Nitric oxide-mediated epigenetic regulation as an underlying molecular basis for long COVID
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Introduction. After recovery from COVID-19, some patients develop post-acute sequelae known as long COVID. Prior studies have shown that the cytokine storm caused by SARS-CoV-2 infection enhances the expression of inducible nitric oxide (NO) synthase, triggering dramatic increases NO generation. Excessive NO generation endangers nitrosative stress, leading to redox-based posttranslational modification, known as S-nitrosylation (SNO), to a specific cysteine thiol. Our group previously demonstrated that S-nitrosylation of DNA methyltransferase (DNMT) attenuates its enzymatic activity and consequent aberrant gene expression through demethylation of CpG sites in genomic DNA. Additionally, we isolated the unique chemical compound DBIC as a specific inhibitor of DNMT3 S-nitrosylation.
Aims. In this study, we addressed the pathophysiological link between redox-dependent epigenetic regulation mediated by SNO-DNMT and long COVID.
Methods. Using blood samples from 100 long COVID patients, we measured total S-nitrosylated protein levels in plasma through DAN assay. In cell-based assay, we investigated specific genes upregulated by SNO-DNMT formation through multi-omics analysis. We evaluated the expression levels of these genes in long COVID patients by qPCR.
Results. The amount of S-nitrosylated proteins was significantly higher in patients with long COVID, providing critical evidence that nitrosative stress caused by SARS-CoV-2 infection and consequent protein S-nitrosylation still persists even at the time of long COVID onset. In cell-based assay, we found that SNO-DNMT serves as novel mechanism of epigenetic gene regulation by establishing epigenetic landscape favorable for transcription factor binding, such as hypoxia-inducible factor. Finally, the expression of DBIC-sensitive genes, whose NO-dependent upregulation is abrogated by DBIC, was significantly elevated in patients with long COVID.
Discussion. Taken together, the present study suggested that redox-dependent epigenetic gene regulation mediated by SNO-DNMT formation is a potential molecular mechanism of long COVID, highlighting that DBIC holds promise as a potential therapeutic agent.
