase- 94-101
inactivation
Flavonoids: protection against UV damage; Induction of apoptosis Inhibition of cell growth in cell lines. Reversed epithelial-  114-138
GSPs, Luteolin, to-mesenchymal transition
Apigenin, etc.

growth while some other fatty acids have shown protective
roles against cancer incidence. For example, palmitic acid
and stearic acid seem to be potentially mutagenic to colo-
nocytes [141], while the intake of arachidonic acid is not
associated with colorectal cancer risk [142]. Dietary intake
of linoleic acid increases the risk of prostate cancer; while
consumption of w-3 polyunsaturated fatty acids, docosa-
hexaenoic and eicosapentaenoic acid, is associated with a
decreased incidence of prostate cancer [143].

In a recent epidemiological study performed by Donat
— Vargas et al. the authors controlled for sun habits and
skin type, including 20,785 women from the prospective
population-based Swedish Mammography Cohort. Vali-
dated estimates of dietary PCB exposure and eicosa-
pentaenoic  acid-docosahexaenoic acid (EPA-DHA)
intake were obtained via a food frequency questionnaire.
They ascertained 67 cases of melanoma through
register-linkage. After multivariable adjustments, expos-
ure to dietary PCBs was associated with a four-fold in-
creased risk of malignant melanoma (HR 4.0, 95% CI
1.2-13; P for trend = 0.02]), while EPA-DHA intake was
associated with an 80% lower risk (HR 0.2, 95% CI 0.1-
0.8; P for trend = 0.03), when comparing the highest ex-
posure tertiles with the lowest. While a direct associ-
ation between dietary PCB exposure and the risk of
melanoma exists, EPA-DHA intake was shown to have a
substantial protective association.

Although the effects of different dietary fatty acids on
cancer pathogenicity are diverse, it is generally believed
that an excessive intake of certain fatty acids or the de-
velopment of obesity and complications caused by the
excess calorie intake promotes cancer growth [144].

Another aspect to consider is metastasis. Recently, a
small population of CD36+ cells, that are highly

predisposed to promote metastasis and are predominantly
defined by a lipid metabolism signature, has been identi-
fied [145]. Pascual et al. described a subpopulation of
CD44 bright cells in human oral carcinomas that do not
overexpress mesenchymal genes, are slow-cycling, express
high levels of the fatty acid receptor CD36 and lipid
metabolism genes, and are unique in their ability to
initiate metastasis. Palmitic acid or a high-fat diet
specifically boost the metastatic potential of CD36+
metastasis-initiating cells in a CD36-dependent manner
[145]. Two recent studies evidenced that »-3 polyunsatur-
ated fatty acids exert antitumourigenic activities against
melanoma metastasis, via autophagy-mediated p62 elim-
ination, CXCR4 suppression, and anti-inflammatory prop-
erties [146, 147].

PCB and melanoma risk

Other than ultraviolet (UV) radiation risk factors may
play a role in melanoma-genesis, such as environmental
chemical exposures [148]. Polychlorinated biphenyls
(PCBs) are synthetic organochlorine chemicals with
well-described toxicity [149]. PCBs, which are wide-
spread in the environment, accumulating in the food
chain (they are classified in Group 1 as carcinogenic to
humans by the International Agency for Research on
Cancer) [150]. People are exposed to PCBs primarily
through food, in particular when eating fatty fish. PCBs
are absorbed and accumulated in adipose tissue, with a
half-life ranging from 2 to 10 years [151].

The study of Donat-Vargas mentioned above is the
only epidemiological study reporting results on interac-
tions of PCBs and melanoma [152]. Gallagher et al.
[153] conducted a case-control study of 80 CMM pa-
tients and 310 controls, collecting sun exposure
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information, data on pigmentation and sun sensitivity,
along with a blood sample from each. Cases and controls
were assayed for plasma levels of 14 PCB congeners and
11 organochlorine pesticide residues using gas chroma-
tography. Strong associations were seen between the risk
of CMM and plasma levels of non-dioxin-like PCBs (ad-
justed OR =7.02; 95% CI: 2.30-21.43) and several PCB
congeners, organochlorine pesticides or metabolites.
These associations persisted after controlling for sun
sensitivity and sun exposure.

Conclusions

A great number of studies have been published recently
investigating the roles of several dietary compounds in the
prevention, development, and therapy of melanoma. Sev-
eral foods and nutrients have been shown to have protect-
ive effects against melanoma-genesis or synergic effects
with the medications used for CMM treatment. Recent lit-
erature reviews and data from the World Cancer Research
Fund describe the epidemiological aspects of the interac-
tions between diet and melanoma [154, 155]. In the
present review, we focused mainly on recent advances re-
garding the biological mechanisms which lay under such
interactions, involving specific compounds of current ac-
tive research. Numerous encouraging results emerged,
alone with conflicting outcomes, especially when basic re-
search data are transferred to humans. This may depend
on the heterogeneity of the compounds studied, their con-
centration, preparation, and administration, as well as on
the heterogeneity of the methodological approaches and
laboratory techniques employed. Further studies, at both
the basic research and epidemiological level, performed
with standardized approaches are needed to better com-
prehend the value of a wide range of nutrients in the pre-
vention and clinical management of melanoma.
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