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Hypoxia transcriptionally activates the ID2 gene in human neuroblastoma
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ID (inhibitor of differentiation/ DNA binding) proteins, when deregulated, show participation in multiple fundamental traits of cancer, such as block of differentiation, increased proliferation, tissue invasiveness and angiogenesis. These proteins negatively regulate the function of basic helix-loop-helix (bHLH) transcription factors, and influence important cell cycle regulatory proteins. We previously demonstrated that hypoxia decreased expression of neuronal marker genes in neuroblastoma, but induced genes expressed in neural crest sympathetic precursors, such as ID2. Due to its involvement in proper neural crest development and ability to inhibit proneuronal bHLH proteins, the hypoxic induction of the ID2 gene was of particular interest. Here we report fast induction kinetics of the ID1 and ID2 genes in neuroblastoma cell lines under hypoxic treatment, suggesting a transcriptional mechanism. We next investigated the ID2 promoter for presence of potential binding sites for hypoxia-inducible factors (HIFs), the master regulators of gene expression and homeostasis under hypoxic conditions. Subsequent electrophoretic mobility shift assays revealed two functional HIF-1 binding sites (HBSs) within ID2 gene regulatory sequences located -725 and -1893 relative transcriptional initiation. These sites were shown to bind both endogenous and in vitro synthesized HIF-1 complex proteins (HIF-1a and ARNT). Constructs of various lengths of the ID2 gene promoter, linked to a luciferase reporter gene, were transiently cotransfected into HeLa cells together with plasmids expressing HIF-1a, in order to determine the roll of HIF-1 on hypoxic induction of ID2. The two HBSs synergistically upregulated reporter gene expression in a HIF-1 specific manner. Taken together, these observations demonstrate that the ID2 gene is actively engaged by hypoxia and a novel HIF-1 target. The hypoxia-induced ID2 expression could account in part for the previously observed dedifferentiation of hypoxic neuroblastoma cells, thereby giving rise to less mature and more aggressive tumors.
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