Genome-Wide ATAC-seq Profiling Reveals the Impact of MEOX2 on Chromatin Accessibility in Glioblastoma Stem Cells
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Glioblastoma (GBM) is a highly aggressive brain tumor, thought to arise from glioblastoma stem cells (GSCs), driving tumor growth, therapy resistance, and recurrence. The homeobox transcription factor MEOX2 has emerged as an oncogenic regulator in GBM. Its expression is elevated in gliomas compared to normal brain tissue, correlates with poor patient survival, and is particularly enriched in GSCs. Our transcriptomic analysis of patient-derived GSC lines confirms that MEOX2 is significantly overexpressed in GSCs relative to non-stem glioblastoma cells and is essential for GSC self-renewal and viability, as siRNA knockdown (KD) impairs these traits and induces apoptosis and gene expression changes. However, the mechanisms underlying MEOX2 function remain unclear. We hypothesized that MEOX2 targets distinct genomic regions in GSCs, influencing chromatin accessibility and gene regulation. We performed ATAC-Seq on patient-derived GSC following MEOX2 knockdown. DNA was sequenced and analyzed using standard bioinformatics tools within the nf-core/atacseq pipeline. Peak calling and differential accessibility analysis identified significantly altered chromatin regions (FDR < 0.05, log₂FC ≥ 0.7). ATAC-Seq This revealed widespread changes in chromatin accessibility, particularly at distal intergenic and intronic regions, suggesting a role as a general chromatin regulator involved in stemness maintenance rather than a classical promoter-bound transcription factor. Among repressed genes, several (e.g., LOXL2, NEAT1, SDC1) showed reduced accessibility within known super-enhancers, suggesting MEOX2 maintains accessibility at key oncogenic loci. Conversely, KD increased accessibility at genes like PCDH10, ENPP2, and MMP2—implicating potential anti-tumor responses and compensatory mechanisms. These results highlight MEOX2 as a key regulator of the chromatin landscape in GSCs and suggest that targeting its activity may provide novel therapeutic opportunities in GBM.

