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Abstract

Melanoma, which is the most malignant skin cancer type, has got one of the fastest
increasing incidence rates of all cancer types in the world. When belatedly diagnosed,
melanoma is extremely invasive and metastatic. Although there are effective drugs used
to treat melanoma, some cell lines have proven resistant to chemotherapy. In this con-
text, several research groups on natural products have investigated the anticancer effect
of new natural molecules in the treatment of melanoma. Flavonoids have shown to play
an important role in chemoprevention and inhibition of the proliferation, migration, and
invasion of melanoma cells. In this chapter, we present a systematic review performed
through a literature search over a period of 20 years, using specialized databases. Analysis
of all selected manuscripts demonstrated that at least 97 flavonoids have already been
investigated for the treatment of melanoma using in vitro or in vivo models. Most of the
bioactive flavonoids belong to the classes of flavones (38.0%), flavonols (17.5%), or
isoflavonoids (17.5%). Apigenin, diosmin, fisetin, luteolin, and quercetin were considered
as the most studied flavonoids for melanoma treatment. In general, flavonoids have
shown to be a promising source of molecules with great potential for the treatment of
melanoma.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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1. Introduction

Natural products have contributed significantly to new drugs discovery. Historically, natural

products derived from plants, microorganisms, and animals have been a promising source of

medicinal preparations and molecules with therapeutic potential, for various diseases, includ-

ing cancer treatment. The study of natural products also contributed to the provision of unique

chemical structures, which were chemically modified, resulting in the development of new

drugs [1–3].

An analysis of the new medicines approved by the US Food and Drug Administration (FDA)

between 1981 and 2010 revealed that 34% of those drugs were based on small molecules from

natural compounds or derivatives of natural compounds (semisynthetic products). This

includes drugs such as statins, tubulin-binding anticancer, and immunosuppressant drugs. In

this context, it is evident the contribution of natural products for drug discovery [3–5].

In the search for new anticancer drugs, natural products have provided many structural

models with different mechanisms of action, for the treatment of melanoma regional or distant

metastatic melanoma. Vinblastine from Vinca rosea and paclitaxel, which originates from a

Chinese plant, is an example of anticancer agent obtained from natural sources. The therapy

also includes drugs with different mechanisms of action, such as immunomodulatory agents,

BRAF, and MEK inhibitors, and most recently, use of vaccines [6, 7]. However, even with

recent advances in anticancer therapy, there is still a demand to develop new effective antican-

cer drugs for the melanoma treatment [8].

Despite the diversity of treatments for melanoma, the high resistance of tumor cells to conven-

tional therapies drives the search for new anticancer agents that have less toxic effects, and

greater effectiveness, incentive to develop new therapies that can be used individually or in

combination with other drugs bringing therapeutic benefits for the patient. The polyphenolic

compounds like flavonoids possess a large spectrum of pharmacological activity, including

anticancer activity. These secondary metabolites have molecular mechanisms of action in

tumor cells already understood, acting in enzymes and receptors associated and signal trans-

duction pathways relating to cellular proliferation, differentiation, apoptosis, inflammation,

angiogenesis, and metastasis [9–11].

2. Pathological aspects of skin cancer (melanoma)

2.1. Definition

Melanomas are malignant skin tumors deriving from melanocytes, the melanin-producing

cells, that typically occur in the skin but may rarely occur in mucous membranes (vulva,

vagina, and rectum), or uvea, the pigmented layer of the eye, lying beneath the sclera and
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cornea, and comprising the iris, choroid, and ciliary body. Melanomas account for less than 2%

of skin cancers but are responsible for 80% of the mortality of patients with skin cancer [12].

They are classified in several subtypes, according to their tissue origin, tumor form, spreading

and infiltrating behavior, metastatic potential, etc. These includes (a) superficial spreading

melanoma, that tend to start growing outwards rather than downwards into the skin, (b)

nodular melanoma, that tends to grow downwards, deeper into the skin, (c) lentigo maligna

melanoma, that develops from very slow growing pigmented areas of skin called lentigo

maligna or Hutchinson’s melanotic freckle, (d) acral lentiginous melanoma, most commonly

found on the palms of the hands and soles of the feet or around the big toenail, and (e)

amelanotic melanoma, that usually have no, or very little color, occasionally are pink or red,

or have light brown or gray around the edges [13].

2.2. Etiology

The precise etiology of melanoma depends on several individual factors and is probably

multifactorial in most cases [12]. Sun exposure (particularly UVB radiation) and genetic sus-

ceptibility (including faulty DNA repair) have been reported as major environmental and

genetic factors associated with the risk of melanoma initiation and promotion [14, 15]. Precur-

sor lesions, particularly dysplastic nevi/atypical moles, probably play a critical role in mela-

noma initiation [16]. Moreover, the distribution of melanoma among various work forces

suggests that occupational risk factors could play an important role in the etiology of this

cancer. For example, melanoma incidence is significantly higher in populations working in

printing and press, petrochemical, and telecommunications industries [17].

2.3. Progression

The development of a melanoma tumor is considered a multistage process that involves

various genetic and epigenetic alterations. From a histopathological point of view, the follow-

ing steps can be considered: (a) common acquired nevi and dysplastic nevi, (b) radial growth

phase melanoma, in which melanocytes undergo changes that enable them to survive and

proliferate (c) vertical growth phase melanoma, in which tumor cells deeply invade into the

dermis/hypodermis, and (d) malignant metastatic melanoma, in which the cells may eventu-

ally invade the endothelium and migrate to distant tissues [18–20]. When diagnosed in the

early stages, melanoma can be easily treated by surgical excision of the primary tumor [21].

However, when the disease is at an advanced stage the treatment is very difficult because the

cancer cells have a high capacity to cause metastases (including brain metastases) and acquire

resistance to conventional therapy [22, 23]. The progression of cutaneous melanoma in the skin

can be classified using the Clark method [18, 19] (Figure 1).

This classification is not very used, contrary to the TNM one, which is regularly revised by the

American Joint Committee on Cancer (AJCC) [24, 25]. The TNM classification is based on the

thickness of the primary tumor (T, also known as Breslow's index), presence of metastatic cells

in the neighboring lymph nodes (N), and localization of metastasis in the body (M) (Table 1).

The T criterion is subdivided into four categories from T1 to T4 discriminating melanomas

from 1 –4 mm thick. Each category is subdivided into two subgroups that report the presence

(a) or not (b) of ulceration of the primary tumor. The survival rate decreases with an increase in
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Figure 1. Progression stages of the cutaneous melanoma, according to the Clark skin infiltration classification [18, 19].

Tclassification Tumor thickness Ulceration-mitosis

T1 ≤1.0 mm a. Without ulceration and mitosis < 1/mm2

b. With ulceration or mitosis ≥ 1/mm2

T2 1.01–2.0 mm a. Without ulceration

b. With ulceration

T3 2.01–4.0 mm a. Without ulceration

b. With ulceration

T4 >4.0 mm a. Without ulceration

b. With ulceration

N classification Metastatic lymph nodes Size of metastatic lymph nodes

N0 0 –

N1 1 a. Micrometastasis

b. Macrometastasis

N2 2–3 a. Micrometastasis

b. Macrometastasis

c. In transit without metastatic nodule

N3 ≥4 –

M classification Site Seric LDH

M0 0 –

M1a Subcutaneous tissue and/or metastatic lymph nodes Normal

M1b Lung metastasis

viscera metastasis

Normal

M1c Distant metastasis High

Table 1. The TNM classification of melanoma progression (adapted from Ref. [26]).
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the thickness of the tumor, which may, however, be smaller in the presence of ulceration. The

classification N evaluates the number of neighboring lymph nodes containing metastatic

melanoma cells. This criterion is subdivided into four categories from N0 to N3, as well as

three subgroups according to the presence of small metastases detected after biopsy (a), large

metastasis detected after clinical examination (b) and metastases in transit (c) (melanoma cells

located between the primary tumor and the lymph node region in lymph channels). The

classification M, with four categories from M0 to M1c, evaluates the localization of metastases

in the organism, as well as the increase in serum lactate dehydrogenase concentration [24].

According to the TNM parameters, four melanoma progression stages can be defined (Table 2).

The only efficient treatment is the early surgical resection of the primary melanoma, when

tumor cells have not already spread to nearby lymph nodes (stages I and II). Advanced and

metastatic melanoma (stages III and IV) has very poor prognosis as most chemotherapeutical

agents used to treat cancers are ineffective in killing melanoma cells, which are constitutively

or adaptively resistant to proapoptotic drugs [22]. Melanoma is also resistant to radiotherapy

[27, 28]. The overall positive responses to melanoma monotherapy using conventional antican-

cer drugs are weak and range from 4 to 26% [22]. Additionally, melanoma tumor displays

pronounced neoangiogenesis [29] and a high ability to escape immune cell that explain why

the 5-year survival rate for metastatic melanoma ranges from 5 to 10%, with a median survival

of less than 8 months [30, 31]. Brain metastasis is present in 75% of stage IV melanoma

patients, and constitutes a major cause of mortality because of the low permeability of the

blood-brain barrier to chemotherapeutic drugs [30].

2.4. Epidemiology

Since 2005, World Health Organization (WHO) has identified the cutaneous melanoma as a

priority public health concern as 132,000 new cases are registered every year in the world [32].

Since the early 1970s, the incidence of malignant melanoma has increased significantly, for

example an average 4% every year in the United States [12, 14, 33]. The melanoma death rate in

Stage T N M

I IA T1a N0 M0

IB T1b-T2a N0 M0

II IIa T2b/T3a N0 M0

IIb T3b-T4a N0 M0

IIc T4b N0 M0

III IIIa T1 to T4b N1a-N2a M0

IIIb T1 to T4a N1b-N2b-N2c M0

IIIc T1 to T4b N3 M0

IV - T1 to T4b N1 to N3 M1

Table 2. Melanoma progression stages based on the TNM classification (adapted from Ref. [26]).
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2012 was the highest in Australia and New Zealand (3.5/100,000) and Europe (2.3 per 100,000

people). In 2014, 76,100 new cases were diagnosed in the United States and 9710 patients with

cutaneous melanoma died, according to the American Cancer Society. The wide disparity in

melanoma incidence throughout the world depends upon the variation of early sun-exposure

behaviors, recreational and vacation histories, nevus phenotypes and skin phototypes, distri-

bution of melanoma risk genotypes, and discrepancies in epidemiological registrations

between countries [34]. According to the WHO, a large number of atypical nevi (moles) are

the strongest risk factor for malignant melanoma in fair-skinned populations. Malignant mel-

anoma is more common among people with a pale complexion, blue eyes, and red or fair hair.

It is over 20 times more frequent in White people compared to African-Americans and the risk

increases with the age, although it also affects young adults, especially women. High, inter-

mittent exposure to solar UV appears to be a significant risk factor for the development of

malignant melanoma [14, 35], particularly for White people living in tropical regions [36, 37].

The incidence of malignant melanoma in White populations generally increases with decreas-

ing latitude, with the highest recorded incidence occurring in Australia, where the annual rates

are 10 and over 20 times the rates in Europe for women and men, respectively. Several

epidemiological studies support a positive association with history of sunburn, particularly

sunburn at an early age [34]. The role of cumulative sun exposure in the development of

malignant melanoma is equivocal. However, malignant melanoma risk is higher in people

with a history of nonmelanoma skin cancers and solar keratoses, both of which are indicators

of cumulative UV exposure [38].

2.5. Immunity and immunotherapy of melanomas

Activation of genes in transformed melanocytes leads to the expression or overexpression of

tumour-associated antigens. Several melanoma-associated antigens (MAA) have been identi-

fied and classified according to their tissue expression and structure [39, 40]. These include

proteic antigens that can be recognized as MHC-I—peptide complexes by cytolytic T lympho-

cytes, membrane gangliosides, and conformational antigens inducing strong humoral

responses by B-lymphocytes. MAGE-1, �2, �3 and �4 antigens are expressed by metastatic

melanoma while their expression is absent in melanocytes and weak in primary melanoma

tumors, indicating that the corresponding genes are activated during malignant transforma-

tion and progression [41]. Other MAA such as Melan-A/melanoma antigen recognized by

T-cells (MART-1), tyrosinase, Pme117/gp100, gp75/tyrosine-related protein (TRP)-1 and AIM-2

are expressed in normally differentiated melanocytes and melanoma cells but absent in other

tumor cells, suggesting the possibility to target them for a specific destruction of melanoma

tumors [42, 43]. The expression of various gangliosides present in the membranes of melano-

cytes and melanoma cells (GM3, GD3, GM2, GD2 and O-acetyl GD3) is also significantly

increased during malignant transformation [44]. Given that malignant melanoma is one of the

most immunogenic tumor and that melanomas are highly resistant to chemotherapy and

radiotherapy, immunotherapy appears as one of the most promising and relevant strategies

to destroy melanoma tumors and metastatic cells.

Promising results have been reported using ex-vivo stimulation of tumor-infiltrating lympho-

cytes by cytokines and MAA, potentiation of T-cell cytotoxic activity by blocking CTL-A4
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co-inhibitory receptor (using monoclonal antibodies), CAR-T strategies, and combination of

immunotherapy with chemotherapeutics (e.g., dacarbazine/CTL-A4 blockade) [22, 31, 45–49].

Interferon-α and interleukin-2 monotherapeutic treatments give an overall positive response in

13–25% patients, and constitute a first-line therapy for nonmetastatic patients. Ipilimumab, an

anti-CTLA-4 monoclonal antibody, targeting a T-cell receptor decreasing T-cell activation and

cytotoxicity, allows a long-term survival benefit in one-third of metastatic melanoma patients,

and a complete remission in patients [50]. As a consequence, a high research effort is dedicated

to the development of new antibodies activating antitumoral immunity and to the discovery of

new natural drugs with cytostatic, antimetastatic, and/or antiangiogenic activity that could

stimulate the immune system and be used in chemoimmunotherapy protocols to synergize

with chemotherapeutic drugs and immune effectors.

In this view, only a few natural molecules have proved their efficacy to limit tumor growth and

inhibit the invasiveness of highly aggressive melanoma cells in in vitro and in vivo models. The

efficacy of such molecules is related to their antiangiogenic activity (e.g., resveratrol [51],

curcumin [52]), to their capacity to induce melanoma cell death regardless of their apoptosis-

sensitivity (e.g., narciclasine [53], carotenoids [54–59]), to their ability to target components of

apoptotic pathways to overcome melanoma cells resistance to anticancer drugs (e.g., epigallo-

catechin gallate [60–62]), or to their strong stimulatory effect on antitumoral immunity (e.g.

Lentinula edodes polysaccharides [63]). Considering the clinical efficacy of melanoma immuno-

therapy, combined to the high potential of natural compounds to limit melanoma growth and

restore melanoma sensitivity to apoptosis inducers without impairing antitumoral immunity,

an important research effort should be undertaken to assess the efficacy of original natural

cytostatic compounds, highlight the molecular and cellular mechanisms involved in their

pharmacological action, and study if these molecules favor in vivomelanoma rejection via their

immune regulatory properties. Considering the fast growth of melanoma and failure of cur-

rent treatments, the identification and clinical development of such efficient molecules will

obviously have a significant impact on patient survival rate and duration.

3. Molecular and cellular pathways involved in melanoma biogenesis and

progression

3.1. Implication of the MAPK pathway

The receptor tyrosine kinase MAPK pathway triggers a signaling cascade that regulates cell

growth, proliferation, differentiation, and survival in response to a wide variety of extracellu-

lar stimuli including hormones, cytokines, and growth factors through the activation of tyro-

sine kinase receptors. As mutations of components of the MAPK pathway are associated with

increased activity of ERK1/2 proteins [64], deregulation of this pathway contribute to both

development and progression of melanoma. In particular, mutations in B-RAF, a member of

the RAF kinase family, have been identified in up to 70% of malignant melanoma [65].

Binding of a ligand to the membrane bound tyrosine kinases receptors (RTKs) or integrins

adhesion to extracellular matrix triggers the activation of the RAS GTPases which further lead
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to activation/transduction of the MAPK signaling pathway. Ras GTPases are small proteins

bound to the cytoplasmic membrane. The RAS gene encodes three isoforms with tissue-

specific pattern: HRAS, KRAS, and NRAS [64]. Downstream targets of RAS proteins are the

PI3K/Akt pathway and the serine threonine kinase RAF proteins [66, 67]. Activated B-RAF

then leads to the activation of the MEK/ERKs kinases, which targets a variety of signaling

pathways such as cell growth, proliferation, protein synthesis, and apoptosis.

The RAF kinase family consists of three cytoplasmic proteins (A-RAF, B-RAF, and C-RAF)

which participate in the MAPK transduction pathway. Unlike, c-RAF and A-RAF, mutations in

B-RAF have been identified in up to 70% of malignant melanoma [68, 65]. Most frequent

activating somatic mutations in B-RAF occur at the V599E where a valine replaces a glutamic

acid [68]. Identification of such activating mutations in B-RAF proteins leads to the develop-

ment of new drugs, such as B-RAF inhibitors, as anticancer strategies [69].

These oncogenic B-RAF proteins are able to transform fibroblastic cell line and lead to

hyperactivation of the ERK proteins [68]. Constitutive ERK leads to increased proliferation

apoptosis resistance in melanoma cells [69]. Interestingly, suppression of the tumor suppressor

PTEN and activating mutations in B-RAF are both necessary in melanoma development

highlighting the importance of the PI3K/Akt pathway upregulation in melanoma growth and

apoptosis resistance [70].

Indeed, the tumor suppressor PTEN is downregulated in melanoma and this is associated with

PI3K/Akt hyperactivation [71]. Apoptosis resistance could be mediated through activation of

the NF-KB pathway, target of hyperactive ERK proteins [72]. Oncogenic B-RAF also leads to

inhibition of the LKB1-AMPK pathway, a central signaling pathway at a crossroad between

metabolism and proliferation regulation through, in particular, inhibition of the mTOR path-

way. This study highlights a new pathway in tumor growth regulation [73]. Finally, expression

of MCL-1, a member of the Bcl-2 pathway, whose alternative splicing leads to proteins with

either pro- and antiapoptotic activities, is increased in melanoma metastasis associated with

oncogenic B-RAF [74]. Oncogenic B-RAF may also trigger the antiapoptosis pathway through

inhibition of the proapoptotic Bim proteins [75].

Besides, downregulation of a downstream target of the MAPK pathway, MITF (microphthalmia-

associated transcription factor), the master regulator of melanocyte development, survival, and

function, is associated with poor diagnosis and melanoma progression [76]. Finally, cKIT, a

tyrosine kinase receptor, might trigger proliferation signals in melanoma through activation of

the MAPK pathway [77].

Others signaling pathways contribute to melanoma progression and metastasis such as the

noncanonical Wnt signaling [78] and deregulation of the cyclin-dependent kinase inhibitor 2A

(CDKN2A) pathway involved proliferation and apoptosis control [23].

3.2. Implication of extracellular vesicles (EV) in melanoma biogenesis and progression

Extracellular vesicles (EVs) are small vesicles released by most cell types in the extracellular

environment, and as a consequence can be retrieved from various body fluids, especially

plasma. EV might split into apoptotic bodies (>1 μm), microparticles (100 nm to 1 μm) released

after membrane blebbing and exosomes (<100 nm), vesicles with an endosomal origin release
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after multivesicular bodies fuse with the plasma membrane [79]. EVs are biological vectors

that convey lipids, different classes of proteins (cytoskeleton, adhesion, raft associated pro-

teins, histones, chaperones [80], glycoproteins, and chemokines [81] or even morphogens such

as Hedgehog proteins [82]. EVs also harbor nucleic acids [83] able to modulate the differenti-

ation of the target cells [84]. EVs communicate with their target cells via receptor-ligand

interaction, through transfer of membrane proteins [85, 86], can fuse with the plasma mem-

brane [87], or transfer their components into target cells via phagocytosis [88] or endocytosis

[89]. The ability of EVs released from antigen presenting cells to convey MHC class II proteins

[90] highlights their immunomodulatory properties and their potential as therapeutic agents in

anticancer strategies [91]. Moreover, as they carry tumor antigens via MCH class I proteins,

EVs can initiate antitumor response in vitro [92] and in vivo [93]. Nevertheless, the composition

of EVs and the message they convey depend both on the cells they originate from and the

conditions triggering their release. Indeed, EVs from dendritic cells can also suppress immune

response in inflammatory diseases models such as DTH (delayed-type hypersensitivity) mice

[94]. This ability to attenuate immune response might be associated with the capacity of EV to

induce expression of molecules able to inactivate T-cells or suppress immune response [95].

In addition to their immunomodulatory properties, the role of EVs in inflammation, angiogen-

esis, and proliferation has been widely demonstrated [96–98]. This suggests an implication for

EVs in tumor survival and progression. In this study, exosomal markers, such as CD63, could

be found also on a wide range of subpopulations of EVs, and as long as there is no determina-

tion of the cellular origin of vesicles, we chose to use the term EV to refer to both exosomes and

microparticles.

3.3. Role of circulating EV in melanoma biogenesis and progression

Circulating EV can trigger inflammatory pathways in target cells [96], stimulate angiogenesis

[82, 99, 100], protect against apoptosis [101], or stimulate proliferation [102].

Plasma levels of EV harboring CD63 in melanoma-engrafted SCID mice correlate to tumor

size, suggesting a role of the tumor in EV secretion [103]. However, other suggests that

circulating rates of EV do not differ between melanoma and healthy patients [104–106] but

instead, EV protein composition might differ. In particular, plasmatic EVs from melanoma

patients are enriched in platelet-derived EV involved in neovascularization (CD42a harboring

EV) and antitumour immune responses (CD8 harboring EV) [105]. Furthermore, circulating

endothelial and platelet derived-EV (EEV) and procoagulant EV are significantly higher in

melanoma patients [107]. Such procoagulant EVs stimulate proinflammatory cytokines secre-

tion by macrophages and drive melanoma metastasis in vivo [108] reinforcing the implication

of EV in melanoma progression.

3.4. A role of EV in melanoma metastasis

EV release is exacerbated in human malignant [109] and murine [110] melanoma cell lines.

Furthermore, in comparison with murine melanocyte cell line, metastastic melanoma cell lines

secrete highly procoagulant EV harboring phosphatidylserine and enriched in tissue factor pro-

teins suggesting that melanocyte transformation into cancer cells is associated with the secretion

of such EVs [110]. Besides, Wnt5a, a noncanonical Wnt signaling ligand in involved melanoma
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progression [78] induces the release of melanoma exosomes enriched in proangiogenic proteins

and pro-inflammatory cytokines [111].

Proteomic analysis of human malignant melanoma cell lines A375 reveals an enrichment in

proteins involved in angiogenesis and matrix remodeling such as annexin A1 and hyaluronan

and proteoglycan link protein 1 (HAPLN1) [109]. Analysis of EV microRNA content reveals

enrichment in miRNA involved in cell growth, proliferation, and apoptosis. Uptake of such EV

promotes the invasion ability of normal melanocytes [109]. Furthermore, tumor-derived EV

harbor FAS ligand involved in antitumor response through lymphocytes apoptosis [112]. Finally,

human (SK-Mel28/-202/-265/-35) andmouse (B16-F10) cell line–derived exosomes are enriched in

TYRP2 (tyrosinase-related protein-2), VLA-4 and Hsp90 proteins. Indeed, B16F10-derived

exosomes are enriched in prooncogenic proteins such as the oncogene MET which has been

described a role in cell transformation, proliferation, survival, invasion, and metastasis [113–

115]. BM cell treatment with such exosomes led to an increase in tumor size compared to

nontreated mice. Compared to EV derived from B16F1, a poor metastatic cell line, injection of

B16F10 EV led to increased metastatic lesions and a wider tissue distribution (brain, bone) [106].

This is in agreement with previous studies suggesting that highly metastasis cells are enriched in

oncogene Met72 and are more deleterious than B16F1-derived EV [116]. These data strongly

suggest that EV from melanoma cells is able to suppress antitumor response and stimulate

tumor progression but also their ability to trigger melanoma invasion and metastasis. However,

different populations of EV have distinct procoagulant properties [117]. Thus, it is therefore

necessary to identify the cell origin of EV in order to determine their role in cancer progression.

3.5. Role of microRNAs in melanoma progression

MicroRNAs are noncoding small RNAs able to bind target mRNAs, through their 30UTRs

leading to their degradation. Binding of microRNAs to their targets allows regulating a wide

variety of cellular mechanisms such as proliferation, angiogenesis, inflammation, and survival.

A role for microRNAs in melanoma progression was first demonstrated through different

miRNA expression signatures associated with the developmental lineage and differentiation

state of solid tumors [118]. Furthermore, a microarray analysis demonstrates a specific

targeting between A375 cell line and the A375 cells-derived EV of 28 miRNAs involved in

cellular growth, development, and proliferation [109]. Relevance of microRNAs implication in

melanoma development was illustrated by the fact that miRNAS loci are retrieved in genomic

regions altered in melanoma [119]. MITF (microphthalmia-associated transcription factor) the

master regulator of melanocyte development, survival, and function, which is often

dysregulated in melanoma is a target of miR-137 [120] and miR-182 [121]. Finally, a number

of microRNAs such as miR-214 [122] and miR-223 [123], but also miR-137, miR-182, miR-221/

222, and miR-34a, have been involved in melanoma progression (for a review see [124]). In

particular, miR-221 and miR-222 are involved in tumor proliferation and an increased in

invasion and migration abilities through targeting of p27Kip1/CDKN1B (cyclin-dependent

kinase inhibitor 1B) and the tyrosine kinase receptor c-KIT receptor [124, 125].

However, five members of the Let-7 family are downregulated in primary melanoma suggesting

that these microRNAs might trigger anticancer responses. In particular, Let7b which targets

cyclins exerts antitumoral responses through inhibition of cancer cycle progression [126].
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MicroRNAs can also be transported via EV and regulate the pathway in distant target cells. In

particular, circulating EV from metastatic melanoma patients harbors a specific miRNA signa-

ture. Indeed, those EVs are enriched in oncogenics miRNAs mir17 and miR19a suggesting a

role for miRNAs-associated EV in tumor progression and metastasis [127]. On the other hand,

circulating EV in advanced melanoma patients shows a decrease in miR-125b which

downregulation has been described in melanoma progression [128].

Finally, deep-RNA sequencing allows identifying an enrichment of 23 specific microRNAs in

small EV including miR-199a-3p, miR-150-5p, miR-142-3p, and miR-486-5p known to be

involved in melanoma progression or identified in melanoma metastasis or patient blood sam-

ples [129]. In particular, miR-214 has been associated with melanoma metastasis [122]. Interest-

ingly, in silico analysis reveals that some of these miRNAs could target the BRAF pathway which

is often deregulated in melanoma [129]. Metastatic cell lines secrete EVenriched in the oncogenic

miR-222. Furthermore, miR-222 associated with EV can be transferred into target cells and

promote tumorigenesis through activation the Akt/PI3K pathway [130].

3.6. Identification of new markers for melanoma diagnosis and prognosis

Circulating concentrations of lactate dehydrogenase [79], S100 and MIA (Melanoma Inhibitory

Activity), two small proteins expressed by melanoma cells, are significantly higher in melanoma

patients [131] and thus are widely used a proteins markers in order to monitor melanoma

progression. LDH concentrations might be a better prognosis factor to classify advanced mela-

noma [132, 133].

Other circulating factors such as circulating nucleic acids or EV could be used in melanoma

detection as a prognosis factor in advanced stages of diseases. Indeed, circulating EVs from stage

III to stage IV are enriched TYRP2 (tyrosinase-related protein-2), a specific melanoma protein,

VLA-4 (very late antigen 4) and HSP90. Furthermore, these enriched EVs correlated with poor

survival prognosis [106]. These authors identified a specific exosomes protein signature that

could be used as a prognosis marker in stages III and IV melanoma patients [106].

Besides, circulating EV carries melanoma markers such as S100B and MIA proteins. Concentra-

tions of EV-S100B and EV-MIA are higher in stage IV melanoma patients and such EV was

associated to poor prognosis in patients [104]. Detection of such EV could be used as an additional

diagnosis and prognosis marker of melanoma patients. In contrast, these authors did not find an

increase in TYRP2 containing exosomes in plasma of melanoma patients. This discrepancy could

be due to difference in EV isolation, or EV concentrations/number analysis (NTA analysis vs. EV-

protein concentration determination). Finally, circulating EV enriched in oncogenes miRNAs

mir17 andmiR19a could be used as predictivemarkers inmelanomapatients [127].

In addition, some microRNAs detected in patient metastasis such as miR-150, miR-342-3p, miR-

455-3p, miR-145, miR-155, and miR-497 could be used as a specific signature to predict

postsurvival recurrence with a high expression of miR-145, miR-155 in metastatic tissue associ-

ated with longer survival [134]. Finally, identification of a specific signature of 16 differentially

expressed microRNAs in patient blood samples represents a new noninvasive tool in diagnosis

applications [135]. Finally, other authors suggest that microRNAs from blood patients could be

used to monitor melanoma recurrence [136, 137].
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4. Current melanoma treatment

The treatment options for regional or distant metastatic melanoma have expanded in recent

years and are directly influenced by disease stage at diagnosis and the extent of metastases.

The therapy used includes several drugs with different mechanisms of action, including

chemotherapies, immunomodulatory agents, the serine/threonine protein kinase BRAF, mito-

gen-activated protein kinase (MEK) inhibitors, and most recently, use of vaccines [6, 7]. The

primary treatment of this cancer type is surgical excision, sentinel lymph node dissection,

radical lymph node dissection, and isolated limb perfusion [138, 139].

Chemotherapy may now be considered a second or third line in patients with resistance to

immunotherapy and targeted therapy [140]. Tumor cells may evade the immune attack by

some mechanisms, such as impaired antigen presentation, expression of factors with immuno-

suppressive properties, such as transforming growth factor-beta (TGF-β), vascular endothelial

growth factor (VEGF), interleukin-2 (IL-2), and induction of resistance to apoptosis. In addi-

tion, melanoma cells further express receptors on the cell surface which function as check-

points to the immune system response, as the cytotoxic T-lymphocyte-associated protein 4

(CTLA-4) and programmed cell death protein 1 (PD-1). The ipilimumab is an anti-CTLA-4

monoclonal antibody and the nivolumab and pembrolizumab are also monoclonal antibodies

directed against the PD-1 receptor, that blocking the inhibitory ligand's suppression of

immune response. Thus, the main objectives of immunotherapy are to activate an immune

response through the immunostimulation of IL-2, the upregulation of tumor-inhibitory T cells,

and the inhibition of the immune control points [141, 142].

In addition to the immunological approach, targeted therapies have also been employed in the

treatment of melanoma, such as BRAF and MEK inhibitors. The BRAF gene is responsible for

encoding the B-raf protein that participates in the regulation of the mitogen-activated protein

kinase/extracellular signal-regulated kinase (MAPK/ERK) signaling pathway, which regulates

cell proliferation, differentiation, and cell cycle progression [142]. The discovery that BRAF

was mutated in about 50% of melanomas led to the development of BRAF kinase inhibitors as

vemurafenib and dabrafenib. However, most patients acquire resistance mechanisms to BRAF

kinase inhibition [141, 143]. In view of the development of resistance to single BRAF blockade,

several combination schemes have been developed, as the combination therapy with MEK

inhibitors trametinib and cobimetinib [144–146].

Despite these advances, about 80% of patients develop resistance to the current standard of

treatment with the combination of a selective BRAF and MEK inhibitors, which stimulates

research for new treatment alternatives. The use of triple combining therapy has also been the

subject of investigations and demonstrated prolonged responses [147]. Preclinical assays

performed with the triple combination of BRAF and MEK inhibitors and anti-PD-1 demon-

strated high antitumor activity and phase I/II clinical studies have shown promise in

BRAFV600-mutated melanoma [148]. Moreover, vaccines have also been investigated and in

2015 the Food and Drug Administration (FDA) approved the Talimogene laherparepvec

(T-VEC), an oncolytic virus derived from herpes simplex type 1, which can selectively replicate

within tumors and produce granulocyte macrophage colony stimulating factor (GM-CSF)

which promotes increased antitumor immune response [149].
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5. Chemical and biological aspects of flavonoids

Flavonoids are phenolic constituents commonly found in a variety of fruits, vegetables, and

medicinal plants. They add color, flavor, and aroma to plants, and play an important role in

protection mechanisms against pathogens, ultraviolet radiation, and herbivores. Flavonoids

comprise an important class of secondary metabolites, with numerous possibilities of chemical

structures [150, 151].

Flavonoids have a basic phenylbenzopyrone skeleton (C6-C3-C6), admitting several substitu-

tion possibilities. In accordance with the substitution pattern of A, B, and C rings of the basic

structure, flavonoids can be classified as chalcones, aurones, flavones, flavonols, flavanols,

flavanones, isoflavones, flavanonols, among others [10]. The most common classes of flavo-

noids are shown in Figure 2.

Flavonoids may include the polyhydroxylated or polymethoxylated form. There are more than

8000 flavonoids identified, some of the most abundant are quercetin, catechin, and kaempferol,

which are often combined with glycosidic units (commonly glucose, galactose, and rhamnose)

through C-C or C-O-C bonds [152, 153]. The structural diversity of flavonoids directly influ-

ences their chemical, physical and pharmacological properties.
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Figure 2. Basic skeleton (C6-C3C6) and main classes of flavonoids. This figure was adapted from Ref. [10].
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Several studies have demonstrated the therapeutic properties of flavonoids obtained from plants

or through synthesis. In fact, the structural diversity of flavonoids contributes to the diverse

pharmacological activities reported for these compounds. In vitro and in vivo assays have shown

the antioxidant, anti-inflammatory, antinociceptive, cardioprotective, photoprotective, antide-

pressant, antimicrobial, and cytotoxic effects of flavonoids [154, 155].

Recently, flavonoids have been shown to be potent antitumor agents. These compounds

showed promising effect against different tumor cell lines, including human melanoma cells

[156, 157]. In addition, flavonoids typically exhibit low toxicity in biological systems, which

make them an alternative therapy compared with traditional anticancer drugs [158–161].

6. Bioactivity of flavonoids on melanoma

In this section, the authors present a systematic review performed through a literature search

over a period of 20 years (January 1996–December 2016). This literature search was performed

through specialized databases (PUBMED, LILACS, SCIELO, Science Direct, and Web of Sci-

ence) using different combinations of the following keywords: flavonoid, flavonoid derivative,

melanoma, skin cancer, treatment, and anticancer therapy. We did not contact investigators

and we did not attempt to identify unpublished data.

Manuscripts were selected based on the inclusion criteria: articles published in English, Portu-

guese, Spanish, or French and articles with keywords in the title, abstract, or keywords, as well

as studies involving anticancer activity of natural flavonoids necessarily against melanoma in

in vitro or in vivomodels. Other review articles, meta-analysis, abstracts, conferences, editorial/

letters, case reports, conference proceedings, or articles that did not meet the inclusion criteria

were excluded from this systematic review.

For the selection of the manuscripts, two independent investigators (RGOJ and CAAF) first

selected the articles according to the title, then to the abstract, and finally through an analysis of

the full-text publication. A consensus between the investigators was reached as a clarification for

in order to clarify all disagreements. The selected articles were manually reviewed with the

purpose of identifying and excluding the works that did not fit the criteria described above.

The primary search identified 164 articles. However, among these, 39 manuscripts were indexed

in two or more databases and were considered only once, resulting in 125 articles. After an initial

screening of titles, abstracts, full text, and time of publication, 43 articles were selected, while the

remainder did not meet the inclusion criteria (n = 82). Although many articles presented prom-

ising anticancer activity for plant extracts rich in flavonoids, we considered only articles that

showed anticancer activity of the isolated flavonoids on melanoma cell lines. Investigations

involving synthetic flavonoids were also excluded from this review. A flowchart illustrating the

progressive study selection and numbers at each stage is shown in Figure 3.

Analysis of all selected manuscripts demonstrated that at least 97 flavonoids have already

been investigated for the treatment of melanoma using in vitro or in vivo models. Most of the

bioactive flavonoids belong to the classes of flavones (38%), flavonols (17.5%), or isoflavonoids
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(17.5%), which has aroused the interest of several research groups in natural and synthetic

products in the world. All information about these flavonoids for the treatment of melanoma

was reported in Box 1. Next, we highlight the anticancer properties of the main tested flavo-

noids on melanoma cells (apigenin, diosmin, fisetin, luteolin, and quercetin).

6.1. Bioactivity of apigenin on melanoma

Apigenin (40,5,7,-trihydroxyflavone) is a nonmutagenic and low-toxicity dietary flavonoid

commonly present in many fruits, vegetables, and medicinal plants. This flavone has a broad

spectrum of antiproliferative activities against many types of cancer cells, including mela-

noma. Recent studies have demonstrated that apigenin inhibits cell growth through cell cycle

arrest and apoptosis in malignant human melanoma cell lines. Hasnat et al. [169] showed that

treatment with 50 μM apigenin significantly reduced viable cell percentages in A375 and

A2058 human melanoma cells. Treatment with apigenin for 24 h also decreased human mela-

noma cell numbers in a dose-dependent manner. A similar result was observed by Spoerlein

et al. [170], who evaluated the cytotoxic potential and the effect of apigenin on the cell cycle of

518A2 human melanoma cells. Apigenin also caused a dose-dependent decrease in the per-

centage of transwell-migrated cells, and ∼90 and ∼70% inhibitions of cell migration were

recorded upon treatment with 20 μM of apigenin, respectively, for A2058 and A375 cells [169].

The cytotoxic effects of apigenin were related to its ability to reduce integrin protein levels and

inhibit the phosphorylation of focal adhesion kinase (FAK) and extracellular signal-regulated

kinase (ERK1/2). Furthermore, apigenin treatment increased apoptotic factors such as caspase-3

and cleaved poly(ADP-ribose) polymerase in a dose-dependent manner. Cao et al. [172] have

also demonstrated that apigenin suppressed STAT3 phosphorylation, decreased STAT3 nuclear

localization, and inhibited STAT3 transcriptional activity. Apigenin also downregulated STAT3

target genes MMP-2, MMP-9, VEGF, and Twist1, which are involved in cell migration and

invasion. In this same investigation, it was determined the in vivo antimetastatic effect of

Total of articles

(n = 164)

Exclusion of repetitions

(n = 39)

Screening of articles

(n = 125)

Articles selected for systematic review

(n = 43)

Articles did not meet the 

inclusion criteria (n = 82)

Figure 3. Flowchart of included studies for the systematic review.
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

Aurones

2,6-Dihydroxy-2-[(4-

hydroxyphenyl)methyl]-3-

benzofuranone

In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

Anthocyanins

Cyanidin-3-O-β-

glucopyranoside (C-3-G)

In vitro M14 (HM) 5 or 10 μM A treatment with a single dose of

C-3-G decreased cell proliferation

without affecting cell viability

and without inducing apoptosis

or necrosis. C-3-G treatment also

induced increase of cAMP levels

and upregulation of tyrosinase

expression and activity resulting

in an enhanced melanin synthesis

and melanosome maturation.

Upregulation of the melanoma

differentiation antigen Melan-A/

MART-1 in treated cells respect to

the untreated control was

recorded.

[163]

Biflavonoids

Pteridium III In vitro A375 (HM) ND Preliminary test determined IC50

equal to 106.7 μM.

NE [164]

Chalcones

20,40-Dihydroxychalcone In vitro B16-BL6

(MM)

ND Preliminary test determined IC50

equal to 44.3 μM.

NE [162]

4,40-Dihydroxy-20-

methoxychalcone

In vitro B16-BL6

(MM)

ND Preliminary test determined IC50

equal to 56.3 μM.

NE [162]

Isoliquiritigenin (ISL) In vitro B16-BL6

(MM)

ND Preliminary test determined IC50

equal to 80.5 μM.

NE [162]

In vitro

and

in vivo

(mice)

B16F0 (MM) 5–25 μg/ml A significant concentration- and

time-dependent reduction in cell

proliferation was observed. The

cell inhibition rate ranged from 18

to 79% and 35 to 91% after 24 and

48 h of ISL treatment (5, 10, 15, 20,

and 25 μg/mL), respectively. ISL

ISL increased reactive oxygen

species (ROS) formation during

B16F0 cell differentiation, but no

specific target was evaluated.

[165]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

did not show significant activity

in the in vivo model.

Phloretin In vitro M14 (HM) 1–40 μM Cell viability was 31.6% in M14

cells exposed to 40 μM of this

compound. Phloretin induced

apoptosis in a concentration

dependent manner with

significant effect at 20 μM after

48 h of treatment.

NE [166]

α,20,4,40-

tetrahydroxydihydrochalcone

In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

Flavones

5,30 ,40-Trihydroxy-6,7,50-

trimethoxyflavone

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 14 μM.

NE [167]

5,40-Dihydroxy-6,7,30,50-

tetramethoxyflavone

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 241 μM.

NE [167]

5,6,30-Trihydroxy-7,40-

Dimethoxyflavone

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 18 μM.

NE [167]

5,6,40-Trihydroxy-7,30,50-

trimethoxyflavone

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 39 μM.

NE [167]

5,6,7-Trihydroxybaicalein In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 11 μM.

NE [167]

5,6-Dihydroxy-7,30 ,40-

trimethoxyflavone

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 29 μM.

NE [167]

5,7-Dihydroxy-6-

methoxyhispidulin

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 67 μM.

NE [167]

5,7-Dihydroxy-7-

methoxyflavone

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 119 μM.

NE [167]

6-Hydroxyluteolin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 13 μM.

NE [167]

6-Methoxyflavone In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 398 μM.

NE [167]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

6-Prenylapigenin In vitro B16 (MM) ND Preliminary test determined IC50

equal to 32.5 μM.

NE [168]

Albanin In vitro B16 (MM) ND Preliminary test determined IC50

equal to 84.7 μM.

NE [168]

Apigenin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 26 μM.

NE [167]

In vitro A375 and

A2058 (HM)

0–50 μM Treatment with 50 μM apigenin

significantly reduced viable cell

percentages in both types of

melanoma cells. Apigenin

exhibited dose-dependent

inhibition of melanoma cell

migration, unlike untreated

controls.

Apigenin reduced integrin

protein levels and inhibited the

phosphorylation of focal adhesion

kinase (FAK) and extracellular

signal regulated kinase (ERK1/2).

Furthermore, apigenin treatment

increased apoptotic factors such

as caspase-3 and cleaved poly

(ADP-ribose) polymerase in a

dose dependent manner.

[169]

In vitro 518A2 (HM) ND Preliminary test determined

IC50 > 50 μM. The flavonoid also

reduced cell migration.

Apigenin induced an arrest of the

cell cycle of 518A2 melanoma

cells at the G2/M transition and

also attenuated the expression

and secretion of the metastasis

relevant matrix

metalloproteinases MMP-2 and

MMP-9.

[170]

In vitro MDA-MB-

435 (HM)

1–50 μM Preliminary test determined

IC50 > 50 μM.

NE [171]

In vitro

and

in vivo

(mice)

B16F10

(MM), A375

and G361

(HM)

0–40 μM (in vitro tests) and

150 mg/kg (in vivo tests)

Apigenin (5 and 10 μM) also

dose-dependently inhibited

B16F10, A375 G361 cell migration

and invasion. Apigenin-treated

mice had significant fewer

metastatic nodules.

Apigenin suppressed STAT3

phosphorylation, decreased

STAT3 nuclear localization and

inhibited STAT3 transcriptional

activity. Apigenin also

downregulated STAT3 target

genes MMP-2, MMP-9, VEGF and

Twist1, which are involved in cell

migration and invasion.

[172]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

Artocarpin In vitro B16 (MM) ND Preliminary test determined IC50

equal to 10.3 μM.

NE [168]

Baicalein In vitro B16F10

(MM)

0–200 μM Treatment with 40 μM baicalein

resulted in approximately 87%

inhibition of cell growth.

Baicalein also inhibited the

migration and invasion of B16F10

cells.

Baicalein reduced the expression

of MMPs and tightening TJ

through the suppression of

claudin expression, possibly in

association with a suppression of

the phosphoinositide 3-kinase/

Akt signaling pathway.

[173]

In vitro B16F10

(MM)

3.156–50 μM Preliminary test determined IC50

equal to 50 μM.

NE [174]

Brosimone I In vitro B16 (MM) ND Preliminary test determined IC50

equal to 10.7 μM.

NE [168]

Chrysin In vitro 518A2 (HM) ND Preliminary test determined IC50

> 50 μM. The flavonoid also

reduced cell migration.

Apigenin induced an arrest of the

cell cycle of 518A2 melanoma

cells at the G2/M transition and

also attenuated the expression

and secretion of the

metastasisrelevant matrix

metalloproteinases MMP-2 and

MMP-9.

[170]

In vitro B16BL6

(MM)

ND Preliminary test determined IC50

equal to 20.5 μM.

NE [175]

In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 51 μM.

NE [167]

Cirsilineol In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 73 μM.

NE [167]

Cirsiliol In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 9 μM.

NE [167]

Cudraflavone B In vitro B16 (MM) ND Preliminary test determined IC50

equal to 12.5 μM.

NE [168]

Cudraflavone C In vitro B16 (MM) ND Preliminary test determined IC50

equal to 9.2 μM.

NE [168]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

Desmethoxylcentaureidin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 64 μM.

NE [167]

Diosmin In vivo

(mice)

B16F10

(MM)

0.2% solution (ad libitum as

drink)

Animals treated with diosmin

presented a reduction in the

number of subpleural mestases in

comparison to the negative

control group.

NE [176]

In vivo

(mice)

B16F10

(MM)

551 mg/kg/day Diosmin alone

or combined with different

doses of IFN-α

IFN-α showed a dose-dependent

antiinvasive and antiproliferative

activity in our study, while

diosmin showed an antiinvasive

activity similar to the lower dose

of IFN-α used. Combination of

diosmin and IFN-α have shown

synergistic effect.

NE [177]

In vivo

(mice)

B16F10

(MM)

0.2% solution (ad libitum as

drink)

Group treated with diosmin

showed the greatest reduction

(52%) in the number of metastatic

nodules.

NE [178]

In vivo

(mice)

B16F10

(MM)

20 mg/day Diosmin decreased the number of

metastatic nodules (52%),

implantation (79%), growth (67%)

and invasion (45%) index.

NE [179]

Eupafolin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 16 μM.

NE [167]

Eupatilin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 58 μM.

NE [167]

In vitro B16F10

(MM)

10�4–10�8 M Preliminary test determined IC50

from 33 to 85 μM.

NE [180]

Eupatorin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 44 μM.

NE [167]

Isolinariin A In vitro C32 (HM) ND Preliminary test determined IC50

equal to 11.76 μM.

NE [181]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

Isolinariin B In vitro C32 (HM) ND Preliminary test determined IC50

equal to 21.47 μM.

NE [181]

Jaceosidin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 27 μM.

NE [167]

In vitro B16F10

(MM)

10�4 to 10�8 M Preliminary test determined IC50

from 32 to 49 μM.

NE [180]

Kuwanon C In vitro B16 (MM) ND Preliminary test determined IC50

equal to 14.2 μM.

NE [168]

Linariin In vitro C32 (HM) ND Preliminary test determined IC50

equal to 12.6 μM.

NE [181]

Luteolin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 21 μM.

NE [167]

In vitro MDA-MB-

435 (HM)

1–50 μM Preliminary test determined IC50

equal to 30.3 μM.

NE [171]

In vitro A375 (HM) 0–80 μM Preliminary test determined IC50

equal to 115.1 μM. Luteolin also

inhibited colony formation and

induced apoptosis in a dose and

time-dependent manner by

disturbing cellular integrity as

evident from morphological

evaluation.

Accumulation of cells in G0/G1

(60.4-72.6%) phase for A375 cells

after 24 h treatment indicated cell

cycle arresting potential of this

flavonoid, but no specific target

was investigated.

[182]

In vitro B16F10

(MM)

3.156–50 μM Preliminary test determined

IC50 > 50 μM.

NE [174]

In vitro A2058 (HM) 0–80 μg/ml Luteolin inhibited cell

proliferation (IC50 = 35 μg/ml)

and increased apoptotic body

formation. Luteolin induces

apoptosis by Endoplasmic

Reticulum (ER) stress via

increasing Reactive Oxygen

Species (ROS) levels.

Luteolin increased expression of

the ER stress-related proteins;

protein kinase RNA-like ER

kinase, phosphor eukaryotic

translation initiation factor 2α,

activating transcription factor

(ATF) 6, CCAAT/enhancer-

binding protein-homologous

protein (CHOP), and cleaved

caspase 12. Furthermore, luteolin

[183]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

increased the level of intracellular

ROS, leading to ROS mediated

apoptosis and ER stress.

In vitro

and

in vivo

(mice)

B16F10 5–50 μM (in vitro tests) and

10–20 mg (in vivo tests)

Luteolin suppressed the hypoxia-

induced changes in the cells in a

dose-dependent manner. In

experimental metastasis model

mice, treatment with luteolin

reduced metastatic colonization

in the lungs by 50%.

Luteolin inhibited the hypoxia-

induced epithelial-mesenchymal

transition in malignant melanoma

cells both in vitro and in vivo via

the regulation of β3 integrin.

[184]

Morin In vitro B16 (MM) ND Preliminary test determined IC50

equal to 170 μM.

NE [168]

Norartocarpin In vitro B16 (MM) ND Preliminary test determined IC50

equal to 7.8 μM.

NE [168]

Pectolinarigenin In vitro B16F10

(MM)

ND Preliminary test determined IC50

equal to 64 μM.

NE [167]

Pectolinarin In vitro C32 (HM) ND Preliminary test determined IC50

equal to 7.17 μM.

NE [181]

Tangeretin In vivo

(mice)

B16F10

(MM)

20 mg/day Tangeretin decreased the number

of metastatic nodules,

implantation, growth and

invasion index.

NE [179]

Flavanones

3,7-Dihydroxy-6-

methoxyflavanone

In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

3,7-Dihydroxyflavanone In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

7-Hydroxy-6-

methoxyflavanone

In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 equal to 6.7 μM.

NE [162]

7-Hydroxyflavanone In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 equal to 99.9 μM.

NE [162]

Alnustinol In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

Artocarpanone In vitro B16 (MM) ND Preliminary test determined

IC50 equal to 122.2 μM.

NE [168]

Dihydrobaicalein In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

Dihydrooroxylin A In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 equal to 72.6 μM.

NE [162]

Eriodictyol In vitro B16F10

(MM)

3.156–50 μM Preliminary test determined

IC50 > 50 μM.

NE [174]

Garbanzol In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

Isoxanthohumol (IXN) In vitro B16 (MM)

and A375

(HM)

0–100 μM The treatment of both celllines

with IXN resulted in dose-

dependent decrease of cell

viability (IC50 21.88–24.18 μM).

PI3K/Akt and MEK-ERK

signaling pathways between B16

and A375 cells were involved.

[185]

Liquiritigenin In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 equal to 97.7 μM.

NE [162]

Naringenin In vitro C32 and

A375 (HM)

ND Preliminary test determined IC50

equal to 0.6 and 13.8 μM for C32

and A375 cells, respectively.

NE [189]

In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

Flavonols

Alnusin In vitro B16-BL16

(MM)

ND Preliminary test determined

IC50 > 100 μM.

NE [162]

Drabanemoroside In vitro SK-MEL-2

(HM) and

B16F1 (MM)

ND Preliminary test determined IC50

equal to 1.9 μg/ml for SK-MEL-2.

The compound was not effective

against B16F1 cells

(IC50 > 40 μg/ml).

NE [189]

Fisetin In vitro A375 (HM) 20–80 μM Preliminary test determined IC50

equal to 38.1 and 20.3 μM at 24

and 48 h after treatment.

Fisetin inhibited mTOR and

p70S6K through direct binding

while the observed inhibitory

[186]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

effect of fisetin on AKTwas

mediated indirectly, through

targeting interrelated pathways.

In vitro

and

in vivo

(mice)

A375 (HM) 10 and 20 μM, in combination

with sorafenib (2 and 5 μM)

Combination treatment (fisetin þ

sorafenib) more effectively

reduced the migration and

invasion of BRAF-mutated

melanoma cells both in vitro and

in raft cultures compared to

individual agents. In addition,

fisetin potentiated the

antiinvasive and antimetastatic

effects of sorafenib in vivo.

Combination treatment (fisetin þ

sorafenib) promoted a decrease in

N cadherin, vimentin and

fibronectin and an increase in E-

cadherin both in vitro and in

xenograft tumors. Furthermore,

combination therapy effectively

inhibited Snail1, Twist1, Slug and

ZEB1 protein expression

compared to monotherapy. The

expression of MMP-2 and MMP-9

in xenograft tumors was further

reduced in combination treatment

compared to individual agents.

[187]

In vitro

and

in vivo

(mice)

451Lu (HM) 20–100 μM (in vitro tests) and

1 and 2 mg/kg (in vivo tests)

IC50 was estimated to be 80, 37.2,

and 17.5 μM at 24, 48, and 72

hours of treatment, respectively.

A smaller average tumor volume

was consistently observed in mice

treated with fisetin. This was

more marked in animals receiving

1 mg fisetin than in animals

receiving the 2 mg dose,

indicating a nonlinear dose

response.

Fisetin decreased cell viability

with G1-phase arrest and

disruption of Wnt/β-catenin

signaling.

[188]

In vitro 451Lu and

A375 (HM)

20–80 μM The efficacy of fisetin in the

induction of apoptosis varied

with cell type as A375 cells were

more susceptible to fisetin

treatment compared to 451Lu

cells. Results confirm apoptosis as

the primary mechanism through

which fisetin inhibits melanoma

cell growth.

Fisetin treatment induced

endoplasmic reticulum (ER) stress

in highly aggressive A375 and

451Lu human melanoma cells, as

revealed by upregulation of ER

stress markers including IRE1a,

XBP1s, ATF4 and GRP78. Both

extrinsic and intrinsic apoptosis

[189]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

pathways are involved in fisetin

cytotoxic effects.

Galangin In vitro B16F10

(MM)

0–100 μM Preliminary test determined IC50

equal to 145 μM. Galangin.

Microscopical analysis revealed

the reduced number of cells and

morphological aberrations after a

24 h treatment. The appearance of

apoptotic cells such as cell

shrinking, rounding and partial

detachment was evident at a

galangin concentration of 100 μM.

Galangin activated apoptosis

signaling cascades by cleavage of

procaspase-9, procaspase-3 and

PARP in B16F10 cells. Moreover,

galangin significantly induced

activation of phosphor-p38

MAPK in a time and dose

dependent manner.

[190, 192]

In vitro

and

in vivo

(mice)

B16F10

(MM)

0–200 μM (in vitro tests) and

50 mg/kg (in vivo tests)

Galangin decreased the

proliferation of B16F10 cells in a

dose-dependent manner. The cell

viabilities were 67.9% at 50 mM

group, 54.5% at 100 mM group,

and 48.7% at 200 mM group,

respectively. A significant

reduced number of migrating

cells was observed when the cells

were treated with galangin for 24

h. In vivo models showed that

galangin inhibited lung

metastasis of B16F10 cells.

Molecular data showed that FAK

mRNA level were reduced dose-

dependently. Galangin also

reduced phosphorylation of FAK

(Tyr397) protein and suppressed

the transcription of FAK gene,

indicating FAK expression is a

candidate target of galangin.

[191]

In vitro B16 (MM) 10–250 μg/ml Preliminary test determined IC50

equal to 91.65 μg/ml.

Inhibitory effect on melanin

production and tyrosinase

activity.

[194]

Galangin-7-methyl ether In vitro B16BL6

(MM)

ND Preliminary test determined IC50

equal to 20.8 μM.

NE [175]

Icaritin In vitro A375S,

A375R,

A2058, and

MEWO (all

HM)

2.5–80 μM Preliminary test determined IC50

equal to 2.7, 6.9, 14, and 15.6 μM

in A375S, A375R, A2058, and

MEWO cells, respectively, after

72h of treatment.

Icaritin suppressed p-STAT3

(tyr705) level in parallel with

increases of p-STAT3 (ser727),

p-ERK and p-AKT. The flavonoid

significantly inhibited STAT3

nuclear translocation and reduced

[195]
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the levels of STAT3 -targeted

genes. Icaritin also inhibited IGF-

1-induced STAT3 activation

through downregulation of total

IGF-1R level.

Isorhamnetin In vitro SK-MEL-2

(HM) and

B16F1 (MM)

ND Preliminary test determined

IC50 > 40 μg/ml for both cell lines.

NE [189]

Isorhamnetin-3-O-β-D-

glucoside

In vitro SK-MEL-2

(HM) and

B16F1 (MM)

ND Preliminary test determined

IC50 > 40 μg/ml for both cell lines.

NE [189]

Kaempferol In vitro MDA-MB-

435 (HM)

1–50 μM Preliminary test determined IC50

equal to 1.5 μM.

NE [171]

In vitro SK-MEL-2

(HM)

ND Preliminary test determined IC50

equal to 6.9 μM.

NE [196]

Kaempferol-3-O-rhamnoside In vitro SK-MEL-2

(HM)

ND Preliminary test determined IC50

equal to 33.9 μM.

NE [196]

Myricetin In vitro B16F10

(MM)

3.156–50 μM Preliminary test determined IC50

equal to μM.

NE [174]

Quercetin In vitro B16F10

(MM)

3.156–50 μM Preliminary test determined

IC50 > 50 μM.

NE [174]

In vitro

and

in vivo

(mice)

B16F10

(MM)

25–50 μM (in vitro tests) and

7.5–15 mg/kg (in vivo tests), in

combination with different

doses of sulforaphane.

Quercetin and sulforaphane in

combination inhibit the

proliferation and migration of

melanoma cells more effectively

than either compound used alone.

These compounds in combination

significantly suppressed

melanoma growth as compared

to their individual use in a mouse

model.

This combined effect was

predominantly due to a decrease

in MMP �9 expression in the

mouse tumors.

[197]

In vitro

and

A375,

A2058 (HM)

0–60 μM (in vitro tests) and

100 mg/kg (in vivo tests)

Exposure to quercetin resulted in

inhibition of proliferation of

melanoma cells, induction of cell

Quercetin inhibited the activation

of STAT3 signaling by interfering

with STAT3 phosphorylation, and

[198]
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Flavonoid Model Cell line Concentration or dose Effectiveness Possible mechanisms of action Reference

in vivo

(mice)

and B16F10

(MM)

apoptosis, and suppression of

migratory and invasive

properties. Furthermore,

quercetin suppressed A375 tumor

growth and STAT3 activities in

xenografted mice model, and

inhibited murine B16F10 cells

lung metastasis in an animal

model.

reducing STAT3 nuclear

localization.

In vitro A375,

A2058, SK-

MEL-2 and

MeWo

(HM)

0–80 μM Quercetin dose-dependently

inhibited HGF-stimulated

melanoma cell migration and

invasion.

Suppression of the HGF/c-Met

signaling pathway contributes to

the antimetastatic action of

quercetin in melanoma.

[199]

In vitro SK-MEL-2

(HM)

ND Preliminary test determined IC50

equal to 4.7 μM.

NE [194]

In vitro SK-MEL-2

(HM) and

B16F1 (MM)

ND Preliminary test determined IC50

equal to 21.1 and 8.2 μg/ml for

SK-MEL-2 and B16F1 cell lines,

respectively.

NE [189]

Quercetin-3-O-rhamnoside In vitro SK-MEL-2

(HM)

ND Preliminary test determined IC50

equal to 41.5 μM.

NE [194]

Quercetin-3-O-β-D-

glucopyranoside

In vitro SK-MEL-2

(HM) and

B16F1 (MM)

ND Preliminary test determined

IC50 > 40 μg/ml for both cell lines.

NE [189]

Rhamnetin-3-O-rhamnoside In vitro SK-MEL-2

(HM)

ND Preliminary test determined

IC50 > 100 μM.

NE [194]

Rhamnocitrin-3-O-

rhamnoside

In vitro SK-MEL-2

(HM)

ND Preliminary test determined

IC50 equal to 34.1 μM.

NE [194]

Rutin In vivo

(mice)

B16F10

(MM)

20 mg/day Rutin decreased the number of

metastatic nodules, implantation,

growth and invasion index.

NE [179]
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Flavanols

Epigallocatechin In vitro CHL-1 and

WM266-4

(HM)

0.1–200 μM Preliminary test determined IC50

equal to 10.3 and 51.2 μM for

CHL-1 and WM266-4 cells.

Expression of ER stress and

apoptosis markers.

[200]

Flavanonols

Aromadendrin In vitro M14 (HM) 1–40 μM The compound was not able to

inhibit cell proliferation at 1–40

μM concentrations.

NE [166]

Pinobanksin In vitro B16BL6

(MM)

ND Preliminary test determined

IC50 > 200 μM.

NE [175]

Pinobanksin 5-methylether In vitro B16BL6

(MM)

ND Preliminary test determined

IC50 equal to 187 μM.

NE [175]

Silymarin In vitro A375-S2

(HM)

1 · 10�5 to 1 · 10�4 M It was assessed the effect of

silymarin on anti-Fas agonistic

antibody CH11 treated human

malignant melanoma, A375-S2

cells. Pretreatment with silymarin

significantly induced cell

apoptosis in CH11-treated

A375-S2 cells.

Caspase-8, �9, �3 and pan

caspase inhibitors partially

reversed silymarin induced

apoptosis of CH11-treated cells.

The expression of Fas-associated

proteins with death domain

(FADD), procaspase-8 and �3

was increased by silymarin

pretreatment.

[201]

Isoflavonoids

20-Hydroxybiochanin A In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

40-Methoxy-20,3,7-

trihydroxyisoflavanone

In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

7-O-Methylvestitol In vitro B16-BL6

(MM)

ND Preliminary test determined IC50

equal to 24.1 μM.

NE [162]

Biochanin A In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

Calycosin In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]
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Daidzein In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

Ferreirin In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

Formononetin In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

Genistein In vitro 518A2 (HM) ND Preliminary test determined

IC50 > 50 μM. The flavonoid

also reduced cell migration.

Apigenin induced an arrest of the

cell cycle of 518A2 melanoma

cells at the G2/M transition and

also attenuated the expression

and secretion of the

metastasisrelevant matrix

metalloproteinases MMP-2 and

MMP-9.

[170]

In vitro M14 (HM) 12–100 μM Genistin reduced cell

proliferation in 40.9%

at 100 μM dose.

Cytotoxic activity of genistin was

related to its antioxidant effect,

but no specific target was

investigated.

[202]

Isoangustone A (IAA) In vitro

and

in vivo

(mice)

SK-MEL-28

and SK

MEL-5

(HM)

0–20 μM (in vitro tests) and 2–

10 mg/kg (in vivo tests)

Treatment with 20 μM of IAA

inhibited the growth of SK-MEL-

28 cells up to 67% as compared

with untreated control cells.

Moreover, in a xenograft mouse

model, IAA significantly

decreased tumor growth, volume,

and weight of SK-MEL-28

xenografts.

IAA significantly blocked cell-

cycle progression at the G1-phase

and inhibited the expression of

G1-phase regulatory proteins,

including cyclins D1 and E in the

SK-MEL-28 cell line. IAA

suppressed the phosphorylation

of Akt, GSK-3b, and JNK1/2. IAA

also bound to phosphoinositide 3-

kinase (PI3K), MKK4, and MKK7,

strongly inhibiting their kinase

activities in an ATP-competitive

manner.

[203]

Isovestitol In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 equal to 33.6 μM.

NE [162]

Mucronulatol In vitro B16-BL6

(MM)

ND Preliminary test determined IC50

equal to 30.4 μM.

NE [162]
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Pratensein In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

Vestitol In vitro B16-BL6

(MM)

ND Preliminary test determined IC50

equal to 57.4 μM.

NE [162]

Vestitone In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

Violanone In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 >100 μM.

NE [162]

Xenognosin B In vitro B16-BL6

(MM)

ND Preliminary test determined

IC50 equal to 34.1 μM.

NE [162]

ND: not described; NE: not evaluated; HM: human melanoma cell line; MM: murine melanoma cell line.

Box 1. Anticancer activity of flavonoids on melanoma cell lines.
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apigenin in an experimental lung metastasis model. Apigenin-treated mice had significant fewer

metastatic nodules when compared to the vehicle control group, suggesting apigenin inhibits the

metastasis potential of B16F10 melanoma cells in vivo mouse model (Figure 4).

6.2. Bioactivity of diosmin on melanoma

Diosmin is a glycosylated flavonoid commonly used as an active constituent of several

pharmaceutical products, mainly for cardiovascular diseases treatment. Diosmin is used in

the treatment of venous insufficiency, because of its vasoprotector and venotonic properties.

In addition, it acts as an antioxidant, anti-inflammatory, and antimutagenic molecule, regu-

lating the activity of several enzymes, including cyclooxygenases and cytochrome P450 pro-

teins [177, 179]. Interestingly, the anticancer effects of diosmin have also been studied

[176, 178], suggesting that this flavonoid presents a broad spectrum of pharmacological

activities.

Conesa et al. [179] performed a comparative study with three different flavonoids (tangeretin,

rutin, and diosmin) using an experimental model of B16F10 melanoma cell-induced pulmo-

nary metastasis. The greatest reduction in the number of metastatic nodules (52%) was obtained

with diosmin treatment. Similarly, diosmin presented a relevant decreasing in implantation,

growth, and invasion index (79.40, 67.44, and 45.23%, respectively). These results were confirmed

by another study developed by Martínez et al. [178], suggesting diosmin is an effective agent

against metastatic stages of melanoma.

The antimetastatic effect of diosmin has also been evaluated in combination with IFN-α

[176, 177], an important cytokine that has shown the significant effect in the treatment of

metastatic melanoma in high doses. In both investigations, it was verified that synergistic

antiproliferative and antimetastatic effects shown by the combination of the flavonoid and

the lowest dose of IFN-α, which was similar to that produced by the highest dose of the

cytokine alone. These results suggest that diosmin may be used in combination with IFN-α in

an attempt to reduce its therapeutic dose, thereby reducing the side effects promoted by

continued cytokine use.

Figure 4. Apigenin inhibited murine melanoma B16F10 cell lung metastasis. B16F10 melanoma cells were injected into

the tail vein of the C57BL/6 mice. These mice then received intragastric administration of vehicle or apigenin (150 mg/kg/

day) for 24 consecutive days. Lung metastasis of B16F10 melanoma cells in the mouse model (upper) and the metastasis

nodules number in the lungs (bottom) were shown. Data were mean � SD, n = 8, *p < 0.05. This figure was taken from Ref.

[172].
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6.3. Bioactivity of fisetin on melanoma

Fisetin (3,7,30,40-tetrahydroxyflavone) is a flavonol also found inmany fruits and vegetables, such

as strawberries, apples, persimmons, kiwi, onions, and cucumbers. This flavonoid has shown a

relevant neuroprotective effect, aiding in memory and cognition processes, as well as reducing

behavioral deficits. Recently, the effect of fisetin on anticancer therapy has also been studied [186].

Investigation conducted by Syed et al. [188] determined an IC50 value of 38.1 and 20.3 μM

against A375 human melanoma cell line, at 24 and 48 h after treatment. In a subsequent study,

Syed et al. [191] have demonstrated that fisetin induces apoptosis in melanoma cells. The

efficacy of fisetin in the induction of apoptosis varied with cell type and preliminary results

confirmed apoptosis as the primary mechanism through which fisetin inhibits melanoma cell

growth. The possible mechanisms involved include upregulation of ER stress markers such as

IRE1a, XBP1s, ATF4, and GRP78. In addition, both extrinsic and intrinsic apoptosis pathways

are involved in fisetin cytotoxic effects.

The effect of fisetinwas also evaluated on the growth ofmetastatic 451Lu humanmelanoma cells,

which exhibit constitutiveWnt signaling inaddition toharboringamutation in theB-Rafgene.The

IC50 valuewas estimated to be 17.5μMat 72 h of treatment in theMTTassay. In an in vivomodel, a

smaller average tumor volume was consistently observed in mice treated with fisetin. This was

moremarked in animals receiving 1mg fisetin than in animals receiving the 2mgdose, indicating

a nonlinear dose response. The authors attributed this effect to a decreasing of cell viability with

G1-phase arrest and disruption ofWnt/β-catenin signalingmediated by fisetin [186].

A recent report evaluated the effect of fisetin in combination with sorafenib, a multi-kinase

inhibitor of mutant and wild-type BRAF and CRAF kinases, on melanoma cell invasion and

metastasis. In this study, fisetin potentiated the anti-invasive and antimetastatic effects of

sorafenib in vivo, suggesting that this flavonoid can be used as an alternative agent in mela-

noma therapy reducing doses of anticancer drugs used for this purpose [187].

6.4. Bioactivity of luteolin on melanoma

Luteolin is a common flavone that exists in many types of plants including fruits, vegetables,

and medicinal herbs. This flavonoid presents potential for cancer prevention and therapy

[174]. Concerning to melanoma treatment, George et al. [182] showed that luteolin possesses

relevant cytotoxicity against A375 human melanoma cell line, with an IC50 value of 115.1 μM

in a preliminary test. Luteolin also inhibited colony formation and induced apoptosis in a dose

and time-dependent manner by disturbing cellular integrity. Accumulation of cells in the G0/

G1 (60.4–72.6%) phase for A375 cells after 24 h treatment indicated cell cycle arresting potential

of this flavonoid, suggesting that luteolin inhibits cell proliferation and promotes cell cycle

arrest and apoptosis in human melanoma cells. A similar result was demonstrated by

Casagrande and Darbon [204], who highlighted the involvement of the regulation of cyclin-

dependent kinases CDK2 and CDK1 in the antiproliferative effect of luteolin on OCM-1

human melanoma cells.

In a recent investigation, the inhibitory effect of luteolin on melanoma cell proliferation was related

to ER stress induced. In this context, luteolin increased the expression of the ER stress-related
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proteins, such as protein kinase RNA-like ER kinase, phosphorylation eukaryotic translation

initiation factor 2α, activating transcription factor (ATF) 6, CCAAT/enhancer-binding protein-

homologous protein (CHOP), and cleaved caspase 12. In addition, luteolin increased the level of

intracellular ROS, leading to ROS-mediated apoptosis and ER stress, suggesting that luteolin

induces apoptosis by ER stress via increasing ROS levels [183].

Anticancer potential of luteolin has also evaluated in vivo. In experimental metastasis model,

mice treatment with luteolin (10 or 20 mg/kg) reduced metastatic colonization in the lungs by

50%. This treatment increased E-cadherin expression while reduced the expression of vimentin

and β3 integrin in the tumor tissues [184]. These results encourage the use of luteolin as an

anticancer chemopreventive and chemotherapeutic agent.

6.5. Bioactivity of quercetin on melanoma

Quercetin is a noncarcinogenic dietary flavonoid with low toxicity, has been shown to exert

antioxidant, anti-inflammatory, neuroprotective, and antimelanoma activities [193]. A prelim-

inary study showed that quercetin presents a weak cytotoxic effect on B16F10 murine mela-

noma cells, with an IC50 value > 50 μM [174]. However, Casagrande and Darbon [204] and Kim

et al. [196] showed that quercetin presents a considerable antiproliferative effect on OCM-1

and SK-MEL-2 human melanoma cells, with an IC50 value between 4.7 and 19 μM. In these

investigations, the authors demonstrated that the presence of hydroxyl group at the 30-position

of the ring B in quercetin favors the cytotoxic effect and a G1 cell cycle arrest. The involvement

of the regulation of cyclin-dependent kinases CDK2 and CDK1 may also be present in its

anticancer effect.

Cao et al. [198] evaluated the involvement of STAT3 signaling in the inhibitory effects of

quercetin on melanoma cell growth, migration, and invasion. Quercetin treatment promoted

inhibition in proliferation of melanoma cells, induction of cell apoptosis, and suppression of

migratory and invasive properties. Furthermore, mechanistic study indicated that quercetin

inhibits the activation of STAT3 signaling by interfering with STAT3 phosphorylation, and

reducing STAT3 nuclear localization. In an animal model, quercetin inhibited murine B16F10

cells lung metastasis, indicating that quercetin possesses antitumor potential.

7. Brief structure-activity relationship (SAR) considerations

Nagao et al. [167] evaluated the cytotoxic activity of 21 flavones and the effect of the substitu-

tion patterns on their anticancer potential, although the authors highlight that the number of

compounds examined might not be sufficient to determine the structure-activity relationships.

Generally, the data show that the growth inhibitory activity of one flavone against the three

different tumor cell lines (including a murine melanoma cell line) is not always the same,

suggesting differences in the sensitivity of tumor cells to flavones.

The influences of ring A substituents against B16F10 cells were examined. Comparing the

antiproliferative activity of four 30,40-di-OH-flavones, the order of contribution was found to

be 5-OH-6,7-di-OCH3 > 5,6,7-tri-OH > 5,7-di-OH-6-OCH3 > 5,7-di-OH. In contrast, in the
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30-OH-40-OCH3-flavones (desmethoxycentaureidin, eupatorin, and 5,6,30-trihydroxy-7,40-
dimethoxyflavone), the order is 5,6-di-OH-7-OCH3 > 5-OH-6,7-di-OCH3 > 5,7-di-OH-6-OCH3.
In the 30,40-di-OCH3-flavones (eupatilin and 5,6-dihydroxy-7,30,40-trimethoxyflavone), the order
is 5,6-di-OH-7-OCH3 > 5,7-di-OH-6-OCH3, and in the 30-OCH3-40-OH-flavones (jaceosidin and
cirsilineol), it is 5,7-di-OH-6-OCH3 > 5-OH-6,7-di-OCH3. In addition, for ring B substituents, 30,40-
di-OH and 30,40-di-OH-50-OCH3 showed a greater effect than the others, but the influence of 30,50-
di-OCH3-40-OH appears to be not relevant [167].

Another investigation evaluated the effects of polyhydroxylated flavonoids on the growth of
B16F10 melanoma cells. In general, the results suggest that the presence of a C2–C3 double bond
and three adjacent hydroxyl groups in the A- or B-rings confers greater antiproliferative activity
[174]. Casagrande and Darbon [204] investigated the effects of a series of flavonoids on cell
proliferation and cell cycle distribution in human melanoma cells (OCM-1). Interestingly, the
presence of a hydroxyl group at the 30-position of the ring B in quercetin and luteolin was
correlated to a G1 cell cycle arrest while its absence in kaempferol and apigenin was correlated to
a G2 block.

The presence of isoprenoid units in the cytotoxic effect of flavonoids has also been evaluated for
melanoma cells [168]. The results indicated that isoprenoid substitutions in flavonoids enhance
their cytotoxic potential, and that the position of attachment and the number of isoprenoid-
substituent moieties per molecule influence flavonoid cytotoxicity. This is probably related to
their lipophilicity and affinity properties, which favor penetration into the cell membrane.

Acknowledgements

The authors thank FACEPE (Fundação de Amparo à Ciência e Tecnologia do Estado de
Pernambuco) for financial support.

Author details

Raimundo Gonçalves de Oliveira Júnior1, Christiane Adrielly Alves Ferraz1, Mariana Gama e
Silva1, Érica Martins de Lavor1, Larissa Araújo Rolim1, Julianeli Tolentino de Lima1,
Audrey Fleury2, Laurent Picot2, Jullyana de Souza Siqueira Quintans3, Lucindo José Quintans
Júnior3 and Jackson Roberto Guedes da Silva Almeida1*

*Address all correspondence to: jackson.guedes@univasf.edu.br

1 Center for Studies and Research of Medicinal Plants, Federal University of San Francisco
Valley, Petrolina, Pernambuco, Brazil

2 Faculty of Science and Technology, University of La Rochelle, La Rochelle, France

3 Department of Physiology, Federal University of Sergipe (DFS/UFS), São Cristóvão, Sergipe,
Brazil

Natural Products and Cancer Drug Discovery194



References

[1] Cragg GM, Newman DJ. Natural products: a continuing source of novel drug leads.

Biochimica et Biophysica Acta. 2013; 1830: 3670–3695.

[2] Shen B. A new golden age of natural products drug discovery. Cell. 2015; 163: 1297–

1300.

[3] Cragg GM, Newman DJ. Natural products as sources of new drugs from 1981 to 2014.

Journal of Natural Products. 2016; 79: 629–661.

[4] Carter GT. Natural products and pharma 2011: strategic changes spur new opportuni-

ties. Natural Product Reports. 2011; 28: 1783–1789.

[5] Harvey AL, Edrada-Ebel R, Quinn RJ. The re-emergence of natural products for drug

discovery in the genomics era. Nature Reviews Drug Discovery. 2015; 14: 1–19.

[6] Saiag P, Bosquet L, Guillot B. Management of adult patients with cutaneous melanoma

without distant metastasis. European Journal of Dermatology. 2007; 17: 325–31.

[7] Bilir SP, Ma Q, Zhao Z, Wehler E, Munakata J, Barber B. Economic burden of toxicities

associated with treating metastatic melanoma in the United States. Health Drug Bene-

fits. 2016; 9: 203–213.

[8] Kuphal S, Bosserhoff A. Recent progress in understanding the pathology of malignant

melanoma. Journal of Pathology. 2009; 219: 400–409.

[9] Shin SY, Woo Y, Hyun J, Yong Y, Koh D, Lee YL, Lim Y. Relationship between the

structures of flavonoids and their NF-κB-dependent transcriptional activities. Bioorganic

& Medicinal Chemistry Letters. 2011; 21: 6036–6041.

[10] Ravishankar D, Rajora AK, Greco F, Osborn HMI. Flavonoids as prospective com-

pounds for anti-cancer therapy. International Journal of Biochemistry & Cell Biology.

2013; 45: 2821–2831.

[11] Bouzaiene NN, Chaabane F, Sassi A, Chekir-Ghedira L, Ghedira K. Effect of apigenin-7-

glucoside, genkwanin and naringenin on tyrosinase activity and melanin synthesis in

B16F10 melanoma cells. Life Sciences. 2016; 144: 80–85.

[12] MacKie RM, Hauschild A, Eggermont AMM. Epidemiology of invasive cutaneous mel-

anoma. Annals of Oncology: Official Journal of the European Society for Medical Oncol-

ogy/ESMO. 2009; 20: vi1–7.

[13] Tobias, JS, Hochhauser D. Cancer and its Management. 6th edition, Wiley-Blackwell;

2013.

[14] Armstrong BK, Kricker A. The epidemiology of UV induced skin cancer. Journal of

Photochemistry and Photobiology. B, Biology. 2001; 63(1–3): 8–18.

[15] Kraemer KH, Lee MM, Andrews AD, Lambert WC. The role of sunlight and DNA repair

in melanoma and non-melanoma skin cancer. The xeroderma pigmentosum paradigm.

Archives of Dermatology. 1994; 130(8): 1018–21.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

195



[16] Melamed RD, Aydin IT, Rajan GS, Phelps R, Silvers DN, Emmett KJ, Brunner G,

Rabadan R, Celebi JT. Genomic characterization of dysplastic nevi unveils implications

for diagnosis of melanoma. Journal of Investigative Dermatology, 2016; 24.

[17] Koh HK, Sinks TH, Geller AC, Miller DR, Lew RA. Etiology of melanoma. Cancer Treat-

ment and Research. 1993; 65: 1–28.

[18] Clark WH, Ainsworth AM, Bernardino EA, Yang CH, Mihm CM, Reed RJ. The devel-

opmental biology of primary human malignant melanomas. Seminars in Oncology.

1975; 2(2): 83–103.

[19] Clark WH, Elder DE, Guerry D, Epstein MN, Greene MH, Van HM. A study of tumor

progression: the precursor lesions of superficial spreading and nodular melanoma.

Human Pathology. 1984; 15(12): 1147–65.

[20] Conde-Perez A, Larue L. Human relevance of NRAS/BRAF mouse melanoma models.

European Journal of Cell Biology. 2014; 93(1–2): 82–86.

[21] Liu J, Fukunaga-Kalabis M, Li L, Herlyn M. Developmental pathways activated in

melanocytes and melanoma. Archives of Biochemistry and Biophysics. 2014; 563: 13–21.

[22] Locatelli C, Filippin-Monteiro FB, Creczynski-Pasa TB. Recent Advances in the Biology,

Therapy and Management of Melanoma. (L. Davids, Ed.). InTech DTP, Croatia; 2013.

[23] Palmieri, G, Ombra, M, Colombino M, Casula M, Sini M, Manca A, Paliogiannis P,

Ascierto PA, Cossu A. Multiple molecular pathways in melanomagenesis: characteriza-

tion of therapeutic targets. Frontiers in Oncology. 2015; 5: 1–16.

[24] Balch CM, Soong SJ, Gershenwald JE, Thompson JF, Reintgen DS, Cascinelli N, Urist M,

McMasters KM, Ross MI, Kirkwood JM, Atkins MB, Thompson JA, Coit DG, Byrd D,

Desmond R, Zhang Y, Liu PY, Lyman GH, Morabito A. Prognostic factors analysis of

17,600 melanoma patients: validation of the American Joint Committee on Cancer mel-

anoma staging system. Journal of Clinical Oncology?: Official Journal of the American

Society of Clinical Oncology. 2001; 19(16): 3622–34.

[25] Balch CM, Gershenwald JE, Soong SJ, Thompson JF, Atkins MB, Byrd DR, Buzaid AC,

Cochran AJ, Coit DG, Ding S, Eggermont AM, Flaherty KT, Gimotty PA, Kirkwood JM,

McMasters KM, Mihm MC Jr, Morton DL, Ross MI, Sober AJ, Sondak VK. Final version

of 2009 AJCC melanoma staging and classification. Journal of Clinical Oncology: Official

Journal of the American Society of Clinical Oncology. 2009; 27(36): 6199–206.

[26] Wevers KP. Progression in melanoma: considerations and implications in dissecting

nodal fields [thesis]. Netherlands: University of Groningen; 2013.

[27] Pak BJ, Lee J, Thai BL, Fuchs SY, Shaked Y, Ronai Z, Kerbel RS, Ben-David Y. Radiation

resistance of human melanoma analysed by retroviral insertional mutagenesis reveals a

possible role for dopachrome tautomerase. Oncogene. 2004; 23(1): 30–38.

[28] Satyamoorthy K, Chehab NH, Waterman MJ, Lien MC, El-Deiry WS, Herlyn M,

Halazonetis TD. Aberrant regulation and function of wild-type p53 in radioresistant

Natural Products and Cancer Drug Discovery196



melanoma cells. Cell Growth & Differentiation?: The Molecular Biology Journal of the
American Association for Cancer Research. 2000; 11(9): 467–74.

[29] Marneros AG. Tumor angiogenesis in melanoma. Hematology/Oncology Clinics of
North America. 2009; 23(3): 431–446.

[30] Hall WA, Djalilian HR, Nussbaum ES, Cho KH. Long-term survival with metastatic cancer
to the brain. Medical Oncology (Northwood, London, England). 2000; 17(4): 279–86.

[31] Nardin A, Wong WC, Tow C, Molina TJ, Tissier F, Audebourg A, Garcette M, Caignard
A, Avril MF, Abastado JP, Prévost-Blondel A. Dacarbazine promotes stromal
remodeling and lymphocyte infiltration in cutaneous melanoma lesions. The Journal of
Investigative Dermatology. 2001; 131(9): 1896–905.

[32] WHO.Health Effects of UV Radiation. Accessed in: http://www.who.int/uv/health/en/. 2016.

[33] Grange F. Epidemiology of cutaneous melanoma: descriptive data in France and
Europe. Annales de Dermatologie et de Vénéréologie. 2005; 132: 975–82.

[34] Wu S, Han J, Laden F, Qureshi AA. Long-term ultraviolet flux, other potential risk
factors, and skin cancer risk: a cohort study. Cancer Epidemiology and Prevention Bio-
markers. 2014; 23(6): 1080–1089.

[35] Holman CD, Armstrong BK. Cutaneous malignant melanoma and indicators of total
accumulated exposure to the sun: an analysis separating histogenetic types. Journal of
the National Cancer Institute. 1984; 73(1): 75–82.

[36] Leiter U, Garbe C. Epidemiology of melanoma and nonmelanoma skin cancer—the role
of sunlight. Sunlight, Vitamin D and Skin Cancer. 2008; 624: 89–103.

[37] Sturm RA. Skin colour and skin cancer—MC1R, the genetic link. Melanoma Research.
2002; 12(5): 405–16.

[38] McGregor JM, Yu CC, Dublin EA, Levison DA, MacDonald DM. Aberrant expression of
p53 tumour-suppressor protein in non-melanoma skin cancer. The British Journal of
Dermatology. 1992; 127(5): 463–9.

[39] Forslund KÖ, Nordqvist K. The melanoma antigen genes—any clues to their functions
in normal tissues? Experimental Cell Research. 2001; 265(2): 185–194.

[40] Sang M, Wang L, Ding C, Zhou X, Wang B, Lian Y, Shan B. Melanoma-associated
antigen genes – An update. Cancer Letters. 2011; 302(2): 85–90.

[41] Brasseur F, Rimoldi D, Liénard D, Lethé B, Carrel S, Arienti F, Suter L, Vanwijck R,
Bourlond A, Humblet Y. Expression of MAGE genes in primary and metastatic cutane-
ous melanoma. International Journal of Cancer. 1995; 63(3): 375–80.

[42] de Vries TJ, Fourkour A, Wobbes T, Verkroost G, Ruiter DJ, van Muijen GN. Heteroge-
neous expression of immunotherapy candidate proteins gp100, MART-1, and tyrosinase
in human melanoma cell lines and in human melanocytic lesions. Cancer Research.
1997; 57(15): 3223–9.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

197



[43] de Vries TJ, Trancikova D, Ruiter DJ, van Muijen GN. High expression of immunother-

apy candidate proteins gp100, MART-1, tyrosinase and TRP-1 in uveal melanoma.

British Journal of Cancer. 1998; 78(9): 1156–61.

[44] Ritter G, Livingston PO. Ganglioside antigens expressed by human cancer cells. Semi-

nars in Cancer Biology. 1991; 2(6): 401–9.

[45] Cebon J, Gedye C, John T, Davis ID. Immunotherapy of advanced or metastatic mela-

noma. Clinical Advances in Hematology & Oncology: H&O. 2007; 5(12): 994–1006.

[46] Itzhaki O, Levy D, Zikich D, Treves AJ,Markel G, Schachter J, BesserMJ. Adoptive T-cell

transfer in melanoma. Immunotherapy. 2013; 5(1): 79–90.

[47] Knight DA, Ngiow SF, Li M, Parmenter T, Mok S, Cass A, Haynes NM, Kinross K, Yagita

H, Koya RC, Graeber TG, Ribas A, McArthur GA, Smyth MJ. Host immunity contrib-

utes to the anti-melanoma activity of BRAF inhibitors. The Journal of Clinical Investiga-

tion. 2013; 123(3): 1371–81.

[48] Menzies AM, Long GV. Recent advances in melanoma systemic therapy. BRAF inhibi-

tors, CTLA4 antibodies and beyond. European Journal of Cancer (Oxford, England:

1990). 2013; 49(15): 3229–41.

[49] Prickett TD, Crystal JS, Cohen CJ, Pasetto A, Parkhurst MR, Gartner JJ, Yao X, Wang R,

Gros A, Li YF, El-Gamil M, Trebska-McGowan K, Rosenberg SA, Robbins PF. Durable

complete response from metastatic melanoma after transfer of autologous T cells recog-

nizing 10 mutated tumor antigens. Cancer Immunology Research. 2016; 4(8): 669–678.

[50] Di Giacomo A, Danielli R, Calabrò L, Guidoboni M, Miracco C. Ipilimumab in the

common daily practice: Feasibility, safety, and efficacy in heavily pretreated metastatic

melanoma patients. Journal of Clinical Oncology: Official Journal of the American

Society of Clinical Oncology. 2009; 27: 20002.

[51] Wang M, Yu T, Zhu C, Sun H, Qiu Y. Resveratrol triggers protective autophagy through

the ceramide/Akt/mTOR pathway in melanoma B16 cells. Nutrition and Cancer. 2014;

66(3): 435–40.

[52] Gupta SC, Kismali G, Aggarwal BB. Curcumin, a component of turmeric: from farm to

pharmacy. BioFactors (Oxford, England). 2013; 39(1): 2–13.

[53] Van Goietsenoven G, Hutton J, Becker JP, Lallemand B, Robert F. Targeting of eEF1A

with Amaryllidaceae isocarbostyrils as a strategy to combat melanomas. FASEB Jour-

nal?: Official Publication of the Federation of American Societies for Experimental Biol-

ogy. 2010; 24(11): 4575–84.

[54] Baudelet PH, Gagez AL, Bérard JB, Juin C, Bridiau N. Antiproliferative activity of

Cyanophora paradoxa pigments in melanoma, breast and lung cancer cells. Marine

Drugs. 2013; 11(11): 4390–406.

[55] Gagez AL, Thiery V, Pasquet V, Cadoret JP, Picot L. Epoxycarotenoids and cancer.

Review. Current Bioactive Compounds. 2012; 8(2): 109–141.

Natural Products and Cancer Drug Discovery198



[56] Kumar SR, Hosokawa M, Miyashita K. Fucoxanthin: a marine carotenoid exerting anti-

cancer effects by affecting multiple mechanisms. Marine Drugs. 2013; 11(12): 5130–47.

[57] Mimouni V, Ulmann L, Pasquet V, Mathieu M, Picot L. The potential of microalgae for

the production of bioactive molecules of pharmaceutical interest. Current Pharmaceuti-

cal Biotechnology. 2012; 13: 2733–2750.

[58] Pasquet V, Morisset P, Ihammouine S, Chepied A, Aumailley L. Antiproliferative activ-

ity of violaxanthin isolated from bioguided fractionation of Dunaliella tertiolecta extracts.

Marine Drugs. 2011; 9(5): 819–31.

[59] Xu XL, Hu DN, Iacob C, Jordan A, Gandhi S. Effects of Zeaxanthin on growth and

invasion of human uveal melanoma in nude mouse model. Journal of Ophthalmology.

2015; 2015: 392305.

[60] Alqathama A, Prieto JM. Natural products with therapeutic potential in melanoma

metastasis. Natural Products Reports, 2015; 32(8): 1170–1182.

[61] Nihal M, Ahmad N, Mukhtar H, Wood GS. Anti-proliferative and proapoptotic effects

of (?)-epigallocatechin-3-gallate on human melanoma: Possible implications for the che-

moprevention of melanoma. International Journal of Cancer. 2005; 114(4): 513–521.

[62] Zhang L, Wei Y, Zhang J. Novel mechanisms of anticancer activities of green tea com-

ponent epigallocatechin-3-gallate. Anti-Cancer Agents in Medicinal Chemistry. 2014; 14

(6): 779–86.

[63] Tanaka K, Ishikawa S, Matsui Y, Tamesada M, Harashima N, Harada M. Oral ingestion

of Lentinula edodes mycelia extract inhibits B16 melanoma growth via mitigation of

regulatory T cell-mediated immunosuppression. Cancer Science. 2011; 102(3): 516–21.

[64] Palmieri G, Capone M, Ascierto ML, Gentilcore G, Stroncek DF, Casula M, Sini MC,

Palla M, Mozzillo N, Ascierto PA. Main roads to melanoma. Journal of Translational

Medicine. 2009; 7: 86.

[65] Dhomen N, Marais R. New insight into BRAF mutations in cancer. Current Opinion in

Genetics & Development. 2007; 17(1): 31–39.

[66] Campbell PM, Der CJ. Oncogenic Ras and its role in tumor cell invasion and metastasis.

Seminars in Cancer Biology. 2004; 14(2): 105–114.

[67] Giehl K. Oncogenic Ras in tumour progression and metastasis. Biological Chemistry.

2005; 386(3): 193–205.

[68] Davies H, Bignell GR, Cox C, Stephens P, Edkins S, et al. 2002. Mutations of the BRAF

gene in human cancer. Nature, 417(6892): 949–954.

[69] Karasarides M, Chiloeches A, Hayward R, Niculescu-Duvaz D, Scanlon I, et al. B-RAF is

a therapeutic target in melanoma. Oncogene. 2004; 23(37): 6292–6298.

[70] Dankort D, Curley DP, Cartlidge RA, Nelson B, Karnezis AN, et al. Braf (V600E) cooper-

ates with Pten loss to induce metastatic melanoma. Nature Genetics. 2009; 41(5): 544–552.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

199



[71] Haluska FG, Tsao H, Wu H, Haluska FS, Lazar A, et al. Genetic alterations in signaling

pathways in melanoma. Clinical Cancer Research. 2006; 12(7): 2301s–2307s.

[72] Dhawan P, Singh AB, Ellis DL, Richmond A. Constitutive Activation of Akt/protein

kinase B in melanoma leads to up-regulation of nuclear factor-κB and tumor progres-

sion. Cancer Research. 2002; 62(24): 7335–7342.

[73] Zheng B, Jeong JH, Asara JM, Yuan YY, Granter SR, et al. Oncogenic B-RAF negatively

regulates the tumor suppressor LKB1 to promote melanoma cell proliferation. Molecu-

lar Cell. 2009; 33(2): 237–247.

[74] McKee CS, Hill DS, Redfern CPF, Armstrong JL, Lovat PE. Oncogenic BRAF signalling

increases Mcl-1 expression in cutaneous metastatic melanoma. Experimental Dermatol-

ogy. 2013; 22(11): 767–769.

[75] Cartlidge RA, Thomas GR, Cagnol S, Jong KA, Molton SA, et al. Oncogenic BRAF

(V600E) inhibits BIM expression to promote melanoma cell survival. Pigment Cell &

Melanoma Research. 2008; 21(5): 534–544.

[76] Hoek KS, Eichhoff OM, Schlegel NC, Döbbeling U, Kobert N, et al. In vivo switching of

human melanoma cells between proliferative and invasive states. Cancer Research.

2008; 68(3): 650–656.

[77] Smalley KSM, Sondak VK, Weber JS. c-KIT signaling as the driving oncogenic event in

sub-groups of melanomas. Histology and Histopathology. 2009; 24(5): 643–650.

[78] Weeraratna AT, Jiang Y, Hostetter G, Rosenblatt K, Duray P, et al. Wnt5a signaling

directly affects cell motility and invasion of metastatic melanoma. Cancer Cell. 2002; 1

(3): 279–288.

[79] Deichmann M, Benner A, Bock M, Jäckel A, Uhl K, et al. S100-Beta, melanoma-inhibiting

activity, and lactate dehydrogenase discriminate progressive from nonprogressive

American Joint Committee on Cancer stage IV melanoma. Journal of Clinical Oncology:

Official Journal of the American Society of Clinical Oncology. 1999; 17(6): 1891–1896.

[80] Thery C, Boussac M, Veron P, Ricciardi-Castagnoli P, Raposo G, et al. Proteomic analysis

of dendritic cell-derived exosomes: a secreted subcellular compartment distinct from

apoptotic vesicles. The Journal of Immunology. 2001; 166(12): 7309–7318.

[81] Garcia BA, Smalley DM, Cho, Shabanowitz J, Ley K, et al. The platelet microparticle

proteome. Journal of Proteome Research. 2005; 4(5): 1516–1521.

[82] Martínez MC, Larbret F, Zobairi F, Coulombe J, Debili N, et al. Transfer of differentiation

signal by membrane microvesicles harboring hedgehog morphogens. Blood. 2006; 108

(9): 3012–3020.

[83] Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, et al. Exosome-mediated transfer of

mRNAs and microRNAs is a novel mechanism of genetic exchange between cells.

Nature Cell Biology. 2007; 9(6): 654–659.

Natural Products and Cancer Drug Discovery200



[84] Ismail N,Wang Y, Dakhlallah D,Moldovan L, Agarwal K, et al. Macrophagemicrovesicles

induce macrophage differentiation and miR-223 transfer. Blood. 2013; 121(6): 984–995.

[85] Fritzsching B, Schwer B, Kartenbeck J, Pedal A, Horejsi V, et al. Release and intercellular

transfer of cell surface CD81 via microparticles. The Journal of Immunology. 2002; 169

(10): 5531–5537.

[86] Rozmyslowicz T, Majka M, Kijowski J, Murphy S, Conover D, et al. Platelet- and mega-

karyocyte-derived microparticles transfer CXCR4 receptor to CXCR4-null cells and make

them susceptible to infection by X4-HIV. [Miscellaneous Article]. AIDS. 2003; 17(1): 33–42.

[87] del Conde I. Tissue-factor-bearing microvesicles arise from lipid rafts and fuse with

activated platelets to initiate coagulation. Blood. 2005; 106(5): 1604–1611.

[88] Feng D, Zhao WL, Ye YY, Bai XC, Liu RQ, et al. Cellular internalization of exosomes

occurs through phagocytosis. Traffic. 2010. 11(5): 675–687.

[89] Morelli AE. Endocytosis, intracellular sorting, and processing of exosomes by dendritic

cells. Blood. 2004; 104(10): 3257–3266.

[90] Raposo G, Nijman HW, Stoorvogel W, Liejendekker R, Harding CV, et al. B lymphocytes

secrete antigen-presenting vesicles. The Journal of Experimental Medicine. 1996; 183(3):

1161–1172.

[91] Chaput N, Théry C. Exosomes: immune properties and potential clinical implementations.

Seminars in Immunopathology. 2011; 33(5): 419–440.

[92] Wolfers J, Lozier A, Raposo G, Regnault A, Théry C, et al. Tumor-derived exosomes are

a source of shared tumor rejection antigens for CTL cross-priming. Nature Medicine.

2001; 7(3): 297–303.

[93] Zitvogel L, Regnault A, Lozier A, Wolfers J, Flament C, et al. Eradication of established

murine tumors using a novel cell-free vaccine: dendritic cell derived exosomes. Nature

Medicine. 1998; 4(5): 594–600.

[94] Kim SH, Bianco NR, Shufesky WJ, Morelli AE, Robbins PD. Effective treatment of

inflammatory disease models with exosomes derived from dendritic cells genetically

modified to express IL-4. Journal of Immunology (Baltimore, Md.: 1950). 2007; 179(4):

2242–2249.

[95] Zhang HG, Grizzle WE. Exosomes and cancer: a newly described pathway of immune

suppression. Clinical Cancer Research: An Official Journal of the American Association

for Cancer Research. 2011; 17(5): 959–964.

[96] Andriantsitohaina R, Gaceb A, Vergori L, Martínez MC. Microparticles as Regulators of

Cardiovascular Inflammation. Trends in Cardiovascular Medicine. 2012; 22(4): 88–92.

[97] Hugel B, Martínez MC, Kunzelmann C, Freyssinet JM. Membrane microparticles: two

sides of the coin. Physiology. 2005; 20(1): 22–27.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

201



[98] Yáñez-MóM, Siljander PRM, Andreu Z, Zavec AB, Borràs FE, et al. Biological properties

of extracellular vesicles and their physiological functions. Journal of Extracellular Vesi-

cles. 2015; 4.

[99] Mackie AR, Klyachko E, Thorne T, Schultz KM, Millay M, et al. Sonic hedgehog-modi-

fied human CD34þ cells preserve cardiac function after acute myocardial infarction.

Circulation Research. 2012, 111(3): 312–321.

[100] Paulis L, Fauconnier J, Cazorla O, Thireau J, Soleti R, Vidal B, Ouillé A, Bartholome M,

Bideaux P, Roubille F, Guennec JY, Andriantsitohaina R, Martinez MC, Lacampagne A.

Activation of Sonic hedgehog signaling in ventricular cardiomyocytes exerts

cardioprotection against ischemia reperfusion injuries. Scientific Reports. 2015; 5 (7983):

1–10.

[101] Soleti R, Lauret E, Andriantsitohaina R, Carmen Martínez M. Internalization and

induction of antioxidant messages by microvesicles contribute to the antiapoptotic

effects on human endothelial cells. Free Radical Biology and Medicine. 2012; 53(11):

2159–2170.

[102] Baj-Krzyworzeka M, Majka M, Pratico D, Ratajczak J, Vilaire G, Kijowski J, Reca R,

Janowska-Wieczorek A, Ratajczak MZ. Platelet-derived microparticles stimulate prolif-

eration, survival, adhesion, and chemotaxis of hematopoietic cells. Experimental Hema-

tology. 2002; 30(5): 450–459.

[103] Logozzi M, De Milito A, Lugini L, Borghi M, Calabrò L, Spada M, Perdicchio M, Marino

ML, Federici C, Iessi E, Brambilla D, Venturi G, Lozupone F, Santinami M, Huber V,

Maio M, Rivoltini L, Fais S. High levels of exosomes expressing CD63 and caveolin-1 in

plasma of melanoma patients. PLoS One. 2009; 4(4): e5219.

[104] Alegre E, Zubiri L, Perez-Gracia JL, González-Cao M, Soria L Martín-Algarra S, González

A. Circulating melanoma exosomes as diagnostic and prognosis biomarkers. Clinica

Chimica Acta. 2016; 454: 28–32.

[105] Koliha N, Heider U, Ozimkowski T, Wiemann M, Bosio A, Wild S. Melanoma affects the

composition of blood cell-derived extracellular vesicles. Frontiers in Immunology. 2016;

7(282): 1–12.

[106] Peinado H, Alečković M, Lavotshkin S, Matei I, Costa-Silva B, Moreno-Bueno G,

Hergueta-Redondo M, Williams C, García-Santos G, Ghajar C, Nitadori-Hoshino A,

Hoffman C, Badal K, Garcia BA, Callahan MK, Yuan J, Martins VR, Skog J, Kaplan RN,

Brady MS, Wolchok JD, Chapman PB, Kang Y, Bromberg J, Lyden D. Melanoma

exosomes educate bone marrow progenitor cells toward a pro-metastatic phenotype

through MET. Nature Medicine. 2012; 18(6): 883–891.

[107] Laresche C, Pelletier F, Garnache-Ottou F, Lihoreau T, Biichlé S, Mourey G, Saas P,

Humbert P, Seilles E, Aubin F. Increased levels of circulating microparticles are associ-

ated with increased procoagulant activity in patients with cutaneous malignant mela-

noma. The Journal of Investigative Dermatology. 2014; 134(1): 176–182.

Natural Products and Cancer Drug Discovery202



[108] Lima LG, Chammas R, Monteiro RQ, Moreira MEC, Barcinski MA. Tumor-derived

microvesicles modulate the establishment of metastatic melanoma in a phosphati-

dylserine-dependent manner. Cancer Letters. 2009; 283(2): 168–175.

[109] Xiao D, Ohlendorf J, Chen Y, Taylor DD, Rai SN,Waigel S, ZachariasW, Hao H,McMasters

KM. Identifying mRNA, microRNA and protein profiles of melanoma exosomes. PLoS

One. 2012; 7(10).

[110] Lima LG, Oliveira AS, Campos LC, Bonamino M, Chammas R, Werneck C, Vicente CP,

Barcinski MA, Petersen LC, Monteiro RQ. Malignant transformation in melanocytes is

associated with increased production of procoagulant microvesicles. Thrombosis and

Haemostasis. 2011; 106(4): 712–723.

[111] Ekström EJ, Bergenfelz C, von Bülow V, Serifler F, Carlemalm E, Jönsson G, Andersson

T, Leandersson K. WNT5A induces release of exosomes containing pro-angiogenic and

immunosuppressive factors from malignant melanoma cells. Molecular Cancer. 2014;

13: 88.

[112] Andreola G, Rivoltini L, Castelli C, Huber V, Perego P, Deho P, Squarcina P, Accornero P,

Lozupone F, Lugini L, Stringaro A, Molinari A, Arancia G, Gentile M, Parmiani G, Fais

S. Induction of lymphocyte apoptosis by tumor cell secretion of FasL-bearingmicrovesicles.

The Journal of Experimental Medicine. 2002; 195(10): 1303–1316.

[113] Birchmeier C, Birchmeier W, Gherardi E, Vande Woude GF. Met, metastasis, motility

and more. Nature Reviews. Molecular Cell Biology. 2003; 4(12): 915–925.

[114] Boccaccio C, Comoglio PM. Invasive growth: a MET-driven genetic programme for

cancer and stem cells. Nature Reviews. Cancer. 2006; 6(8): 637–645.

[115] Peruzzi B, Bottaro DP. Targeting the c-Met signaling pathway in cancer. Clinical Cancer

Research: An Official Journal of the American Association for Cancer Research. 2006; 12

(12): 3657–3660.

[116] Hao S, Ye Z, Li F, Meng Q, Qureshi M, Yang J, Xiang J. Epigenetic transfer of metastatic

activity by uptake of highly metastatic B16 melanoma cell-released exosomes. Experi-

mental Oncology. 2006; 28(2): 126–131.

[117] Muhsin-Sharafaldine MR, Saunderson SC, Dunn AC, Faed JM, Kleffmann T, McLellan

AD. Procoagulant and immunogenic properties of melanoma exosomes, microvesicles

and apoptotic vesicles. Oncotarget. 2016; 7(35): 56279–56294.

[118] Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, Sweet-Cordero A,

Ebert BL, Mak RH, Ferrando AA, Downing JR, Jacks T, Horvitz HR, Golub TR.

MicroRNA expression profiles classify human cancers. Nature. 2005; 435(7043):

834–838.

[119] Zhang L, Huang J, Yang N, Greshock J, Megraw MS, et al. 2006. MicroRNAs exhibit

high frequency genomic alterations in human cancer. Proceedings of the National Acad-

emy of Sciences of the United States of America, 103(24): 9136–9141.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

203



[120] Bemis LT, Chen R, Amato CM, Classen EH, Robinson SE, Coffey DG, Erickson PF,

Shellman YG, Robinson WA. MicroRNA-137 targets microphthalmia-associated tran-

scription factor in melanoma cell lines. Cancer Research. 2008; 68(5): 1362–1368.

[121] Segura MF, Hanniford D, Menendez S, Reavie L, Zou X, Alvarez-Diaz S, Zakrzewski J,

Blochin E, Rose A, Bogunovic D, Polsky D, Wei J, Lee P, Belitskaya-Levy I, Bhardwaj N,

Osman I, Hernando E. Aberrant miR-182 expression promotes melanoma metastasis by

repressing FOXO3 and microphthalmia-associated transcription factor. Proceedings of

the National Academy of Sciences of the United States of America. 2009; 106(6): 1814–

1819.

[122] Penna E, Orso F, Cimino D, Tenaglia E, Lembo A, Quaglino E, Poliseno L, Haimovic A,

Osella-Abate S, De Pittà C, Pinatel E, Stadler MB, Provero P, Bernengo MG, Osman I,

Taverna D. MicroRNA-214 contributes to melanoma tumour progression through sup-

pression of TFAP2C. The EMBO Journal. 2011; 30(10): 1990–2007.

[123] Sand M, Skrygan M, Sand D, Georgas D, Gambichler T, Hahn SA, Altmeyer P, Bechara

FG. Comparative microarray analysis of microRNA expression profiles in primary cuta-

neous malignant melanoma, cutaneous malignant melanoma metastases, and benign

melanocytic nevi. Cell and Tissue Research. 2013; 351(1): 85–98.

[124] Felicetti F, Errico MC, Bottero L, Segnalini P, Stoppacciaro A, Biffoni M, Felli N, Mattia

G, Petrini M, Colombo MP, Peschle C, Carè A. The promyelocytic leukemia zinc finger-

microRNA-221/-222 pathway controls melanoma progression through multiple onco-

genic mechanisms. Cancer Research. 2008; 68(8): 2745–2754.

[125] Mueller DW, Bosserhoff AK. Role of miRNAs in the progression of malignant mela-

noma. British Journal of Cancer. 2009; 101(4): 551–556.

[126] Schultz J, Lorenz P, Gross G, Ibrahim S, Kunz M. MicroRNA let-7b targets important cell

cycle molecules in malignant melanoma cells and interferes with anchorage-indepen-

dent growth. Cell Research. 2008; 18(5): 549–557.

[127] Pfeffer SR, Grossmann KF, Cassidy PB, Yang CH, Fan M, Kopelovich L, Leachman SA,

Pfeffer LM. Detection of exosomal miRNAs in the plasma of melanoma patients. Journal

of Clinical Medicine. 2015; 4(12): 2012–2027.

[128] Alegre E, Sanmamed MF, Rodriguez C, Carranza O, Martín-Algarra S, González A.

Study of circulating microRNA-125b levels in serum exosomes in advanced melanoma.

Archives of Pathology & Laboratory Medicine. 2014; 138(6): 828–832.

[129] Lunavat TR, Cheng L, Kim DK, Bhadury J, Jang SC, Lässer C, Sharples RA, López MD,

Nilsson J, Gho YS, Hill AF, Lötvall J. Small RNA deep sequencing discriminates subsets

of extracellular vesicles released by melanoma cells—evidence of unique microRNA

cargos. RNA Biology. 2015; 12(8): 810–823.

[130] Felicetti F, De Feo A, Coscia C, Puglisi R, Pedini F, Pasquini L, Bellenghi M, Errico MC,

Pagani E, Carè A. Exosome-mediated transfer of miR-222 is sufficient to increase tumor

malignancy in melanoma. Journal of Translational Medicine. 2016; 14.

Natural Products and Cancer Drug Discovery204



[131] Auge JM, Molina R, Filella X, Bosch E, Gonzalez Cao M, Puig S, Malvehy J, Castel T,
Ballesta AM. S-100beta and MIA in advanced melanoma in relation to prognostic fac-
tors. Anticancer Research. 2005; 25(3A): 1779–1782.

[132] Alegre E, Sammamed M, Fernández-Landázuri S, Zubiri L, González Á. Circulating
biomarkers in malignant melanoma. Advances in Clinical Chemistry. 2015; 69: 47–89.

[133] Díaz-Lagares A, Alegre E, Arroyo A, González-Cao M, Zudaire ME, Viteri S, Martín-
Algarra S, González A. Evaluation of multiple serum markers in advanced melanoma.
Tumour Biology: The Journal of the International Society for Oncodevelopmental Biol-
ogy and Medicine. 2011; 32(6): 1155–1161.

[134] Segura MF, Belitskaya-Lévy I, Rose AE, Zakrzewski J, Gaziel A, Hanniford D,
Darvishian F, Berman RS, Shapiro RL, Pavlick AC, Osman I, Hernando E. Melanoma
microRNA signature predicts post-recurrence survival. Clinical Cancer Research. 2010;
16(5): 1577–1586.

[135] Leidinger P, Keller A, Borries A, Reichrath J, Rass K, Jager SU, Lenhof HP, Meese E.
High-throughput miRNA profiling of human melanoma blood samples. BMC Cancer.
2010; 10: 262.

[136] Fleming NH, Zhong J, da Silva IP, Vega-Saenz de Miera E, Brady B, Han SW, Hanniford
D, Wang J, Shapiro RL, Hernando E, Osman I. Serum-based miRNAs in the prediction
and detection of recurrence in melanoma patients. Cancer. 2015; 121(1): 51–59.

[137] Friedman EB, Shang S, de Miera EVS, Fog JU, TeilumMW, MaMW, Berman RS, Shapiro
RL, Pavlick AC, Hernando E, Baker A, Shao Y, Osman I. Serum microRNAs as bio-
markers for recurrence in melanoma. Journal of Translational Medicine. 2012; 10: 155.

[138] Garbe C, Peris K, Hauschild A, Saiag P, Middleton M, Spatz A. Diagnosis and treatment
of melanoma. European consensus-based interdisciplinary guideline update 2012. Euro-
pean Journal Cancer. 2012; 48: 2375–2390.

[139] Harries M, Malvehy J, Lebbe C, Heron L, Amelio J, Szabo Z, Schadendorf D. Treatment
patterns of advanced malignant melanoma (stage III–IV)—a review of current standards
in Europe. European Journal of Cancer. 2016; 60: 179–189.

[140] Garbe C, Peris K, Hauschild A, Saiag P, Middleton M, Bastholt L, Grob J, Malvehy J,
Newton-Bishop J, Stratigos AJ, Pehamberger H, Eggermont AM. Diagnosis and treat-
ment of melanoma. European consensus-based interdisciplinary guideline e Update
2016. European Journal of Cancer. 2016; 63: 201–217.

[141] Su MY, Fisher DE. Immunotherapy in the precision medicine era: melanoma and
beyond. PLoS Medicine. 2016; 13: 1–6.

[142] Tang T, Eldabaje R, Yang L. Current status of biological therapies for the treatment of
metastatic melanoma. Anticancer Research. 2016; 36: 3229–3242.

[143] Lin WM, Fisher DE. Signaling and immune regulation in melanoma development and
responses to therapy. Annual Review of Pathology Mechanisms of Disease. 2016; 5: 1–28.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

205



[144] Kirkwood JM, Tarhini AA. Biomarkers of therapeutic response in melanoma and renal

cell carcinoma: potential in roads to improved immunotherapy. Journal of Clinical

Oncology. 2009; 27: 2583–2585.

[145] Drake CG, Lipson EJ, Brahmer JR. Breathing new life into immunotherapy: melanoma,

lung and kidney cancer. Nature Review Clinical Oncology. 2014; 11: 24–37.

[146] Luke J J, Ott PA. New developments in the treatment of metastatic melanoma role of

dabrafenib–trametinib combination therapy. Drug Health Patient. 2014; 6: 77–88.

[147] Amann VC, Ramelyte E, Thurneysen S, Pitocco R, Bentele-Jaberg N, Goldinger SM,

Dummer R, Mangana J. Developments in targeted therapy in melanoma. European

Journal of Surgical Oncology. 2016; 43(3): 581–593.

[148] Heppt MV, Dietrich C, Graf SA, Ruzicka T, Tietze JK, Berking C. The systemic manage-

ment of advanced melanoma in 2016. Oncology Research Treatment. 2016; 39: 635–642.

[149] Andtbacka RHI, Kaufman HL, Collichio F, Amatruda T, Senzer N, Chesney J, Delman

KA, Spitler LE, Puzanov I, Agarwala SS, Milhem M, Cranmer L, Curti B, Lewis K, Ross

M, Guthrie T, Linette GP, Daniels GA, Harrington K, Middleton MR, Miller Jr WH,

Zager JS, Ye Y, Yao B, Li A, Doleman S, Vander Walde A, Gansert J, Coffin RS.

Talimogene laherparepvec improves durable response rate in patients with advanced

melanoma. Journal of Clinical Oncology. 2015; 33: 2780–2788.

[150] Al-Jadidi HSK, Hossain MA. Determination of the total phenols, flavonoids and antimi-

crobial activity of the crude extracts from locally grown neem stems. Asian Pacific

Journal of Tropical Disease. 2016; 6(5): 376–379.

[151] Hoensch HP, Oertel R. The value of flavonoids for the human nutrition: short review

and perspectives. Clinical Nutrition Experimental. 2015; 3(2015): 8–14.

[152] Fiol M, Adermann S, Neugart S, Rohn S, Mügge C, Schreiner M, Kroh LW. Highly

glycosylated and acylated flavonols isolated from kale (Brassica oleracea var. sabellica) –

Structure-antioxidant activity relationship. Food Research International. 2012; 47(1): 80–89.

[153] Olsen H, Aaby K, Borge GIA. Characterization, quantification, and yearly variation of

the naturally occurring polyphenols in a common red variety of curly kale (Brassica

oleracea L. convar. acephala var. sabellica cv. ‘Redbor’). Journal of Agricultural and Food

Chemistry. 2010; 58(21): 11346–11354.

[154] Chanput W, Krueyos N, Ritthiruangdej P. Anti-oxidative assays as markers for anti-

inflammatory activity of flavonoids. International Immunopharmacology. 2016; 40(2016):

170–175.

[155] Guan LP, Liu BY. Antidepressant-like effects and mechanisms of flavonoids and related

analogues. European Journal of Medicinal Chemistry. 2016; 121(4): 47–57.

[156] Venturelli S, Burkard M, Biendl M, Lauer UM, Frank J, Busch C. Prenylated chalcones

and flavonoids for the prevention and treatment of cancer. Original Research Article

Nutrition. 2016; 32: 1171–1178.

Natural Products and Cancer Drug Discovery206



[157] Priyadarshani G, Amrutkar S, Nayak A, Banerjee UC, Kundu CN, Guchhait SS. Scaf-

fold-hopping of bioactive flavonoids: Discovery of aryl-pyridopyrimidinones as potent

anticancer agents that inhibit catalytic role of topoisomerase IIα. European Journal of

Medicinal Chemistry. 2016; 122: 43–54.

[158] Hatahet T, Morille M, Hommoss A, Dorandeu C, Müller RH, Bégu S. Dermal quercetin

smartCrystals®: formulation development, antioxidant activity and cellular safety.

European Journal of Pharmaceutics and Biopharmaceutics. 2016; 102: 51–63.

[159] Nunes BC, Martins MM, Chang R, Morais SAL, Nascimento EA, Oliveira A, Cunha

LCS, Silva CV, Teixeira TL, Ambrósio MALV, Martins CHG, Aquino FJT. Antimicrobial

activity, cytotoxicity and selectivity index of Banisteriopsis laevifolia (A. Juss.) B. Gates

leaves. Industrial Crops and Products. 2016; 92: 277–289.

[160] SeleemD, Pardi V,Murata RM. Review of flavonoids: a diverse group of natural compounds

with Anti-Candida albicans activity in vitro. Archives of Oral Biology. 2016; 27: 1–26.

[161] Guidi L, Brunettib C, Finic A, Agatid G, Ferrinic F, Goric A, Tattini M. UV radiation

promotes flavonoid biosynthesis, while negatively affecting the biosynthesis and the de-

epoxidation of xanthophylls: Consequence for photoprotection? Environmental and

Experimental Botany. 2016; 127(2016): 14–25.

[162] Li F, Awale S, Tezuka Y, Kadota S. Cytotoxic constituents from Brazilian red propolis

and their structure–activity relationship. Bioorganic and Medicinal Chemistry. 2008; 16

(2008): 5434–5440.

[163] Serafino A, Vallebona PS, Lazzarino G, Tavazzi B, Rasi G, Pierimarchi P, Andreola F,

Moroni G, Galvano G, Galvano F, Garaci E. Differentiation of human melanoma cells

induced by cyanidin-3-O-β-glucopyranoside. The FASEB Journal. 2004; 18(15): 1940–1942.

[164] Chen ND, Chen NF, Chen CW, Zhang L. A Novel Bihomoflavanonol with an Unprece-

dented Skeleton from Pteridium aquilinum. Chinese Herbal Medicines. 2013; 5(2): 96–100.

[165] Chen X, Zhang B, Yuan X, Yang F, Liu J, Zhao Z, Liu L, Wang Y, Wang Z, Zheng Q.

Isoliquiritigenin-induced differentiation in mouse melanoma B16F0 cell line. Oxidative

Medicine and Cellular Longevity. 2012; 2012: 1–11.

[166] Funari CS, Passalacqua TG, Rinaldo D, Napolitano A, Festa M, Capasso A, Piacente S,

Pizza C, Young MCM, Durigan G, Silva DHS. Interconverting flavanone glucosides and

other phenolic compounds in Lippia salviaefolia Cham. ethanol extracts. Phytochemistry.

2011; 72(2011): 2052–2061.

[167] Nagao T, Abe F, Kinjo J, Okabe H. Antiproliferative Constituents in Plants 10. Flavones

from the leaves of Lantana montevidensis BRIQ and consideration of structure-activity

relationship. Biological and Pharmaceutical Bulletin. 2002; 25(7): 875–879.

[168] Arung ET, Yoshikawa K, Shimizu K, Kondo R. Isoprenoid-substituted flavonoids from

wood of Artocarpus heterophyllus on B16 melanoma cells: cytotoxicity and structural

criteria. Fitoterapia. 2010; 81(2010): 120–123.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

207



[169] Hasnat MA, Pervin M, Lim JH, Lim BO. Apigenin attenuates melanoma cell migration

by inducing anoikis through integrin and focal adhesion kinase inhibition. Molecules.

2015; 20: 21157–21166.

[170] Spoerlein C, Mahal K, Schmidt H, Schobert R. Effects of chrysin, apigenin, genistein and

their homoleptic copper(II) complexes on the growth and metastatic potential of cancer

cells. Journal of Inorganic Biochemistry. 2013; 127(2013): 107–115.

[171] Dar AA, Dangroo NA, Raina A, Qayum A, Singh S, Kumar A, Sangwan PL. Biologically

active xanthones from Codonopsis ovata. Phytochemistry. 2016; 132(2016): 102–108.

[172] Cao HH, Chu JH, Kwan HY, Su T, Yu H, Cheng CY, Fu XQ, Guo H, Li T, Tse AKW, Chou

GX, Mo HB, Yu ZL. Inhibition of the STAT3 signaling pathway contributes to apigenin-

mediated anti-metastatic effect in melanoma. Nature Scientific Reports. 2016; 6(21731): 1–12.

[173] Choi EO, Cho EJ, Jeong JW, Park C, Hong SH, Hwang HJ, Moon SK, Son CG, Kim WJ,

Choi YH. Baicalein inhibits the migration and invasion of B16F10 mouse melanoma cells

through inactivation of the PI3K/Akt signaling pathway. Biomolecules and Therapeu-

tics. 2016; 2016: 1–9.

[174] Martınez C, Yanez A, Vicente V, Alcaraz M, Benavente-Garcıa O, Castillo J, Lorente J,

Lozano JA. Effects of several polyhydroxylated flavonoids on the growth of B16F10

melanoma and Melan-a melanocyte cell lines: influence of the sequential oxidation state

of the flavonoid skeleton. Melanoma Research. 2003; 13: 3–9.

[175] Banskota AH, Nagaoka T, Sumioka LY, Tezuka Y, Awale S, Midorikawa K, Matsushige

K, Kadota S. Antiproliferative activity of the Netherlands propolis and its active princi-

ples in cancer cell lines. Journal of Ethnopharmacology. 2002; 80(2002): 67–73.

[176] Sánchez NA, Conesa CM, Ortega VV. Effects of IFN-α and diosmin on metastasic

murine-lung melanoma. Revista Española de Patología. 2008; 41(2): 123–129.

[177] Alvarez N, Vicente V, Martınez C. Synergistic effect of diosmin and interferon-α on

metastatic pulmonary melanoma. Cancer Biotherapy and Radiopharmaceuticals. 2008;

24(3): 347–352.

[178] Martínez C, Vicente V, Yáñez J, Alcaraz M, Castells MT, Canteras M, Benavente-García

O, Castillo J. The effect of the flavonoid diosmin, grape seed extract and red wine on the

pulmonary metastatic B16F10 melanoma. Histology and Histopathology. 2005; 20:

1121–1129.

[179] Conesa CM, Ortega VV, Gascón MJY, Baños MA, Jordana MC, Garcia OB, Castillo JN.

Treatment of metastatic melanoma B16F10 by the flavonoids tangeretin, rutin, and

diosmin. Journal of Agricultural and Food Chemistry. 2005; 53: 6791–6797.

[180] Zater H, Huet J, Fontaine V, Benayache S, Stevigny C, Duez P, Benayache F. Chemical

constituents, cytotoxic, antifungal and antimicrobial properties of Centaurea diluta Ait.

subsp. algeriensis (Coss. & Dur.) Maire. Asian Pacific Journal of Tropical Medicine. 2016;

9(6): 554–561.

Natural Products and Cancer Drug Discovery208



[181] Tundis R, Deguin B, Loizzo MR, Bonesi M, Statti GA, Tillequin F, Menichini F. Potential

antitumor agents: Flavones and their derivatives from Linaria reflexa Desf. Bioorganic

and Medicinal Chemistry Letters. 2005; 15(2005): 4757–4760.

[182] George VC, Kumar DRN, Suresh PK, Kumar S, Kumar RA. Comparative studies to

evaluate relative in vitro potency of luteolin in inducing cell cycle arrest and apoptosis

in HaCaT and A375 cells. Asian Pacific Journal of Cancer Prevention. 2013; 14(2):

631–637.

[183] Kim JK, Kang KA, Ryu YS, Piao MJ, Han X, Oh MC, Boo SJ, Jeong SU, Jeong YJ, Chae

S, Na SY, Hyun JW. Induction of endoplasmic reticulum stress via reactive oxygen

species mediated by luteolin in melanoma cells. Anticancer Research. 2016; 36:

2281–2290.

[184] Ruan JS, Liu YP, Zhang L, Yan LG, Fan FT, Shen CS, Wang AY, Zheng SZ, Wang SM, Lu

Y. Luteolin reduces the invasive potential of malignant melanoma cells by targeting β3

integrin and the epithelial-mesenchymal transition. Acta Pharmacologica Sinica. 2012;

33: 1325–1331.

[185] Krajnovic T, Kaluderovic GN, Wessjohann LA, Mijatovic SA, Ivanic DM. Versatile

antitumor potential of isoxanthohumol: enhancement of paclitaxel activity in vivo. Phar-

macological Research. 2016; 105(2016): 62–73.

[186] Syed DN, Chamcheu JC, Khan MI, Sechi M, Lall RK, Adhami VM, Mukhtar H. Fisetin

inhibits human melanoma cell growth through direct binding to p70S6K and mTOR:

findings from 3-D melanoma skin equivalents and computational modeling. Biochemi-

cal Pharmacology. 2014; 89(2014): 349–360.

[187] Pal HC, Diamond AC, Strickland LR, Kappes JC, Katiyar SK, Elmets CA, Athar M, Afaq

F. Fisetin, a dietary flavonoid, augments the anti-invasive and anti-metastatic potential

of sorafenib in melanoma. Oncotarget. 2015; 7(2): 1227–1241.

[188] Syed DN, Afaq F, Maddodi N, Johnson JJ, Sarfaraz S, Ahmad A, Setaluri1 V, Mukhtar H.

Inhibition of human melanoma cell growth by the dietary flavonoid fisetin is associated

with disruption of Wnt/b-catenin signaling and decreased MITF levels. Journal of Inves-

tigative Dermatology. 2011; 131: 1291–1299.

[189] Tundis R, Loizzo MR, Menichini F, Bonesi M, Colica C, Menichini F. In vitro cyto-

toxic activity of extracts and isolated constituents of Salvia leriifolia Benth. against

a panel of human cancer cell lines. Chemistry and Biodiversity. 2011; 8(2011):

1152–1162.

[190] Moon SS, Rahman AA, Manir M, Ahamed J. Kaempferol glycosides and cardenolide

glycosides, cytotoxic constituents from the seeds of Draba nemorosa (Brassicaceae).

Archives of Pharmaceutical Research. 2010; 33(8): 1169–1173.

[191] Syed DN, Lall RK, Chamcheu JC, Haidar O, Mukhtar H. Involvement of ER stress and

activation of apoptotic pathways in fisetin induced cytotoxicity in human melanoma.

Archives of Biochemistry and Biophysics. 2014; 563: 108–117.

Flavonoids: Promising Natural Products for Treatment of Skin Cancer (Melanoma)
http://dx.doi.org/10.5772/67573

209



[192] Zhang W, Lan Y, Huang Q, Hua Z. Galangin induces B16F10 melanoma cell apoptosis

via mitochondrial pathway and sustained activation of p38 MAPK. Cytotechnology.

2013; 65: 447–455.

[193] Zhang W, Tang B, Huang Q, Hua Z. Galangin inhibits tumor growth and metastasis of

B16F10 melanoma. Journal of Cellular Biochemistry. 2013; 114: 152–161.

[194] Lu YH, Tao L, Wang ZT, Wei DZ, Xiang HB. Mechanism and inhibitory effect of

galangin and its flavonoid mixture from Alpinia officinarum on mushroom tyrosinase

and B16 murine melanoma cells. Journal of Enzyme Inhibition and Medicinal Chemis-

try. 2007; 22(4): 433–438.

[195] Wu J, Du J, Fu X, Liu B, Cao H, Li T, Su T, Xu J, Tse AKW, Yu ZL. Icaritin, a novel FASN

inhibitor, exerts anti-melanoma activities through IGF-1R/STAT3 signaling. Oncotarget.

2016; 7(32): 51251–51269.

[196] Kim YK, Kim YS, Choi SU, Ryu SY. Isolation of flavonol rhamnosides from Loranthus

tanakae and cytotoxic effect of them on human tumor cell lines. Archives of Pharmaceu-

tical Research. 2004; 27(1): 44–47.

[197] Pradhan SJ, Mishra R, Sharma P, Kundu GC. Quercetin and sulforaphane in combina-

tion suppress the progression of melanoma through the down-regulation of matrix

metalloproteinase-9. Experimental and Therapeutic Medicine. 2010; 1: 915–920.

[198] Cao HH, Tse AKW, Kwan HY, Yu H, Cheng CY, Su T, Fong WF, Yu ZL. Quercetin exerts

anti-melanoma activities and inhibits STAT3 Signaling. Biochemical Pharmacology.

2014; 87(2014): 424–434.

[199] Cao HH, Cheng CY, Su T, Fu XQ, Guo H, Li T, Tse AKW, Kwan HY, Yu H, Yu ZL.

Quercetin inhibits HGF/c-Met signaling and HGF stimulated melanoma cell migration

and invasion. Molecular Cancer. 2015; 14(103): 1–12.

[200] Martin S, Lamb HK, Brady C, Lefkove B, Bonner MY, Thompson P, Lovat PE, Arbiser JL,

Hawkins AR, Redfern CPF. Inducing apoptosis of cancer cells using small-molecule

plant compounds that bind to GRP78. British Journal of Cancer. 2013; 109: 433–443.

[201] Li LH, Wu LJ, Jiang YY, Tashiro SI, Onodera S, Uchiumi F, Ikejima T. Silymarin

enhanced cytotoxic effect of anti-Fas agonistic antibody CH11 on A375-S2 cells. Journal

of Asian Natural Products Research. 2014; 9(7): 593–602.

[202] Russo A, Cardile V, Lombardo L, Vanella L, Acquaviva R. Genistin inhibits UV light-

induced plasmid DNA damage and cell growth in human melanoma cells. Journal of

Nutritional Biochemistry. 2006; 17(2006): 103–108.

[203] Song NR., Lee E, Byun S, Kim JE, Mottamal M, Park JHY, Lim SS, Bode AM, Lee HJ, Lee

KW, Dong Z. Isoangustone A. A novel licorice compound, inhibits cell proliferation by

targeting PI3K, MKK4, and MKK7 in human melanoma. Cancer Prevention Research.

2013; 6(12):1293–303.

[204] Casagrande F, Darbon JM. Effects of structurally related flavonoids on cell cycle pro-

gression of human melanoma cells: regulation of cyclin-dependent kinases CDK2 and

CDK1. Biochemical Pharmacology. 2001; 61(2001): 1205–1215.

Natural Products and Cancer Drug Discovery210


