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 Abstract: Several clinical studies have shown that exposure of skin to solar ultraviolet (UV) radiation 
causes adverse effects, such as inflammation, oxidative stress and DNA damage. As a result, different 
skin disorders can arise among which skin cancer, including non-melanoma skin cancer (NMSC) and 
melanoma (MM). Phenolic compounds are plant-derived secondary metabolites with a well-known 
antioxidant activity, able to counteract the negative effects of UV radiation. In this review we discuss 
the effects of some selected phenols on NMSC and MM, demonstrating that they can be useful in the 
prevention and in the treatment of these types of tumors. Moreover, we report the mechanisms by 
which these phenols carry out their antitumor action. In vitro and in vivo studies have highlighted that 
many phenols are capable of inducing photoprotection, apoptosis and autophagy. They can also 
reduce DNA methylation, tumorigenesis, tumor incidence and proliferation. Moreover, we describe 
some examples of plant extracts, whose anticancer activity appears to be better than that of single 
phenols. A great concordance of results emerged, despite the differences in experimental methods. 
Therefore, the knowledge compiled here could provide the basis for conducing some well-organized 
clinical trials to validate the chemopreventive and the therapeutic potential of some phenolic 
compounds in patients with NMSC and MM. 
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1. INTRODUCTION 

 Skin cancer represents the most common human 
malignancy. The principal classes of skin cancer are 
cutaneous melanoma (MM) and non-melanoma skin cancer 
(NMSC). MM and NMSC differ primarily for the cells type 
in which they develop, as NMSC evolves in the 
keratinocytes of the epidermis, while MM in melanocytes. 
Skin cancer has a high survival rate and is generally treatable 
if diagnosed immediately; however, the metastatic form has 
an unfavorable prognosis. The incidence of both MM and 
NMSC has been increasing over the past decades. MM is 
less frequent but presents high mortality. It was 
demonstrated that both MM and NMSC are caused by 
ultraviolet (UV) radiations exposure, mainly UVA and UVB. 
UVA is the longest wavelength (320–400 nm) with the least 
energy, UVC the shortest (200–290 nm) but with the highest  
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energy and UVB has a value between UVA and UVC (290-
320 nm) with medium energy. UVC is completely absorbed 
by atmospheric ozone, while UVA and UVB are absorbed by 
the ozone layer for 5-10% and 90-95% respectively, and 
therefore reach the earth’s surface. UVA rays can penetrate 
through the epidermis into the dermis during skin exposure 
while UVB rays are absorbed in the epidermis [1]. UVB 
radiation damages directly DNA through the formation of 
cyclobutane pyrimidine dimers (CPDs) and pyrimidine-
pyrimidone 6-4 (6-4PP) photoproducts due first to cleavage 
of internal 5–6 double bonds and after to creation of 
abnormal covalent bonds between adjacent pyrimidines 
(figure 1) [2]. More specifically, thymine–cytosine and 
cytosine–cytosine dimers are reported to be the most 
oncogenic CPDs since their mutations were found, in UV 
irradiated cancer cells, in the tumor suppressor gene of the 
protein p53 [3]. Indeed, CPDs are involved in the 
suppression of immune system and in skin carcinogenesis. 
CPDs and 6-4PP are highly mutagenic but CPDs are less 
efficiently repaired than 6-4PP photoproducts [4]. Regarding 
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6-4PP, these dimers are unstable, and thanks to the 
absorption of UV wave-lengths of around 320 nm, they shift 
into the more stable so-called Dewar valence isomers (figure 

1).[5] 

Fig. (1). Chemical structure of the main UVB-induced 
photoadducts cyclobutane pyrimidine dimers (TC CPD), 
pyrimidine-pyrimidone 6-4 (TC 6-4PP) and TC 6-4PP Dewar 
isomers produced from Thymine (T) and Cytosine (C). 

 

The presence of abnormal covalent bonds between 
adjacent pyrimidines (CPD, 6-4PP, and Dewar isomers) 
inhibits polymerase transcription and arrests replication, 
which can lead to the activation of the p53 protein inducing 
apoptosis in healthy keratinocytes [6]. UV radiations induce 
also damages in RNA bases, especially during RNA 
transcription and translation with harmful consequences. 
More specifically, mutations in mRNA may be responsible 
of the production of dysfunctional proteins [7]. UVA 
radiation generates reactive oxygen species (ROS) that 
directly damage proteins, lipids, and DNA. The excessive 
formation of ROS induces oxidative stress that is involved in 
carcinogenesis as amply documented [8]. Therefore, 
targeting ROS-induced oxidative stress could represent a 
useful approach in cancer treatment.   

In this review, we summarize the knowledge about the 
involvement of UV radiation and oxidative stress in onset 
and development of skin cancers. Furthermore, the literature 
regarding the antioxidant role of polyphenolic compounds in 
the prevention and treatment of skin cancers is reviewed by 
reporting the studies published in the last ten years. 

 

1.1. Melanoma 

MM was the fifth most common malignancy in men and 
the sixth most common in women in the United States in 
2017 [9]. Among all deaths for skin cancer, in 2017 in the 
United States, approximately 72% is related to MM [9]. 
However the 5-year relative survival for MM is 92%, and in 
the case of primary MM without lymph node involvement, it 
even reaches 98% [10]. The exposure to UV light provokes 
variations in particular genes (polymorphisms) responsible 
of the defensive response of the skin to UV light. In 
particular, UV radiation induces genetic changes in the skin, 
damages cutaneous immune function, increments the 
production of growth factors, and causes the formation of 
ROS. MM, for example, is characterized by a many 
ultraviolet-signature mutations, such as C → T (caused by 
UVB) or G→T (caused by UVA) transitions [11]. These 
polymorphisms increase the risk of MM considerably. 

Consequently, due to exposure to UV light, skin 
pigmentation improves through the action of α-melanocyte–
stimulating hormone (α-MSH) on its receptor, the 
melanocortin receptor 1 (MC1R), which stimulates 
intracellular signaling in melanocytes and increases the 
production of melanin. Germ-line polymorphisms in the 
MC1R gene are often present in light-skinned and redheaded 
people, and they lead to a reduction of the activity of the 
receptor, and to an increase of the predisposition to MM 
[12]. The appearance of MM is generally linked to 
frequently intermittent exposure to the sun. Similarly, to 
other cancers, the development of MM is due to the 
activation of oncogenic signal transduction. Malignant 
transformation into MM can occur following mutations such 
as the activating BRAFv600 (Val600), which has been 
already found in benign formations, or additional mutations, 
such as mutations in the telomerase reverse-transcriptase 
(TERT) promoter, tertiary mutations in cell-cycle controlling 
genes (cyclin-dependent kinase-inhibitor 2A [CDKN2A]) or 
chromatin-remodelling (AT-rich interaction do main 
[ARID]1A, ARID1B, ARID2). Metastatic MM progression 
is associated with mutations in phosphatase, tensin 
homologue (PTEN) or tumor-protein p53 (TP53) [13]. 
However, in MM the overstimulation of the cellular 
pathways, the main of which are the activated mitogenic-
protein-kinase (MAPK) pathway, phosphoinositide-3-kinase 
(PI3K), proteinkinase-B (AKT), PTEN and the mammalian 
target pathway of rapamycin (mTOR), can occur. Frequently 
the MM cells avoid the immune system. 

 

1.2. Non-Melanoma Skin Cancer 

Although various types of skin cancer, such as 
cutaneous lymphoma, adnexal tumors, Merkel cell 
carcinomas and other rare skin cutaneous neoplasms are 
included among the NMSCs, this term conventionally refers 
to basal cell carcinoma (BCC) and squamous cell carcinoma 
(SCC). BCC affects the basal layer of epidermis and 
manifests mainly in the face and back of the hands, while 
SCC develops in squamous (or spinosum) layer of epidermis 
and appears on the head and neck. BCC has slow growth and 
local diffusion with little or no metastasis, whereas SCC can 
develop into invasive SCC with metastasis [14]. The early 
phase of SCC is called actinic keratosis. In general, the 
transition from the pre-cancer actinic keratosis to SCC 
occurs in several steps. In the first stage of actinic keratosis, 
UV radiation causes DNA damages and mutations. Then 
aggregates of small transformed cells are formed, which over 
time generate aggregate forms of keratinocytes, 
characterized by atypia and pleomorphism. The lesions, at 
this point, can reach the dermis by developing SCC, and can 
also metastasize [15]. Despite a more careful skin protection 
during sun exposure, in the last years, the incidence of this 
type of tumor continues to grow. For example, the incidence 
of BCC alone increases by 10% each year, and soon the 
spread of this cancer will be comparable to that of all other 
type of cancers combined together [16]. UV radiation 
exposure is the main risk factor for the pathogenesis of SCC 
and BCC, with a more pronounced effect on SCC. While 
SCC is associated with cumulative sun exposure throughout 
life, BCC is linked to intermittent exposure to the sun [17]. 
In addition, the involvement of formation of ROS in 
carcinogenesis is always documented and evident [8]. 
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Although the skin carcinogenesis process is not fully 
explained, many keratinocyte specific proteins that could be 
implicated in carcinogenesis have been described. Among 
these, IL-1 beta may play an important role, modulating the 
production of keratinocyte in inflammation and reducing the 
keratinocyte differentiation and motility proteins. Moreover, 
IL-1 determines a higher expression of angiogenetic and 
anti-apoptotic proteins. 

 

1.3. Oxidative stress  

The imbalance between generation and elimination of 
ROS and reactive nitrogen species (RNS) is named oxidative 
stress. ROS and RNS can derivate from normal metabolism 
of skin cells or from the exposure to environmental agents, 
including UVA and UVB radiations. In physiological 
conditions, ROS, such as superoxide anion (O2-) and H2O2 
are formed at low concentrations from the normal 
metabolism of skin cells as byproducts of the electron-
transportation chain functioning (figure 2). Keratinocytes 
and fibroblasts are the main producers of ‘mitochondrial’ 
ROS in the skin [18]. Intracellular superoxide (O2-) is 
primarily produced from the oxidation of nicotine amide 
adenine dinucleotide reduced form (NADPH) by oxidase 
enzymes (NOX) or from electron leak due to the aerobic 
respiration in the mitochondria [19]. Superoxide anion O2·- 
can dismutate spontaneously or by superoxide dismutase 
(SOD) into H2O2, which gives OH- through Fenton’s 
reaction or H2O thanks to a catalase. From OH·- other ROS, 
such as carbonyl radical (R·), peroxyl radical (ROO·) and 
alkoxyl radical (RO·), can be obtained [20]. Regarding RNS, 
they are endogenously produced by the conversion reaction 
of arginine into citrulline mediated by nitric oxide synthase 
(NOS), which in particular gives NO. In the blood, NO can 
quickly interact with O2·- to yield another important ROS, 
peroxynitrite (ONOO-) (figure 2) [21].  

Fig. (2). ROS formation and antioxidant defense in skin cells. 

 

1.4. Phenolic compounds 

Phenolic compounds are secondary metabolites of 
plants, with well-known anti-oxidant activity and inhibitory 
effects on cancer cells. It was amply demonstrated that they 
induce apoptosis, inhibit proliferation, angiogenesis and 

metastasis, and modulate the immune system in cancer cells 
and tissues. Many studies have been conducted on single 
molecule or on their combination or on association with 
cancer drugs leading to some interesting results (Table 1). 

It is known that the biological activity of phenolic 
compounds could be affected by metabolism. They are 
transformed by various enzymes in the liver, small intestine 
and colon; some are absorbed in the digestive system and 
subjected to conjugation, while those that are not absorbed 
are biotransformed by the colon microbiota in order to allow  
their absorption in the intestine. For topical treatments of the 
skin, it is necessary to consider the hydrophobic 
characteristics of the skin and then formulate a convenient 
hydrophobic, organic and cream based vehicle to facilitate 
the penetration of phenolic compounds. Recently new 
bioengineering methods or nano and macro derivations have 
been designed to improve bioavailability, biological activity 
and efficacy of phenolic compounds. 

 

1.4.1 Epigallocatchin-3-gallate 

Epigallocatchin-3-gallate constitutes the most abundant 
polyphenol present in the green tea (50%-80%) [37]. Topical 
application of green tea or white tea extracts is able to 
protect human skin from UVB and UVA damage [38]. In 
particular, epigallocatchin-3-gallate showed a protective 
profile against UVB-induced infiltrating leukocytes, antigen-
presenting cells, and oxidative stress in mice [39]. 
Furthermore, topical application of epigallocatchin-3-gallate 
prevented photocarcinogenesis in wild-type mice, but not in 
interleukin (IL)-12 knockout (KO) mouse model UVB 
exposed. These data suggested that the photoprotective 
profile of epigallocatchin-3-gallate was via IL-12- 
dependent, a cytokine involved in DNA repair through the 
nucleotide excision repair (NER) enzymes [40].  

In A431 and SCC13 skin cancer cells, epigallocatchin-
3-gallate showed to inhibit β-catenin signaling, determining 
the decrease of tumor cell viability, inflammatory mediators, 
and an increase in cell death [41]. Moreover, 
epigallocatchin-3-gallate reduced DNA methylation levels in 
A431 cells, acting as epigenetic modulator agent [42]. This 
polyphenol decreased cell invasion through demethylation of 
RECK, a tumor suppressor gene that negatively regulates 
matrix metalloproteinases, in two human oral SCC cell lines 
(HSC3 and SCC9) [43]. Moreover, epigallocatchin-3-gallate 
decreased UVB-induced phosphorylation of MAPK and 
collagen degradation downregulating MMP-1, -8, and -13 in 
human dermal fibroblasts [44]. The inhibition of UVB-
mediated phosphorylation of MAPK induced after treatment 
with epigallocatchin-3-gallate, was also confirmed in skin 
equivalents (consisting of epidermal keratinocytes and 
dermal fibroblasts) [45]. In these models, the authors also 
showed that the pre-treatment with epigallocatchin-3-gallate 
resulted in decreased UVB-induced p53 and Fas expression 
[45]. Topical application of epigallocatchin-3-gallate seems 
to be able to induce apoptosis in tumors inhibiting tumor 
proliferation in UVB exposed SKH-1 hairless mice [46]. The 
first two clinical studies on epigallocatchin-3-gallate were 
published in 1999 and in 2001. The skin of healthy adult 
volunteers was treated with topical application of 
epigallocatchin-3-gallate 30 minutes before UVB exposure. 
The authors showed that topical treatment with 
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epigallocatchin-3-gallate reduced UVB-induced erythema, 
infiltration of leukocytes, myeloperoxidase activity, PGE2, 
NO and H2O2 and increased antioxidant enzyme glutathione 
peroxidase levels compared to untreated skin, suggesting an 
anti-inflammatory effect [47]. Furthermore, a randomized 
double-blind, placebo-controlled phase II clinical trial of 
topical epigallocatchin-3-gallate was conducted in 2003. A 
total of 51 subjects completed the 12-week study, in which 
the agent was applied to one forearm with actinic keratosis 
and placebo ointment to the other forearm nightly. There 
were no statistically significant differences between the 
treated and control groups. In this study, epigallocatchin-3-
gallate showed no clinical activity for the treatment of actinic 
keratosis [48]. About UVA radiation, Sevin et al. described 
that topical application of epigallocatchin-3-gallate on rats 
could prevent acute UVA damage on skin by reducing 
sunburn cells formation and dermo-epidermal activity [49]. 
Zhang et al. demonstrated that epigallocatchin-3-gallate is 
able to inhibit the tumor necrosis factor receptor-associated 
factor (TRAF6), which is involved in signaling transduction 
pathways, as NF-κB and MAPK pathway [50]. In particular, 
TRAF6 activates NF-κB pathway in response to pro-
inflammatory cytokines through its E3 ubiquitin ligase 
activity, which exerts important functions in tumorigenesis. 
The authors have highlighted that TRAF6 was over-
expressed in clinical MM tissues and MM cell lines, such as 
SK-MEL->5 and -28. Furthermore, TRAF6 knockdown, 
dramatically reduced tumor cell growth and metastasis [50]. 
Moreover, in vitro and in vivo studies have shown that 
epigallocatchin-3-gallate suppressed the E3 ubiquitin ligase 
activity of TRAF6, preventing the regulation of NF-κB 
pathway activation by TRAF6. Furthermore, 
epigallocatchin-3-gallate inhibited the migration and 
invasion and also the cell growth of MM cells [50]. As 
demonstrated in other studies, in MM cells (A374 and Hs-
294T) epigallocatchin-3-gallate was able to arrest the cell 
cycle inducing apoptosis. Nihal et al. have highlighted that 
this effect is possible thanks to the capability of 
epigallocatchin-3-gallate to modulate cki-cyclin-cdk network 
and Bcl2 family proteins [51]. 

 

1.4.2. Curcumin 

Curcumin is a polyphenolic pigment obtained from the 
rhizome of Curcuma longa L. It is employed in traditional 
Chinese medicine, as antimicrobial, antioxidant, anti-tumor, 
anti-inflammatory agent and for the treatment of psoriasis 
[52].  

It is known that curcumin is able to inhibit tumor cells 
through the modulation of different signaling pathways 
involved in cell survival, proliferation and apoptosis but 
some of these mechanisms are not completely clear [53]. In 
SCC, curcumin showed the ability to decrease cell growth 
and to induce apoptosis in an in vitro model of SCC (A431) 
through the inhibition of p-STAT-3 (signal transducer and 
activator of transcription 3) [54]. The activity of curcumin 
against SCC was validated in a mouse model of xenograft 
tumors for human SCC SRB12-p9, where curcumin 
decreased tumor size after both topical and systemic 
administration [55]. Furthermore, curcumin showed an 
interesting photoprotective action against UVB-induced skin 
tumor formation in SKH-1 hairless mice skin. Indeed, topical 
application of curcumin prior to UVB irradiation caused 

delay in tumor appearance, multiplicity, and size probably 
partially due to the significantly inhibition of NF-κB, COX-
2, PGE2, and NO levels [56].  

Several in vitro and in vivo studies, have documented 
the anti-MM activity of curcumin, and in addition phase I 
and phase II clinical trials confirmed the safety and the 
therapeutic efficacy of curcumin in patients with MM [57]. 
Curcumin induces apoptosis but the exact mechanism is not 
clear. As reported by Odot et al., curcumin seems to induce 
apoptosis in MM cells through the activation of the 
mammalian STE20-like kinase 1 (MST1), a serine/threonine 
kinase activated during apoptosis [57]. Curcumin, 
consequently to ROS formation, activates MST1, which after 
determines JNK activation, Foxo 3a nuclear accumulation 
and Bim-1 expression, so as to give apoptosis [58]. Other 
studies demonstrated that curcumin is able to inhibit NF-κB, 
a pro-survival pathway, and activate Fas-initiated Fas-
Associated protein with Death Domain (FADD), a death 
receptor pathway [59]. Recently Qui et al. have shown the 
capability of this polyphenol to open a mitochondrial 
permeability transition pore (mPTP) inducing cytotoxicity in 
MM cells [60].  

 

 

1.4.3. Resveratrol 

Resveratrol is a non-flavonoid polyphenol compound 
contained in grapes, nuts, and berries.  

Resveratrol plays a photo-chemopreventive role in the 
UV-induced skin cancer with different molecular 
mechanisms, one of which is the ability to induce autophagy 
[61]. Autophagy is a process whereby the cell removes 
damaged and potentially carcinogenic components. A marker 
of autophagy is represented by light chains 3 (LC3) protein, 
which makes up the autophagosomal membrane. During 
autophagy, the autophagosome are fused with the lysosome 
to form the autolysosome, then the contents of the 
autolysosome, and their internal membrane are degraded. As 
reported by Vitale and collaborators, resveratrol is able to 
increase the conversion of the LC3 protein from the LC3I 
form to the LC3II form, a key event in the formation of 
autophagosome [61]. Therefore resveratrol exerts its 
photochemopreventive effects by increasing autophagy. The 
authors showed that pretreatment with resveratrol on UVB-
irradiated human skin keratinocytes cell line (HaCaT) also 
reduces the production of ROS and enhances UVB-induced 
apoptosis modulating caspase-8 and poly-(ADP- Ribose) 
polymerase (PARP) cleavage [61]. Bach and collaborators 
showed that resveratrol induced premature senescence that is 
associated with a blockade of autolysosome formation, in a 
in vitro model of SCC (A431 cell line), downregulating 
Rictor, a component of mTORC2 [62]. Moreover, it was 
shown, in in vivo studies on p53+/−/SKH-1 mice, that Rictor 
is overexpressed in UV-induced SCC and that the 
administration of resveratrol provokes its reduction. 
Therefore it was possible to demonstrate that resveratrol 
attenuates autophagic process via Rictor [62]. In an another 
study, it was shown that resveratrol in A431 cells, 
determined an upregulation of p53 and ERK, and a 
downregulation of survivin, a member of IAP (inhibitor of 
apoptosis) protein, increasing apoptosis [63]. Resveratrol has 
been also investigated in MM cells line, in which it inhibits  
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proliferation. A study has demonstrated its ability to inhibit 
the growth of two human MM cell lines, SK-mel28 and 
A375 cells, inducing apoptosis through mechanisms which 
involve different kind of MAP kinases [64].    

Moreover Gatouillant et al. have demonstrated the 
ability of resveratrol to determinate apoptosis and inhibit the 
growth of a doxorubicin‐resistant B16 MM cell subline 
(B16/DOX) [65]. A recent study has described an important 
capability of resveratrol to inhibit the invasive and the 
migratory properties of MM through the down-regulation 
and inactivation of Akt/PKB, a serine-threonine kinase, 
which plays a key role in the development of malignancy 
and in its metastatic behaviour [66].  

 

1.4.4 Carnosol 

Carnosol is a natural phenolic diterpene contained in 
rosemary and sage, known for its anti-inflammatory, anti-
oxidant and anti-cancer properties.  

In a recent scientific paper, the authors demonstrated 
that carnosol reduced UVB-induced ROS level in a dose-
dependent manner in irradiated HaCaT cells. Moreover, 
carnosol significantly decreased NF-kB activation and the 
phosphorylation levels of both H2A histone family member 
X (H2AX) and checkpoint kinase 1 (Chk1) which are two 
important markers of DNA breakage and damage. In 
addition carnosol inhibited the CPD formation in irradiated 
cells and  keratinocyte transformation upon UVB radiation 
[67]. As clarified by the same authors, UVB radiations 
induce activation of NF-κB, a pro-oncogenic factor whose 
expression resulted elevated in skin cancer cells, through the 
activation of nitric oxide synthases (NOS) [68]. In particular, 
nitric oxide (NO•), formed from NOS, reacts with O2•− to 
give peroxynitrite (ONOO−), with consequently pERK 
activation, eukaryotic initiation factor 2 (eIF2α) 
phosphorylation, down regulation of IκB synthesis and then 
NF-κB activation. Carnosol inhibited NADPH oxidase 
(NOX) reducing O2•− and ONOO− and consequently down-
regulating NF-κB in HaCaT irradiated cells [68]. In a recent 
work the effects of carnosol in MM have been highlighted. 
The results of this study showed that carnosol strongly 
provoked apoptosis against human MM G361 cells in a 
dose- and time dependent manner causing an increasing of 
ROS level and ROS-dependent inhibition of STAT3 
signaling pathway [69]. Moreover, in metastatic mouse MM 
B16F10 cells in vitro, carnosol inhibited the invasion, 
targeting matrix metalloproteinase-mediated cellular events 
[70]. Carnosol, also, inducts G2/M phase cell-cycle arrest, 
through the alteration of cyclin A and B1 levels [71]. 

 

1.3.5. Syringic acid 

Syringic acid is a phenolic acid often found in fruits and 
vegetables but also in wine and in extra-virgin olive oil. 

Ha and collaborators showed that syringic acid is able 
to significantly suppress phosphorylation of MAPKs, AKT 
and EGFR signaling, in UVB-irradiated HaCaT cells [72]. 
They also demonstrated the activity of syringic acid as 
inhibitor of NADPH oxidase (NoX), an enzyme importantly 
implicated in the formation of ROS. In particular, syringic 

acid suppressed EGFR phosphorylation but it did not alter 
their 

 

 expression levels and the authors showed that syringic 
acid significantly increased protein tyrosine phosphatase-
kappa (PTP-κ) activity [72]. Indeed, it is known that PTP-κ 
regulates the Erk effector downstream of EGFR, which is a 
critical mediator of keratinocyte proliferation and survival, 
through regulation of EGFR phosphorylation/activation [73]. 
The EGFR activation mediated by UVB was found to be 
closely related to the phosphorylation of EGFR induced by 
ROS production [74]. Therefore, the increase in PTP-κ levels 
leads to a reduced Erk activation, to an inactivation of EGFR 
and, consequently, to a decrease in the growth of 
keratinocytes. Furthermore, topical application of syringic 
acid reduced the tumor number by 17.7% at 0.2 mM and by 
35.7% at 1 mM compared to the UVB-only irradiated group, 
and in addition down-regulated COX-2 and MMP-13 
expression in the skin of SKH-1 hairless mice [72]. For these 
reasons, syringic acid exerts potent chemopreventive activity 
targeting the NoX/ROS/PTP-κ/EGFR axis in the UV-
induced skin carcinogenesis [72].  

 

1.4.6. Caffeic acid 

Caffeic acid is a hydroxycinnamic acid, present in 
coffee and in different vegetables, fruits and herbs such as 
wine, turmeric, oregano, sage, cabbage, strawberry, apples, 
cauliflower, radishes and mushrooms.  

Balupillai and collaborators demonstrated that caffeic 
acid prevents the formation of CPDs and improves the 
expression of PTEN both in human dermal fibroblasts 
(HDFa) and in mouse skin UVB-exposed, showing a 
photoprotective profile [75]. Furthermore, the same authors 
demonstrated that the activation of PTEN, induced by caffeic 
acid, prevented UVB-induced activation of PI3K/AKT [75]. 
It is known that elimination of CPDs occurs in NER pathway 
and that PTEN is a critical factor in the regulation of NER 
mechanism [76]. In particular, skin carcinogenesis could be 
stimulated by PTEN mutation or deletion, as PTEN is a 
tumor suppressor gene for skin cancer [77]. The 
photoprotective effects of caffeic acid were also correlated 
with the activation of peroxisome proliferating activated 
receptor-γ (PPAR γ) [78], and with the inhibition of STAT3 
translocation [79], a transcription factor, which mediates the 
expression of genes associated with cell growth and 
apoptosis, in UVB exposed mouse skin. Indeed, both topical 
and intraperitoneal treatment with caffeic acid on one hand 
decreased LPO and inflammatory markers (iNOS, VEGF, 
transforming growth factor (TGF-β)) expression, while on 
the other hand both treatments enhanced antioxidant status 
and reduced tumor multiplicity in UVB exposed mice skin 
[78]. Finally, caffeic acid showed the ability to attenuate 
migratory capability and cancer stem cells-like phenotype in 
an in vitro model of malignant human keratinocyte (HaCaT), 
inducing phosphorylation of p38 and down-regulating NF-
κB pathway [80]. Caffeic acid decreased also UVA‐induced 
MMP-1 through the increase in antioxidant defense system 
in HaCaT cells [81]. The research of the effect of caffeic 
acid on SK-Mel-28 cells, revealed its capacity to decrease 
the cell viability, induce cell death by apoptosis, inhibit 
colony formation, modulate cell cycle and alter gene 
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expression of caspases. Therefore, caffeic acid showed an 
antitumor effect in human MM cells [82]. 

 

1.4.7. Ferulic acid 

Ferulic acid is a hydroxycinnamic acid ubiquitously 
present in plants. It is not generally present in the free form, 
but as ester cross-linked with polysaccharides such as pectin 
in spinach and sugar beet and xyloglucans in bamboo, or 
with protein. Compared to other phenolic compounds, it is 
more easily absorbed into the body and it stays in the blood 
longer. Ferulic acid is considered to be a superior antioxidant 
[83], presenting low toxicity and many physiological 
functions, including anti-inflammatory and anticancer (in 
particular lung, breast, colon and skin cancer) activities [83]. 
Ferulic acid presents three different properties, it is a radical 
scavenger, an inhibitor of the enzymes which catalyzes free 
radical generation, and it is also able to enhance the 
scavenger activity of other enzymes [84]. UVA-mediated 
ROS formation is positively associated with increased 
MMP-1 activity and mRNA expression in HaCaT cells. In 
the cells pretreated with ferulic acid, UVA-mediated ROS 
formation and up-regulation of MMP-1 activity and mRNA 
are abolished. These effects could be due to transcriptional 
and post-translational regulation of antioxidant defenses such 
as glutathione (GSH), catalase and glutathione peroxidase 
(GPx) [81]. In MM cells, ferulic acid inhibited proliferation 
and blocked the PI3K-Akt pathway. Moreover, in a MM 
xenograft model in vivo, ferulic acid reduced growth 
associated with inhibition of angiogenesis. It was established 
that ferulic acid targets the FGFR1-mediated PI3K-Akt 
signaling pathway, leading to the suppression of MM growth 
and angiogenesis [85].  

 

 

 

1.4.8. Ellagic acid 

Ellagic acid is a polyphenolic compound belonging to 
the family of ellagitannins. It is present in high amounts in a 
variety of berries, pomegranates, grapes and walnuts. In the 
last decades, researchers’ interest in tannins, including 
ellagitannins, has increased considerably. Their beneficial 
effects on human health and their activity towards many 
diseases have been highlighted. In particular, the antitumor 
potential of the fruits containing ellagic acid has been 
demonstrated in a variety of tumor models [86,87]. Hseu and 
collaborators showed that in HaCaT cells, ellagic acid 
increased cell viability suppressing UVA-induced ROS 
generation and MDA formation. Moreover, ellagic acid has 
been reported to present a protective effect against oxidative 
stress and apoptosis because it induces the expression of 
endogenous antioxidants, such as HO-1 and SOD, and of 
Nrf2. Ellagic acid simultaneously down-regulates Keap1 
activity, resulting in Nrf2 translocation into the nucleus and 
in the activation of antioxidant genes [87]. Furthermore, 
always in UVB induced keratinocytes model (HaCaT), 
ellagic acid decreased proinflammatory mediators such as 
interleukin IL-1ß, IL-6, IL-8 and increased IL-10 that is an 
anti-inflammatory mediator [88]. In an in vitro study 
performed on three different metastatic MM cell lines 
(1205Lu, WM852c and A375) ellagic acid exerted inhibitory 

effects on cell proliferation, promoting G1 cell cycle arrest, 
inducing apoptosis and decreasing NF-κβ. These evidences 
suggest the potentiality of ellagic acid as a preventive and 
therapeutic agent against MM [89]. 

 

1.4.9. Rosmarinic acid 

Rosmarinic acid is a water-soluble, naturally occurring 
hydroxylated compound, found in a variety of medicinally 
used herbs such as Artemisia annua L., Calendula officinalis 
L. and widely distributed in Labiatae herbs, which include 
rosemary, sweet basil, and perilla [90,91]. Similarly to 
ellagic acid, rosmarinic acid has been shown to possess 
mainly antioxidant and anti-inflammatory activities, but also 
antiviral and antibacterial properties [92]. In 2016, a study 
by Fernando and collaborators demonstrated the scavenger 
effect of rosmarinic acid on ROS. In general, polyphenol 
may be effective in photo-protection due to similarities 
between their structure and that of organic UV filters. 
Indeed, thanks to its ability to be absorbed within the UVB 
range, it can exert its cytoprotective activity increasing the 
viability of HaCaT cells. Moreover, rosmarinic acid has also 
been showen to increase Nrf2 levels, decreased by UVB 
exposure [93]. In 2014, Lembo and collaborators studied 
both ellagic acid and rosmarinic acid in HaCaT cells. Indeed, 
using UVB irradiation and different ellagic acid and 
rosmarinic acid incubation times, they demonstrated that 
both polyphenolis were able to modulate the expression of 
inflammatory mediators (tumor necrosis factor (TNF)-𝛼, IL-
6, IL-8, MCP-1, and IL-10) [88]. TNF-𝛼 plays an important 
role in the initiation and in the promotion of the 
inflammatory pathway following UVB irradiation, such as 
cell adhesion molecules, promotion of apoptosis, and 
activation of lymphocytes [94]. In this study, only rosmarinic 
acid, after 24h incubation immediately after UVB irradiation, 
was able to significantly reduce TNF-𝛼 expression. 
Conversely to TNF-𝛼, other inflammatory mediators (IL-6, 
IL-8, monocyte chemoattractant protein-1 (MCP- 1)) were 
found to be reduced following the incubation with both 
rosmarinic and ellagic acids. Regarding IL-10, its role is the 
immunosurveillance of the initiation and progression of skin 
cancer. Rosmarinic acid and ellagic acid potentiated IL-10 
expression after a 24h incubation period, presenting the 
highest increased if added immediately after irradiation [88]. 

 

1.4.10. Luteolin 

Luteolin is a flavonoid with potential anti-oxidant 
activity. Luteolin induced protection against carcinogenic 
effects due to UVB irradiations. In normal human 
keratinocytes exposed to physiological doses of UVB 
irradiations, luteolin was able to control i) apoptotic 
signaling modifying the balance of Bcl2 (B-cell 
leukemia/lymphoma 2) -family members [95]; ii) 
proliferative activity decreasing phosphorylation of MAPKs 
and the Akt signaling pathway [96]; iii) the release of 
inflammatory actors, IL-1α, PGE2 [95], COX-2, activator 
protein-1, Nf-κB and tumor necrosis factor-α [96]. In 
addition, Byun and collaborators revealed that luteolin binds 
directly to protein kinase Cε (PKCε) and Src in an ATP-
competitive manner [96]. An in vitro study conducted in 
A431 cells showed the ability of luteolin to control the 
epithelial mesenchymal transition (EMT) [97]. Finally, 
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luteolin suppressed tumor incidence, multiplicity, and overall 
size in SKH-1 hairless mice exposed to UVB [96]. Some 
authors demonstrated the inhibitory activity of luteolin on 
the proliferation, migration and invasion of A375 cells. In 
this study, both in vivo and in vitro, it has been highlighted 
that luteolin causes the apoptosis of A375 cells in a 
concentration-dependent manner, and also reduces the 
expressions of MMP-2 and MMP-9 and increases the 
expression of TIMP-1 and TIMP-2. Therefore luteolin can 
be a promising anti-cancer agent for the treatment of human 
MM [98]. 

 

1.4.11. Apigenin 

Among flavonoids, also apigenin, in a mouse model, 
showed the ability to block skin tumorigenesis induced by 
the chemical carcinogens, 7,12-dimethylbenz[a]anthracene 
(DMBA) and 12-O-tetradecanoylphorbol-13-acetate (TPA) 
[99]. The mechanism of action of apigenin includes the 
inhibition of COX-2 [99] and the restoring of the silenced 
status of Nrf2, a crucial transcription factor that controls 
anti-oxidative stress defense system and is implicated in skin 
homeostasis [100]. Moreover, apigenin is able to inactivate 
STAT3, a transcriptional factor normally activated in human 
MM, which leads this disease to a metastatic behavior. In 
this way, apigenin inhibits migration and invasion of cells in 
murine MM exerting thus an anti-metastatic activity. For this 
reason, apigenin is considered a promising target for the 
treatment of MM [101]. 

 

 

1.4.12. Licochalcone B 

Licochalcone B (Lico B) is a chalconoid compound 
present in the root of Glycyrrhiza inflate.  

It was reported that Lico B is able to inhibit cell 
proliferation and to induce cell cycle arrest and apoptosis in 
tumor cells [102]. In particular, in a recent work the 
apoptotic effect of Lico B in SCC cells was studied. The 
authors have evaluated the action of Lico B on extrinsic and 
intrinsic apoptotic pathways [102]. In relation to intrinsic 
pathways, they considered the apoptotic effect of Lico B 
through Sp1 regulation. Sp1 is a zinc finger transcription 
factor that provides to cell cycle progression, but also 
regulates transcription of genes involved in proliferation, 
angiogenesis, cell cycle progression and inflammation. Lico 
B downregulates Sp1 in time dependent and concentration-
dependent manners [102]. Moreover, the authors have 
investigated the mechanism involved in Sp1-mediated 
apoptosis, then, they studied the effects of Lico B on the 
expression of proteins p21, p27, Mcl-1, and Survivin 
correlated to cell cycle-arrest and survival [102]. Lico B 
increased the expression of the proteins regulators of cell 
cycle progression, p21 and p27. Both these proteins act as 
cell cycle inhibitors. Moreover, Lico B reduces the levels of 
anti-apoptotic proteins such as Mcl-1 and Survivin. These 
proteins are usually overexpressed in cancer, resulting in 
suppression of apoptosis, and in a consequent development 
of cancer itself. In addition, the authors have demonstrated 
that Lico B promotes apoptosis through the extrinsic 

pathway, stimulating the expression of apoptosis genes, 
CHOP, DR4, and DR5 [102]. As derived from these studies, 
Lico B is able to promote apoptosis through both intrinsic 
and extrinsic pathway and therefore, it could play an 
important role in the treatment of NMSC. Kang et al. have 
investigated the effect of Lico B on MM cells line (A375) 
and SCC cells line (A431). Lico B have shown the ability to 
inhibit cell proliferation and to induce apoptotic cell death in 
both A375 and A431 cells. The mechanisms of action of 
Lico B include increase of sub-G1 cells (apoptotic cells),  
reduction of Sp1 protein, induction of mitochondrial 
membrane depolarization, endoplasmic reticulum stress, and 
expression of death receptor (DR). Moreover, Lico B 
enhances multicaspase activation, increases pro-apoptotic 
proteins (Apaf-1 and Bax) and decreases anti-apoptotic 
proteins (Bid and Bcl-2). In summary, all these effects lead 
to apoptosis by both the intrinsic and extrinsic apoptotic 
pathways in A375 and A431 cells. These findings suggest 
that Lico B may be an interesting compound potentially 
useful not only in NMSC but also in MM skin cancer [103]. 

 

1.4.13. Proanthocyanidins 

Proanthocyanidins are natural molecules found in 
vegetables, fruits, seeds, flowers, bark and nuts. They are 
dimers, trimers, tetramers and oligomers of monomeric 
epicatechins or catechins. The principal type of 
proanthocyanidins are the procyanidins, formed by 
epicatechin monomers, while the less common are 
prodelphinidins that are constituted by epigallocatechin 
subunits. Tests conducted on SKH-1 hairless mice have 
shown that the administration of a diet rich in 
proanthocyanidins (0.2 and 0.5% weight / weight) for 24 
weeks has a preventive effect on the development of UVB-
induced skin cancer. In particular, proanthocyanidins seem to 
reduce the incidence and multiplicity of the tumor and to 
slow down its growth. Moreover, the authors have shown 
that a diet with proanthocyanidins (0.5%, p / p) can repair 
the CPD, that constitutes one of the main damages induced 
on the DNA by UVB radiations [104]. It seems that 
administration of proanthocyanidins with diet increases the 
expression of NER genes contributing to repair CPD in 
mouse skin [104]. Many studies on the Vitis vitifera L. have 
highlighted the presence of proanthocyanides endowed with 
antitumor activity in animal models and cell cultures. In 
particular, as reported in a recent work, seed and peel 
extracts of Vitis vinifera L. showed cytotoxic activity in 
A431 cells while they are no toxic in the non-tumor HaCaT 
cell line [105]. At low concentrations of extracts, there is a 
morphological change of the A431 cells, thus showing a 
dose dependent toxicity. The same authors have documented 
that Vitis vinifera L. seeds and peel extracts have provoked 
early and late apoptosis in A431 cells. Several in vitro 
studies demonstrated that proanthocyanidins decrease the 
viability and induce apoptotic cell death in human MM cell 
lines, A375 and Hs294t, without toxicity to normal human 
epidermal melanocytes [106]. The apoptotic activity is due 
to activation of caspase-3, caspase-9 and PARP. The 
inhibition of MM cell growth by grape seed 
proanthocyanidins is imputable to the reduction in the levels 
of β-catenin, as it is confirmed by in vivo studies carried out 
using in vivo tumor xenograft model. 
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Table 1 Main phenolic compounds and their effects in NMSC and MM 
 
Phenolic compounds Structure Biological process Models References 

Epigallocatchin-3-
gallate 

 

 
 
 
 
 
 
 

 
Ý Photoprotection 
 
 
ß Cell viability 
ß Inflammatio 
 
ß DNA 
methylation 
ß Cell invasion 
 
 
Ý Photoprotection 
 
 
Ý Photoprotection 
 
 
 
Ý Apoptosis 
ßTumour 
proliferation 
 
 
Ý Immune 
stimulation 
Ý Photoprotection 
Ý Antioxidant 
defense  
 
 
No clinical activity 
 
 
Ý Photoprotection 
 
ß Cell growth 
ß Metastasis 
ß Cell migration 
ß Cell invasion 
 
Ý Apoptosis 

 
Mice + UVB 
 
 
A431 cells 
SCC13 cells 
 
A431 
HSC3 cells 
SCC9 cells 
 
 
Fibroblast+ UVB 
 
 
Dermal skin equivalents 
(keratinocytes and 
fibroblasts) +UVB 
 
 
SKH-1 hairless mice + 
UVBA374 
Hs-294T 
 
 
Human subjects + UVB 
 
 
 
 
 
 
Human subjects with 
actinic keratoses 
 
Rats + UVA 
 
SK-MEL->5 and -28 
 
 
 
 
A-375, Hs-294T and G-361 
 

 
39 
 
 
40 
 
 
41, 42,43 
 
 
 
 
44 
 
 
45 
 
 
 
 
46 
 
 
 
 
47,48 
 
 
 
 
 
 
47,48 
 
 
49 
 
50 
 
 
 
 
51 
 

 
Curcumin 

 

 
ß Cell grow 
Ý Apoptosis 
 
 
 
Ý Cytotoxicity 
 
 
 
ß Tumour size 
Ý Photoprotection 
ß Inflammation 

 
A431 
 
 
 
Mouse model of xenograft 
tumours for human 
squamous cell carcinoma 
SRB12-p9 
 
SKH-1 hairless mice + 
UVB 
 
 

 
54 
 
 
 
55 
 
 
 
 
56 
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Ý Apoptosis 
 
Ý Apoptosis 
 
 
 
 
Ý Apoptosis 

 
B16-R 
 
WM-115 
B16 
MMRU 
PMWK 
 
WM-115 
 

 
57 
 
58 
 
59 
 
 
60 

Resveratrol 

 

Ý Apoptosis 
Ý Autophagy 
 
ß Autophagy 
Ý Senescence 
 
Ý Apoptosis 
 
ß Cell growth 
Ý Apoptosis 
 
Ý Apoptosis 
ß Cell growth 
 
ß Cell invasion 
ß Cell migration 

HaCat + UVB 
 
 
A431 
Mice + UVB 
 
A431 
 
SK-mel28 
A375 
 
 
B16/DOX 
 
 
B16F10 

61 
 
 
62 
 
 
63 
 
64 
 
 
 
65 
 
 
66 

Carnosol 

 

Ý Photoprotection 
 
ß Cell invasion 
Ý Apoptosis 
 
Ý capacity for 
ionizing radiation-
induced damage 
 
ß Cell invasion 
ß Cell viability 

HaCat + UVB 
 
 
G361 
 
 
B16F10 
 
 
B16F10 

67 
 
 
68 
 
 
70 
 
 
71 

Syringic acid 

 

Ý Photoprotection 
ß Inflammation 
 
Ý Photoprotection 
ß Tumor number 

HaCat + UVB 
 
 
SKH-1 hairless mice + 
UVB 

72, 73 
 
 
72, 73 

Caffeic acid 
 

Ý Photoprotection 
 
Ý Photoprotection 
 
 
ß Inflammation 
ß Tumour number 
 
Ý Photoprotection 
 
ß Cancer stem-
cells-like 
phenotype 
ß Migration 
 
Ý Antioxidant 
defense 

HDFa + UVB 
 
Mice skin + UVB 
 
 
Mice skin + UVB 
 
 
Malignant HaCat 
 
 
HaCat + UVA 
 
 
 
 
HaCat + UVA 

75 
 
75 
 
 
78 
 
 
80 
 
 
81 
 
 
 
 
81 
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Ý Apoptosis 
ß Cell viability 

 
 
SK-Mel-28 

 
 
82 

Ferulic acid 
 

 
Ý Antioxidant 
defense 
 
ß Cell growth 
ß Cell 
angiogenesis 

 
HaCat + UVA 
 
 
mice with B16F10 
xenografts 

 
81 
 
 
85 

Ellagic acid 

 

 
Ý Antioxidant 
defense 
 
 
ß Inflammation 
 
Ý Apoptosis 
ß Cell proliferation 

 
HaCat + UVA 
 
 
 
HaCat + UVB 
 
1205Lu  
WM852c 
A375 

 
87 
 
 
 
88 
 
89 

Rosmarinic acid 

 

ß Inflammation 
 
Ý Antioxidant 
defense 
Ý Cell viability 

HaCat + UVB 
 
HaCat + UVB 
 
 

88 
 
93 
 
 

Luteolin 

 

 
Ý Apoptosis 
ß Inflammation 
 
ß Tumour size 
ß Tumour 
incidence 
 
ß EMT  
 
Ý Apoptosis 
ß Cell migration 
ß Cell proliferation 
ß Cell invasion 

 
Primary human 
keratinocytes + UVB 
 
 
SKH-1 hairless mice + 
UVB 
 
A431 
 
 
A375 

 
95, 96 
 
 
 
96 
 
 
97 
 
 
98 

Apigenin 

 

 
ß DNA 
methylation 
ß Inflammation 
ß Tumorigenesis 
 
ß Cell invasion 
ß Cell migration 

 
DMBA/TPA-treated SKH-
1 mice 
 
 
 
Mice + B16F10 

 
99 
 
 
 
 
101 
 

Licochalcone B 
 

 

 
Ý Apoptosis  
ß Cell viability 
 
Ý Apoptosis  
ß Cell proliferation 

 
A431 
 
 
A375, A431 

 
102 
 
 
103 
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Proanthocyanidins 

 

 
ß Tumour 
incidence  
 
ß Cell viability 
Ý Apoptosis  
 
Ý Apoptosis  
ß Cell viability 
ß Cell growth 
 

 
SKH-1 hairless mice + 
UVB 
 
A431 
 
 
A375, Hs294t 

 
104 
 
 
105 
 
 
106 
 
 

 

1.5. Phytoextracts 

Plant extracts are often more effective than isolated 
compounds. The extracts are constituted by a complex 
mixture of phytochemicals, which favorable interact within 
each other, and moreover could target multiple molecular 
pathways improving the biological response (Table 2).  

In the next paragraphs, we report some examples of 
extracts with an interesting anti-tumor activity against MM 
and NMSC.  

 

1.5.1. Rosmarinus Officinalis 

Rosmarinus officinalis, commonly known as rosemary, 
is an evergreen herbal, typical of Mediterranean Countries. 
Different studies have demonstrated that rosemary extracts 
have chemoprotective [107], anti-neoplastic [108,109] and 
anti-proliferative activity in a number of different tumour 
cells lines [110-112] and also important anti-oxidant [108] 
and anti-inflammatory properties due to the presence of 
polyphenols [113]. The main polyphenols contained in 
rosemary extract (alcoholic or hydroalcoholic) are 
rosmarinic acid, carnosol and carnosic acid, but there are 
also other polyphenolic compounds such as apigenin, 
luteolin, caffeic acid and scutellarin [107].   

Most of these polyphenols are already assayed 
individually, demonstrating an efficacy in different cell lines 
[114], including MM [115] and NMSC [116]. However 
important studies have shown that the extract is more 
effective than the single polyphenols, especially in vitro MM 
models [107]. Cattaneo et al. have documented that a 65% 
hydroalcoholic extract of Rosmarinus officinalis L. has a 
dose-dependent antiproliferative effect on the human 
melanoma cell line A375 [107]. The antiproliferative action, 
as demonstrated by them, seems to be linked to both 
cytotoxic and cytostatic effects, while it is not due to the pro-
oxidant activity of the extract. After testing the action of the 
individual components of the extract, they were able to 
observe that the anti-proliferative activity most likely 
derived from the extracted set, with multifactorial effects of 
its components. Furthermore, the proteomic analysis showed 
that protein levels crucial for the maintenance of cell 
homeostasis are reduced [107]. In other work, the inhibition 
of growth against two human melanoma cell lines, M14 and 
A375, was evaluated. The authors have demonstrated that 
the extract provoked a remarkable reduction of the growth of 
both melanoma cell lines with apoptotic cell demise [113]. 

 

 

1.5.2. Zingiber Officinale 

Zingiber officinale, ginger, is an herb, whose the 
rhizome is commonly used as a spice.  

Ginger is widely used from centuries for medicinal 
purpose thanks to the myriad of its properties, such as 
digestive, carminative, antitussive, appetizer, laxative and 
others. Ginger has also anti-oxidant, anti-inflammatory and 
anticarcinogenic properties [117,118]. Gingerols, the main 
constituents of ginger, are responsible of its pungent taste 
and are endowed with physiological effects like anti-
bacterial, antipyretic and analgesic effects in vitro and in 
vivo models [119]. Gingerols are also associated with potent 
anti-inflammatory and anti-oxidant properties [120]. The 
effects of ginger extracts are mainly attributed in particular 
to [6]-gingerol, a phenolic ketone, to which the major effects 
of ginger extract are attributed. Different studies have 
demonstrated the chemopreventive effect of ginger extract 
and its ability to inhibit cell proliferation in human cancer 
cells by the induction of apoptosis mechanism and caspase-3 
activation [121]. Moreover, [6]-gingerol has shown an anti-
angiogenic effect in vitro and in vivo models through the 
inhibition of VEGF and bFGF causing cell cycle arrest 
[122]. Many works described the effects of ginger extracts or 
[6]-gingerol in skin cancer (NMSC and MM models), which 
are mediated by the modulation of multiple pathways. 
Davies et al. have investigated the role of [6]-gingerol in the 
inhibition of AP-1 transcriptional complex in HaCaT cells 
and HaCaT cell clone II-3 (mutant c-Ha-ras-transfected) 
[123]. Nigam et al. have demonstrated the inhibition of 
growth mediated by [6]-gingerol in A431 cells [124]. 
Moreover, Cojocaru et al. have investigated the cytotoxic 
activity of ginger extract in amelanotic melanoma cells 
(amelanotic melanoma is a type of skin melanoma with low 
pigmentation) in comparison with normal skin fibroblasts. 
They showed that fresh ginger extract decreased the viability 
of C32 cells after 24 hours of incubation in a dose-dependent 
manner without any effect in normal cell viability [125]. 

 

1.5.3. Calendula officinalis 

Calendula officinalis is an annual herb, normally known 
as marigold and widely diffused in Mediterranean Countries. 
Anti-inflammatory, anti-oxidant, anti-bacterial, anti-viral, 
anti-pyretic properties are attributed to extracts, tinctures and 
decoctions of marigold flowers. Moreover, from centuries, 
the extracts of marigold flowers are widely used for the 
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treatment of skin disorders such as burns, skin wounds, 
bruises and eczema. These uses are widely reported in the 
literature [126,127].  It has been demonstrated that the 
marigold extract exhibited also anti-tumour, cytotoxic and 
anti-metastatic properties in a variety of human and murine 
cells line, and protective effects against oxidative stress in 
human skin cell model [128,129]. These properties are 
associated to the presence of terpenoids and polyphenolic 
components in marigold extracts such as rutin, apigenin, 
luteolin, quercetin and narcissin. Preethi et al., in their study, 
considered the anti-metastatic activity of marigold extract in 
melanoma cells B16F-10, which are highly metastatic cells 
that form colonies of cancer cells in the lungs [130]. In vitro 
and subsequently in vivo studies have demonstrated the 
antimetastatic properties of marigold extract [130]. 
According to their studies marigold extracts are capable to 
inhibit the expression of pro-inflammatory cytokines such as 
TNF-α, IL-1β, IL-6 and GM-CSF, in metastatic lung cells. 
The extract also determined a decrease in the serum VEGF 
level [130]. Sak et al. have described a cytotoxic activity of 
the extract on melanoma SK-MEL-2 cells, which however is 
weaker than that reported on melanoma B16F-10 cells [128].  
Regarding NMSC, there is poor information about the 
activity of marigold flowers. Sak et al. have reported the 
anti-tumour activity in epidermoid carcinoma KB cells 
[128]. However, there is an interesting study regarding the 
protective effect of marigold extracts against UVB radiation 
induced oxidative stress in hairless mice. With this study 
Fonseca et al. have suggested the potential activity of 
marigold extracts to prevent UVB-induced oxidative damage 
in skin and its capability to induce healing of damaged skin 
[126]. 

 

1.5.4. Matricaria chamomilla 

Chamomile (Matricaria chamomilla L. or Matricaria 
recutita L.) is an annual herbaceous plant native to Europe and 
used in different kind of commercial products (soaps, lotions).   

It is well known that chamomile flowers have important 
anti-inflammatory and antioxidant properties as well as radical 
scavenging activity. Furthermore the chamomile tea (infusions 
or decoctions of flowers) is used, from centuries, to treat 
anxiety, insomnia and other disorders [131]. Many reports 
described that extract and tea of chamomile flowers are 
endowed with anti-proliferative activity against different kind 
of human cells lines through the inhibition of cells growth and 
the induction of apoptosis [132,133]. Moreover, chamomile 
extracts and tea are able to inhibit the COX-2 activity 
implicated in process like carcinogenesis and inflammation. 
The main properties of chamomile extract or tea are due to the 
presence of polyphenols, in particular flavonoids (such as 
apigenin, luteolin, quercetin, patuleitin) and hydroxycinnamic 
acids (such as ferulic acid). The major polyphenolic 
constituent of chamomile extract or tea is represented by 
apigenin which exerts many health beneficial activities 
(antioxidant, anti-inflammatory and antiproliferative) widely 
demonstrated [134]. Another traditional use of chamomile tea 
during centuries has been for the treatment of skin diseases 
(infections or inflammations like psoriasis, eczema and acne) 
[135].  Sak et al. have reported the cytotoxic activity of 
chamomile extract both in MM and NMSC, in particular in 
human MM, SK-MEL-2 and oral epidermoid carcinoma KB 
cells [128]. Matić et al. have demonstrated the cytotoxic 

action of chamomile tea in human MM Fem-x cells [132]. The 
cytotoxic activity of chamomile extract results weaker when  
compared with other extract, as for example marigold extract 
[128,132]. Nowadays more information about the effect of 
chamomile extract against skin cancer are required.  

 

1.5.5. Extra-virgin olive oil 

A rich source of phenolic compounds (40–1,000 mg/kg) 
is the extra-virgin olive oil (EVOO), which mainly contains 
simple phenols, such as tyrosol and hydroxytyrosol, and 
secoiridoid derivatives, such as oleocanthal and oleacein. 
Among these, oleocanthal and oleacein are present in larger 
amounts and play important roles in human health. It has 
been reported that EVOO phenols show strong antioxidants 
proprieties and also others potent biological activities, 
including anti-inflammatory, immune-modulatory, 
antimicrobial, metabolic and anticancer activity, in in vivo 
and in vitro models [136,137]. To confirm this, the 
consummation of EVOO has been largely associated to 
health effects of the Mediterranean diet [138,139]. More than 
30 phenolic compounds have been identified in EVOO [140] 
and an increasing number of manuscripts highlight the 
photo-protective, anti-inflammatory, immune-modulatory 
and anti-tumor effects of some polyphenols in skin cancer 
[141] but not all of them were currently tested in models of 
skin cancers.  

Recently, our research group studied, in in vitro NMSC 
models, chemopreventive and anticancer properties of two 
different EVOO extracts with high content of secoiridoid 
derivatives and of the isolated secoiridoid compounds 
(oleocanthal and oleacein) [142]. It was found that in A431 
cells, EVOO extracts decreased cell viability in a 
concentration-dependent manner, reduced migration and 
prevented colony and spheroid formation. As concern, the 
mechanism of action the two extracts decreased B-Raf levels 
by about 80-95%, p-Akt levels by 40-50%, and p-Erk 
expression by about 35-50%. Oleocanthal and oleacein 
decreased cell viability in a concentration-dependent manner 
in A431 cells, in particular oleacein that shown the best 
activity. Moreover, it was shown that oleocanthal and 
oleacein were able to induce pro-apoptotic effects and to 
inhibit B-Raf-Erk pathway [142].  

Furthermore, the chemoprevention effect of extracts and 
secoiridoids was evaluated on immortalized HaCaT 
stimulated with EGF, an in vitro model reproducing the 
progression from actinic keratosis to cutaneous SCC. In this 
model, extracts displayed a concentration-dependent 
decrease of cell viability, reducing of B-Raf expression, and 
phosphorylation of Erk 1/2 and Akt. Relative to the single 
compounds, oleocanthal resulted more active then oleacein 
to inhibit cell growth [142].   

It is interesting to note that in this work, for the first 
time, the in vitro ability of oleacein, to induce apoptosis in 
SCC cells inhibiting key signalling pathway, was proved 
[142].  

We, also, reported that oleocanthal has cytotoxic 
activity against the human MM cells, A375 and 501Mel, 
with no effect on normal cells. Oleocanthal inhibits ERK1/2 
and AKT phosphorylation and down-regulates Bcl-2 
expression. 
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Table 2 Effects of phytoextracts in NMSC and MM. 
 

Phytoextract Phenols/Polyphenols Biological Process Models References 
Rosmarinus 
officinalis rosmarinic acid, carnosol and 

carnosic acid 
apigenin, luteolin, caffeic acid 
and scutellarin 

ß Cell proliferation 
 
ß Cell growth 
Ý Apoptosis 
 

A375 
 
M14 
A375 

107 
 
113 

Zingiber 
officinale Gingerols ([6]-gingerol) 

ß Cell invasion 
 
 
ß Cell growth 
 
ß Cell viability 

HaCaT cell clone II-3 
 
 
A431 
 
C32 

123 
 
 
124 
 
125 

Calendula 
officinalis 

rutin, apigenin, luteolin, 
quercetin and narcissin 

Prevenction oxidative damage 
 
 
Cytotoxic activity 
 
 
Anti-tumor activity 
 
 
ß Metastasis 
 

Hairless mice+UVB 
 
 
SK-MEL-2 
BF16F10 
 
oral epidermoid 
carcinoma KB cells 
 
B16F-10 
C57BL/6 mice 
 

126 
 
 
128 
 
 
128 
 
 
130 
 

Matricaria 
chamomilla 

apigenin, luteolin, quercetin, 
patuleitin 
ferulic acid.  
 

Cytotoxic activity 
 
 
 
Cytotoxic activity 

SK-MEL-2  
oral epidermoid 
carcinoma KB  
 
human MM Fem-x 
cells 

128 
 
 
 
132 

Extra-virgin 
olive oil 

tyrosol 
hydroxytyrosol 
oleocanthal 
oleacein 

ß Cell viability 
ß Cell migration 
Ý Apoptosis 
Prevenction colony and spheroid 
formation 
 
ß Cell viability 
ß Cell growth 
 
ß Cell viability 
 
No effect 

A431 
 
 
 
 
 
HaCaT + EGF 
 
 
A375  
501Mel 
 
Normal Cells 

142 
 
 
 
 
 
142 
 
 
142 
 
 
142 
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CONCLUSION 

In the recent years, the beneficial effects of natural 
compounds have emerged, confirming that the use of dietary 
phytochemicals may be an attractive option for the 
prevention and/or treatment of cutaneous diseases including 
skin cancer. The studies reported here strongly underline the 
efficacy of polyphenols in chemoprevention and treatment of 
NMSC and MM, representing the next step to improve 
management of the patients. 
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