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RELAZIONE:		
	
	
Melanoma is one of the deadliest forms of skin cancer, causing up to 9480 deaths a year 

because of its high metastatic potential1. Melanoma occurs in all age groups, and, although 

early melanoma can usually be cured by surgical resection, metastatic melanoma is largely 

incurable with a 3-year survival rate of 10–15%. Various treatments for malignant melanoma 

are available, but due to the development of multi-drug resistance, current or emerging 

chemotherapies have a relatively low success rates. Thus, the search for novel therapeutical, 

chemopreventing and/or adjuvant drugs with lower toxicity, particularly from natural sources, 

is of great interest.  

The role of diet and nutrition in cancer prevention has recently become a very popular 

subject2. Natural compounds and supplements have become part of people’s daily life.  

Even though nutrients might never be as effective as chemotherapy or other pharmaceutical 
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agents, their potential is clear, and may also be effective as adjuvants to pharmaceutical 

drugs. Of note, over 70% of anti-cancer agents have their origin in natural sources3.  

Inflammation has emerged as a major factor promoting cancer development4-7, indeed 

inflammatory responses play decisive roles at different stages of tumor development, including 

initiation, promotion, malignant conversion, invasion, and metastasis5. The ability of tumor to 

stimulate or evade an immune response depends on its antigenicity and other 

immunomodulatory factors produced either by the tumor or tumor microenvironment. Tumor-

promoting inflammation is characterized by the presence of several medietors, and among 

these a key role is attributed to prostaglandin (PG)E2. In fact, increased levels of PGE2 are 

associated with enhanced cancer cell survival, growth, invasion, angiogenesis and immune 

suppression8. Cyclooxygenase (COX)-1 and -2, are key rate-limiting enzymes involved in 

regulation of PGE2 synthesis. COX-2 is constitutively expressed in various cancers thereby 

promoting tumor growth and metastasis9. Also in malignant melanoma, COX-2 expression has 

been demonstrated and changes in the expression level of COX-2 are correlated with the 

development and progression of this aggressive disease10. Compared to other malignancies, 

melanoma is a highly immunogenic tumor11,12.  

Dietary phytochemicals are continuously investigated to understand the basis of protective 

activity of fruits and vegetables against chronic inflammation-based disorders, such as cancer, 

and to discover any nutraceutical potential of specific compounds. Numerous phytochemicals 

with peculiar reducing properties that may effectively downregulate the inflammatory response 

have been the object of research. Indicaxanthin, a phytochemical with the chemical structure 

of betalamic acid, is a dietary pigment from cactus pear fruit (Opuntia ficus-indica, L. Miller). 

In vitro studies showed that indicaxanthin is a reducing and amphipathic molecule capable of 

penetrating cells and membranes and counteracting oxidative damage13,14. Remarkably, 

indicaxanthin is highly bioavailable in humans15 and does not appear to be metabolized either 

during digestion or in the liver. Moreover, it has been demonstrated the remarkable 

pharmacological effects exerted by indicaxanthin in an in vivo model of inflammation16. This 

anti-inflammatory effect was associated with a reduction of release of a number of pro-

inflammatory mediators, such as PGE2, and, at least in part, to indicaxanthin ability to reduce 

NF-kB activation. Several reports have shown that in melanoma the constitutive activation of 

NF-κB confers tumor survival capacity and avoidance of apoptosis17. Thus, considering the 

importance of discovering new compounds that are both safe and effective against melanoma, 

and considering that anti-inflammatory activity of indicaxanthin, linked to NF-kB reduction of 

activation, has already been demonstrated, the purpose of my project is to extend the 

knowledge on the anticancer role of indicaxanthin against human melanoma. 

In the first part of this project, in vitro effects of indicaxanthin was analyzed. 

 

Methods  

Extraction and purification of indicaxanthin from cactus pear fruits.  

Indicaxanthin was isolated from cactus pear (O. ficus-indica) fruits (yellow cultivar). Briefly, 

the phytochemical was separated from a methanol extract of the pulp by liquid 

chromatography on Sephadex G-25 as reported in Butera D. et al.18. Fractions containing the 
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pigment were submitted to cryodesiccation, purified according to Stintzing et al.19 and 

suspended in PBS for the experiments.  

 

Proliferation Assay  

Cell proliferation was measured by the 3-[4,5-dimethyltiazol- 2yl]-2,5 diphenyl tetrazolium 

bromide (MTT) assay. The human melanoma cells A375, Sk-Mel-28 and MALME, and the 

murine melanoma cells B16/F10 were seeded on 96-well plates (2x103 cells/well) and treated 

with indicaxanthin (50-100-200µM) for 72h before adding 25µl of MTT (5mg/ml in saline). 

Cells were incubated for additional 3h at 37◦C. Thereafter, cells were lysed and dark blue 

crystals were solubilized with a solution containing 50% (vol/vol) N,N- dimethyl formamide, 

20% (wt/vol) sodium dodecylsulfate with an adjusted pH of 4.5. The OD of each well was 

measured with a microplate spectrophotometer equipped with a 620-nm filter.  

 

Flow Cytometry  

Apoptosis was detected with an Annexin V-FITC kit. A375 cells were seeded in 35 mm culture 

dishes and allowed to attach overnight. The cells were treated with indicaxanthin (200 µM) for 

24 and 48 h, collected, and washed twice with PBS. Samples were then taken to determine 

baseline and drug-induced apoptosis by Annexin V-FITC/Propidium Iodide (PI) double staining 

or PI staining and flow cytometry analysis using a flow cytometry. To detect early and late 

apoptosis, both adherent and floating cells were harvested together and resuspended in 

annexin V binding buffer. Subsequently,  FITC- conjugated Annexin V and PI were added to 

cell suspension. The cells were incubated for 15min at room temperature in the dark. Finally, 

annexin V binding buffer was added to each sample. A minimum of 50000 events for each 

sample were collected and data were analyzed using FacsDiva software.  

 

Results 

 

Indicaxanthin inhibits human melanoma cell proliferation 

In order to investigate on the potential anti-proliferative effect of indicaxanthin an MTT assay 

was carried out on a panel of human melanoma cells, A375, Sk-Mel-28 and MALME, and on 

murine melanoma cells B16/F10. As shown in Table 1, indicaxanthin inhibited the growth of 

A375 and B16/F10 in a dose-dependent manner. Incubation of A375 cells with indicaxanthin 

50µM, 100µM and 200µM for 72 h caused an inhibition of cell proliferation by 20,7%, 35,7% 

and 56%, respectively (P < 0.001); Instead, incubation of B16/F10 cells with indicaxanthin at 

the same doses for 72 h caused an inhibition of cell proliferation by 33,8%, 46% and 69,1%, 

respectively (P < 0.001) (Table 1). Since the A375 cell line resulted to be the most sensitive 

human cell line to the anti-proliferative effect of indicaxanthin it was selected as a tool for next 

in vitro study. 
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Table 1: Effect of Indicaxanthin on A375, Sk-Mel-28, MALME and B16/F10 melanoma cells proliferation 

(72h). 

 

 

Indicaxanthin induces apoptosis of human melanoma cells 

In order to investigate if the anti-proliferative effect of indicaxanthin was due to induction of 

apoptosis or necrosis, we performed FACS studies. 

A375 human melanoma cells were treated with indicaxanthin (200 µM) for 24 and 48h and 

apoptosis was determined by annexinV/PI staining, which detects the externalization of 

phosphatidylserine (PS), a characteristic feature of cells entering apoptosis. This dual staining 

distinguishes between unaffected cells (unlabeled), early apoptotic cells (annexin V positive), 

late apoptotic cells (annexin V positive, PI positive), and necrotic (PI positive) (Figure 1A). As 

shown in Figure 1B indicaxanthin induced apoptosis of A375 cell in a time-dependent manner 

(12% and 18% at 24 and 48h respectively).  

 

 

FUTURE EXPERIMENTS 

The apoptotic machinery can be regulated, at least in part, by the transcription factor NF-κB, 

one of the most important signaling pathways implicated in melanoma. Several reports have 

shown that in melanoma the constitutive activation of NF-κB confers tumor survival capacity 

and avoidance of apoptosis. Nuclear factor-κB (NF-κB) proteins are normally sequestered in 

the cytoplasm in an inactive form associated to the inhibitory protein IκBα.  

Following inflammatory signal, we have IκBα degradation and NF-κB activation and nuclear 

translocation. And The active form of NF-κB, associated with p65 subunit, regulate genes 

expression. So, will be investigated NF-kB involvement by EMSA and Western blot analysis.  

Moreovere, will be studied the effect of indicaxanthin on cells invasion.  

Finally, to confirm the results obtained in vitro, and to assess the usefulness of this substance 

in the cancer prevention, will be used a well known murine model of melanoma that is induce 

by injecting subcutaneously B16/F10 murine cells in C57BL/6 mice.  
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Figure 1: Pro-apoptotic effect of Indicaxanthin on A375 human melanoma cells. 
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