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1. Introduction 

The growth, survival and proliferation of cancer cells are guaranteed by a crosstalk between 

cancer cells themselves and surrounding host cells and extracellular matrix. An intense area 

of research has contributed to a better understanding of the pathophysiological modification 

of tumour progression, e.g., the role of microenvironment.  

Human malignant melanoma is a highly metastatic tumour with poor prognosis and 

extreme resistance to treatment. It progresses through different steps: nevocellular nevi, 

dysplastic nevi (when these two entity can be identified as primary events in melanocytic 

neoplasia progression), in situ melanoma, radial growth phase melanoma (Breslow index 

≤0.75 mm), vertical growth phase melanoma (index >0.75 mm), and metastatic melanoma 

(Breslow, 1970). Primary tumour grows horizontally through the epidermis; over time, a 

vertical growth phase component intervenes and melanoma increases its thickness and 

invades the dermis. Once a vertical growth phase has developed, there is a direct correlation 

between the tumour thickness and the number of metastases (Heasley et al., 1996). 

Parallel with progression, melanoma acquires a rich vascular network. Melanoma 

neovascularization has been correlated with poor prognosis, shorter overall survival, 

ulceration and increased rate of relapse (Srivastava et al., 1988, 1989). This 

neovascularization is initiated and maintained by mean the secretion of various angiogenic 

cytokines, i.e. Vascular Endothelial Growth Factor-A (VEGF-A), Fibroblast Growth Factor-2 

(FGF-2), Placental Growth Factor (PGF) -1 and -2, Interleukin (IL) -8, Transforming Growth 

Factor-1 (TGF-1), by melanoma cells. Moreover cytokines production has been correlated to 

the transition from the radial to the vertical growth phase, and to the metastatic phase 

(Erhard et al., 1997; Marcoval et al., 1997; Salven et al., 1997). 

2. Human melanoma 

Human malignant melanoma originates from the melanocytes and manifests mainly on the 

skin. Rarely, melanomas can occur on the eye, the meninges, and the mucosa in different 

locations. The incidence of melanoma in white populations worldwide is increasing, 

especially in light skinned people with sun exposure. Melanomas are rare in populations 

with pigmented skin and almost always located on the mucosa or the palms of the hands or 

soles of the feet (Garbe et al., 2008).  
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The most important etiological factor for the development of a melanoma is UV radiation. 

Even in childhood, the influence of UV radiation results in the development of benign 

melanocytic neoplasms, in the form of melanocytic nevi. These are indicators of acquired 

mutations in the melanocytic system. The more melanocytic nevi someone has, the higher 

their risk of developing melanoma. Melanomas develop primarily in sites with the highest 

numbers of melanocytic nevi (Garbe et al., 2008). 

Clinically and histologically, four different subtypes of melanoma can be distinguished, 

which have different patterns of mutation: superficially spreading melanoma; nodular 

melanoma; lentigo maligna melanoma; acral lentiginous melanoma. The criteria of the 

ABCDE rule are the main diagnostic criteria (Asymmetry; Border irregularity; Color; 

Diameter; Evolving). Staging (American Joint Committee on Cancer Staging System) is 

important for selecting the best therapeutic approach (Balch et al., 2001, 2009). 

3. Tumour angiogenesis 

Angiogenesis is the sprouting of new blood vessels from a pre-existing vasculature and it is 

a tightly regulated process (Stasi & Amadori, 2002). During embryogenesis two major 

processes of blood vessel formation are implicated in the development of the vascular 

system: vasculogenesis and angiogenesis (Risau, 1988). 

Vasculogenesis starts from mesodermal-derived cells, the hemangioblasts, which 

differentiate both into angioblasts-endothelial cells and into hematopoietic stem cells. 

Vasculogenesis prevails in the embryo but it may have physiological roles in health and 

disease in adults (Iruela-Arispe & Dvorak, 1997). Both mechanisms, angiogenesis and 

vasculogenesis, occur in ischemic and tumour tissues in response to growth factors, such as 

VEGF and FGF-2, produced by tumour and stromal cells (Folkman et al., 2001). In some 

aggressive tumours the vessel wall is lined with only cancer cells as a mosaic of cancer cells 

and endothelial cells. This phenomenon is called “vasculogenesis mimicry” (Dome et al., 

2007).  

Angiogenesis is uncontrolled and unlimited in time, and essential for tumour growth, 

invasion and metastasis during the transition from the avascular to the vascular phase, the 

so-called angiogenic switch, in which the balance between angiogenesis inducers and 

inhibitors leans towards the former. The vascular phase is characterized by the new 

formation of vascular channels that enhance tumour cell proliferation, local invasion, and 

hematogenous metastasis.  

3.1 Angiogenesis and human melanoma 
New blood vessel formation is a prominent feature of human melanomas, indicating that 

these tumours have angiogenic activity (Mihm et al., 1975). The observation that cutaneous 

melanoma cells acquire the capacity to actively induce the growth of new blood vessels 

dates back to the earliest days of tumour angiogenesis research, when Warren and Shubik 

observed it after transplantation of human melanoma fragments into a hamster cheek pouch 

(Warren & Shubik, 1966). These studies were confirmed in later studies (Hubler & Wolf, 

1976). Rapid angiogenesis of cutaneous melanomas dramatically enhances the risk of 

lethality and contributes to the progression of the most common type of young adults (Streit 

& Detmar, 2003). 
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Fig. 1. Processes implied in neovessel formation tumor-induced 

3.1.1 The role of angiogenic cytokines 
Tumour angiogenesis depends mainly on the release by neoplastic cells of growth factors 

specific for endothelial cells, able to stimulate the growth of the host’s blood vessels. 

VEGF is expressed in most solid tumours and the VEGF receptors (VEGF-Rs) are 

predominant in endothelial cells surrounding or penetrating malignant tissue, but are 

absent from vascular cells in the surrounding normal tissue. This finding suggests that 

VEGF-Rs expression is induced in endothelial cells during tumour angiogenesis by VEGF 

secreted by tumour cells.  

Secretion of VEGF-A isoform by melanoma cells has been correlated to the transition from 

the radial to the vertical growth phase, and to the metastatic phase (Erhard et al., 1997; 

Marcoval et al., 1997; Salven et al., 1997). Our previous studies indicated that increased 

microvascular density, strong VEGF-A tumour immunoreactivity, increased vascular 

diameter, and high number of vascular pillars—expression of the intussusceptive 

microvascular growth—are correlated to a high Breslow index (>3.6 mm).  
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Fig. 2. Angiogenesis extent parallel with melanoma progression: A) common nevi, B) 
displastic nevi, C) microvessels under the base of melanoma, D) melanoma breslow 0.45 
mm, E) melanoma breslow 1 mm, F) melanoma breslow >3 mm, G) advanced melanoma 
with inflammatory infiltrate, H) bowel metastasis of advanced melanoma 
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Salven et al. (1997) have demonstrated that up-regulation of VEGF-A expression in 

metastatic melanoma is associated with an increase in the number of tumour-infiltrating 

inflammatory cells expressing VEGF-A.  

FGF-2 regulates endothelial cell proliferation and angiogenesis by both autocrine and 

paracrine mechanisms. Since FGF-2 is devoid of the classic signal peptide for secretion, 

tumour cells release this factor by exocytosis from endoplasmic reticulum. Significant 

amounts of FGF-2 were found to be associated with extracellular matrix as well as with 

basement membrane of the newly formed blood vessels in human melanomas. Digestion of 

extracellular matrix by matrix metalloproteinases of melanoma or endothelial origin 

promotes release of matrix bound FGF-2, which, in turn, stimulates endothelial cell 

proliferation and vascular tube formation in melanomas. We and other authors (Salven et 

al., 1997) have demonstrated a significant correlation between melanoma progression, 

percentage of FGF-2-expressing tumour cells, and the number of mast cells which, in turn, 

secrete other angiogenic molecules, such as VEGF-A. 

Another important stimulator of melanoma angiogenesis is PGF. PGF-1 and -2 are expressed 

by melanoma cells and are known to bind neuropilin-1 and -2 receptors expressed on 

endothelial cells (Odorisio et al., 2006). In addition, PGF acts through binding VEGF-R1 

inducing the mobilization and recruitment of VEGF-R1+ hematopoietic precursors from 

bone marrow and enhancing blood vessel maturation by acting on VEGF-R1-expressing 

smooth muscle cells/pericytes (Donnini et al., 1999). Moreover, PGF forms heterodimers 

with VEGF-A and enhances melanoma angiogenesis by activating VEGF-R2 on endothelial 

cells (Donnini et al., 1999; Luttun et al., 2004). 

IL-8 expression was found to be very little in normal epidermis and benign melanocytic 

lesions. However, it is dramatically increased in the majority of cutaneous melanomas. Its 

serum levels in patients are significantly elevated compared to healthy individuals and 

correlate with advanced disease stage as well as with overall survival (Bar-Eli et al., 1999). 

Melanoma-derived IL-8 is able to induce endothelial cell migration, modulate vascular 

permeability, and enhance actin stress fiber formation. These activities resulted in enhanced 

angiogenesis, rapid tumour growth, and increased metastatic potential (Mahler et al., 2004; 

Melnikova & Bar-Eli, 2006). Liu et al. (2005) have demonstrated that TGF-1 is able to 

enhance expression of IL-8 in human melanoma cells and promote angiogenesis in several 

mouse xenograft models. 

Melanotransferrin, a member of the transferrin family, which is comprised of serum 

transferrin, lactoferrin and ovotransferrin, is highly expressed on melanoma cells compared 

to normal melanocytes. It exerts an angiogenic response quantitatively similar to that 

elicidated by FGF-2, and its angiogenic activity may depend on activation of endogenous 

VEGF. We have demonstrated that melanotransferrin contributes to angiogenesis during 

melanoma progression, and is likely associated with VEGF overexpression. 

4. Tumour microenvironment 

Neoplastic cells are influenced by their microenvironment and viceversa. The specific organ 

microenvironment determines the extent of cancer cell proliferation, angiogenesis, invasion 

and survival (Park et al., 2000; Liotta & Kohn, 2001). These data indicate that a permissive 

stromal environment is important in supporting tumour progression in combination with 

genetic alterations.  
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Tumour cells are surrounded by an infiltrate of inflammatory cells, namely lymphocytes, 
neutrophils, macrophages and mast cells, which communicate via a complex network of 
intercellular signalling pathways, mediated by surface adhesion molecules, cytokines and 
their receptors. 
The inflammatory cell infiltrate, particularly macrophages, may contribute to tumour 
angiogenesis, and there are many reports of associations between macrophage infiltration, 
vascularity and prognosis. Tumour-associated macrophages accumulate in poorly 
vascularized hypoxic or necrotic areas (Leek et al., 1999) and respond to experimental 
hypoxia by increasing the release of VEGF and FGF-2 and a broad range of other factors, 
such as Tumour Necrosis Factor-alpha (TNF-ǂ), urokinase and matrix metalloproteinases 
(Bingle et al., 2002). Moreover, activated macrophages synthesize and release inducible 
nitric oxide synthase, which increases blood flow and promotes angiogenesis (Jenkins et al., 
1995). Lastly, the angiogenic factors secreted by macrophages stimulate mast cell migration 
(Gruber et al., 1995). 
Chemokines also have a role: some CXC chemokines, such as IL-8 are pro-angiogenic 
(Bernardini et al., 2003). Chemokines may exert their regulatory activity on angiogenesis 
directly or as a consequence of leucocyte infiltration and/or the induction of growth factor 
expression. Malignant melanoma is also associated with a dramatic host response composed 
of mast cells at the tumour periphery. 
Mast cells infiltrate hyperplasias, dysplasias and invasive fronts of carcinomas (but not the 

core of solid tumours), where they degranulate in close apposition to capillaries and 

epithelial basement membranes. Mast cells contain many angiogenic factors and a variety of 

cytokines, such as TGF-ǃ, TNF-ǂ, IL-8, FGF-2, VEGF, implicated in normal, as well as 

tumour-associated neoangiogenesis. 

Angiogenesis in human malignant melanoma, measured as microvessel counts, is highly 

correlated with both the percentage of tumour cells reactive to FGF-2 and mast cells counts 

(as total cell and tryptase-positive cell counts), and these parameters increase with tumour 

progression. 

Two distinct types of human mast cells have been described based on the protease 

composition of their secretory granules: mast cells containing chymase, carboxypeptidase, 

cathepsin and tryptase and mast cells containing tryptase only. Tryptase, a protease unique 

to the mast cells secretory granules, acts as a mitogen for fibroblasts, smooth muscle cells, 

and epithelial cells (Brown et al., 1995; Cairns & Walls, 1996). 

Blair and colleagues (Blair et al., 1997) have shown that mast cell-released tryptase plays an 

important role in neovascularization. Tryptase induces the formation of capillary structures 

by either directly acting on endothelial cells or by facilitating the early stages of 

angiogenesis. In fact, tryptase activates latent matrix metalloproteinases and plasminogen 

activator (Stack & Johnson, 1994), which degrade the extracellular matrix, a critical step in 

these stages (Mignatti & Rifkin, 1993). 

Mast cells are strikingly associated with angiogenesis in tumours, namely haemangioma, 

carcinomas, lymphoma and multiple myeloma where they are preferentially accumulated in 

the peripheral areas of the tumour, within the surrounding connective tissue, and rest near 

or around blood or lymphatic vessels. Mast cells are recruited and activated via several 

factors secreted by tumour cells: the c-kit receptor (Norrby & Woolley, 1993), FGF-2, VEGF-

A and Platelet-Derived Endothelial Cell Growth Factor (PD-ECGF), which are operative at 

picomolar concentrations (Gruber et al., 1995). 
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The fact that mast cells contribute to the induction of tumour angiogenesis stems from 
studies on mast cell-deficient mice, which display slow angiogenesis, and its restoration 
after local reconstitution of mast cells (Starkley et al., 1988; Toth et al., 2000). Moreover, in 
malignant breast lesions the number of mast cells with tryptase activity was significantly 
higher than in benign lesions (Kankunnen et al., 1997) and mast cells derived from human 
renal tumour tissues contained tryptase (Beil et al., 1998). 
Tryptase-positive mast cells may contribute, at least partly, to the melanoma-associated 
angiogenesis. Furthermore, tumour-derived FGF-2 may have pleiotropic influences, first on 
tumour invasion, by elevating proteolytic enzymes , second on angiogenesis, by paracrine 
stimulation of endothelial cell growth, and third on recruitment and activation of mast cells, 
which express the FGF-2 receptor. Mast cells, in their turn, secrete FGF-2 stored in their 
secretory granules, which further stimulates endothelial cell growth and amplifies the FGF-2 
paracrine stimulatory loop on angiogenesis. 

4.1 Integrin signalling and extracellular matrix enzymes 
Parallel with the angiogenic switch, an increasing number of tumour cells express the 

laminin receptor, which enables their adhesion to the vascular wall, favouring tumour cell 

extravasation and metastases. Our data indicate that melanoma cells express the 67-kDa 

laminin receptor in step with the progression from the nevocellular to the dysplastic nevi, 

and from the primary to the metastatic tumour. This expression enables melanoma cell 

adhesion to the vascular wall and together with the increased vascular network favours 

tumour cell extravasation and metastasis. 

Overexpression of ǂvǃ3, ǂvǃ5, ǂ2ǃ1, and ǂ5ǃ1 integrins has been correlated with the 

transition from primary to metastatic melanoma (Bosserhoff, 2006). In turn, integrins 

overexpression stimulates matrix metalloproteinases -2 and -7 in melanoma cells, increasing 

their invasive potential (Kuphal et al., 2005). 

Melanoma and tumour stromal cells express several matrix metalloproteinases, including 

matrix metalloproteinases -1, -2, -3, -7, -9, -14, -15, -16, as well as Tissue Inhibitors of Matrix 

Metalloproteinases such as TIMP-1, -2, and -3 (Hofmann et al., 2000a). Matrix metalloproteinases 

overexpression has been correlated with increased microvascular density, Bcl-2 

overexpression, and low survival rate. The most extensively studied matrix metalloproteinases 

in melanomas are the isoforms -2 and -9. 

The expression and activation of both enzymes have been correlated to the invasive and 

metastatic phenotypes of the tumours (Hofmann et al., 2000b; Kerkela & Saarialho-Kere, 

2003; Nikkola et al., 2005; Cotignola et al., 2007; Schnaeker et al., 2004) in which they are 

constitutively expressed and highly associated with atypia and dedifferentiation into 

melanocytic lesions. Matrix metalloproteinase -2 expression was highly correlated with the 

metastatic spread and low survival rates (Hofmann et al., 2000a). Moreover, functional 

activity of matrix metalloproteinases is required for tumour progression. Overexpression of 

Membrane-Type- Matrix Metalloproteinase in melanoma cells induced activation of matrix 

metalloproteinase -2 which is crucial for extracellular matrix degradation. Matrix 

metalloproteinase -2 and Membrane-Type- Matrix Metalloproteinase + tumour cells were 

often restricted to the interface between the tumour invasive part and stroma (Durko et al., 

1997; Hofmann et al., 2000b). 

Expression of matrix metalloproteinases is not restricted to tumour cells but is also found 

abundantly in stromal cells indicating a major contribution of host-derived proteases to 
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tumour progression (Wojtowicz-Praga et al., 1998). Also matrix metalloproteinase -1 

expression is highly associated with melanoma progression (Nikkola et al., 2005). Matrix 

metalloproteinase -9 expression in melanoma cells was found exclusively during the 

horizontal growth phase but not during the vertical phase. This clearly suggests that 

expression of matrix metalloproteinase -9 is an early event in melanoma progression 

(Kerkela & Saarialho-Kere, 2003). 

Several studies using either cell lines or animal models have demonstrated that the balance 

between matrix metalloproteinases and their inhibitors finally determines melanoma 

progression (Hofmann et al., 2000b; Wojtowicz-Praga et al., 1998; Rudek et al., 2001; Jin et 

al., 2006; Wojtowicz-Praga et al., 1996; Bodey et al., 2001; Airola et al., 1999). Overexpression 

of TIMP-1, -2, and -3 significantly reduces melanoma tumour cell invasion, migration, 

growth and metastasis, and significantly reduces tumour neovascularization in several 

tumour models (Anand-Apte et al., 1996). Urokinase Plasminogen Activator and Its Receptor 

(uPA/uPAR) have been demonstrated to play a crucial role in several stages of melanoma 

progression including tumour cell migration, invasion, and metastasis. uPA secreted from 

melanoma cells is able to regulate endothelial cell functions including migration and the 

organization of endothelial cells into tube-like structures (Mueller, 1996; Delbaldo et al., 

1994; Hearing et al., 1988). 

The extracellular matrix enzymes and their inhibitors play also an important role in cancer 

dysregulated angiogenesis (Roy et al., 2009; Huang et al., 2009). These enzymes are the 

major degrading enzymes produced by angiogenic endothelial cells for migration through 

extracellular matrix during neovessel formation. Moreover, matrix metalloproteinases and 

TIMPs may act as regulators of signalling pathways through the cleavage of nonmatrix 

substrates, including cytokines, chemokines, and growth factors. In the last fifteen years, 

different extracellular matrix proteins and cleavage products have been identified. These 

molecules possess the ability to regulate vascular development, repair and function. 

Therefore, possible regulatory mechanisms in vascular biology controlled by different 

cleavage products of basement membrane proteins (e.g., endostatin and tumstatin, 

endorepellin), their activation by proteases and inhibitors, such as matrix metalloproteases, 

cathepsins, tissue inhibitors of matrix metalloproteinases and cystatin, have been reviewed 

in Suhr et al. (2009). 

Integrin-Linked Kinase (ILK) is a highly conserved serine-threonine protein kinase involved in 

cell-extracellular matrix interactions, cytoskeletal organization and cell signalling. 

Overexpression of ILK in epithelial cells leads to anchorage-independent growth with 

increased cell cycle progression. ILK upregulation strongly correlates with melanoma 

progression, invasion and inversely correlates with 5-year survival of melanoma patients 

(Wani et al., 2011). However, the molecular mechanism by which ILK enhances melanoma 

progression is currently unknown. The proangiogenic molecule IL-6 is the downstream 

target of ILK in melanoma cells. Wani et al. (2011) have demonstrated that ILK 

overexpression increases IL-6, whereas silencing of ILK suppressed IL-6 expression at both 

messenger RNA and protein levels. ILK also alteres the activity and subcellular localization 

of Nuclear Factor-KappaB (NF-κB) subunit p65. ILK enhances the IL-6 gene transcription by 

promoting the binding of NF-κB p65 to IL-6 promoter. Moreover, ILK overexpression in 

melanoma cells enhances the tube-forming ability of endothelial cells in vitro and 

microvessel formation in vivo (Wani et al., 2011). 
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5. Hypoxia in melanoma progression 

Solid tumours, including melanomas, are characterized by areas of hypoxia/anoxia that 
result from an imbalance between oxygen supply and consumption in proliferating tumour 
cells. This imbalance is further exacerbated by a compromised tumour vasculature (Vaupel 
& Mayer, 2007).  
The presence of hypoxia within a tumour is an independent marker of a poor prognosis for 
patients with various cancer types including cutaneous melanomas. Because stringent 
hypoxia/anoxia (<0.5% O2) is toxic for normal and tumour cells, it can promote tumour 
progression by selecting cells with mutations that allow them to survive in these extreme 
conditions. Furthermore, hypoxia activates signalling pathways that trigger 
neovascularization and that facilitate tumour cell invasion, migration, adhesion, and 
metastasis (Bedogni & Broome Powell, 2009). 
Metastasis is a complex multi-step process in which tumour cells have to acquire an 
invasive/migratory phenotype, enter the blood and lymphatic flow, survive anoikis and the 
immune response, and once localized to a distant site, survive in a likely hostile 
environment and proliferate. This process is relatively inefficient and only few cells within a 
tumour mass will have all the requirements that will allow them to successfully metastasize. 
Tumour hypoxia can influence most of the stages of metastasis (Bedogni & Broome Powell, 
2009). 
Hypoxia has been involved in a Epithelial-Mesenchymal Transition-like process where 
tumour cells change from an epithelial non-motile phenotype to a mesenchymal migratory 
phenotype and gain the ability to invade other tissues. Epithelial-Mesenchymal Transition is 
accompanied by specific changes in gene expression, such as down-regulation of E-
cadherin. Tumour hypoxia or loss of von Hippel-Lindau (VHL) which leads to Hypoxia-
Inducible Factor (HIF) stabilization, down-regulates E-cadherin (Yang & Wu, 2008). 
Furthermore, hypoxia through HIF-1, increases invasion by regulating genes, such as matrix 
metalloproteinase-2, that are involved in the degradation and remodelling of the 
extracellular matrix (Krishnamachary et al., 2003).  
Via induction of pro-angiogenic factors such as VEGF, IL-8 and angiopoietin- 2, tumour 

hypoxia contributes to tumour angiogenesis providing cancer cells with access to blood 

vessels which is made easier by the leakiness of the tumour vasculature. HIF-1 can also 

increase resistance to anoikis by down-regulating the expression of ǂ5 integrin which 

mediates survival signals in the presence of extracellular matrix and apoptotic signals when 

cells lack adhesion to a substrate. Finally, by increasing the expression of lysyl oxidase, 

hypoxia/HIF-1 contributes to cancer metastasis in part by facilitating the recruitment of 

bone marrow derived cells to the metastatic niche, which prepares a receptive environment 

for cancer cells (Erler et al., 2009, 2006). 

A direct role of hypoxia in advanced melanoma is slowly starting to emerge. HIF-1 has been 
shown to play a critical role in uveal melanoma progression by increasing the expression of 
a number of target genes involved in invasion. HIF-1 is regarded as one of the critical 
biomarkers that most accurately can predict uveal melanoma metastasis. Furthermore, a 
recent study by Qi et al. (2008), supports a role in melanomagenesis and metastasis of Siah2. 
Siah2, recently found to be regulated by the Serine/Threonine Protein Kinase Akt, is an 
inhibitor of Prolyl Hydroxylase Domain Protein function and therefore enhances hypoxia 
dependent HIF-1ǂ stabilization by further inhibiting Prolyl Hydroxylase Domain Protein -1 
and -3 in hypoxia. The authors found that blocking the axis Siah2-Spry2 leads to decreased 
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HIF-1ǂ stabilization, and results in a significant reduction of metastasis in a metastatic 
melanoma mouse model. This observation correlated with findings in human samples 
where reduced expression of the Siah2 substrates Prolyl Hydroxylase Domain Protein-3 and 
Spry2 and increased HIF-1ǂ are characteristic of more advanced melanoma (Bedogni & 
Broome Powell, 2009). 
A role of HIF signalling in melanomagenesis is further supported by the work of 
Giatromanolaki et al. (2003). In this study, HIF-1ǂ and HIF-2ǂ were found to be expressed in 
28 and 65% of melanoma samples respectively, and HIF-2ǂ, together with VEGF and 
vascular density, was associated with poor overall disease survival. 
In summary, these observations strongly support a role of hypoxia and HIF signalling in 
melanomagenesis and melanoma metastasis (Bedogni & Broome Powell, 2009). 

6. Antiangiogenic therapies 

Different molecular targets of antiangiogenic molecules can be recognized, so various 
antiangiogenic agents are currently in clinical trials for melanoma.  
Thalidomide was withdrawn from the market due to its teratogenecity, but in recent years 
its use has been focused on its anti-angiogenic properties (Frankset al., 2004; Kirchmair et al., 
2007; Son et al., 2006). In fact, Thalidomide has been found to have antiangiogenic and anti-
inflammatory properties, and accordingly it has been used as a therapeutic agent in some 
malignant tumours including liver, renal cell, and breast carcinomas (Singhal & Mehta, 
2002).  
We ourselves demonstrated that Thalidomide inhibits many genes which codify for 
angiogenic cytokines and their relative receptors in endothelial cells. Moreover, we have 
demonstrated that Thalidomide reduce the fundamental activity of activated endothelial 
cells (i.e. proliferation, migration, chemotaxis) as well as vessel formation in the Matrigel 
assay. It has been also proposed that the teratogenic property of Thalidomide involves in  
production of Reactive Oxygen Species (ROS), leading to subsequent DNA damage (Maniotis 
et al., 1999). When Thalidomide-induced ROS formation is inhibited, the anti-angiogenesis 
properties of Thalidomide will be reduced. 
Thalidomide inhibits vasculogenic mimicry channel and mosaic vessels formation in 
melanoma through the regulation of vasculogenic factors, and it can induce necrosis of 
tumour cells, which may be related with the NF-kB signalling pathway (Zhang et al., 2008). 
In advanced melanoma Thalidomide has obtained some promising results when used as 
single agent. Pawlak and Legha (Pawlak & Legha, 2004), published a study evaluating 
single-agent Thalidomide in metastatic malignant melanoma, showing no objective 
responses, but seven cases of stable disease.  
Other single agent phase II studies (Reiriz et al., 2004; Eisen et al., 2000) demonstrated stable 
disease in a few patients, with 30% of the patients included in these trials having ocular 
melanoma. In another phase II study Thalidomide has shown limited activity in patients 
with metastatic melanoma against melanoma metastases in the Central Nervous System 
(CNS) (Lene et al., 2008). However, the minor effects founded on peripheral tumour 
manifestations, has led to the conclusion that Thalidomide might be part of the treatment 
strategy for these patients. 
On the basis of these promising but non optimal results and since Thalidomide exhibits low 
oral bioavailability due to limitations in solubility, some experimental modification of oral 
preparation have been tested to improve the delivery of Thalidomide and its therapeutical 
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activity (Kale et al., 2008). Its complexation with sulfobutyl ether-7 beta-cyclodextrin has 
demonstrated to increase stability, oral bioavailability, drug absorption, and distribution 
through solubilization of Thalidomide in experimental animals. 
The safety and tolerability of adjuvant treatment with subcutaneous Granulocyte Macrophage 
Colony-Stimulating Factor (GM-CSF) administered in combination with escalating doses of 
Thalidomide in patients with surgically resected stage II (T4), III, or IV melanoma at high 
risk for recurrence has been also evaluated (Lutzky et al., 2009). This therapy has obtained 
promising results with a 42% overall survival at 2.6 years. However, the high incidence of 
life-threatening events, particularly thrombosis, that are unacceptable in the adjuvant 
setting, render the up-front antithrombotic prophylaxis necessary for further evaluation of 
this combination. 
Many studies are also focused on the effects of Thalidomide on advanced melanoma in 
combination with Interferon alpha 2 b (Hutchins et al., 2007; Vaishampayan et al., 2007), 
Temozolomide (Quirt et al., 2007; Atkins et al., 2008), and Dacarbazine (Ott et al., 2009) with 
encouraging results. The combination of Pegylated Interferon and Thalidomide was 
evaluated in a phase II trial (Vaishampayan et al., 2007). Pegylated Interferon was 
administered at a dose of 0.5 microg/kg subcutaneously weekly and Thalidomide 200 mg 
orally daily. Dose escalation of Thalidomide to 300 mg daily was feasible in some patients. 
This combination was well tolerated but failed to demonstrate clinical efficacy in pretreated 
metastatic melanoma. In fact, no objective responses were obtained, and only three patients 
achieved disease stabilization.  
The addition of Thalidomide to Temozolomide with or without whole brain irradiation does 

not appear to provide a substantial advantage in the treatment of patients with CNS 

metastasis from melanoma but seems to add only toxicity. An initial study (Hwu et al., 2003) 

reported considerable activity (32%response rate) for the Temozolomide and Thalidomide 

combination in the treatment of patients with systemic metastases from melanoma. This 

study combining Temozolomide in the prolonged administration schedule and Thalidomide 

at 200 mg/day with dose escalation to 400 mg/day produced 1 complete response and 11 

partial responses in 38 patients with advanced melanoma and a median survival of 9.5 

months. Evidence of response in CNS metastases was also reported in this setting. 

Subsequent results in a combined 53 evaluable patients in the Cytokine Working Group 

(CWG) and Cancer and Leukemia Group B (CALGB) studies are clearly disappointing (Quirt et 

al., 2007). Fatigue and an increased risk of thromboembolic events, without meaningfully 

increasing the modest CNS antitumour activity previously noted with the Temozolomide 

and whole brain irradiation combination (Margolin et al., 2002) or either Temozolomide 

(Agarwala et al., 2004) or whole brain irradiation alone (Fife et al., 2004). The conclusions of 

this study are consistent with the results of a CALGB trial using a similar regimen (Krown et 

al., 2006). This trial was stopped after 16 patients were enrolled because of excessive toxicity 

that included severe fatigue and sudden death in 1 patient and thromboembolic events 

(pulmonary embolism and deep vein thrombosis) in 4 patients. No tumour responses were 

observed in 14 evaluable patients. 

Given the virtual lack of efficacy observed for the Temozolomide and Thalidomide 

combination against systemic disease in these 2 studies, the lack of significant CNS tumour 

response or major impact on overall survival is not surprising. 

Similar results have been obtained when Thalidomide has been combined with 

Temozolomide alone in patients with stage IV malignant melanoma without active brain 
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metastases (Joseph et al., 2010). In this phase II study patients received Thalidomide 

(200mg/d escalated to 400mg/d for patients <70, or 100mg/d escalated to 250mg/d for 

patients ≥70) plus Temozolomide (75mg/m2/d × 6 weeks then 2 weeks rest). The 

progression free survival was 15% at 6 month and the overall survival was 35% at 1 year. 

Enrolled patients obtained only partial response with a response rate of 13%. Authors 

conclude that this combination of Thalidomide and Temozolomide does not appear to have 

a clinical benefit that exceeds Dacarbazine alone and they not recommend it further for 

phase III trials or for standard community use. 

Similar results have been obtained when Thalidomide has been associated to Dacarbazine in 
the treatment of patients with advanced melanoma (Ott et al., 2009). Of the 13 patients 
evaluable for response of that enrolled in this phase II trial, 1 patient had a partial response, 3 
patients had stable disease and 9 patients had progressive disease. No complete responses 
were achieved. 1 patient withdrew due to toxicity. Grade III/IV constipation, peripheral 
neuropathy, fatigue, edema and rash were attributed to Thalidomide addition. The authors 
conclude that Thalidomide dose escalation beyond 200 mg/day was limited by unacceptable 
toxicity and this combination yielded activity insufficient to proceed with additional trials. 
In the last years Lenalidomide, a less toxic analogue of Thalidomide, has been tested in vitro 
and in vivo. Lenalidomide has been showed good efficacy in hematologic and non 
hematologic cancer with a good toxicity profile (Zeldis et al., 2011). Promising preliminary 
results have been obtained in a study recruit 13 patients with stage IV malignant melanoma 
(Bartlett et al., 2004). Despite the fact that clinical response was not the primary end-point of 
the study and that the patients had not responded to prior therapy, clear evidence of drug 
activity in rapidly progressing malignant melanoma with one partial response and two 
minor responses of visceral disease have been obtained.  
Subsequent studies (Glaspy et al., 2009; Eisen et al., 2010) have demonstrated that treatment 
with Lenalidomide (25 mg/d) has a manageable safety profile in patients with previously 
treated metastatic malignant melanoma. Although no benefit in tumour response, time to 
progression, or overall survival has been achieved in these patients, future trials for 
treatment of metastatic malignant melanoma with Lenalidomide should be conduct which 
focus its use in combination therapies (Lu et al., 2009). 
On the basis of preclinical findings indicating that continuous low dose (metronomic) 
chemotherapy is thought to inhibit tumour angiogenesis, the evaluation of antiangiogenic 
potency of various chemotherapeutic drugs for metronomic chemotherapy, particularly 
Taxol, is ongoing for its efficacy (Drevs et al., 2004). In a pivotal study, 20 patients received 
paclitaxel 10 mg/m2 for 96 hours weekly as a continuous intravenous infusion and oral 
celecoxib 400 mg twice daily. One patient achieved a partial response, and 3 of 20 patients 
(15%) had stable disease for >6 months. The median time to progression was 57 days, and 
the median overall survival was 212 days. These findings support a role for metronomic 
therapy in patients with advanced melanoma. (Bhatt et al., 2010). 
A newest approach to cancer therapy is to target the multicellular biological entity of the 
tumour microenvironment. This type of combination causes an inhospitable 
microenvironment for tumour cells and represent a great promise for clinical use. 
(Blansfield et al., 2008). 
Semaxanib, a small molecule inhibitor of the VEGFR-2 tyrosine kinase, has shown 
encouraging results in patients with metastatic melanoma (Kuenen et al., 2003; Peterson, et 
al., 2004) in whom it has also been evaluated in combination with Thalidomide to assess the 
efficacy, tolerability, pharmacokinetic, and pharmacodynamic characteristics (Mita et al., 
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2007). This last study has demonstrated that the combination Semaxanib-Thalidomide is 
feasible and has also demonstrated antitumour activity in patients with metastatic melanoma 
who had failed prior therapy. Twelve patients were enrolled in this study and received 44 
courses of Semaxanib at the fixed dose of 145 mg/m2 intravenously twice-weekly in 
combination with Thalidomide, commencing at 200 mg daily with intrapatient dose escalation 
as tolerated. The principal toxicities included deep venous thrombosis, headache, and lower 
extremity edema. Out of ten patients evaluable for response, one complete response lasting 20 
months and one partial response lasting 12 months were observed. Additionally, four patients 
had stable disease lasting from 2 to 10 months. These results indicate that the combination of 
Semaxanib and Thalidomide is feasible and demonstrated anti-tumour activity in patients 
with metastatic melanoma who had failed prior therapy.  
Another way to inhibit angiogenesis is the inhibition of matrix metalloproteinase activity. In 
the early 1990, matrix metalloproteinase inhibitors generated great enthusiasm among 
several research groups wishing to take them to clinical trials. Preclinical trials of matrix 
metalloproteinase inhibitors were very promising, showing minimum side effects compared 
to other drugs available at the time. Several current inhibitors, which have been tested in 
preclinical and clinical trials, are broad category matrix metalloproteinase inhibitors. 
Pharmacological inhibitors such as Prinomastat, Batimastat, and its analog Marimastat, 
which interfere with the catalytic site of the matrix metalloproteinases, were the first 
inhibitors studied in detail. Most of the inhibitors tested in clinical trials were not very 
promising due to the lack of positive outcomes and the appearance of substantial drug side 
effects, which were not observed in preclinical studies. Therefore, most of the inhibitor 
clinical trials were terminated following phase 3 clinical trials (Quirt et al., 2002; Pavlaki & 
Zucker, 2003; Coussens et al., 2002).  
Good therapeutic effects have been obtained in little studies with the combination of 
Bevacizumab (the anti-VEGF monoclonal antibody) and chemotherapy in advanced 
melanoma. Moreover, preclinical data strongly support the use of a combination of 
Bevacizumab and Erlotinib, a tyrosine kinase receptors inhibitor (Varker et al., 2007; Perez et 
al., 2009; Vásquez et al., 2009; Schicher et al., 2009). 
PI-88, a potent inhibitor of heparanase, demonstrates an overall survival and time to 
progression similar to standard chemotherapy (Basche et al., 2006). In a phase II trial (Lewis 
et al., 2008) a total of 44 patients were enrolled with about 60% of them previously treated. 
The median time to progression and overall survival was 1.7 months and 9 months, 
respectively. One (2.4%) patient achieved a partial response and six (14.6%) had stable disease 
as best response. At the end of six cycles of treatment, three of the 41 evaluable patients had 
non-progressive disease. Treatment was generally well tolerated with serious bleeding 
occured in two patients and positive anti-platelet antibody test in three patients. One of these 
four patients experienced an associated thrombosis. These results indicate that in patients with 
advanced melanoma, PI-88 demonstrates an overall survival and time to progression similar to 
standard chemotherapy with evidence of activity that warrantee further investigation. 
Preclinical data suggest that the ectopic expression of alphaIIb beta3 in melanoma cells can 
be exploited as a novel target of antibody therapy (Mitjans et al., 2000).  
Although most of these study have obtained encouraging results, further evaluations of 
therapeutic strategies that target multiple angiogenesis pathways may be warranted in 
patients with advanced melanoma and other malignancies. 
Finally, antiangiogenic therapy might have the unintended effect of promoting tumour 
metastasis by increasing vasculogenic mimicry as an alternative circulatory system (Qu et 
al., 2010). When the endothelium-dependent vessels are inhibited by the effective 
angiogenesis inhibitors, the hypoxia of tumour cells caused by antiangiogenesis may 
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increase vasculogenic mimicry compensatively which can replace the job of endothelium-
dependent vessels to maintain the tumour blood supply and provide a convenient route of 
tumour metastasis.  

7. Conclusion 

Tumour microenvironment plays a crucial role in the pathophysiology of human melanoma. 
It is involved in the crosstalk between melanoma cells and the microenvironment cells, 
which increases the survival, proliferation and migration of tumour cells themselves, and 
represents the substrate for angiogenesis which favours disease progression. Due to 
interaction with active microenvironment, neoplastic cells also acquire drug resistance 
giving less opportunity to therapy response. 
Many research studies have tried to better understand the biological mechanisms and the 
genetic basis of all the interactions between tumour cells and the microenvironment cells. 
VEGF, FGF-2, IL-6, IL-8, macrophages, mast cells, and many others cells and molecules, play 
important roles in this process.  
State the important role of angiogenesis in melanoma progression and diffusion, it 
represents a good target for biological therapies. Several molecules targeting the tumour 
microenvironment are actually evaluated in clinical trials and other compounds are in 
preclinical developing. However the initial results obtained with these compounds are 
promising, these approaches should be further developed. 
 

 

Fig. 3. Angiogenesis in human melanoma 
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