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The global incidence of cutaneous melanoma has increased 

tremendously during the last decades. The course of melano-

ma progression is largely unpredictable, and despite recent 

progress in treatment opportunities, many patients with 

advanced melanoma do not benefit from these. To improve 

prognostication and find new potential treatment targets, a 

deeper understanding of molecular alterations, basic tumor and 

microenvironment biology and tumor heterogeneity is needed.

In this PhD project, we wanted to explore markers related to 

both tumor cell-specific and tumor microenvironment pro-

perties in primary and matched metastatic lesions, in order 

to improve our understanding of tumor heterogeneity, prog-

nostication, and possibilities for improved targeted treatment.

In the 3 separate studies, we examined a patient series consist-

ing of 255 consecutive cases of primary nodular cutaneous mel-

anoma diagnosed at the Department of Pathology, Haukeland 

University Hospital (Bergen, Norway) during 1998 –2008. In 

Paper II and III, 78 paired biopsies from the first appearing 

local (skin; n = 26) or regional metastatic tumor (lymph nodes; 

n = 52) were examined in addition to the primary tumors (2, 

3). In Paper I, BRAF-V600E and total BRAF expression were 

assessed by immunohistochemistry using TMAs (n = 248), and 

mutation status was assessed by real-time PCR (n = 191) (1). 

In Paper II, TERT promoter mutation status was assessed by 

Sanger sequencing (194 primary tumors and 72 metastases), 

and TERT protein expression by immunohistochemistry using 

TMAs (248 primary tumors and metastases) (2). In Paper III, 

vascular proliferation index (VPI) was assessed by dual im-

munohistochemistry using Factor-VIII/Ki67 staining (in 242 

primary melanomas and 69 metastases (3). Expression of UPAR 

and HSP27 was determined by immunohistochemistry using 

TMAs (248 primary tumors and 68 metastases), and selected 

histopathologic features of the metastases were recorded based 

on HE-slides (n = 73) (3).
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Positive BRAF-V600E expression was present in 35 of the 

cases and was significantly associated with increased tumor 

thickness, presence of tumor ulceration and reduced survival. 

There was 88% concordance between BRAF-V600E expression 

and mutation status (I). 

TERT mutations were present in 68% of primary melanomas 

and 64% of metastases (2).  The mutation status was discord-

ant between primary tumor and metastasis in 24%, among 

which 71% did not show a mutation in the metastatic tumor. 

TERT mutated tumors showed no significant association with 

reduced survival, neither in primary melanoma nor in metas-

tases. TERT protein expression did not correlate with mutation 

status, but positive TERT expression in primary melanomas 

was significantly associated with increased tumor thickness 

and with reduced survival (II).

High VPI and high UPAR expression were associated with each 

other, and with aggressive tumor features and reduced surviv-

al in primary melanoma. In loco-regional metastases, high 

UPAR expression was significantly associated with increased 

MVD, but no prognostic value was found for any marker of 

angiogenesis, including UPAR and HSP27. Presence of tumor 

necrosis in loco-regional metastases, as a marker of tumor 

hypoxia, was associated with increased tumor size, high VPI, 

high HSP27 expression and reduced survival. Among paired 

primary and metastatic tumors, median MVD was significantly 

higher in metastases, while the opposite was found for VPI, 

which had significantly lower median value in metastases. 

Among discordant VPI cases, most had lower VPI in metastases 

compared to primary tumors. The same pattern was seen for 

UPAR expression, while among discordant cases for necrosis, 

the majority showed a switch from absent in the primary to 

present in the metastasis (III).  

In conclusion, a prognostic value was found for BRAF-V600E 

protein expression, TERT protein expression, VPI and UPAR 

expression in primary melanoma, and for tumor necrosis in 

loco-regional metastases.  Inter-tumoral discordancy of TERT 

mutation status was demonstrated. 
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