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Methylation of the 5´position of cytosine (5mC) in CpG dinucleotides is a major epi-
genetic mark of mammalian genomes, commonly associated with chromatin com-

paction and repression of gene transcription. DNA methylation, catalysed by the DNA 
methyltransferase (DNMT) protein family, is not an irreversible chemical modification of 
the DNA molecule. Methylated cytosines can be further oxidized by the enzymatic action 
of members of the Ten-Eleven-Translocation (TET) protein family to form hydroxymethyl 
cytosine (5hmC), which ultimately may activate DNA demethylation by passive and ac-
tive pathways. These mechanisms provide the DNA methylation process with a strong 
dynamic potential.
Here we propose that 5mC can be also oxidized directly by reactive oxygen species 
(ROS). In mammalian cells, ROS are mainly produced as a side effect of the aerobic 
metabolism and, as such, can be extremely harmful for cell viability. However, ROS are 
also produced in small amounts by dedicated mechanisms (e. g., lipoxygenases, cyclo-
oxygenases and NOX enzymes), acting as true second messengers in essential cellular 
processes, including cell proliferation, differentiation or motility. 
Supporting our hypothesis, here we show that a transient production of ROS through a 
Protoporphyrin IX-dependent photodynamic procedure in an aqueous medium contain-
ing a methylated DNA fragment, and in the absence of proteins, lipids or carbohydrates, 
results in the oxidation of 5mC to 5hmC. Using this photodynamic experimental tool, we 
also provide evidence for the existence of such mechanism in human and mouse origin 
cultured cells, and also in mouse adult tissues. As a whole, our results suggest that a 
local production of ROS in the nuclear compartment can be a mechanism contributing to 
the dynamic regulation of the DNA methylation state.
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