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Melanoma



Tumor mutational burden (TMB)
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Molecular pathways affected in melanoma



Genomic landscape of primary
melanoma (skin)
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Figure?1   The Hallmarks of Cancer  This illustration encompasses the six hallmark capabilities originally proposed in our 2000 
perspective. The past decade has witnessed remarkable progress toward understanding the mechanistic underpinnings of eac...

Douglas  Hanahan , Robert?A.  Weinberg

Hallmarks of Cancer: The Next Generation

Cell Volume 144, Issue 5 2011 646 - 674
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Progressionof Cancer
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Mutant allelic frequency of BRAF 
during metastatic progression



Genetic progression of Malignant 
Melanoma  

alteration type natural progression target therapy (BRAF i
and MEKi)

immunotherapy

mutation BRCA1
ERBB4
NMDAR2
ADAM19/29
NOTCH2

BRAF
MEK1/2
AKT1
PIK3CA
PIK3R1/2

NRAS
b2 microglobulin
MART1
FAM3c
CSMD1

amplification MITF
AP1/TEAD
BRIC5/survivin
MET
VEGFA

BRAF
MITF

LOH/loss KISS1R 
PTEN

PTEN

Timar et al. Cancer metast Rev 2016



Major challenge for malignant cells

Proliferáció és/vagy
Áttétképzés

„Go or Grow”



rolling              docking            locking/activation reaction
(sec) (sec)                         (min)                  (órák / nap)

glycoprotein    P-selectin/CD62     αIIbβ3 integrin thrombocyte-
receptor
BRIDGE

glycoprotein            PSGL1            αIIbβ3 / αvβ3   cancer receptor

carbohydrate basic peptides- fibrinogen
heparan sulphate PG

HSpg
sLeA-sLeX

Endothel

platelet

Cancer cell

Honn Tímár,1992, Tímár Oncology,2005
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Trombocyte mimicry in melanoma

• CD41 (GPIIb, integrin αIIb)
• Thr. 12-lipoxigenase
• PECAM/CD31 (trombocyte adhesion 

molecule)
• Thrombin-receptor (PAR1-4)



Thrombocytic mimicry of 
melanoma

(bone marrow stem cell markers)
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Thrombocytic integrin ( ααααIIb ββββ3-GpIIbIIIa) expression
In human melanoma cells

Sejttenyészet tumorszövet
Trikha, Tímár, 1997,2002



αIIb integrin expression is a poor prognostic
factor in skin melanoma
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ααααIIbββββ3 integrin induced gene signature : 
vasculogenic mimicry

 fold              ac.No           Name  
2,002048 D84124 Prostaglandin I-2 (prostacyclin) synthase 
2,014675 D21235 Human mRNA for HHR23A protein, complete cds 
2,13392 D83780 Human mRNA for KIAA0196 gene, complete cds 
2,156721 L76927 Galactokinase 1 
2,173375 D13168 Endothelin receptor type B 
2,302858 AC004262 Homo sapiens chromosome 19, cosmid R29368 
2,307286 L34408 Homo Sapiens (clone B3B3E13) chromosome 4p16.3 DNA fragment 
2,387747 X62535 Diacylglycerol kinase, alpha (80kD)  
2,403949 M10942 Human metallothionein-Ie gene (hMT-I e) 
2,418433 Y00971 Phosphoribosyl pyrophosphate synthetase 2 
2,650112 AF001862 Human SLP-76 associated protein mRNA, complete cds 
2,77783 U07857 Signal recognition particle 14 kD protein 
2,785849 X54232 Glypican 1 
2,987556 X52943 TRANSCRIPTION FACTOR ATF-A AND ATF-A-DELTA  
3,07509 S53911 CD34 antigen (hemopoietic progenitor ce ll antigen) 
4,460516 L03411 Radin blood group 

 

„VASCULOGENIC MIMICRY”
Döme et al. Int J Cancer, 2005

14. ábra. αIIb extracelluláris domén nukleinsav és aminósav szekvencia jelölve a 19H 
melanómában észlelt eddig még pontosan nem jellemzett eltérést. 
A/ nukleinsav-szekvencia 

     1081 accgaaaact ggccgaagtg gggcgtgtgt atttgttcct  gcagccgcg ggcccccacg 
     1141 cgctgggtgc ccccagcctc ctgctgactg gcacacagct ctatgggcga ttcggctctg 
     1201 ccatcgcacc cctgggcgac ctcgaccggg atggctacaa tgacattgca gtggctgccc 

B/ aminósav sorrend 

301 ldsyyqrlhr lraeqmasyf ghsvavtdvn gdgrhdllvg aplymesrad rklaevgrvy 
361 lflqprgpha lgapsllltg tqlygrfgsa iaplgdldrd gyndiavaap yggpsgrgqv 
421 lvflgqsegl rsrpsqvlds pfptgsafgf slrgavdidd ngypdlivga yganqvavyr 



Thrombocytic 12-lipoxigenase expression in human melanoma cells

Sejttenyészet tumorszövet
Rásó és mtsai,2004
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Protein expression of p12-LOX in human skin melanoma samples
(n=22, confocal microscopy)





Motility cytokines and receptors
Citokine effect Receptor

AMF 
F-hexózizomeráz Motility gp78 /CXCR5
ATX: lizofoszfolipid Motilitás ?
MSF Motilitás ?
MIF Motilitás ?
MCP Motilitás ?
Inzulin Proliferáción IR
EGF Proliferáción EGF-R, c-erb
TNFα double TNF-R55, TNF-R75

(motility and proliferáción)
TGFβ d TGFβ-R I., II.
HGF/SF d c-met
bFGF d TGF-R1-R4
GM-CSF d P80, p120
IL-6 d IL-6R, gp130
PDGF d Rα p80 , Rβ p170



Tumorsejt motilitás

AMF - AMF receptor

Tímár és mtsai. Clin Exp Metast (2001)
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COX and LOX inhibitors prevent AMF induced
tyrosine phosphorylation cascade



AMF 12(S)-HETE               FBG/αIIbβ3

AMFR GPR31
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Tímár et al. Cancer Metast Rev 2018



Syndecan4 HSPG:
Expresssion in melanoma 
pro-metastatic
Mutations possible



Leukémia        emlőrák
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CD44 variant expression changes during metastasis of melanoma

Raso-Barnett et al.



CD44v3 expression  of malignant 
melanoma and the 5 year survival of 

patients
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Selection of IFN-resistant clones in
vitro from HT168-M1
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Effect of IFN -treatment in vivo on growth
of sensitive melanoma line M sens
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Whole Human Genome Oligo Microarray 

(41,000 gén – Agilent)

Mouse Oligo Microarray

(22,575 gén – Agilent)

Metastatic Human Melanoma Model in SCID Mice

using HT199 human melanoma
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Consensus Metastasis -associated
IRE-genes of human melanoma (9)

upregulated downregulated

function function

NOX5 NADPHoxydase Ca-dependent 

SOD
MX1 dynamin-family MOTILITY

TSPAN8 tetraspanin8 integrin-assoc

MOTILITY
LRRK2 S/Tkinase

MAPKKKcasc

MOTILITY

ZNF703 transcription

factor

ER-regulated IFI-27 estrogen-BRCA1 

regulated!

apoptosis-

inducer

DKK1 WNT inhibitor INVASION

SGK2 Se/glucocorticoid

regulated kinase

ANDR-induced

PI3K-activated

apoptosis?

CAMK1 Ca-calmodulin-

dependent 

kinase

Ca++ and RAS 

pathway



Take home messeges
• Skin melanoma is the most metastatic 

malignancy
• Metastatic potential is driven by high mutation 

rate, DDR defects?
• Metastatic potential is closely linked to 

ectopic expression of megakariocytic linage 
genes

• Melanoma is the most immunogenic tumor 
but development of IFN-resistance leads not 
only to immunresistance+ increase of the 
metastatic potential


