GR recruitment to IL-1β-induced RELA-binding regions does not correlate with glucocorticoid-mediated repression
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Introduction. Glucocorticoids (GCs) act on the glucocorticoid receptor (GR; NR3C1) and, as anti-inflammatory drugs, function by reducing expression of inflammatory genes. However, how GR achieves this is unclear. Two prevailing paradigms are: (1) GR is recruited to gene promoters where it acts as a repressor to directly reduce gene transcription; or (2) GR binds DNA as an activator to upregulate transcription of repressors and other “anti-inflammatory” genes. 
Aims. To examine the relationship between GR, when recruited to genomic regions that also bind the inflammatory transcription factor, nuclear factor-κB (NF-κB), and the possible effects on transcription.
Methods. A549 pulmonary epithelial cells model gene expression that is upregulated by the pro-inflammatory cytokine interleukin (IL-1β) (1 ng/ml) and downregulated by the glucocorticoids, dexamethasone (1 µM) and budesonide (300 nM). Gene expression was assessed by mRNA-seq, or qPCR, while recruitment of the NF-κB subunit, RELA, GR and RNA polymerase 2 (RNAP2) to genomic loci was assessed by chromatin immunoprecipitation (ChIP).  
Results. IL-1β promoted RELA recruitment to ~6500 RELA-binding regions (RBRs) and budesonide recruited GR to ~7000 GR-binding regions (GBRs). On IL-1β-plus-budesonide co-treatment, each cistrome lost and gained binding regions in reciprocal manner to produce RBR/GBR overlap where ~64% of RBRs also recruited GR. Thus, GR presence increased at 2600 GBRs that predominantly were also RBRs. IL-1β induced RNAP2 recruitment to these regions and this was further increased by co-addition of budesonide. RELA presence correlated with proximity to transcription start sites (TSS) of differentially expressed genes (DEGs) that were up-regulated by IL-1β. While, budesonide time-dependently repressed many IL-1β-upregulated DEGs, GR presence near TSS was associated with a lesser degree of repression. As the increase in GR at RBRs was highly dependent on NF-κB, RBRs associated with NF-κB-dependent genes (CXCL8, ICAM1, C3, EFNA1) that recruited GR on co-treatment were cloned into luciferase reporters. These revealed consistent IL-1β inducibility that on average was not reduced by glucocorticoid co-treatment.

Discussion. These data do not support GR being recruited to inflammatory gene promoters to cause repression. Rather, GR acting as a transcriptional activator at these loci may act to offset a more general GC-mediated repression. This effect may be important to maintain aspects of host-defence or to fine-tune the timing of GC repression onset. 
