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The Road to Progress: 

From Intuition to Precision Medicine 

• Intuitive Medicine: Highly trained (and expensive) 

specialist solve medical problems through intuitive 

experimentation and pattern recognition 

• Empirical Medicine: Evidence-based (data-

driven) approaches demonstrated to, on average, 

perform better than alternatives 

• Precision Medicine: Mechanism-based diagnosis 

and treatment with highly reproducible results and 

predictable outcomes 

C. Christensen 



Diseases 

Mechanisms 



WHO Classification of Melanoma 

• Superficial spreading melanoma 

• Nodular melanoma 

• Lentigo maligna melanoma  

• Desmoplastic melanoma  

• Nevoid melanoma  

• Acral-lentiginous melanoma 

• Mucosal melanoma  

• Uveal melanoma  

• Melanoma of childhood 

• Melanoma arising from giant congenital nevus  

• Melanoma arising from a blue nevus  

• Persistent melanoma  



Clinically revelant disease classification 

have to use mechanism as the guiding 

principle  
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 Genotype – Phenotype Correlations  
in Primary Melanomas 
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 Genotype – Phenotype Correlations  
in Primary Melanomas 



Different subgroups  

with different cell of origins? 



Two pathways for melanocyte development  
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Ernfors P 

Exp Cell Res. 2010 



Melanoma gene discovery in the era of 

massive parallel sequencing  



33,345 somatic mutations  

 

ED Pleasance et al. Nature 000, 1-6 (2009)  

Melanomas on sun-exposed sites have  

a high mutation burden in their genomes 



High background mutation 

rate can lead to false postives  

e.g. ERBB4 



Criteria for separating 

drivers from passengers 

• Background mutation rate 

• Gene size 

• Level of transcription 

• Ratio of non-synonymous to 

synonymous mutations 

• Clustering of mutations at critical 

functional sites 

• Bias in the effect of mutations on the 

protein 

 







Significant mutations  

Hodis et al. Cell 2012 





Typical mutation pattern of a tumor 
suppressor gene  
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Krauthammer et al. Nat Genet. 2012 





The Susceptibility Hypothesis 

BRAF dependent BRAF independent 

Younger Older 

Curtin JA et al, NEJM 2005 



UV Signatures 



An expanded list of melanoma 

driver genes 



Novel melanoma driver genes 

Strong genetic support 

• RAC1 

• ARID2 

• PPP6C 

• STK19 

• RAF1 

• NF1 

• MAP2K1 

• BAP1 

Waning genetic support 

• GRIN2A 

• TRRAP 

• ERBB4 

• PREX2 

• MMP8 

• GRM3 

• MAP3K5 

• MAP3K9  
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Validating genotype-phenotype 

correlations experimentally 

NRASG12V 

GNAQQ209L 
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Conclusions 

• Melanomas are a genetically and 

phenotypically diverse group of biologically 

distinct entities  

• Integrating molecular and phenotypic 

features can lead to an improved, more 

clinically relevant taxonomy 





Selective sensitivity of human melanoma cell 
lines with Gnaq/11 mutation to PKC inhibitor 

Gnaq Gn11 WT Gnaq Gn11 WT 

AEB071 
(sotrastaurin) AHT956 



pMARKS 

pp90RSK 

(nM) 0     25    100   250   500  1000 

Mel202 

0     25    100   250   500  1000 

921 

0     25    100   250   500  1000 

OMM1.3 

0     25    100   250   500  1000 

OMM1GNA11 

pERK 

ERK2 

PKC  inhibitors suppress Gq/11 signaling  in a dosedependent 
manner in human uveal melanoma cell lines with GNAQ or  

GNA11 mutations 
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