
Summary 
Malignant melanoma is a deadly skin cancer with a rapidly increasing incidence. It arises 

from the pigment-producing cells of the skin (melanocytes) through the acquisition of genome 

alterations, which lead to dysregulation of multiple cell signaling pathways. While the 

average melanoma genome contains tens of thousands of alterations, only a small minority of 

these, the so-called “drivers”, contribute to the development and maintenance of the tumor. 

Studies over the last 30 years, including several recent genome-wide analyses, have identified 

several recurrent drivers with well-documented effects on the proliferation, survival and 

metastatic spread of melanoma cells. Less is known about how these drivers are linked in 

specific cellular functions or pathways. The primary aim of the work described in this thesis 

was to generate a profile of melanoma-associated drivers in a collection of well-characterized 

human melanoma cell lines and search for non-random associations to identify possible 

mechanistic and functional links. 

 

In the first part of this work, DNA from 110 melanoma cell lines was examined for mutations, 

homozygous deletions, amplifications and/or promoter hypermethylation in a total of 23 

genes. The most frequent genetic alterations affected CDKN2A (in 85% of the cell lines), 

BRAF (68%), PTEN (30%), CCND1 (25%), TP53 (24%) and MITF (19%). The frequency of 

promoter hypermethylation varied from 11% (INK4A) to 56% (IGFBP7). The average 

number of alterations per cell line was 5.9 (range 0-10). Mutual exclusivity analysis identified 

inverse correlations among genes encoding components of the RAS-RAF-MEK-ERK 

pathway, the PI3K-AKT pathway and the p16INK4A-CDK4-RB senescence barrier. In addition, 

a strong inverse correlation was found between hypermethylation of the RARB promoter and 

CDKN2A alterations affecting p14ARF (P < 0.0001). Studies in primary human melanocytes 

showed that all-trans retinoic acid (ATRA), a ligand for retinoic acid receptor β (RARβ), 

increased the expression of p14ARF, and that knockdown of RARβ reduced the expression of 

p14ARF. Furthermore, the ability of ATRA to induce senescence was reduced in p14ARF-

depleted melanocytes. Finally, ATRA induced irreversible growth arrest in melanoma cells 

with wildtype RARB and ARF. These studies identified RARβ signaling as a determinant of 

p14ARF expression in melanocytic cells, which may, at least in part, explain the melanoma-

suppressive properties of RARβ.  

 



In the second part of this study, DNA from four melanoma cells lines and normal human 

melanocytes was subjected to genome-wide promoter methylation analysis using methylated 

DNA immunoprecipitation (MeDIP) in combination with hybridization to human promoter 

microarrays. A total of 663 promoter regions were hypermethylated in at least one of the four 

melanoma cell lines compared with normal melanocytes, and 54 of these promoters were 

hypermethylated in all four cell lines. One of the hypermethylated target regions was the 

promoter of KIT, which has previously been identified as an oncogene in extracutaneous 

melanomas. Extended analysis using methods based on bisulfite conversion of DNA revealed 

KIT promoter hypermethylation in 43/110 (39%) melanoma cell lines, and in 3/12 (25%) 

primary and 11/29 (38%) metastatic cutaneous melanomas. Analysis of c-KIT expression in 

70 melanoma cell lines using RT-PCR showed that the KIT promoter was hypermethylated in 

19 out of 20 cell lines that had lost c-KIT expression (P = 3 × 10-8), and c-KIT expression was 

lost in all of 14 cell lines with a fully hypermethylated KIT promoter. Treatment of non-

expressing cell lines with the demethylating agent 5-aza-2’-deoxycytidine restored c-KIT 

expression. Immunohistochemical and DNA-methylation analysis in 57 primary cutaneous 

melanomas revealed KIT promoter hypermethylation in 19 out of 20 c-KIT-negative and 3 out 

of 37 c-KIT-positive tumors (P = 4.5 × 10-11). Growth of melanoma cells with c-KIT 

expression and intermediate levels of KIT promoter hypermethylation in the presence of stem 

cell factor (SCF), the ligand for c-KIT, led to increased KIT promoter methylation and 

reduced c-KIT expression. Hypermethylation of the KIT promoter did not show any 

correlations with the genetic drivers determined in the first part of the study, suggesting that it 

represents an independent molecular pathway. This study shows that KIT promoter 

hypermethylation is a frequent cause of reduced or lost c-KIT expression in cutaneous 

melanoma, and that c-KIT may function as a tumor suppressor in this melanoma subtype. 

These findings may have implications for current treatment strategies based on the use of c-

KIT inhibitors. 

 

Collectively, the work described in this thesis demonstrates how integrated analysis of 

genomic alterations in a large, well-defined collection of melanoma cell lines may be used to 

identify melanoma drivers as well as genetic and functional links. 
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