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*meta-analysis of 60 studies by Gandini et al (2005, 2006, 2007) 
** Berwick et al. J Natl Cancer Inst 2005 

SUN- RELATED RISK FACTORS 
FOR MELANOMA 

RR (95% CI) 

Sunburns 2.0 (1.7-2.4) 

 
 
Suberythemogenic 
exposures 

Intermittent  1,6 (1,3-2,0) 

Regular  1,0 (0,9-1,0) 

Regular plus 
marked photoaging 

2.0 (1.2-3.3) 



Clinical Type Chr. sun 
damage 

Sunburns BRAF NRAS KIT 

SSM/ NM no yes 50% 20% 0% 

LMM yes no 10% 10% 2% 

ALM no no 15% 15% 15% 

MuM no no 5% 15% 20% 
 

UvM no no 0 0 0 

25% GNA; 55%GNA11 



SUN- RELATED (?) RISK 
FACTORS FOR MELANOMA 

Factor RR (CI 95%) 

Clinically atypical nevi (5 vs. 0) 10,5 (5,1-21,8) 

Personal history of melanoma 8,6 (8,3-8,9) 

Common melanocytic nevi (>100 vs. <15) 6,9 (4,6-10,3) 

Hair colour (red vs. dark) 3,6 (2,6-5,4) 

Phototype (I vs. IV) 2,1 (1,7-2,6) 

Freckles (many vs. few) 2,1 (1,8-2,5) 

Eye colour (blue vs. dark) 1,5 (1,3-1,7) 
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●Canonical mutations and signatures 



UV SIGNATURES 

Colors: dark blue, row minimum; white, row 
average; dark red, row maximum 



pyrimidine (6-4) pyrimidone 
photoproducts (6-4PPs) 

cyclobutane pyrimidine 
dimers (Thymines dimers) 

DEW = Dewar valence 
isomer 

Photochemistry and Photobiology, 2012 

single C→T or tandem CC→TT transition mutations 
at bipyrimidine sites 

UVB (uva) FINGERPRINTS/ SIGNATURES 

DNA 
photoproduct  

DNA repair or  
DNA replication 



C/T transition= UV mutagenesis 

High mutational load 
(Driver vs Passenger) 

(WES [Illumina HiSeq200]+Affimetrix SNP Array) 





UVA (uvb) FINGERPRINTS/ SIGNATURES 

C → T mutation (G:C → A:T) 
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UVB CPD, 6-4 PD 
and others… MM 

UVA Melanin 
Oxo Dna 

and 
others…. 

MM 

Melanin- independent pathway 

Melanin- dependent pathway 

Noonan et al. Melanoma induction by UVA but not UVB requires melanin. Nature, 2013. 

neonatal black C57BL/6-HGF and albino C57BL/6-c-HGF-tyrosinase- mutant transgenic mice 



D Mitra et al.(2012) 

Without UVR, BrafCA red mice have an increased rate of 
MM relative to black and albino BrafCA animals. 



Science, 2015 
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•High penetrance 
genes 

CDKN2A, 
CDK4, 

POT1, ACD, 
TERF2IP 

•Intermediate 
penetrance 
genes 

MC1R, MITF, 
BAP1, TERT 

•Low 
penetrance 
genes 

TYR, ASIP, cKIT, TYRP1, 
OCA etc 



Four factors associated with increased 
frequency of CDKN2A mutations 

Increased number of CMM patients in a family 
CMM patients with multiple primary melanoma 

tumors (also sporadic) 
Early age at melanoma diagnosis 
Occurrence of pancreatic cancer 



MC1R 
Low/Medium Penetrance Gene 

RED HAIR 
POLIMORPHISMS 
Increased risk for MM 
Increased risk for MPM 
Decrease the age of 

onset (10 yrs earlier) 

 



Melanocortin 1 receptor and risk of cutaneous melanoma: 
a meta-analysis and estimates of population burden 

Williams PF et al. 2011 
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LacK of DNA 
repair PTEN 

Melanocytic 
survival with 
genomic instability 

Poor filter 

Pro ox 





Promotes melanocyte differentiation and protects 
melanocytes from UV 

Inhibits in vivo melanoma cell growth 

Induces cell cycle arrest, apoptosis and increases 
levels of tumor suppressor PTEN 

Increases levels of metastasis suppressor NDRG1 

Antiinflammatory, anti PG effects, and 
antiangiogenetic effects  

Inhibits in vivo melanoma cell proliferation, migration 
and metastasis 
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•Obesity 
•Estrogens 
•Oral chemicals 

1. PCB 
2. Pesticides 
3. Phototoxic drugs 
4. Sildenafil 

•Topical chemicals 
•Psoralens 
•Sunscreens (?)  
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Kwan HY. Subcutaneous Adipocytes Promote 
Melanoma Cell Growth by Activating the Akt 

Signaling Pathway J Biol Chem 2014 

• Subcutaneous adipocytes may be an exogenous source of a 
FFA (palmitic acid) for melanoma growth by activating Akt 
signaling in a PTEN-independent manner. 
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PHOTOSENSITIVE ORAL DRUGS ASSOCIATE 
WITH MELANOMA AND NMSC RISK 

• DRUG PHOTOSENSITIZATION TIPICALLY IN THE 
UVA RANGE 

• UVA PHOTOSENSITIZATION IN THE SHORT TERM 
IS RARELY NOTED BY SUNBURN 

• UVA PHOTOSENSITIZATION IN THE LONG TERM 
MAY INITIATE AND PROMOTE SKIN 
CARCINOGENESIS 

• DRUGS ASSOCIATED WITH SKIN CARCINOGENESIS 
IN LONG TERM STUDIES: THIAZIDE DIURETICS, 
ANTIMICROBIALS, FANS, PSYCHATRIC ETC 
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Date of download:  4/30/2014 Copyright © 2014 American Medical Association. 
All rights reserved. 

From: Sildenafil Use and Increased Risk of Incident Melanoma in US Men:  A Prospective Cohort Study 

JAMA Intern Med. 2014;():. doi:10.1001/jamainternmed.2014.594 

Hazard Ratios for Incident Melanoma, Squamous Cell Carcinoma, and Basal Cell Carcinoma Associated With Use of Sildenafil 
Citratea 

Figure Legend: 
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•Obesity 
•Estrogens 
•Oral chemicals 

1. PCB 
2. Pesticides 
3. Phototoxic drugs 
4. Sildenafil 

•Topical chemicals 
1. Furocoumarins 
2. Sunscreens (?)  





Melanoma rate 

All OR adjusted for ambient residential UV intensity, number of hours outdoors, tan type, 
number of sunburns, gender, age group, and study site   



Madan V et al, Lancet, 376: 161-2, 2010. 

The paradox of the sunscreen use and 
skin cancer 





MELANOMA: INCREASING INCIDENCE AND 
STEADY MORTALITY 





Melanoma 
Eucan 
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Fattori genetici 

• Next-generation 
sequencing, have 
increased the 
opportunities for the 
discovery of inherited 
germline high- (CDKN2A 
and others), 
intermediate-, and low-
risk susceptibility  genes 
and somatic genes. 

• (Hill VK et al 2013) 





 BRAF (B-Raf proto-oncogene, serine/threonine kinase) 
 

Cancer Genome Project, The Wellcome Trust 
Sanger Institute, Wellcome Trust 
Genome Campus, Hinxton, CB10 1SA, UK 
 







Avoidance of sun exposure is a risk 
factor for all-cause mortality: 
results from the MISS cohort  Pelle 
G. Lindqvist, 2013 





Distribution of cytoplasmic and nuclear VDR levels in normal skin and MM. 



Jemal et al. MM in the 
US JAAD 2012 
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PCB e inquinanti organo clorurati 

• Association with plasma levels of PCB 
congeners and organochlorine pesticide 
residues: OR= 7.02 (95% CI: 2.30- 21.43) 



UVA UVB p 

SSC 4% 71% <0.001 

CMM 22% 31% >0.05 

 UVA vs UVB (at equally erythemogenic doses) cancerogenesis in 
Monodelphis domestica (Gray Short-tailed Opossum). (Ley 1997) 



The bimodal etiology of melanoma. Melanomas in young population 
may have other causes than UV radiation while melanomas in older 

population may have a predominantly UV cause (Liu 2012) 





ALBINI E MM 

• Review di 124 tumori da 
89 pazienti albini 
residenti all’ equatore. 

• 70 SCC 
• 63 BCC 
• 1 MM 

(acrolentigginoso) 

Kiprono SK, 2014. 
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