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1. INTRODUCTION: 
Melanoma is one of the tumours that showed highest increase rate in the latest decade in 

western countries  (1). The highest rates worldwide are amongst fair skin population from 

Australia and New Zealand, where they reached epidemic proportions (Males: 50 

cases/100.000 habitants /year, Females: 37/100.000) (2). 

Melanomas of the ocular and adnexal structures comprises around 5% of all melanomas, and 

85%  are uveal origin (3). Uveal melanoma is the most frequent primary malignant intraocular 

tumor in adults. The tumour arises from melanocytes located in the iris, the choroid, and the 

ciliary body, which are the structures of the uveal tract.  The reported incidence from several 

countries ranges from 4.9 to 10.9 per million population remaining stable for the last 50 years. 

Uveal melanoma is most commonly seen in an older age group of white population with light 

skin, hair and eyes, with a progressively rising age-specific incidence rates that peaks at age of 

70 years. (4-5).  

It usually presents as a pigmented choroidal nodular mass in the eye fundus, in early stages, 

growing towards the vitreous space, mushroom shape or multilobular with associated retinal 

detachment in advanced stages, an growing at the end towards the extraocular structures 

through the emissary channels or the optic nerve. Accuracy in diagnosing choroidal melanoma 

with indirect ophthalmoscopy and ultrasound by expert ocular oncologists has improved in last 

thirty years from 80% (6) to more than 99,5% (7). 

Objectives for treatment include tumor destruction, preservation of the eye and the visual 

function, and survival improvement. Treatment options includes from observation (small, 

inactive tumors) to enucleation ( large tumors without potential for visual recovery), but the most 

extended conservative therapy is episcleral brachytherapy or charged-particle radiotherapy. 

This techniques have proven  to harvest excellent local control with a 5 years recurrence rate  

less than 5%, and survival rates similar to enucleation (8, 9) 

Although significant advances have been made in the ability to diagnose and treat the primary 

uveal melanoma, they have unfortunately not been accompanied by improvements in the 

survival rate of the patients. Mortality rates have not changed in the last decades and reach 

more than 40% of patients developing systemic disease and dying within 10 years of diagnosis 

(10). This fact suggest that the disease was already disseminated at the time of diagnosis (11) 

either as circulating malignant cells (CMCs) (12) or as occult micrometastatic lesions (13) 

Unfortunately, current clinical tests fail in detecting metastatic disease at an early stage 

(14).Once the disease has metastasized, life expectancy is reduced to <1 year (15)  Treatment 

options for patients with clinically disseminated disease are scarce and usually unsuccessful  

The treatment of intraocular melanoma has evolved recently. Enucleation has been superseded 

largely by brachytherapy, proton beam radiotherapy, stereotactil irradiation, transcleral local 

resection, transretinal resection and diode laser phototherapy (16). Principal diagnostic 

parameters are tumour diameter, age and sex of the patient, together with the histology and 

localization of the tumour (17). 

 

2. CAUSES OF THE DIVERSITY OF THE MELANOMAS  

Caucasian race seems to be the most significantly affected, with light skin color, blond hair, and 

blue eyes, being specific risk factors to oncogenic effects of sunlight.  
Ultraviolet light have been involved on the genesis of several cutaneous melanomas (18). It has 

been suggested that melanomas were due to an intense and intermittent exposure to sunlight, 

that do not leave time for melanocytes to synthesise melanin protect them from the ultraviolet 



irradiation (UV), producing DNA mutations. Although there are evidences that support this 

hypothesis in skin melanoma, the evidence in regard to uveal melanoma is insufficient and 

contradictory (19). 

Although they are both of neural crest origin, significant differences can be found between 

cutaneous and choroidal melanocytes and cutaneous melanoma derives from melanocytes that 

migrates to the epithelia (20) while uveal melanoma derives from melanocytes that migrates 

deeply to mesodermic tissues (21). A better molecular understanding of these cellular 

populations could help to understand the variability on the behaviour and response to therapies 

of both melanomas (22). 

In this context, cell cycle associated proteins has been purposed but other parameters such as 

the stem cell origen, immunological differences etc have been suggested (23). We will go onto 

some of these hypothesis in this review. 

 

2.1. MELANOMA STEM CELLS.  

The cancer stem cells (CSC) hypothesis opened new perspectives for the treatment of tumours. 

CSC have been identified in several malignancies by type–specific cell surface markers often 

associated with stem cells (24-27).. 

There are two proposed genetic origins for cancers (28) Figure 1. The stochastic model, 

predicts that every cell within a tumour can form new primary tumours, and this mechanism 

forms the basis of most tumour therapies. By contrast, the hierarchical or stem cell model 

predicts a rare subset of cells as tumorigenic. The tumour is heterogeneous in appearance, 

consisting of cells at different degrees of differentiation.The discovery that bone marrow-derived 

stem cells home to sites of tissue damage (29-30) opens up a third possibility for the origins of 

cancer. Normal stem cells could migrate to the tumour and fuse with mutated somatic cells, 

giving rise to immortal, malignant cancer stem cells (31). This hypothesis can explain both the 

heterogeneity of this kind of tumours and their variable responses to several conventional 

therapies (Figure 2).     

  

MELANOCYTIC STEM CELL MIGRATION TO DIFFERENT AREAS 

Melanomas are believed to arise from a mature, differentiated melanocyte. With regard to 

cutaneous malignancies, increasing evidence supports the stem cell theory in the pathogenesis 

of squamous cell carcinoma and malignant melanoma. In this scenario, a transformed, 

differentiated melanocyte may have undergone dedifferentiation and regained stem cell 

properties such as self-renewal (32). Melanocytes found in the skin and in the choroid layer of 

the eye derive from the neural crest, a transitory structure formed at the dorsal borders of the 

neural plate during development of vertebrates. Melanocytic precursors, melanoblasts (which 

themselves are unpigmented but have the potential to produce melanin) invade all skin areas 

and differentiate into melanocytes. How neural crest cells become committed to the melanocytic 

lineage for eye or skin and which are the factors controlling survival, proliferation and 

differentiation of melanocyte precursors are still not completely clear.  

 

The analysis of mouse white spotting mutants allowed to the identification of stem cell factor 

(SCF, also denominated as steel factor) and its tyrosine kinase receptor c-Kit as crucial 

components of a pathway required for survival and migration of pigment precursors cells (33). 

Other studies characterized the implication of endothelins (34), in particular endothelin-3, to be 

required together with SCF/c-Kit for migration of early melanoblasts in the dermis (35). Another 

pathway likely to be involved in melanocytic migration is Wnt/beta-catenin that controls neural 



crest cell fate and also activates Mitf expression (36, 37). In fact, Fang and colleagues (38), 

using a combination of Wnt3a, endothelin-3 and SCF, were able to derive melanocytes from 

human embryonic stem cells. These melanocytes were able to migrate to the epidermal basal 

layer in reconstituted skin. 

 

STEM CELL MARKERS 

    Like many types of cancer, the treatment of cutaneous and uveal melanomas could benefit 

tremendously from the identification of specific tumour stem-cells markers. But the scarcity of 

these cells within the tumour mass (that comprise > 99.9% of most cancers) make this, a severe 

technical challenge. In addition, many tumour stem cell markers are probably shared with 

normal stem cells. Tumour specific patterns of gene expression, designed to allow the tumour-

stem cell to survive outside its protective “niche” in normal tissues, will be the best initial targets 

for new therapeutic agents. 

These and other studies demonstrated that aggressive melanoma cells share many 

characteristics with embryonic progenitors.  Stem cells have a complex relationship with their 

microenvironment which exerts a crucial role in all stages of tumorigenesis including initiation, 

progression and metastasis (39). Lastly, a number of laboratories have shown that an 

embryonic microenvironment has the capacity to reverse the metastatic phenotype of cancer 

cells. Thus, several studies have documented that embryonic microenvironments reprogram 

aggressive melanoma cells towards a less aggressive phenotype (40). Furthermore, these 

studies have uncovered Nodal, an embryonic morphogen belonging to the TGF-beta family, as 

an important factor for sustaining melanoma aggressiveness and plasticity (41). 

  

ATTEMPTS TO ISOLATE CANCER STEM CELLS IN MALIGNANT MELANOMA.  

A population that fullfils the criteria for melanocyte stem cells was identified by Nishimura and 

co-workers in the lower permanent portion of mouse hair follicles (42). However, it is unknown 

whether this cell population is multipotent or restricted to the melanocytic lineage. Interestingly, 

a population of multipotent adult stem cells, that gives rise to differentiated smooth muscle cells, 

neurons and melanocytes, has been isolated from human hair follicles (43).   

    CSCs from brain tumours could be isolated, and proliferate as nonadherent cell aggregates 

termed “spheres or spheroids” (44). It has been speculated that the association between 

tumours of the nervous system and malignant melanomas in certain individuals represents an 

underlying abnormality in neural crest stem cells. In 20% of the metastatic melanomas cultured 

in growth medium suitable for human embryonic stem cells, a subpopulation of cells 

propagating as nonadherent spheres was found, whereas in standard medium, adherent 

monolayer cultures were established. Individual cells from melanoma spheres (melanoma 

spheroid cells) could differentiate under appropriate conditions into multiple lineages, such as 

melanocytic, adipocitic, osteocytic, and chondrocytic lineages, which recapitulates the plasticity 

of neural crest stem cells (45).  

      Recently, in other studies, the ability to efflux Hoest dye was utilized in another attempt to 

isolate cells with stem cell-like features (46). These cells also expressed the stem cell-

associated surface marker CD133 (as the cancer stem cells in brain tumours), and the 

chemoresistace mediator ABCB51. In serial human-to mouse xenotransplantation experiments, 

ABCB51 melanoma cells possess greater tumorigenic capacity than other populations and re-

establish clinical tumour heterogeneity. In vivo genetic lineage tracking demonstrates a specific 

capacity of ABCB51 subpopulations for self-renewal and differentiation. Identification of 

melanoma-initiating cells with enhanced abundance in more advanced disease but susceptibility 



to specific targeting through a defining chemoresistance determinant has important implications 

for cancer therapy. All these data should be tested to determine whether or not are applicable to 

uveal melanoma.  

 
2.2. GENETICS IN UVEAL MELANOMA:  

As a result, new prognostic factors in uveal melanoma have been described that also serve as 

molecular targets for the development of novel treatments. These prognostic factors/molecular 

targets, such as membrane receptors, enzymes, cytokines, cytoskeleton components, 

oncogenes, tumour suppressor genes, cell-cycle proteins and nuclear antigens. The recent 

advent of DNA micro-array technology now offers an unprecedented ability to study these 

molecules and others associated with malignant transformation.  

Data from several transcriptome analysis (47) suggest that at least three main molecular 

pathways have been found frequently dysregulated in melanoma tissues. These pathways 

include the Ras-Raf-MEK-ERK pathway. 

Oncogenic RAS maintains cells in a proliferative status and enhances the expression of tumour 

cell adhesion molecules, but it is also a powerful activator of the PI3K-AKT pathway (48). This 

pathway controls cell cycle progression (49), provide strong survival signal (48) and regulate 

crucial cellular functions including adhesion; angiogenesis, migration and resistance to drug 

treatment (50).   

It was found that cutaneous melanoma often shown frequent mutations in BRAF (60% of cases) 

and NRAS genes (20% of cases) (51, 52) suggesting that mutations in BRAF gene may be 

necessary but not sufficient to promote melanoma development. However, BRAF and NRAS 

mutation are extremely rare in uveal melanoma (53)..But chromosome deletion of locus 10q 

harbouring PTEN gene (54) has been observed in 30-50% uveal malignant melanoma (55) that 

could contribute to the constitutive activation of the PI3K-Akt pathway in this cancer type.  

    Observation that the p16INK4A-CDK4-RB tumour suppressor pathway is frequently inactivated 

in cutaneous melanoma at intermediate stage (56) suggest that dysregulation of theses two 

pathway may cooperate to provide crucial biological functions required for the metastasis 

process. In contrast to the well-described genetic alterations found in cutaneous melanoma, not 

much is known about genes associated with development of uveal melanoma, mainly because 

of low abundance of biopsies samples accessible from patients developing this disease. 

 However it has been demonstrated (57, 58) that uveal melanomas develop characteristic 

chromosomal abnormalities, such as loss of chromosome 3, abnormalities in chromosome 6 

and at a lesser frequencies gains in chromosome 8q. This is associated with a reduction in the 

5-year survival from approximately 95% to less than 50% (58). 

 

2.3. UVEAL MELANOMA AND IMMUNE RESPONSE 

Melanomas of the eye have the advantage of growing in the special environment of an immune 

privileged site and it has long been shown, that the special immunosuppressive properties of 

the intraocular microenvironment are essentially mediated by cytokines. 

The immune surveillance hypothesis was introduced over 30 years ago (59) and it proposes 

that neoplasms express novel antigens that subjected them to immune detection and 

elimination. In order for immune surveillance to be effective in controlling neoplasms, the tumor 

must arise in a body site that permits the induction the full array of immune responses The 

unique immunologic and anatomic features of the eye prevent the induction and expression of 

conventional immunity-a phenomenon known as 'immune privilege'. Although ocular immune 

privilege represents a theoretical obstacle to immune surveillance. The presence of either 



tumor-infiltrating lymphocytes (TIL) or tumor-infiltrating macrophages (TIM) is associated with 

poor prognosis in uveal melanoma patients (60) and suggests that some immune responses to 

intraocular tumors might exacerbate, rather than mitigate, tumor progression.  

 
3. CLINICAL RESPONSE IN UVEAL MELANOMA  
 

    Certain natural properties of melanoma stem cells are likely to increase the tumour resistance 

to standard chemotherapy agents. Since cancer stem cells are believed to be more resistant to 

our current chemotherapeutics, allowing them to persist and regenerate tumours, understanding 

these different expression patterns will be of paramount importance in producing more effective 

treatments. Therefore, in developing new cancer therapeutics, the toxicity towards tumour stem 

cells is an important priority (61). Thus, if cancer therapies do not effectively target the cancer 

stem cell population during initial treatment, relapse may occur. 

    Uveal melanoma is characterized by constitutive chemoresistance. The chemoresistance of 

uveal melanoma is mainly due to the typical multidrug resistance phenotype (MDR), which is 

linked to overexpression of membrane proteins that actively extrude anticancer drugs from the 

cell. Typical MDR is particularly complex in this tumor since several chemoresistance-related 

proteins are simultaneously produced (62). The negative prognostic significance of the 

overexpression of P-glycoprotein, the main representative among the typical MDR-related 

proteins, was shown in uveal melanoma. The atypical MDR phenotype, which refers to other 

chemoresistance mechanisms such as resistance to apoptosis also contributes to the 

chemoresistance of uveal melanoma. 

 

CONCLUSIONS.  

Even with advances in the diagnosis and local treatment of uveal melanoma, there has been no 

significant change in the survival rates of these patients in the last decades. Metastatic disease 

still occurs at the same frequency, and no systemic therapy is currently offered to patients after 

local eye treatment. As a result of these limitations, there is interest in gaining a greater 

understanding of molecular changes associated with aggressive disease patterns in uveal 

melanoma. This might result in new, more effective and less toxic therapies as well as provide 

prognostic information for defining subgroups of patients with a less favourable prognosis as 

potential candidates for adjuvant therapies.  

. Therefore, since a stem cell population have been isolated in cutaneous melanoma. there is 

hope to isolate the one may exist in uveal melanoma. This may provide new targets for 

treatments. 

Thanks to the recent progress in molecular biology, the chemosensitization strategies of gene 

therapy approaches, which aim at weakening the pathological activity of MDR genes in cancer 

cells, are currently on the rise. From the complexity of signalling involved in carcinogenesis, it is 

clear that each cancer is unique in the set of signals and group of cells involved in its 

development. Therefore, are to be developed newer more effective treatments for cancer, 

several obstacles must first be overcome and further studies need to be done.  

 

ACKNOWLEDGEMENTS: 

 

Research in authors labs are supported by Francisco de Vitoria University, Ramón y Cajal 

programme from the Ministry of Education and Science and by Fondo de Investigaciones 

Sanitarias from the Spanish Ministry of Health (PI052626). 



REFERENCES 

1. Geller AC, Swetter SM, Brooks K, Demierre MF, Yaroch AL (2007) Screening, early 

detection, and trends for melanoma: current status (2000-2006) and future directions. J 

Am Acad Dermatol Oct;57(4):555-576  

2. Lachiewicz AM, Berwick M, Wiggins CL, Thomas NE. (2008) Epidemiologic support for 

melanoma heterogeneity using the Surveillance, Epidemiology, and End Results 

Program. J Invest Dermatol Jan; 128(1):243-245  
3. Singh AD, Bergman L, Seregard S (2005) Uveal melanoma: epidemiologic aspects. 

Ophthalmol Clin N Am 18:75-84  

4. Singh AD, Topham A (2003) Incidence of uveal melanoma in the United states: 1973-

1997. Ophthalmology 110:956-961 

5. Bergman L, Seregard S. Nilsson B, Ringborg U, Ragnarsson-Olding B (2002)Incidence 

of uveal melanoma in Sweden frm 1960 tp 1998. Invest Ophthalmol Vis Sci 43:2579-

2583  

6. Shields JA (1973) Lesions simulating malignant melanoma of the posterior uvea. Arch 

Ophthalmol 89:466-471 

7. Collaborative Ocular Melanoma Study Group (1990) Accuracy of diagnosis of choroidal 

melanomas in the COMS. COMS report nº1. Arch Ophthalmol  108:1268-1273 

8. Bell DJ, Wilson MW (2004) Choriodal melanoma: Natural history and management 

options. Cancer Control 5:296-301 

9. Damato B (2004) Developments in the management of uveal melanoma. Clinical and 

experimental Opthalmology  32:639-647 

10. COMS (2001) Assessment of metastatic disease status at death in 435 patients with 

large choroidal melanoma in the Collaborative Ocular Melanoma Study (COMS): COMS 

report no. 15. Arch Ophthalmol 119:670–676 

11. Shields JA, Shields CL, Donoso LA. (1991) Management of posterior uveal melanoma. 

Surv Ophthalmol Nov-Dec; 36(3):161-95 

12. Callejo SA, Antecka E, Blanco PL, Edelstein C, Burnier MN Jr (2007) Identification of 

circulating malignant cells and its correlation with prognostic factors and treatment in 

uveal melanoma. A prospective longitudinal study eye 21:752-759 

13. De Croock L, Verbraeken H (2002) Metastatic uveal melanoma: diagnosis and 

treatment: a literature review. Bull Soc Belge Ophtalmol  286:59–63 

14. Diener-West M, Reynolds SM, Agugliaro DJ, et al (2004) Screening for metastasis from 

choroidal melanoma: the Collaborative Ocular Melanoma Study Group Report 23. J Clin 

Oncol 22:2438–2444 

15. García-Alvarez C, Saornil MA, Muñoz F, et al (2007) Ocular conservation in 273 

patients with uveal melanoma by a multimodality approach. European Association for 

Vision and Eye Research annual meeting. Abstract book:39 

16. Saornil MA, García-Alvarez C, Almaraz A, et al (2007) Iodine-125 episcleral  

brachytherapy for uveal melanoma: 102 cases assesmen. International Society of 

ocular Oncology Meeting. Abstract book:333 

17. Virgili G, Gatta G, Ciccolallo L, Capocaccia R, Biggeri A, Crocetti E, Lutz JM, Paci E; 

EUROCARE Working Group. (2007) Incidence of uveal melanoma in Europe. 

Ophthalmology Dec; 114(12):2309-2315 [Epub 2007 May 11]  

18. Situm M, Buljan M, Bulić SO, Simić D. (2007) The mechanisms of UV radiation in the 

development of malignant melanoma. Coll Antropol Jan; 31(1):13-16 



19. Singh AD, Rennie IG, Seregard S, Giblin M, McKenzie J. (2004) Sunlight exposure and 

pathogenesis of uveal melanoma. Surv Ophthalmol 49(4):419-428  
20. Wilson YM, Richards KL, Ford-Perriss ML, Panthier JJ, Murphy M. (2004) Neural crest 

cell lineage segregation in the mouse neural tube. Development Dec; 131(24):6153-

6162 

21. Lwigale PY, Conrad GW, Bronner-Fraser M. (2004) Graded potential of neural crest to 

form cornea, sensory neurons and cartilage along the rostrocaudal axis. Development 

May; 131(9):1979-1991  [Epub 2004 Mar 31] 

22. Neale MH, Myatt NE, Khoury GG, Weaver P, Lamont A, Hungerford JL, Kurbacher CM, 

Hall P, Corrie PG, Cree IA. (2001) Comparison of the ex vivo chemosensitivity of uveal 

and cutaneous melanoma. Melanoma Res Dec; 11(6):601-609  

23. Iwamoto S, Burrows RC, Kalina RE, George D, Boehm M, Bothwell MA, Schmidt R. 

(2002) Immunophenotypic differences between uveal and cutaneous melanomas. Arch 

Ophthalmol Apr; 120(4):466-470 

24. Bonnet D, Dick JE (1997) Human acute myeloid leukemia is organized as a hierarchy 

that originates from a primitive hematopoietic cell. Nat Med 3:730–737 

25. Singh SK, Clarke ID, Terasaki M, et al (2003) Identification of a cancer stem cell in 

human brain tumors. Cancer Res 63:5821–5828 

26. Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke MF (2003) Prospective 

identification of tumorigenic breast cancer cells. Proc Natl Acad Sci USA 100:3983–

3988 

27. Singh SK, Hawkins C, Clarke ID, et al (2004) Identification of human brain tumour 

initiating cells. Nature 432:396–401 

28. Singh SK HC, Clarke ID, Squire JA, Bayani J, Hide T, Henkelman RM, Cusimano MD, 

Dirks PB (2004) Identification of human brain tumour initiating cells. Nature 432:393–

401 

29. Borue X, Lee S, Grove J et al (2004) Bone marrow-derived cells contribute to epithelial 

engraftment during wound healing. Am J Pathol 165:1767–1772 

30. Brittan M, Braun K M, Reynolds L E et al (2005) Bone marrow cells engraft within the 

epidermis and proliferate in vivo with no evidence of cell fusion. J Pathol 205:1–13 

31. Houghton J, Stoicov C, Nomura S et al (2004) Gastric cancer originating from bone 

marrow-derived cells. Science 306:1568–1571 

32. Reya T, Morrison SJ, Clarke MF, Weissman IL (2001) Stem cells, cancer, and cancer 

stem cells. Nature 414:105–111 

33. Yoshida H, Kunisada T, Grimm T, Nishimura EK, Nishioka E, Nishikawa SI (2001) 

Melanocyte migration and survival controlled by SCF/c-kit expression. J Invest Dermatol 

Symp Proc 6:1-5  

34. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayashi M, Mitsui Y, Yazaki Y, 

Goto K, Masaki T (1988) A novel potent vasoconstrictor peptide produced by vascular 

endothelial cells. Nature 332: 411-415  

35. Dupin E, Le Dourain NM (2003) Development of melanocyte precursors from the 

vertebrate neural crest. Oncogene 22:3016-3023  

36. Dorski RI, Daible DW, Moon RT (2000) Direct regulation of nacre, a zebrafish MITF 

homolog required for pigment cell formation, by the Wnt pathway. Genes Dev 14:158-

162  



37. Dorsky RI, Moon RT, Raible DV (1998) Control of neural crest cell fate by the Wnt 

signalling pathway. Nature 396:370-373  

38. Fang D, Leishear K, Nguyen TK, Finko R, Cai K, Fukunaga M, Li L, Bradford PA, Kulp 

AN, Xu X, Smalley KS, Herlyn M (2006) Defining the conditions for the generation of 

melanocytes from human embryonic stem cells. Stem Cells 24:1668-1677  

39. Lee JT, Herlyn M (2007) Microenvironmental influences in melanoma progression. J 

Cell Biochem 101:862-872  

40. Hendrix MJC, Seftor EA, Seftor REB, Kasemier-Kulesa J, Kulesa PM, Postovit LM 

(2007) Reprogramming metastatic tumour cells with embryonic microenvironments. Nat 

Rev Cancer 7:246-255  

41. Nishimura EK, Jordan SA, Oshima H, Yoshida H, Osawa M, Moriyama M, Jackson IJ, 

Barrandon Y, Miyachi Y, Nishikawa S (2002) Dominant role of the niche in melanocyte 

stem-cell fate determination. Nature 416:854-860  

42. Yu H, Fang D, Kumar SM, Li L, Nguyen TK, Acs G, Herlyn M,  Xu X (2006) Isolation of 

a novel population of multipotent adult stem cells from human hair follicles. Am J Pathol 

168:1879-1888  

43. Fang D, Nguyen TK, Leishear K, Finko R, Kulp AN, Hotz S, Van Belle PA, Xu X,  Elder 

DE, Herlyn M (2005) Tumorigenic subpopulation with stem cell properties in 

melanomas. Cancer Res 65:9328-9337  

44. Bittner M, Meltzer P, Chen Y, Jiang Y, Seftor E, Hendrix M, Radmacher M, Simon R, 

Yakhini Z, Ben-Dor A, Sampas N, Dougherty E, Wang E, Marincola F, Gooden C, 

Lueders J, Glatfelter A, Pollock P, Carpten J, Gillanders E, Leja D, Dietrich K, Beaudry 

C, Berens M, Alberts D, Sondak V (2000) Molecular classification of cutaneous 

malignant melanoma by gene expression profiling. Nature 406:536-540  

45. Schatton T, Murphy GF, Frank NY, Yamaura K, Waaga-Gasser AM,  Gasser M, Zhan 

Q, Jordan S, Duncan LM, Weishaupt C, Fuhlbrigge RC, Kupper TS, Sayegh MH, Frank 

MH (2008) Identification of cells initiating human melanomas. Nature Jan; 451(17):345-

358 

46. Prehn RT. (1982) Immunological surveillance versus immunological stimulation of 

oncogenesis--a formal proof of the stimulation hypothesis. Adv Exp Med Biol 155:77-85 

47. Dahl C, Guldberg P.(2007)The genome and epigenome of malignant melanoma. 

APMIS115(10):1161-1176. Review. 

48. Cully M, You H, Levine AJ, Mak TW. (2006) Beyond PTEN mutations: the PI3K 

pathway as an integrator of multiple inputs during tumorigenesis. Nat Rev Cancer. 

6(3):184-192. Review. 

49. Segrelles C, Lu J, Hammann B, Santos M, Moral M, Cascallana JL, Lara MF, Rho O, 

Carbajal S, Traag J, Beltrán L, Martínez-Cruz AB, García-Escudero R, Lorz C, Ruiz S, 

Bravo A, Paramio JM, DiGiovanni J.(2007) Deregulated activity of Akt in epithelial basal 

cells induces spontaneous tumors and heightened sensitivity to skin carcinogenesis. 

Cancer Res.15;67(22):10879-10888.  

50. Baril P, Gangeswaran R, Mahon PC, Caulee K, Kocher HM, Harada T, Zhu M, Kalthoff 

H, Crnogorac-Jurcevic T, Lemoine NR.(2007) Periostin promotes invasiveness and 

resistance of pancreatic cancer cells to hypoxia-induced cell death: role of the beta4 

integrin and the PI3k pathway. Oncogene. 29;26(14):2082-2094. 
51. Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S, Teague J, Woffendin H, 

Garnett MJ, Bottomley W, Davis N, Dicks E, Ewing R, Floyd Y, Gray K, Hall S, Hawes 



R, Hughes J, Kosmidou V, Menzies A, Mould C, Parker A, Stevens C, Watt S, Hooper 

S, Wilson R, Jayatilake H, Gusterson BA, Cooper C, Shipley J, Hargrave D, Pritchard-

Jones K, Maitland N, Chenevix-Trench G, Riggins GJ, Bigner DD, Palmieri G, Cossu A, 

Flanagan A, Nicholson A, Ho JW, Leung SY, Yuen ST, Weber BL, Seigler HF, Darrow 

TL, Paterson H, Marais R, Marshall CJ, Wooster R, Stratton MR, Futreal PA. (2002) 

Mutations of the BRAF gene in human cancer. Nature.27;417(6892):949-954. 

52. Rodolfo M, Daniotti M, Vallacchi V.(2004) Genetic progression of metastatic melanoma. 

Cancer Lett. 214(2):133-147. Review.  

53. Wong CW, Fan YS, Chan TL, Chan AS, Ho LC, Ma TK, Yuen ST, Leung SY; Cancer 

Genome Project. (2005) BRAF and NRAS mutations are uncommon in melanomas 

arising in diverse internal organs. J Clin Pathol. 58(6): 640-644. Review. 
54. Chow LM, Baker SJ.(2006) PTEN function in normal and neoplastic growth. Cancer 

Lett. 28;241(2):184-196.Review. 
55. Isshiki K, Elder DE, Guerry D, Linnenbach AJ.(1993) Chromosome 10 allelic loss in 

malignant melanoma. Genes Chromosomes Cancer.8(3):178-184. 

56. Hussussian CJ, Struewing JP, Goldstein AM, Higgins PA, Ally DS, Sheahan MD, Clark 

WH Jr, Tucker MA, Dracopoli NC.(1994) Germline p16 mutations in familial melanoma. 

Nat Genet; 8(1):15-21 

57. Ehlers JP, Worley L, Onken MD, Harbour JW. (2008) Integrative genomic analysis of 

aneuploidy in uveal melanoma. Clin Cancer Res;14(1):115-122.  

58. Baggetto LG, Gambrelle J, Dayan G, Labialle S, Barakat S, Michaud M, Grange JD, 

Gayet L.(2005) Major cytogenetic aberrations and typical multidrug resistance 

phenotype of uveal melanoma: current views and new therapeutic prospects. Cancer 

Treat Rev; 31(5):361-79. Review.  

59. Niederkorn JY, Wang S  (2005) Immunology of intraocular tumors. Ocul Immunol 

Inflamm; 13(1):105-110 

60.  Mimeault M, Hauke R, Mehta PP, Batra SK. (2007) Recent advances in cancer 

stem/progenitor cell research: therapeutic implications for overcoming resistance to the 

most aggressive cancers. J Cell Mol Med 11(5):981-1011 

61. Simka M. (2008) Do nonmelanoma skin cancers develop from extra-cutaneous stem 

cells? Int J Cancer 31 

62. Labialle S, Dayan G, Gambrelle J, Gayet L, Barakat S, Devouassoux-Shisheboran M, 

Bernaud J, Rigal D, Grange JD, Baggetto LG. (2005) Characterization of the typical 

multidrug resistance profile in human uveal melanoma cell lines and in mouse liver 

metastasis derivatives. Melanoma Res Aug; 15(4):257-266 

 

 

 



LEGENDS OF FIGURES 

 

FIG 1. Stochastic versus hierarchical model of tumour formation. In the stochastic model of 
carcinogenesis, cells form a heterogeneous tumour from which each cell is able to randomly 
give rise to new carcinomas. In the hierarchical model of carcinogenesis, just a few cells (<5% 
of tumour mass), known as the cancer stem cell (CSC) are able to rise new tumors.  
 

FIG 2. Cancer stem cells targeted therapies: Cancer stem cells are often the population which 
shows resistancy to chemotherapy. The lack of efectivity against these cells is sufficient to allow 
regrowth of the tumor. In the new cancer stem cell targeted treatment model, elimination of 
these CSCs may prevent tumor recurrence. 
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