
 
 

 
 

 

SAPIENZA 

UNIVERSITAô DI ROMA  

 

DOTTORATO DI RICERCA IN MEDICINA SPERIMENTALE 

XXIX  CICLO 

 

ñFatty acids role in cancer: Stearoyl-CoA desaturase 5 and its 

product oleic acid reduce melanoma dissemination by impairing 

tumor microenvironmentò 

 

 
 

 

           DOTTORANDO                   RESPONSABILE SCIENTIFICO 

 

 

                                                                                   TUTOR 

 

 

 

 

COORDINATORE DEL DOTTORATO 

Prof.ssa Maria Rosaria Torrisi 

 

ANNO ACCADEMICO 2015-2016 

Bellenghi Maria Carè Alessandra 

Mattia Gianfranco  



 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 

 

 

 

 

A chi ha asciugato le mie lacrime 

ed accarezzato i miei sorrisi 

A Voi, la mia bussola, il mio porto sicuro dove posso sempre approdare 

A Te, il mio vento in poppa, il mio compagno di Viaggio 

Ed alla mia stella che mi indica sempre il cammino 

 

Grazie 

 

 

 

 

 

 

 

 

 

  



 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Table of Contents  

 
 

 ABSTRACT  

   

 INTRODUCTION  

1 MELANOMA 1 

1.2 RISK FACTORS 4 

1.2.1 SPORADIC MELANOMA 6 

1.2.2 FAMILIAR MELANOMA 9 

1.3 DIAGNOSIS AND HYSTOLOGICAL CLASSIFICATION 10 

1.4 PROGNOSTIC FACTORS 13 

1.5 TREATMENTS OPTIONS 17 

1.5.1 SURGERY 17 

1.5.2 TARGET THERAPY 17 

1.5.3 IMMUNOTHERAPY 19 

1.5.4 NEW IMMUNOTHERAPY 21 

   

2 THE TUMOR MICROENVIRONMENT 25 

2.1 TUMOR MICROENVIRONMENT ARRANGEMENT 26 

2.2 ECM 29 

2.2.1 SPARC IN CANCER: A FOCUS ON MELANOMA MODEL 30 

2.3 LIPID ROLE IN TUMOR FORMATION AND 

PROGRESSION 

32 

   

3 MicroRNAs 39 

3.1 MicroRNAs BIOGENESIS 40 

3.2 MicroRNA221/-222 IN MELANOMA 41 

3.2.1 REGULATION OF MicroRNA221/-222 TRANSCRIPTION 45 

   



 Table of Contents  

 
 

 AIMS OF THE STUDY 51 

   

 RESULTS  

4 EXPRESSION ANALYSIS OF STEAROYL-COA Ⱥ9 

(SCD5) DESATURASE IN MELANOMA 

53 

5 REGULATION OF SCD5 EXPRESSION IN MELANOMA 55 

5.1 SCD5 EPIGENETIC REGULATION 56 

5.2 SCD5 mRNA AND PROTEIN STABILITIES 58 

5.3 SCD5-miRs REGULATORY SYSTEM 61 

6 SCD5 ENFORCED EXPRESSION: IN-VITRO AND IN-

VIVO STUDIES 

69 

7 EFFECTS OF OLEIC ACID EXOGENOUS 

SUPPLEMENTATION 

79 

8 SCD5 INDUCES INTRACELLULAR pH ACIDIFICATION 82 

8.1 ACIDIC CULTURE CONDITIONS RESTORE SPARC AND 

CATHEPSIN B SECRETION 

86 

9 SCD5 FUNCTIONAL ROLE IN THE MURINE MAMMARY 

CARCINOMA CELL LINE 4T1 

91 

   

 DISCUSSION 99 

   

 MATERIALS AND METHODS  

10 CELLS 107 

10.1 CELL LINES CULTURES 107 

10.2 CLONING AND TRANSDUCTION 108 

10.3 LENTIVIRUS PRODUCTION AND INFECTION 109 

10.4 GENE SILENCING AND CELL TREATMENTS 110 



 Table of Contents  

 
 

10.5 PREPARATION OF CONDITIONED MEDIA IN 

BUFFERED AND ACIDIC CONDITIONS 

110 

10.6 MICROVESICLES (MVs) ISOLATION 111 

11 IN-VITRO ASSAYS 111 

11.1 AGAR FOCI 111 

11.2 PROLIFERATION 111 

11.3 MIGRATION AND INVASION 112 

12 IN-VITRO ANALYSES 113 

12.1 QUANTITATIVE REAL TIME-PCR (qRT-PCR) 113 

12.2 QUANTIFICATION OF FATTY ACIDS WITH GC/MS 113 

12.3 WESTERN BLOT AND IMMUNOFLUORESCENCE 114 

12.3.1 LIST OF UTILIZED ANTIBODIES 115 

12.4 INTRACELLULAR pH EVALUATION 116 

12.5 MELANIN CONTENT MISURATION 116 

12.6 RENILLA ACTIVITY ASSAYS 117 

13 IN-VIVO ASSAYS 118 

14 IN-VIVO ANALYSES 119 

14.1 IN-SITU HYBRIDIZATION 121 

15 STATISTICAL ANALYSIS 122 

   

 REFERENCES 123 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Abstract  

 
 

ABSTRACT 

Breakthroughs in the understanding of the basic biology of 

melanoma have yielded continue progresses on a variety of fronts. 

In the past decade, several specific inhibitors have been utilized 

against melanoma. However, after a short period of remission, their 

clinical use inevitably evidenced drug resistance and disease 

exacerbation. Finding new arms against the advanced phase of 

melanoma is one of the major challenges in the struggle against this 

cancer. New insight highlighted the rewiring of cellular signaling 

and the reprogramming of metabolic pathways in cancer. In normal 

cells a precise balance between saturated and unsaturated Fatty Acid 

(FA) synthesis is required for maintaining cell homeostasis. 

Conversely the anabolic pathways responsible for constructing 

these molecules appear altered during tumorigenesis. It is now 

appreciated the importance of fatty acid regulation in malignant 

disease and the opportunities to target these pathways, required not 

only for cell growth and division, but also for tumor dissemination.  

The role of the stearoyl-CoA desaturase 5 (SCD5) was investigated 

in melanoma, being its pathophysiological function virtually 

unknown. This enzyme, converting saturated into monounsaturated 

FAs, is downregulated during progression of melanoma by 

epigenetic and miR221/-222-dependent mechanisms. SCD5 

restored expression significantly reduced melanoma malignancy, in 

human A375M melanoma and in murine 4T1 mammary carcinoma 

cell lines, mainly by inducing oleic acid.  In both cell systems we 
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also evidenced SCD5 effects on tumor microenvironment, through 

reduced secretion of protumoral protein such as the Secreted Protein 

Acidic and Rich in Cysteine (SPARC), Collagen IV and Cathepsin 

B. The net effect of SCD5 action was evidenced by the intracellular 

acidification (pHe > pHi) and, in turn, by the inhibition of the 

vesicular trafficking across plasma membranes.  This acidification 

also depends on SCD5-induced reduction of the C2 subunit of the 

proton pump vacuolar H+-ATPase. Supplementation of oleic acid 

was per se able to mimic SCD5 enforced expression by reducing the 

protumoral matrix protein secretion.  

Our data support a role for SCD5 and its enzymatic product, oleic 

acid, in protection against malignancy, offering an explanation for 

the beneficial Mediterranean diet. Furthermore, SCD5 appears to 

functionally connect tumor cells and the surrounding stroma, with 

consequences on tumor spread and eventually resistance to 

treatment.  
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INTRODUCTION 

1. MELANOMA 

Melanocytic neoplasms range from benign lesions, termed 

melanocytic naevi, to malignant ones, termed melanomas. All 

originate from melanocytes, neural crest-derived cells, that during 

development colonize the skin, eye and a board range of other 

tissues throughout the body (Mort RL., 2015). The incidence of 

melanoma has more than doubled in the white population over the 

last 30 years, and melanoma currently is the sixth most common 

cancer in the United States (American Cancer Society, 2016). and it 

still continues increasing (Fig. 1). At present melanoma represents 

the tenth most common cancer in men and the seventh in women 

(Rapporto AIOM-AIRTUM 2015).  

 

 

 

 

 

Fig 1: Expected incidence rate of melanoma, United States 1975-

2020 

www.cdc.gov/cancer  
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While melanoma accounts for roughly 4% of all skin cancers, it is 

responsible for nearly 75% of skin cancer deaths. Treatment of 

melanoma in its early stages provides the best opportunity for cure. 

The most common types of melanoma in Caucasians are found on 

sun-exposed skin. This cutaneous melanomas can be broadly 

categorized by their origins from skin that is or not chronically sun 

damaged (CSD) and non-CSD melanomas, respectively.  

CSD and non-CSD melanomas differ in their anatomical sites of 

origin, degree of cumulative exposure to ultraviolet (UV) radiation, 

host age, mutation burden and types of oncogenic alteration (Shain 

AH., 2016). CSD melanomas arise on skin that shows macroscopic 

and microscopic signs of long-term exposure to UV radiation, 

specifically marked solar elastosis. Thus CSD melanomas typically 

originate from the head, the neck and the dorsal surfaces of the 

distal extremities of older individuals (>55 years of age). They have 

a high mutation burden and are associated with neurofibromin 1 

(NF1), Neuroblastoma RAS Viral Oncogene Homolog (NRAS), B-

Raf Proto-Oncogene, Serine/Threonine Kinase (BRAF) nonV600E 

or KIT Proto-Oncogene Receptor Tyrosine Kinase (KIT)  mutations.  

In contrast, non-CSD melanomas typically affect the more 

intermittently sun-exposed areas such as the trunk and proximal 

extremities of younger individuals (<55 years of age) that do not 

show marked solar elastosis. They are associated with a moderate 

mutation burden and a predominance of BRAF V600E mutations 

(Bastian BC., 2014). Primary melanomas are often found in 
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association with different types of precursor lesions, ranging from 

benign naevi and dysplastic naevi to melanoma in situ. Idealized 

progression models often imply a single path of evolution from 

naevus, to dysplastic naevus, to melanoma in situ, to invasive 

melanoma (Fig. 2).  

 

 

 

 

 

 

 

 

Fig 2:  The morphological spectrum of melanocytic neoplasms. 

(A) Clinical images showing a free-standing naevus, a dysplastic naevus, 

melanoma in situ and invasive melanoma, with schematics illustrating the 

architectural features for each type of lesion and (B) histopathological 

features. (Adapted from Shain AH, Nat Rev Cancer. 2016)  
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1.2. RISK FACTORS 

There is a complex interactions between exogenous environmental 

and endogenous factors (Cohen C., 2002; Maldonato JL., 2003). 

The most relevant environmental factor is intermittent sun 

exposure, while intrinsic factors are represented by individual's 

family history and inherited genotypes.  

Although up to 65% of malignant melanomas may be related to sun 

exposure, the role of chronic sun exposure is still controversial in 

view of host factors such as skin and hair color (see Fitzpatrick skin 

classification, (Table 1).  
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Moreover the development of melanoma among albinos is a very 

rare occurrence (Perry PK. 2001), which further questions the role 

of UV light in melanoma genesis. A multifactorial model of 

cancerogenesis with complex interactions between genes and 

environment is likely to be the explanation for these apparently 

conflicting evidences.  

Other risk factors in developing melanoma include:  

-dysplastic naevi which are histologically characterized by the 

presence of an architectural disorder with some fusion of rete 

ridges, lymphocytic infiltrate in the upper dermis and nuclear atypia 

of the melanocytes in the nest (Hussein MR., 2005, Naeyaert JM., 

2003). Naevi number is a very useful intermediate phenotype for 

melanoma as it is to date the highest risk factor for this tumor and 

this trait can easily be documented in all Caucasian populations 

whilst melanoma is rare.  

-race: as melanoma is much more frequent in whites, being the 

proportion between Caucasians and Asian/Black population about 

20:1 (Balch CM., 2003). In non-whites melanoma is rare and 

mostly confined to non pigmented sites such as the subungual 

regions, the palms of the hand and the soles of the feet. Although 

the incidence is lower, the mortality rate in non-white patients is 

higher, which might be due to late diagnosis. 

-phototype: malignant melanoma risk is more than doubled in 

people with skin phototype I compared with skin phototype IV 

(Olsen CM., 2010) (for skin phototype features see Table 1).  
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1.2.1. SPORADIC MELANOMA 

Over the past decade, it has become evident that subsets of 

melanoma can be defined at molecular level by recurrent "driver" 

mutations that occur in multiple oncogenes, mainly BRAF, NRAS, 

Mitogen-Activated Protein Kinase Kinase 1 (MEK1) and KIT 

(Table 2). Such driver mutations lead to constitutive activation of 

mutant signaling proteins that induce specific pathways sustaining 

tumorigenesis (My cancer genome, 2016).  

 

 

 

The activation of Mitogen-Activated Protein Kinases (MAPK) 

pathway through mutations of BRAF appears to be the most 

common. Although the activation of the MAPK signaling (Fig. 3) 

has been recognized as a critical event, Khavari and colleagues have 

demonstrated that activation of BRAFïMAPK requires concomitant 

PI3KïAKT pathway alteration to affect melanoma development 

https://www.mc.vanderbilt.edu/km/gl/pearls/mutation.html
https://www.mc.vanderbilt.edu/km/gl/pearls/oncogenes.html
http://www.mycancergenome.org/content/disease/melanoma/braf/


 Introduction  

7 

 

(ChudnovskyY., 2005). Consistent with these data, over 60% of 

human melanomas exhibit activated AKT (Dhawan P., 2002) and 

mutational inactivation and/or deletion of the PI3K negative 

regulator PTEN occurring in 30ï40% of melanoma cell lines (Sherr 

CJ., 2001). 

¶ BRAF 

The most prevalent BRAF mutations detected in melanoma are 

missense that introduce an amino acid substitution at valine 600. 

Approximately 80ï90% of V600 BRAF mutations are V600E 

(valine to glutamic acid), while 5-12% are V600K (valine to lysine) 

and 5% or less are V600R (valine to arginine) or V600D (valine to 

aspartic acid) (Lovly CM., 2012). The result of these mutations is to 

enhance BRAF kinase activity increasing phosphorylation of 

downstream targets, particularly MEK (Wan PT., 2004). In the vast 

majority of cases, BRAF mutations are non-overlapping with other 

oncogenic mutations found in melanoma (e.g., NRAS mutations, 

KIT mutations, etc.). Clinically, BRAF inhibitors have been 

investigated in combination with MEK inhibitors in subsets of 

patients with BRAF V600E mutation-positive melanoma previously 

resistant to BRAF inhibitors (Johnson DB., 2014; Ribas A., 2014). 

¶ NRAS 

In the majority of cases these mutations are missense mutations 

which introduce an amino acid substitution at positions 12, 13, or 

61. The result of these mutations is constitutive activation of NRAS 

signaling pathways. NRAS mutations are found in all melanoma 

https://www.mc.vanderbilt.edu/km/gl/pearls/mutation.html
https://www.mc.vanderbilt.edu/km/gl/pearls/amino_acid.html
https://www.mc.vanderbilt.edu/km/gl/pearls/mutation.html
http://www.ncbi.nlm.nih.gov/pubmed/22536370
http://www.ncbi.nlm.nih.gov/pubmed/15035987
http://www.ncbi.nlm.nih.gov/pubmed/25287827
http://www.ncbi.nlm.nih.gov/pubmed/25037139
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subtypes, but may be slightly more common in melanomas derived 

from chronic sun-damaged skin (Ball NJ., 1994). 

¶ MEK1  

The prevalence of MEK1 mutations in different melanoma subtypes 

is not yet known. However, most  of the reported MEK1 mutations 

involve C>T and G>A nucleotide changes, which frequently result 

from exposure to UV radiation (Nikolaev SI., 2012). 

¶ KIT  

Somatic point mutations in melanoma tumor specimens have been 

detected predominantly in the juxtamembrane domain, but also in 

the kinase domain of KIT. They can induce ligand-independent 

receptor dimerization, constitutive kinase activity and in turn 

transformation (Growney JD., 2005).  

 

 

 

 

Fig 3:  MAPK pathway  

(Lovly et al.,  2015. My Cancer Genome) 

 

http://www.ncbi.nlm.nih.gov/pubmed/8120410
http://www.ncbi.nlm.nih.gov/pubmed/22197931
https://www.mc.vanderbilt.edu/km/gl/pearls/mutation.html
https://www.mc.vanderbilt.edu/km/gl/pearls/kinase.html
https://www.mc.vanderbilt.edu/km/gl/pearls/receptor.html
https://www.mc.vanderbilt.edu/km/gl/pearls/dimerization.html
https://www.mc.vanderbilt.edu/km/gl/pearls/kinase.html
http://www.ncbi.nlm.nih.gov/pubmed/15790786
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1.2.2. FAMILIAR MELANOMA  

Intrinsic risk factors belong to the familiar melanoma, which 

include mutations or total loss of selected Tumor Suppressor Genes 

(TSGs). Familial melanoma patients tend to have an earlier age at 

first melanoma diagnosis, thinner tumors and higher frequencies of 

multiple primary melanomas (MPMs) respect to sporadic melanoma 

patients (Hansson J., 2008). A family history of melanoma greatly 

increases a person's risk because of mutations in three high-

penetrance and one low-penetrance melanoma predisposing genes. 

The best understood melanoma susceptibility gene is cyclin-

dependent kinase inhibitor 2A (CDKN2A) on chromosome 9. 

Hereditary mutations in this gene underlie susceptibility to 

melanoma in 40% of families with 3 or more cases of melanoma 

(Goldstein AM., 2007). The CDKN2A locus codes for two 

alternatively spliced products: p16 and p14ARF. P16 binds to 

CDK4 and is a cell cycle inhibitor (Kamb A., 1994) playing a role 

on cellular senescence, specifically inducing melanocyte senescence 

(Sviderskaya EV., 2003). P14ARF is a tumor suppressor gene too. 

Mutations at the CDKN2A locus may lead to melanoma 

susceptibility if they impact on p16 alone, p14ARF alone 

(Randerson-Moor JA., 2001; Rizos H., 2001), or on both p16 and 

p14ARF. Very rare families exist (2% of families with detectable 

mutations) who have hereditary mutations in the CDK4 gene which 

code for the p16 binding site (Goldstein AM., 2000; Zuo L., 1996). 

The lifetime risk (i.e. penetrance) of melanoma in CDKN2A 
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mutation carriers is high, but variable, ranging from 58% in Europe 

to 91% in Australia by the age of 80 years (Bishop DT., 2002), thus 

underscoring the importance of the environment (geographical 

location) even in familial melanoma.  

Mutations in these gene products are inherited in an autosomal 

dominant mechanism and confer óextremely high riskô (Pho L., 

2006). Besides high-penetrance genes we can also find low-

penetrance genes, as the melanocortin receptor gene (MC1R), 

located on 16q24.3, which is established as a determinant of 

susceptible phenotypes such as red hair (Raimondi S., 2008), sun 

sensitivity in the absence of red hair (Healy E., 2000) and freckles 

(Bastiaens M., 2001). MC1R gene encodes the G-protein coupled 

receptor for Ŭ-melanocyte stimulating hormone (Ŭ-MSH) (Hayward 

NK., 2003). Binding of Ŭ-MSH to the receptor increases the 

expression of enzymes involved in the production of melanin in 

melanocytes. Other pigmentary genes as tyrosinase (TYR), TYR 

related protein 1 (TYRP1) agouti signalling protein, (ASIP) have 

been also recently identified as melanoma susceptibility genes 

(Gudbjartsson DF., 2008).  

 

1.3. DIAGNOSIS AND HYSTOLOGICAL CLASSIFICATION  

It is worth to mention the mnemonic of melanoma risk factors 

ñABCDEò. It is a simple but extremely important ñmust to knowò 

that every health care giver should be familiar with since it may 

prevent a potentially curable atypical melanocytic proliferation from  
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progressing to malignant melanoma. These ABCDE are 

abbreviation for: ASYMMETRY, BORDER irregularity (map like 

configuration), COLOR variegation (more than one color: light-dark 

brown color is usually due to presence of melanin in epidermis, blue 

and black colors due to melanin in dermis; red color due to 

inflammation and white color due to fibrosis in regression), 

DIAMETER more than 0.6 cm and EVOLUTION (Healsmith MF., 

1994).  

For the diagnosis of malignant melanoma several other factors must 

be evaluated:  

ÅType of melanoma  

ÅThickness  

ÅUlceration  

ÅInfiltration of vessels  

ÅResection margins  

ÅMitotic rate, or Clark`s level if mitotic rate cannot be determined 

reliably.  

ÅIn addition, possible lymphocyte invasion, presence of necrosis, 

regression and neurotropism (tumor growth along nerves) should be 

considered. 

In 1967 malignant melanomas were originally classified by Dr. 

Wallace Clark and co-workers into several subtypes including. 

Superficial Spreading Melanoma (SSM), Nodular Malignant 

Melanoma (NMM) and Lentigo Malignant Melanoma (LMM). 

Later in 1976 Dr. Richard Reed added another subtype; i.e., Acral 
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Lentiginous Malignant Melanoma (ALMM). Histological criteria 

for diagnosing malignant melanoma subtypes is basically is related 

to the location of the melanocytes (lentiginous, Pagetoid, etc), 

organization pattern of melanocytes (nested or single cells), 

cytological features, location of malignant melanoma (for instance 

acral or subungual region) and other morphologic features such as 

lymphocytic host response.  

The major malignant melanoma subtypes are as follow:  

1) Superficial spreading melanoma (70%) is by far the most 

common type, accounting for about 70 percent of all cases. This is 

the one most often seen in young people. As the name suggests, this 

melanoma grows along the top layer of the skin for a fairly long 

time before penetrating more deeply. The first sign is the 

appearance of a flat or slightly raised discolored patch that has 

irregular borders and is somewhat asymmetrical in form. The color 

varies, and you may see areas of tan, brown, black, red, blue or 

white. This type of melanoma can occur in a previously benign 

mole. Melanomas can be found almost anywhere on the body, but is 

most likely to occur on the trunk in men, the legs in women, and the 

upper back in both.  

2) Nodular melanoma (15%) is usually invasive at the time it is 

first diagnosed. The malignancy is recognized when it becomes a 

bump. It is usually black, but occasionally is blue, gray, white, 

brown, tan, red or skin tone. The most frequent locations are the 

trunk, legs and arms, mainly of elderly people, as well as the scalp 
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in men. This is the most aggressive form of the melanomas.  

3) Lentigo maligna (10%) is similar to the superficial spreading 

type, as it also remains close to the skin surface for quite a while, 

and usually appears as a flat or mildly elevated mottled tan, brown 

or dark brown discoloration. This type of in situ melanoma is found 

most often in the elderly, arising on chronically sun-exposed, 

damaged skin on the face, ears, arms and upper trunk. Lentigo 

maligna is the most common form of melanoma in Hawaii. When 

this cancer becomes invasive, it is referred to as lentigo maligna 

melanoma. 

4) Acral lentiginous melanoma (5%) also spreads superficially 

before penetrating more deeply. It is quite different from the others, 

though, as it usually appears as a black or brown discoloration 

under the nails or on the soles of the feet or palms of the hands. This 

type of melanoma is sometimes found on dark-skinned people, and 

can often advance more quickly than superficial spreading 

melanoma and lentigo maligna. It is the most common melanoma in 

African-Americans and Asians, and the least common among 

Caucasians. (Skin Cancer Foundation).  

 

1.4. PROGNOSTIC FACTORS 

Malignant melanoma prognostic factors can be classified in three 

groups:  

A) Morphological (histology) factors 

B) Clinical Factors 



 Introduction  

14 

 

C) Other Factors 

In the first group we include lots of different aspects, including 

Tumor thickness (T), Lymph node involvement (N), Distant 

metastasis (M), Ulceration, Regression, Mitotic rate, 

Lymphovascular invasion, Age, Histological type, Tumor 

infiltrating lymphocytes, Molecular markers. Tumor thickness is 

one of the most important prognostic available factors, together 

with nodal involvement and distant metastasis (see pTNM section) 

(Balch CM., 2001; Balch CM., 2004). In this field we can include 

1) the Breslow's system, which is based upon the measurement of 

the maximum thickness of melanoma from the granular layer of the 

epidermis to the deepest point of invasion into the dermis; 2) the 

Clark's levels describing melanoma depth according to the invasion 

of the four skin layers (level I confined to epidermis, level II with 

partial infiltration of the papillary dermis by single cells or small 

nests, level III characterized by the contact between tumor cells and 

papillary-reticular dermal interface, level IV with reticular dermis 

infiltration and level V characterized by subcutaneous fat 

infiltration). The Clarkôs level is connected with the concept of 

Radial Growth Phase (RGP) and Vertical Growth Phase (VGP) 

which was introduce by Dr. Clark itself and his colleagues. 

Excluding some aggressive variants of nodular malignant 

melanoma, in general the pathology begins with an intra-epidermal 

proliferation of transformed melanocytes (RGP). This type of 

melanoma is always curable with surgical excision and can remains 
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confined for decades. When an aggressive infiltration of reticular 

dermis occurs we talk about VGP, that is defined as ñdermal nests 

or expansive dermal nodule(s) composed of fully transformed 

malignant cells which exceeds the size of any junctional nest(s)ò. 

The importance of the Vertical Growth Phase is connected with the 

fact that melanoma acquires the capability to metastasize, linking 

the prognosis with the depth of invasion.  

In particular the pTNM stages is able to identify four different 

groups with different pathological outcome.  

-Stage I: characterized by a good overall survival (OS) rates (5-year 

OS Ó90%), underlying the importance of early diagnosis;  

-Stage II: associated with a very variable outcome, the 5-year OS 

ranging from 45% (stage IIC) to 78% (stage IIA). The balance 

between this survival range is connected with the presence of 

ulcerations, adverse prognostic factors that shift patients with the 

same tumor thickness from stage IB to IIA (T2), from IIA to IIB 

(T3), and from IIB to IIC (T4). The impact on survival is evident as 

T4 melanoma (thickness >4 mm) is associated with a 67% 5-year 

OS rate when ulceration is absent (T4a, stage IIB), but the survival 

rate drops to 45% when ulceration is present (T4b, stage IIC). 

-Stage III: survival rates in part overlap with that of stage II (5-year 

OS rates range from 24% to 69%). With stage III disease, only 49% 

of all patients with nodal metastases survive 5 years (37% at 10 

years), but the range of melanoma-specific survival is large, going 

from 13% at 5 years for patients with the combination of the worst 
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risk factors (ulceration of the primary tumor, high regional lymph 

node burden) to 69% at 5 years for the most favorable prognostic 

factors. 

-Stage IV: characterized by a miserable prognosis, although some 

variability is found according to the site of metastasis and the lactate 

dehydrogenase (LDH) plasma levels (5-year OS rates range from 

9% to 18%).  

Of note, there is a significant variability in overall survival rates 

within each single TNM stage and substage (Fig. 4).  

 

 

 

 

 

 

 

 

Fig 4: American Joint Commitee on Cancer TNM stages and overall 

survival of patients with cutaneous melanoma (Molecula Melanoma 

Map Project)  
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1.5. TREATMENT OPTIONS 

Different type of treatment are available for melanoma patients:  

 

1.5.1. SURGERY 

Surgery removal of the tumor is the primary treatment of melanoma 

at all stages. A wide local excision is used to remove the tumor 

lesion and some of the normal tissue around it. If the tumor is 

removed very early, no other treatment is usually needed.   

 

1.5.2. TARGET THERAPY 

Targeted therapy is a form of treatment in which drugs are 

developed with the goal of destroying cancer cells while leaving 

normal cells intact. These drugs are designed to interfere with the 

specific molecules that are driving the growth and spread of the 

tumor. While BRAF inhibitor therapy is associated with clinical 

benefit in the majority of patients with BRAF V600E-mutated 

melanomas, resistance to treatment and tumor progression occurs in 

nearly all patients, usually in the first year (Sosman JA., 2012). A 

variety of mechanisms have been implicated in primary and 

acquired resistance to BRAF inhibitors, primarily through 

reactivation of the MAPK and other cell signaling pathways.  

¶ Vemurafenib (Zelboraf
®
) 

Was approved by the FDA in 2011 for the treatment of BRAF 

V600E mutant melanoma that cannot be removed by surgery. This 

drug is only approved for those patients who have tested positive 

file:///D:/DOTTORATO/TESI/FILE%20REVISIONATI/02092016/SHYPERLINK%22http:/www.ncbi.nlm.nih.gov/pubmed/22356324%22osman%20et%20al.%202012
https://www.mc.vanderbilt.edu/km/gl/pearls/pathway.html
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for the BRAF mutation. 

¶ Vemurafenib (Zelboraf
®
) + Cobimetinib (Cotellic

®
)  

Was approved by the FDA in November 2015 for the treatment of 

BRAF V600 mutant melanoma 

(https://clinicaltrials.gov/show/NCT02427893). Vemurafenib was 

previously approved in 2011 but in research studies, this 

combination showed improved progression-free and overall survival 

compared to Vemurafenib alone, (Larkin J., 2014) 

¶ Dabrafenib (Tafinlar
®
)  

was approved by the FDA in 2013 for the treatment of BRAF V600 

mutant melanoma that cannot be removed by surgery. This drug is 

only approved for those patients who have tested positive for the 

BRAF mutation. It is not indicated for the treatment of patients with 

wild-type BRAF mutation. 

¶ Trametinib (Mekinist
®
) 

was approved by the FDA in 2013 for the treatment of BRAF 

V600E or V600K mutations. It is a first-in-class MEK inhibitor 

approved for the treatment of unresectable or metastatic melanoma. 

It is not indicated for the treatment of patients who have received a 

prior BRAF inhibitor therapy. 

¶ Dabrafenib (Tafinlar
®
) + Trametinib (Mekinist

®
) 

received accelerated approval by the FDA in 2014 for 

demonstrating durable responses in patients with unresectable or 

metastatic melanomas that carry the BRAF V600E or V600K 

mutation. Randomized trials are in progress to assess the ability of 

https://clinicaltrials.gov/show/NCT02427893
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the combination to improve time to progression and overall survival 

compared with dabrafenib alone 

(https://clinicaltrials.gov/show/NCT02196181) (Robert C., 2015).  

 

1.5.3. IMMUNOTHERAPY 

Advanced melanomas that recur after surgery are difficult to treat 

with radiation and chemotherapy. New treatments, such as 

immunotherapies, offer benefits for these more advanced cancers. 

Immunotherapies stimulate the bodyôs immune system to attack 

cancer cells in various ways. Some forms of immunotherapy are 

already approved and routinely used to treat some melanomas, 

while others are still experimental (Seattle Cancer Care Alliance).  

¶ Interferon  

After surgery to remove melanoma, interferon is sometimes 

recommended to reduce the chance of melanoma returning. Another 

form of immune-stimulating treatment, but less powerful than 

ipilimumab, interferon is being tested in patients after surgery. 

While interferon has been a standard FDA-approved treatment for 

nonmetastatic melanoma following surgery, its ability to prevent 

relapse is very weak, and it causes many side effects (Seattle 

Cancer Care Alliance) 

¶ Interleukin -2 

A synthetic version of interleukin-2 (IL-2), a natural cytokine 

(protein that can stimulate the immune system), may be used to 

control advanced melanomas. Sometimes IL-2 is given along with 

https://clinicaltrials.gov/show/NCT02196181
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chemotherapy (Ridolfi R., 2002). It has been used for several 

decades and is sometimes used to treat patients whose melanoma 

has spread. The potential benefit is that some patients on this 

therapy may achieve long-term complete remission, but due to the 

potential for severe side effects IL-2 use is limited.  

¶ Tumor-Infiltrating Lymphocytes  

Tumor-infiltrating lymphocyte (TIL) therapy is another promising 

form of immunotherapy being investigated in people with stage IV 

melanoma. TILs are unique because they are immune system cells 

that naturally exist in people and that infiltrate melanoma tumors. 

TILs can recognize and attack melanoma cells, but melanoma 

responds by suppressing TILs and placing them in a sleeping state. 

Doctors can remove some suppressed TILs from the patient, 

reactivate them in the laboratory, grow them into billions, and then 

reinfuse them into the patient. The idea is that the high number of 

activated TILs will be able to attack the melanoma more effectively.  

Prior to the infusion of TILs, patients receive one week of 

lymphodepleting chemotherapy, which prepares their body by 

clearing out immune cells suppressed by their cancer and making 

space for the incoming TILs. After the TIL infusion, patients 

receive high-dose IL-2, which ñfeedsò the freshly infused TILs so 

they survive longer and attack cancer cells more effectively. The 

hospital stay for chemotherapy, TIL infusion, and high-dose IL-2 is 

around 10 to14 days (Seattle Cancer Care Alliance).  
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1.5.4. NEW IMMUNOTHERAPIES 

¶ Drugs anti CTLA -4 

In 2011, the U.S. Food and Drug Administration (FDA) approved 

ipilimumab (Yervoy®) to treat metastatic melanoma. It was the first 

new drug approved to treat this disease in over 14 years.  

Ipilimumab is a monoclonal antibody that sticks to an important 

protein on blood cells T-lymphocytes, the most important immune-

system cells in controlling tumor growth. Ipilimumab blocks a 

signal on T-cells that suppresses their activation after a normal, 

vigorous response to infection or inflammation. This suppression 

protects our tissues from being attacked by our own overactivated 

T-cells. But it can also prevent our T-cells from attacking tumor 

cells. Blocking the signal with ipilimumab allows T-cells to recover 

their activity and kill tumor cells (Fig. 5A). While ipilimumab can 

provide long-term remission (20% of the cases) (Schadendorf D., 

2015) for a fraction of patients, it occasionally causes dangerous 

side effects resulting from an autoimmune reaction in which the 

patientôs overstimulated immune system attacks not only cancer 

cells but the patientôs healthy tissues. 

¶ Drugs that Block PD-L1 or PD-1  

In 2015, the European Medicines Agency (EMA) approved 

OPDIVO
®
 (Nivolumab) and KEYTRUDA

®
 (Pembrolizumab) as 

drugs that block PD-L1 or PD-1 and tumor-infiltrating lymphocyte 

therapies. Melanoma cells often have a protein on their surface 

called PD-L1 that helps them evade the immune system (Fig. 5B).  
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The PD-L1 on tumor cells links to a receptor called PD-1 on T-

cells, causing the activation of their programmed cell death. This 

lethal phenomenon can be prevented by blocking the interaction 

between PD-L1 and PD-1. Blocking either PD-L1 or PD-1 can 

allow the T-cells to attack the tumor effectively. Antibodies that 

block PD-L1 or PD-1 may have higher antitumor activities than 

Ipilimumab (Weber JS., 2015). They also appear to be associated 

with milder and less frequent autoimmune complications. 

Combinations of ipilimumab and PD-1-blocking antibodies are 

being studied because their effects are slightly different, so together 

they may stimulate the immune system even more effectively than 

either drug alone. 
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Fig 5: Anti -PD1 and ïCTLA -4 mechanisms of action 

(A) Adapted from Lesbo et al., ESMO 2008. (B) Adapted from 

http://www.nature.com/nature/journal/v515/n7528/images/515496a-f1.jpg  

Antigen-presenting cell (APC), Cytotoxic T-lymphocytes antigen-4 (CTLA-

4),  Major histocompatibility complex (MHC), T-cell receptor (TCR) 

 

http://www.nature.com/nature/journal/v515/n7528/images/515496a-f1.jpg
http://www.nature.com/nature/journal/v515/n7528/images/515496a-f1.jpg
http://www.nature.com/nature/journal/v515/n7528/images/515496a-f1.jpg
http://www.nature.com/nature/journal/v515/n7528/images/515496a-f1.jpg
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2. THE TUMOR MICROENVIRONMENT 

An important regulator of normal cell behavior and tissue 

homeostasis is the surrounding extracellular matrix (ECM). The 

ECM has many functions, including acting as a physical scaffold, 

thus facilitating interactions between different cell types and 

providing survival and differentiation signals. Maintaining organ 

homeostasis can prevent neoplastic transformation in normal tissues 

by ensuring stable tissue structure, mediated by tight junction 

proteins and cell adhesion molecules such as ɓ1 integrins and 

epithelial (E)-cadherin (Nelson CM., 2006). However, the presence 

of transformed tumor cells initiates crucial changes that can convert 

this environment into one that supports cancer progression (Junttila 

MR., 2013). In fact, cancers are not just masses of malignant cells, 

but complex ñorgansò where many other cells are recruited to be 

corrupted by transformed cells. Interactions between malignant and 

non-transformed cells create the tumor microenvironment (TME) 

(Balkwill FR., 2012). The orchestration of these changes involves 

recruitment of fibroblasts, migration of immune cells, matrix 

remodeling and eventually development of vascular networks. 

Regional differences into the same tumor mass, such as hypoxia, 

acidity and the presence of growth factors, actively shape its 

development. A unique environment emerges in the course of tumor 

progression as a result of interactions between tumor and host. It is 

created and at all times shaped and dominated by the tumor, which 

orchestrates molecular and cellular events taking place in 
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surrounding tissues (Whiteside TL., 2008). The evolution, structure 

and activities of the cells in the TME have many parallels with the 

processes of wound healing and inflammation (Grivennikov SI., 

2010; Hanahan D., 2011; Mantovani A., 2008). 

Although the expansion of neoplastic cells generates the initial 

insult that instigates the creation of the tumour niche, non-

transformed cell types (Junttila MR., 2013) and protein 

compartment of the ECM (Balkwill FR., 2012) co-evolve with the 

tumor cells, so that both continuously participate in the process of 

tumorigenesis (Joyce JA., 2009).  

 

2.1. TUMOR MICROENVIRONMENT ARRANGEMENT 

Different stromal cell types have been recruited to the primary 

tumor site as endothelial cells, pericytes, fibroblasts and various 

bone marrow derived cells (BMDCs), including macrophages, 

neutrophils, mast cells, myeloid cell-derived suppressor cells 

(MDSCs) and mesenchymal stem cells (MSCs).  

ü VASCULATURE  

Vascular networks are derived through formation of new vessels 

(angiogenesis), co-option and modification of existing vessels 

within tissues, or recruitment and differentiation of endothelial 

precursors from bone marrow (vasculogenesis), all of which 

contribute to vascular heterogeneity in and among tumors. Vessel 

formation involves degradation and reincorporation of existing 

vascular basement membranes that vary in a tissue-specific manner 
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(Kalluri R., 2003). Many soluble factors present in the TME, such 

as Vascular Endothelial Growth factors (VEGFs), Fibroblast 

Growth factors (FGFs), platelet-derived growth factors (PDGFs) 

and chemokines stimulate endothelial cells and their associated 

pericytes during the neovascularization (Carmeliet P., 2011). The 

organization of tumor vascularization is abnormal in almost every 

aspect of its organization and function (Jain RK., 2005): blood 

vessels are characterized by chaotic branching structures with 

irregular and permeable vessel lumen. The leakiness of the vessels 

raises the interstitial fluid pressure causing unevenness of blood 

flow, oxygenation, nutrient and drug distribution, thus increasing 

hypoxia and facilitating metastasis.  

Microvessel high density has been reported to be a significant 

prognostic factor for poor outcome in various carcinoma types as 

non-small-cell lung cancer (NSCLC) (Meert AP., 2002) colorectal 

(Des Guetz G., 2006) and breast cancers (Uzzan B., 2004). 

Moreover, elevated expression of the predominant pro-angiogenic 

ligand VEGF-A has been shown to be associated with a worse 

prognosis compared with cancer with low expression of VEGF-A in 

metastatic colorectal, lung and renal cell cancers (Hegde PS., 2013).  

ü IMMUNE CELLS  

The immune system collectively functions to recognize and protect 

tissues from infections and damage. Both the innate and adaptive 

immune systems have been implicated in promoting and preventing 

tumor growth (Junttila MR., 2013). Tumor masses are generally 



 Introduction  

28 

 

characterized by high heterogeneity of the tumor immune context, 

being influenced by various additional factors, as the extent and 

permeability of the vasculature, and by the actions of tumor cells 

themselves. Even within the same lesion, the distribution of 

immune cell infiltration is not uniform. In fact the presence of 

immune cells on the leading edge of the lesion has a different 

prognostic significance than in central areas, thus indicating the 

crucial nature of intratumoral localization (Fridman WH., 2012).  

ü EXTRACELLULAR VESICLES  

In order to achieve these defining features of the tumor 

microenvironment, cancer and non cancer cells have to exchange 

continuously information. One way to sustain this ñinformational-

traffickingò is packaging different molecules into membrane-

enclosed vesicles widely known as extracellular vesicles (EVs). 

They contain cargos such as lipids, proteins, various RNAs and 

DNA fragments as well as metabolic products. These vesicles, with 

different subcellular origin, can shuttle these molecules between 

tumor cells and surrounding stroma inducing signaling pathway or 

directly altering their phenotype. One kind of EVs, so called 

exosomes (50-150 nm), origins in secretory multi-vesicular bodies 

that fuse with the cellular membrane releasing intraluminal vesicles 

(Wendler F., 2016; Felicetti F., 2016). They have been recently 

implicated as direct mediators of the response of solid tumors to 

cytotoxic chemotherapy and as putative ñreal-timeò circulating 

biomarkers; finally circulating EVs can also transport important 
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molecules to remote destinations in order to lead metastatic 

properties in other healthy tissues (Felicetti F., 2016) (Fig. 6).  

 

 

 

 

 

 

2.2. ECM 

The ECM provides not only a physical scaffold for all cells in the 

TME, but also has a dynamic role in the evolution and spread of 

cancers, especially considering that cell adhesion to the ECM is a 

key step for its movement out of and into the TME. The ECM also 

contains fundamental growth factors, such as angiogenic factors and 

chemokines, which interact with cell surface receptors giving to 

each tissue its tensile and compressive strength and elasticity 

(Frantz C., 2010). Tumors are typically stiffer than the surrounding 

Fig 6: Tumor microenvironment cells component  

(Daniela F Quail and Johanna A Joyce, Microenvironmental regulation of 

tumor progression and metastasis. Nat. Med. 2013).  

 



 Introduction  

30 

 

normal tissues owing to an increased ECM deposition by CAFs 

(cancerïassociated fibroblasts) (Weigelt B., 2008). Collagen and 

elastin fibers are reorientated and cross-linked by lysyl oxidase 

(LOX) and transglutaminase present in the TME, resulting in larger, 

more rigid fibrils (Levental KR., 2009). Matrix metalloproteases 

(MMPs), that degrade ECM proteins, are secreted and activated by 

malignant cells, Tumor-associated macrophages (TAMs) and CAFs. 

MMPs further remodel the ECM, thereby releasing chemokines, 

growth and angiogenic factors. Other proteases that are upregulated 

in the cells of the TME include a large family of cysteine proteases, 

the cathepsins. Cathepsin L, for instance, processes and activates 

heparanase, thereby aiding metastasis, angiogenesis and 

inflammation (Edovitsky E., 2004; Lerner I., 2011). In addition 

diverse group of matricellular proteins includes the glycoproteins 

secreted protein acidic and rich in cysteine 

(SPARC/osteonectin/BM40), thrombospondin (TSP), tenascin C 

(TNC), osteopontin (OPN) and periostin (POSTN) (Bornstein P., 

2002).  

 

2.2.1. SPARC IN CANCER: A FOCUS ON MELANOMA 

MODEL 

SPARC is an extracellular matrix-associated glycoprotein first 

identified by Termine and coworkers as a major non-collagenous 

constituent of bovine bone (Termine JD., 1981). SPARC is a single-

copy gene with a high degree of evolutionary conservation. The 
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human gene has been localized to chromosome 5q31-33, whereas 

the murine homolog is in the central region of chromosome 11. The 

vertebrate SPARC gene encodes proteins of 298-304 amino acids, 

whose initial 17 aa constitute a signal sequence that is removed 

prior to secretion of the protein. SPARC protein structure is 

organized in three different domains: the NH2-acidic region, the 

follistatin-like domain and the COOH-extracellular Ca
2+ 

region.  

The role of SPARC in tissue homeostasis is exemplified by the 

phenotypes of SPARC-deficient mice characterized by cataract 

formation and osteopenia, decreased size and tensile strength of 

dermal collagen fibers, and increased deposition of adipose tissue 

(Chavey C., 2006; Nie J., 2009). Reported phenotypes were related 

to defects of fibroblast differentiation and plasticity and increased 

leukocyte recruitment (Bradshaw AD., 2009; Chiodoni C., 2010, 

Rentz TJ., 2007; Sangaletti S., 2011). SPARC role in carcinogenesis 

is particular interestingly as it plays multi-faceted contextual roles 

depending on the tumor type and on its origin, being either 

produced by cancer or surrounding stromal cells (Said N., 2005; 

Said N., 2013; Said N., 2009) 

In melanoma, SPARC expression has been reported to increase with 

tumor progression, and its expression shown to be a marker of poor 

prognosis (Girotti MR., 2011). Accordingly SPARC knockdown in 

melanoma cells lead to the complete loss of their in vivo 

tumorigenic growth in nude mice (Ledda MF., 1997) through a 

mechanism involving the activation of polymorphonuclear cell anti-
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tumor activity. Importantly, SPARC expression in melanoma cells 

has been associated with the acquisition of mesenchymal 

characteristics with reduced E-cadherin expression (Robert G., 

2006). However, the in vivo tumorigenicity and invasiveness of 

melanoma cells injected in nude mice were dependent on SPARC 

released by tumor cell, but not by fibroblasts (Alvarez MJ., 2005; 

Prada F., 2007).  

 

2.3. LIPID ROLE IN TUMOR FORMATION AND 

PROGRESSION 

Hallmarks of cancer comprise six biological capabilities acquired 

during the multistep development of human tumors. These 

hallmarks constitute an organizing principle for rationalizing the 

complexities of neoplastic disease. They include sustaining 

proliferative signaling, evading growth suppressors, resisting cell 

death, enabling replicative immortality, inducing angiogenesis, and 

activating invasion and metastasis. The origins of these hallmarks 

are genome instability, which generates the genetic diversity that 

expedites the acquisition of these properties, and inflammation, 

which fosters multiple hallmark functions. Recent data in the last 

decade has evidenced two emerging hallmarks of tumor formation 

and progression, such as reprogramming of energy metabolism and 

evading immune system activation (Fig. 7) (Hanahan D., 2011).  
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Today the central role played by bioactive lipids and fatty acids 

(FAs) as mediators of the crosstalk between cancer cells and stroma 

has been clearly recognized (Beloribi-Djefaflia S., 2016).  

The required changes in metabolic activity are driven by oncogenic 

signals and by the particular organization of the surrounding stroma, 

which is characterized by poor oxygenation and nutrient scarcity. 

As a result tumor cells are forced to modify their metabolic balance 

to overcome this hostile microenvironment. One of the first events 

in tumor cells metabolism is an alteration on glucose metabolism, 

known as ñWarburg effectò (Warburg O., 1956). Besides these 

Fig 7: Hallmarks of Cancer: The Next Generation  

(Adapted from Hanahan D and Weinberg RA, Cell 2011)  
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events, cancer cells show a strong lipid and cholesterol avidity in 

order to sustain their highly proliferative rate (Zaidi N., 2013). 

Lipid synthesis describes the processes that convert nutrient derived 

carbons into FAs. The first step involved in FA and cholesterol 

biosynthesis is the production of two-carbon units in the form of 

acetyl-CoA. Acetyl-CoA is generated from citrate by the enzyme 

ATP-citrate lyase (ACLY) and then converted to malonyl-CoA by 

the enzyme acetyl-CoA carboxylase (ACC). Acetyl-CoA and 

malonyl-CoA are then coupled to the acyl-carrier protein domain of 

the multifunctional enzyme fatty acid synthase (FASN). Repeated 

condensations of acetyl groups generate a basic 16-carbon saturated 

FA, named palmitic acid (C16:0). Palmitic acid is further elongated 

and desaturated to generate the diverse spectrum of saturated and 

unsaturated FAs synthesized by mammalian cells, as stearic acid 

(C18:0). One of the main desaturases in mammalian cells are the 

stearoyl CoA desaturases (SCDs), integral endoplasmic reticulum 

proteins that catalyse the introduction of the first double bond in the 

cis-ȹ9-position to convert saturated FAs (SFAs), palmitic and 

stearic acid, into mono-unsaturated FAs (MUFAs), palmitoleic acid 

(C16:1) and oleic acid (C18:1) respectively (Ntambi JM., 2004).  

There are two isoforms in humans, SCD1 (also named SCD) 

(Whang J., 2005), which is highly expressed in adipose tissues, as 

well as in brain, liver, heart and lung, and SCD5, which is expressed 

in few normal tissues (brain, pancreas), playing physiological and 

pathological functions virtually unknown (Igal RA., 2010). In 
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contrast, the murine genome encodes four SCD (SCD1-4) enzymes 

with partially overlapping functions. SCD1 was found to be 

overexpressed in tumors from several cancer types, including 

prostate (Fritz V., 2010), liver (Huang GM., 2015), kidney (Von 

Roemeling CA., 2013) and breast cancer, where it correlates with 

reduced survival (Holder AM., 2013). Antisense-mediated 

downregulation of SCD expression was found to inhibit 

proliferation and tumor formation in human lung cancer cell lines 

(Scaglia N., 2008), thus leading to cell cycle arrest and apoptosis 

(Hess D., 2010). Further evidence that lipid desaturation is an 

important metabolic process in tumors is provided by investigating 

the composition of membrane lipids in human breast cancer 

samples. Tumor tissues showed an overall increased amount of 

membrane phospholipids, sphingomyelins and ceramides, while 

triacylglycerides were unchanged. Interestingly, the most prominent 

changes were seen in triple negative breast cancers, the most 

aggressive form of the disease. In contrast to normal breast tissue, 

lipids from the tumor samples contained a higher proportion of 

saturated and mono-unsaturated acyl chains, which are indicative of 

increased reliance on de novo synthesis rather than uptake of dietary 

lipids, which contain a higher proportion of poly-unsaturated FAs 

(Hilvo M., 2011).  

In particular oleic acid (OA) has attracted much attention, especially 

in the last years, as the ñMediterranean dietò, characterized by high 

olive oil consumption (rich in OA), has been traditionally linked to 
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a protective effect against cancer (Trichopoulou A., 2000). A wide 

range of studies have been conducted into breast cancer, where the 

potential protective effect of olive oil and OA has been clearly 

demonstrated (Chajes V., 2008). In addition, epidemiological 

studies suggest that olive oil may have a protective effect on 

colorectal cancer development (Bautista D., 1997; Stoneham M., 

2000). Some animal studies have also shown that dietary olive oil 

prevented the development of colon carcinomas also in rat models 

corroborating the idea that olive oil may have chemopreventive 

properties against colon carcinogenesis (Bartoli R., 2000).  

Membrane Lipid Therapy (MLT) is a novel therapeutic approach in 

which the drugs are designed to target the membrane of tumor cells, 

modulating its composition and structure and therefore modifying 

the activity of membrane-interacting protein. (Llado V., 2014).  

Minerval (2-hydroxyoleic acid, 2-OHOA) is an orally bioavailable 

synthetic analog of the oleic acid that selectively modulates 

sphingomyelin synthase (SMS) activity, thereby increasing the 

concentration of sphingomyelin (SM), ceramide (Cer) and 

diacylglycerol (DAG) in the tumor cell membranes and decreasing 

the levels of phosphatidylethanolamine (PE), phosphatidylcholine 

(PC) and phosphatidylserine (PS). This treatment restores the 

normal, healthy levels and ratios of membrane lipids, inhibiting 

membrane-protein associated signaling and the aberrant activity of 

signaling pathways in tumor cells, including the RAS/MAPK and 

PI3K/AKT pathways, stopping tumor cell proliferation, inducing 
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tumor cell differentiation and eventually causing selective cancer 

cell death by autophagy/apoptosis (J Martinez 2005). Minerval 

exhibits a wide range of action, inhibiting the proliferation rate in 

various human carcinoma cells, especially lung and glioma 

(Martinez J.,  2005; Llado V., 2010; Barceló-Coblijn G., 2011; 

Terès S., 2012, Terès S., 2012, Marcilla-Etxenike A., 2012). The 

European Medicines Agency (EMA) designated 2-OHOA as an 

orphan medicinal product for the treatment of glioma in October 

2011 (http://www.ema.europa.eu).  

A novel approach to chemotherapy has the potential to yield novel 

dietary-drug combinations that can provide additive or even 

synergistic protection against the progression of cancer. With regard 

to this novel approach, OA has been reported to act synergistically 

with cytotoxic drugs, thus enhancing their antitumor effect 

(Menéndez JA., 2001).  

Recently Sujin Jung and colleagues manufactured an alternative 

complex using liposome as an oleic acid delivery vesicle, called this 

nano-lipo-complex LIMLET (LIposome Made LEthal to Tumor 

cell). They tested its cytotoxicity against two cancer cell lines, 

MDA-MB-231 (human breast cancer) and A549 (human lung 

cancer), demonstrated that LIMLET showed distinctive cytotoxicity 

against A549 and MDA-MB-231 cells. Conversely, empty-

liposomes (containing no oleic acid) had no toxicity, even at high 

concentrations. Also this lipo-complex demonstrated selective, 

concentration-dependent toxicity against these cancer cells (Jung S., 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Marcilla-Etxenike%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23133576
http://www.ema.europa.eu)/
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2016). Little is known about the molecular mechanisms basing the 

antitumor effects of oleic acid. Key studies evaluating these are 

summarized below (Fg. 8).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8: Antitumoral roles of Oleic Acid  

(inspired from  Carrillo C.  Nutr. Hosp., 2012  
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3. MicroRNAs 

Multiple types of small RNAs have evolved in eukaryotes to 

regulate genetic material and transcripts. These small RNAs are 

classified in three different family in animal: microRNA (miRNA), 

siRNA and PIWI-interacting RNA (piRNA).  

At present microRNAs represent the dominant class of small RNAs 

in most somatic tissues, functioning as guide molecules in RNA 

post-trancriptional regulation. Targeting most protein-coding 

transcripts these molecules are involved in all developmental an 

pathological processes. Mature miRNAs produced by two RNaseIII 

protein, Drosha and Dicer are 21-25 nucleotides in length.  

Repression is obtained by miRNA base pairing with mRNA targets 

in presence of the effector protein AGO. This protein functions by 

recruiting factors that induce translational repression, mRNA 

deadenylation and mRNA decay (Huntzinger E., 2011). Binding 

sites for miRNAs are usually, but not always, located in the 3◌ 

untranslated region (UTR) of mRNAs (Bartel DP., 2009). More 

than 60% of human protein-coding genes contain at least one 

conserved miRNA-binding site and, considering that numerous non-

conserved sites also exist, most, if not all, protein-coding genes may 

be under the control of miRNAs (Friedman RC., 2009). Thus, it is 

not surprising that the biogenesis and function of miRNAs 

themselves are tightly regulated, and that their dysregulation is 

often associated with human diseases, including cancer (Lujambio 

A., 2012) and neurodevelopmental disorders (Im HI., 2012).  
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3.1. MicroRNAs BIOGENESIS 

MiRNA genes are transcribed by RNA polymerase II and their 

sequences are located within various genomic contexts. In humans, 

the majority of canonical miRNAs are encoded by introns of non-

coding or coding transcripts, and few miRNAs by exonic regions. 

Often, several miRNA loci are in close proximity to each other, 

constituting a poly-cistronic transcription unit (Lee Y., 2002). In 

general, miRNAs belonging to the same genetical cluster are co-

transcribed, but each single microRNA can be additionally 

regulated at post-transcriptional level. Following transcription, the 

primary miRNAs (pri-miRNA) are submitted to several step of 

maturation (Lee Y., 2002), typically long over 1kb. The nuclear 

RNase III Drosha and the cofactor DGCR8 initiate the maturation 

process by cropping the stemïloop, contained into the pri-miRNAs, 

to release a small hairpin-shaped RNA of 70-100 nucleotides in 

length (pre-miRNA) (van Rooij E., 2011). Following Drosha 

processing, pre-miRNAs ar exported into the cytoplasm, where 

maturation can be completed. The protein exportin 5 (EXP5), 

encoded by XPO5 gene, forms a transport complex with the GTP-

binding nuclear protein RAN-GTP and the pre-miRNA (Lund E., 

2004). Following translocation through the nuclear pore complex, 

GTP is hydrolyzed, resulting in the disassembly of the complex and 

pre-miRNA release into the cytosol, where is cleaved by Dicer near 

the terminal loop. A small RNA duplex, preferentially loaded into 

AGO protein, is then delivered to form an effector complex called 
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RNA-induced silencing complex (RISC) (Bernstein E., 2001; 

Hammond SM., 2001) which quickly removes the passenger strand 

to release the mature miRNA (Fig. 9).  

 

 

 

 

 

3.2. MicroRNA-221/-222 IN MELANOMA 

MiR-221 and -222 are co-transcribed in a common RNA precursor, 

localized on chromosome X. In addition they share the same seed 

sequence. Both these characteristics suggest that these two miRs 

play common functions. Deregulated expression of miR221/-222 

has been detected in many different cancers (Ciafrè SA., 2005; 

Fig 9: miRNAs biogenesis  

(Adapted from Winter J. Nat. Cell. Biol, 2009)  
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Visone R., 2007; Garofalo M., 2009; Miller Te., 2008; Medina R., 

2008; Felicetti F., 2008) where they are mostly upregulated.  

Specifically, Felicetti and co-workers reported miR221/-222 

increasingly expressed during the multistep process from normal 

melanocytes to advanced metastatic melanomas (Felicetti F., 2008). 

To demonstrate their functional role, miR221/-222 have been 

overexpressed in a moderately aggressive melanoma cell line, 

selected for its low levels of endogenous miR221/-222 and for its 

ability to produce melanin. As a direct effect, the enforced miR-221 

and miR-222 expression resulted in significant increases of the 

proliferative growth rate, the invasive and chemotactic capabilities, 

as well as of the anchorage-independent growth. Their tumorigenic 

function was also confirmed in an in vivo model where miR-

221&222 overexpression increased tumor volumes of mice 

subcutaneously injected with miR-221&222-transduced melanoma 

cells compared with controls. More important was the opposite 

effects obtained by silencing of miR221/-222 in metastatic cells, 

where transfection of chemically modified oligomers (antagomirs) 

inhibited the main functional properties associated with advanced 

melanoma.  

MiR221/-222 exert their function by repressing a number of 

antineoplastic genes. In particular in melanoma they inhibit p27
Kip1

 

and c-KIT receptor, thus promoting cell proliferation and 

differentiation blockade (Felicetti F., 2008; Igoucheva O., 2009). 

p27
Kip1

 is a cell-cycle regulatory protein that interacts with cyclin-
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CDK2 and -CDK4, blocking cell cycle progression at the G1/S 

checkpoint. Regulation of p27
Kip1

 by miR-221 and miR-222 

represents an additional oncogenic mechanism underlying the 

abnormal cell cycle rate of advanced melanoma and of many other 

tumors (Medina R., 2008; Felicetti F., 2008). MiR221/-222 

inhibitory effect on melanogenesis is exerted by repressing the c-

KIT tyrosine kinase receptor (Felicetti F., 2008). The stem cell 

factor (SCF)/c-KIT signaling pathway is essential during 

melanocytes migration from the neural crest to the skin and it plays 

an important role in melanogenesis, cell growth, migration, and 

survival (Alexeev V., 2006). While ubiquitously expressed in 

mature melanocytes, c-KIT is downregulated in up to 70% of 

metastases, allowing melanoma cells to escape SCF/c-KITï

triggered apoptosis (Willmore-Payne C., 2005). The transduction 

signal generated by SCF/c-KIT interaction induces the activation of 

Microphthalmia-associated transcription factor (MITF) protein, 

known to regulate a broad repertoire of genes whose functions in 

melanocytes include development, differentiation, survival, cell-

cycle regulation and pigment production. In particular, MITF 

controls the melanin production directly regulating the main 

melanogenic enzymes, such as tyrosinase (TYR) and tyrosinase-

related protein 1 (TYRP1). Reported results showed that, as a 

consequence of the miR-221&222-dependent suppression of c-KIT, 

the downstream MAPK signaling cascade is also affected in turn 

resulting in a moderate downregulation of MITF, TYR and TRP-1 
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(Fig. 10).  

 

 

 

 

In accordance, miR221/-222 overexpression in a primary melanoma 

cell line caused reduction of both differentiation and melanogenesis, 

as hallmarks of an oncogenic progression (Felicetti F., 2008). The 

regulation of MITF expression in melanoma cells appears extremely 

complex as, according to a proposed model, MITF high levels result 

in cell cycle arrest and differentiation, intermediate levels promote 

proliferation and tumorigenesis, whereas low amounts lead to cell 

cycle arrest and apoptosis (Wellbrock C., 2005; Goding C., 2006; 

Gray-Shopfer V., 2007; Hoek KS., 2010).  

 

Fig. 10: melanogenesis pathway 

In response to the activation of c-KIT signaling, MITF is phosphorylated 

by MAPK and translocated from the cytoplasm in the nucleus to activate 

transcription of melanogenic genes.  
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3.2.1 REGULATION OF MicroRNA-221/-222 TRANSCRIPTION  

Among diverse miRs, particular attention has been paid on the 

transcriptional regulation of miR221/-222 in different types of 

cancers, including melanoma, where different groups evidenced 

both positive and negative regulators of transcription (Garofalo M., 

2012) 

Their regulatory binding sites have been identified in the putative 

promoter region upstream to pre-miR-222 between -400 and -50 bp 

(Felicetti F., 2008; Di Leva G., 2010; Mattia G., 2011). Felicetti and 

colleagues highlighted the first negative regulation system of 

miR221/-222 transcription played by the Promyelocytic Leukemia 

Zinc Finger (PLZF) transcription factor in melanoma cell lines. 

PLZF is a tumor suppressor gene, barely or not detectable in 

melanomas, but expressed in normal melanocytes. Two putative 

consensus binding sequences for PLZF are located upstream to 

premiR-222 and a third site is localized in the intragenic region 

between the two miR sequences. In advanced melanomas the lack 

of PLZF allows miR-221/222 up-modulation and, in turn, the 

activation of two oncogenic pathways involved in melanoma 

progression, through p27Kip1 and c-KIT deregulation (Felicetti F., 

2008) (Fig. 11 A-B).  

A more complex function played by ETS-1 transcription factor on 

miR221/-222 regulation was demonstrated in melanoma (Mattia G., 

2011). ETS-1 transcription factor is the founding member of the 

ETS gene superfamily, encoding a class of phosphoproteins 
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characterized by a conserved domain that recognizes and binds to a 

GGAAù T DNA core sequence. The complexity of ETS-1 action has 

been well demonstrated by the authors that discover its capability of 

either negative or positive regulation on miR221/-222 transcription, 

in early and advanced melanoma cells, respectively. ETS-1 post-

translational modifications, rather than its total protein content, look 

functionally relevant to melanoma. In fact, a key role is associated 

with the status (phosphorylated or not) of Thr38. In low grade 

malignant cells the presence of significant amounts of barely or not 

phosphorylated ETS-1 negatively act on miR-221/222 transcription. 

Conversely, in metastatic melanomas the persistent activation of the 

MAPK-ERK1ù2 cascade increases the fraction of Thr38 

phosphorylated ETS-1 inducing miR221/-222 transcription and 

possibly tumor malignancy (Mattia G., 2011) (Fig. 11 A-B).  

Errico and colleagues demonstrated that the HOXB7/PBX2 dimer 

acts as a positive transcriptional regulator of the oncogenic 

microRNA221/-222. In addition, demonstrating c-FOS as a direct 

target of miR-221&222, they identified a HOXB7/PBX2 ĄmiR-

221&222 Ąc-FOS regulatory link, whereby the abrogation of 

functional HOXB7/PBX2 dimers leads to reduced miR-221&222 

transcription and elevated c-FOS expression with consequent cell 

death. Taking advantage of the treatment with the peptide HXR9, an 

antagonist of HOX/PBX dimerization, they recognized miR-

221&222 as effectors of its action, in turn confirming the HXR9 
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efficacy in the treatment of human melanoma malignancy, whilst 

sparing normal human melanocytes (Errico MC., 2013).  

More recently Felli and co-workers demonstrate the circuitry 

connecting the oncomiR221/-222 with the tumor suppressors miR-

126/-126* in melanoma development and progression. Accordingly 

to the inverse correlation between endogenous levels of miR221/-

222 and miR-126/-126*, respectively increasing or decreasing with 

malignancy and looking for a central player in this complex 

network, they revealed the regulation role of AP2Ŭ, which is on one 

side directly targeted by miR221/-222 and on the other 

transcriptional activator of miR-126/-126* (Felli N., 2013). These 

authors showed the chance of restoring miR-126&126* expression 

in metastatic melanoma to control miR-221&222 levels. Thus, the 

low-residual quantity of miR-221&222 should assure the release of 

AP2Ŭ expression, which in turn can bind to miR-126&126* 

inducing their transcription. All together these results point to an 

unbalanced ratio functional to melanoma malignancy between these 

two couples of miRs (Felli N., 2015) (Fig. 11 A-B).  



 Introduction  

48 

 

 

 

 

 

 

 

 

Fig 11: Regulation of miR221/-222 transcription 

(A) Neoplastic pathway. (B) Normal or therapeutic pathway  
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AIMS OF THE STUDY 

Melanoma is one of the deadliest skin cancers and its incidence is 

rapidly increasing in the world. Surgical resection is curative only at 

early stages, but new efforts are needed to contrast the 

metastatization phase (survival rates 6-8% at 5 years with a median 

survival of 6-9 months). Thus, the investigation of new therapeutic 

options must be contextual to the progress of the melanoma biology 

understandings. Different questions continue to be obscure starting 

from the high heterogeneity of this tumor and the different 

metabolic options of melanoma cells that consent them to adapt to 

and modify the microenvironment, eventually using it for 

metastatization. In fact, metabolic pathways substantially contribute 

to human cancer and growing evidences are associating lipids with 

tumor development and, above all, its progression.  

The aim of this study was to reveal the function of the SCD5 ȹ9-

desaturase enzyme, and eventually of its main biological product 

oleic acid (OA), in cancer being its pathophysiological role 

essentially unknown. 

We looked at SCD5 role in human melanoma cells, evaluating 

whether the SCD5-dependent new balance of fatty acids 

(specifically oleic and stearic acids) could have any effect on tumor 

progression. In addition, as a second model, we utilized the murine 

4T1 mammary carcinoma cell line, as a suitable model for studying 

spontaneous metastases in vivo in syngeneic mouse models.  
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RESULTS 

4. EXPRESSION ANALYSIS OF STEAROYL-COA ȹ9 (SCD5) 

DESATURASE IN MELANOMA.  

In view of the increasing role acquired by lipid metabolism in tumor 

initiation and progression, we focused our study on the role of 

SCD5 desaturase in melanoma being intrigued by its virtually 

unknown role in cancer (Igal RA., 2010).  We have evaluated by 

qRT-PCR and/or western blot analyses the expression of SCD5 

isoenzyme in normal human epidermal melanocytes (NHEM) from 

foreskin and in some representative melanoma cell lines derived 

from tumors at different stages of progression (Fig. 12 A-B).  

The expression of SCD5, that was barely detectable in normal 

melanocytes, resulted significantly higher in primary melanoma cell 

lines than in metastatic cells, at both mRNA and protein levels.  

To confirm the expression pattern of SCD5 observed in melanoma 

cell lines we decided to run parallel analyses on a series of human 

bioptic speciments from primary and metastatic melanoma, by 

using an immunohistochemical approach. Results showed a sharp 

positivity in primary cutaneous melanomas, whereas SCD5 was 

virtually absent in the metastatic ones, corroborating the expression 

data obtained in melanoma cell lines (Fig. 12 C).  
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Knowing the biochemical role of SCD enzymes in introducing the 

first double bond in cis ȹ9 position of SFAs (palmitic and stearic 

acid) to produce MUFAs (mainly palmitoleic and oleic acid, 

respectively) (Ntambi KM., 2004) (Fig. 13 A), we evaluated by gas 

chromatography/mass spectrometry (GM/MS) analyses the 

enzymatic activity of SCD5 on cell lysates from normal human 

melanocytes as well as from some representative differently staged 

melanoma cell lines. Interestingly, a close correlation between 

Fig 12: SCD5 endogenous expression levels in differently tumor staged 

melanoma samples.   
Endogenous levels of SCD5 were evaluated in differently staged melanoma 

cell lines and normal human epidermal  melanocytes (NHEM) by (A) qRT-

PCR and (B) western blot analyses  (mean ±  SD of at least three independent 

analyses).  (C) Immunolocalization of SCD5 in primary cutaneous and 

metastatic human melanoma specimes,  representative sections are shown 

(magnification=10X).  
 



 Results  

55 

 

SCD5 downregulation and the decreased amount of oleic acid 

occurring in the more aggressive melanomas was detected, 

suggesting that SCD5 restored expression or oleic acid 

supplementation might antagonize the aggressiveness of advanced 

melanoma (Fig. 13 B). 

 

 

 

 

 

 

 

5. REGULATION OF SCD5 EXPRESSION IN MELANOMA.  

Our study on ȹ9-Stearoyl CoA desaturase 5 showed that its 

expression was significantly higher in primary than in metastatic 

Fig 13: SCD5 biochemical role and oleic acid content in melanoma 

progression.  
(A) Schematic depiction of the SCD5-dependent conversion of saturated 

fatty acid (FAs) into mono unsaturated fatty acids (MUFAs). (B) GC/MS 

based quantification of endogenously produced oleic acid at different 

stages of melanoma progression. Representative  experiments are shown 

and levels of oleic acid are indicated as fold changes compared to normal 

human epidermal melanocytes (NHEM). 
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melanoma, being barely or not detectable in normal melanocytes 

(Fig. 12 A-B) (Bellenghi M., 2015). 

Following the idea that SCD5 carries tumor suppressor gene 

functions, we investigated the possible regulatory mechanisms 

underlying SCD5 reduction during melanoma progression, looking 

for i) the option of epigenetic mechanisms; ii) different 

mRNA/protein stabilities of SCD5, possibly associated with tumor 

advanced phases iii) possible miR-dependent SCD5 post-

transcriptional regulation.  

 

5.1. SCD5 EPIGENETIC REGULATION.  

Literature data evidenced lots of tumor suppressor genes 

epigenetically inactivated by DNA methylation and/or histone 

modification, as Retinoblastoma 1 (Rb1), tumour protein p53 

(TP53), Wilms tumour 1 (WT1), neurofibromin 1/2 (NF1/2), von 

Hippel-Lindau tumour suppressor (VHL), adenomatous polyposis  

coli (APC), cyclin-dependent kinase inhibitor 2A (CDKN2A) 

(Feinberg AP., 2016).  

The UCSC Genome Browser (https://www.genome.ucsc.edu/cgi-

bin/hgGateway) indicates the presence of CpG islands (CpG island 

n°118) in SCD5 promoter (Chr4: 83719009-83720241), showing 

the option of promoter methylation.  

Epigenetic analyses were conducted by using 5-aza-2'-

deoxycytidine (5AzaCdR), a derivative of the most popular 

inhibitor of DNA (Cytosine-5-)-Methyltransferase 1 (DNMT1), 

https://www.genome.ucsc.edu/cgi-bin/hgGateway
https://www.genome.ucsc.edu/cgi-bin/hgGateway
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which is incorporated into DNA during the S-phase of the cell cycle 

(Egger G., 2004). In parallel experiments we utilized Trichostatin A 

(TSA), an organic compound that selectively inhibits the class I and 

II mammalian histone deacetylases (HDACs) families of enzymes.  

To assess the possible SCD5 epigenetic regulation we selected 

Me1007 primary and A375M metastatic melanoma cell lines in 

view of their different SCD5 expression levels. SCD5 was re-

expressed in A375M advanced melanoma by 5AzaCdR treatment, 

indicating that at least in part SCD5 undergoes promoter 

methylation regulation. By contrast no striking effects seemed 

related with deacetylation. As expected no significant effects were 

produced in Me1007 early primary melanoma cell line neither with 

5AzaCdR nor with TSA treatments (Fig. 14 A-B), confirming the 

suggestion that SCD5 might be inactivated in aggressive melanoma 

in view of its antimetastatic role.  

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Enzyme_inhibitor
https://en.wikipedia.org/wiki/Histone_deacetylase
https://en.wikipedia.org/wiki/Enzyme
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5.2. SCD5 mRNA AND PROTEIN STABILITIES.  

In order to check for the possibility of SCD5 different 

mRNA/protein stabilities along with tumor progression, we selected 

again Me1007, as a representative of primary melanoma and A375 

cells, instead of A375M previously analyzed, as a metastatic cell 

Fig 14: SCD5 epigenetic regulation 
Representative western blot analyses of SCD5 epigenetic regulation in (A) 

Me1007 primary melanoma cell line, which evidenced no significant effects 

with either 5AzaCdR or TSA treatments and (B) A375M metastatic melanoma 

cells, which  confirmed SCD5 CpG island promoter methylation, as evidenced 

by SCD5 induction upon 5AzaCdR treatment. P21 induction was used as 

positive control of treatment effectiveness. 
 


