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Microsatellites in Melanoma 

• Are hypothesized to arise by lymphovascular invasion then exit similar to 
other metastases

• Are associated with sharply increased risk of disease progression (5 year 
disease-free survival of 21% compared to 73% in a group of matched 
melanoma controls lacking microsatellites*) 

• Have not been previously studied at the molecular level.  

                                             *Niebling MG The prognostic significance of microsatellites in cutaneous melanoma. Mod Pathol. 2020



What we did:

• We compared gene expression in microsatellites with the matched 
primary melanoma in 2 patients using spatial transcriptomics on  
Visium platform.

• Immunostaining for select genes to confirm protein expression in a 
larger group

• Gene expression analysis compared to defined melanoma gene sets 
to understand overall trends



Selection of areas of primary melanomas and microsatellites for analysis
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We identified recurrently overexpressed genes 
in microsatellites contributing to: 

• vascular invasion (ITGA4, MCAM)

• survival in the circulation (CXCL8, PDGFRB, CDH1) 

• vascular exit (ITGB2)

• survival at metastatic sites (C3, TGBFI)

• matrix remodeling (MMP9, VCAN, FN1,BGN)

• angiogenesis (EMILIN2)

• immune evasion (PAEP, GDF15, CD74, HLA-DRA)



Normalized expression for selected recurrent overexpressed genes,  ranked by fold increase in microsatellite over 

primary melanoma 



Normalized expression for selected non-recurrent overexpressed genes,  ranked by fold increase in microsatellite 

over primary melanoma 



LCA (Leukocyte common antigen) in primary melanomas and their microsatellites. 
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Immune evasion in microsatellites

• Microsatellites exhibited increased host immune responses 

• Four recurrently overexpressed mediators of immune-evasion were present 
(PAEP, GDF15, CD74, HLA-DRA)

• Implies selection pressure from the increased immune response. 

• Seven additional non-recurrent mediators of immune-evasion were identified 
in microsatellites, overexpressed up to 58 fold in microsatellites



PAEP 
(progestagen associated endometrial protein)

• PAEP was 275-fold and 25-fold overexpressed respectively in 
microsatellites in 2 cases. 

• We studied PAEP protein expression by immunohistochemistry in a larger 
group of 12 and found overexpression in microsatellites in 5 of 12 patients.



PAEP RNA and protein expression in primary melanoma and microsatellite 
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PAEP IHC 



PAEP immunostain is positive in the microsatellite and a subclone in the primary melanoma 



E Cadherin immunostain is positive in the primary melanomas and lost in the microsatellites 
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MicrosatellitePrimary



Combined CD31/ PAS stain supports that vasculogenic mimicry is present in the microsatellite in case 2 but 

not its primary 

Microsatellite Primary



Case 1 Case 2

p=0.003 p=0.003

p=0.0 p=0.0

Comparison to defined set of genes from 19 primary melanoma and 22 distant 
metastases



Case 1 Case 2

Comparison to defined sets of genes for NFKB, CDH1 and ZEB1 pathway signaling 

p=0.011p=0.11

p=0.0
p=0.0

p=0.03 p=0.0



Conclusions

• These preliminary findings suggest that melanoma microsatellites 
are true metastases at the level of gene expression

• Important processes in evolution of microsatellites likely include 
vascular invasion, survival in the circulation, vascular exit, survival 
at metastatic sites, matrix remodeling, angiogenesis, immuno-
evasion

• These findings provide molecular context to the sharply increased 
risk of disease progression in patients with microsatellites.

• Larger studies needed
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