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Molecular evidence for blue light as an etiological factor for uveal melanoma

Abstract:

Uveal melanoma (UM) is more prevalent in individuals with pale skin and light eyes, with 
welding being a significant risk factor. UV-light, which is filtered by the eye, is not a risk factor 
for UM, but blue light has been suggested as a potential cause based on mutational signa-
tures in cutaneous melanoma (CM). Blue light, the most energetic part of visible light, has 
been proposed as an etiological factor. We report here on molecular evidence for mutagenic 
activity of blue light and the corresponding mutational signature. Spontaneously immortal-
ized murine embryonic melanocytes, Melan-A, were exposed to blue light (66.5W/m2) for 72 
hours, then analyzed for effects on cell behavior and gene expression. Surviving cells were 
cultivated and analyzed by whole genome sequencing. Mutational signatures were derived 
from sequences as analyzed using Sigprofiler and compared to signatures present in uveal 
melanoma. Melan-A cells exposed to blue light for 72 hours exhibited a mutational signature 
similar to human uveal melanoma (UM) but not cutaneous melanoma (CM). Surviving cells 
showed resistance to further blue light exposure, suggesting a selection for apoptosis-resis-
tant, potentially tumor-initiating cells. Functional assays and transcriptomic studies revealed 
a statistically significant pro-apoptotic and anti-proliferative effects of blue light, along with 
DNA damage and oxidative stress. Re-exposed cells show apoptosis-resistant features like 
potentially tumor-initiating cells. The blue light exposure molecular effects on melanocytes 
are consistent with a mutagenic, potentially tumor-initiating effect of blue light. The muta-
tional signature prevalent in UM is induced by blue light exposure. Blue light likely contributes 
to UM tumorigenesis. 
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