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Abstract
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In this study, we investigated mechanism of oxidative stress-induced LINE-1
hypomethylation, expressions of 5-methylcytosine, hOGG1, LINE-1 ORF1 protein (ORF1p) and
oxidative stress marker (4-HNE) in bladder cancer tissues, and mechanism of reactive oxygen
species (ROS) on induction of ORF1p expression in bladder cancer cells. Our data showed that
ROS provoked oxidative stress, caused depletion of cellular methyl donor S-adenosylmethionine
(SAM), and that subsequently led to hypomethylation of LINE-1 elements. Supplements with either
antioxidants (tocopheryl acetate and N-acetylcysteine) or metabolites in one-carbon metabolism
pathway (methionine, SAM and folic acid) significantly inhibited the ROS-induced LINE-1
hypomethylation. Expression level of 5mC was significantly decreased, while ORF1p and 4-HNE
were increased, in bladder cancer tissues compared with the noncancerous counterparts. ORF1p
expression in muscle-invasive and high-grade tumors were significantly higher than that of non-
invasive and low-grade tumor, respectively. In VM-CUB-1 cells treated with ROS, expression of
ORF1p was significantly increased compared with the untreated controls. However, ROS was not
able to induce de novo expression of ORF1p in ORF1p-silencing UM-UC-3 cells. TCCSUP and
UM-UC-3 cells exposed to ROS migrated faster than the unexposed cells. Based on ChIP-gPCR,
full-length LINE-1 elements were enriched by active chromatin mark H3K18ac in ROS-treated VM-
CUB-1 cells. In contrast, enrichment of LINE-1 elements in ROS-treated UM-UC-3 cells was found
at heterochromatin H3K9me3 and H3K27me3. In conclusion, we demonstrated that LINE-1
hypomethylation induced by ROS was mediated through SAM depletion. ROS also promoted
progression of bladder cancer cells. Expression of ORF1p was elevated in bladder cancer tissues
and its increment was associated with increased tumor progression. Experimentally, we showed
that ROS induced ORF1p expression through formation of open chromatin mark H3K18ac.
However, ROS was not capable of inducing de novo expression of ORF1p in ORF1p-silencing
cells. Approaches to attenuate oxidative stress might be useful for preventing LINE-1
hypomethylation and reactivation in bladder cancer and hence decelerating tumor progression.
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