GM-CSF is a Key Orchestrator of Monocyte and Macrophage Function in Colitis in Mice
Introduction:
Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a cytokine encoded by the CSF2 gene. The cytokine and its receptor (composed of α and β subunits), have been shown to mediate both pro- and anti-inflammatory processes but little is known about its direct role in driving and ameliorating gut inflammation. In clinical studies, both the overproduction of GM-CSF and a lack of functional GM-CSF signalling through mutations or the presence of autoantibodies can lead to increased susceptibility to inflammatory bowel disease (IBD). Uncertainty around the results of recombinant GM-CSF in IBD clinical trials suggests further knowledge in this area may lead to therapeutic opportunities.
Methods:
We FACS purified CD11b+/ CD11c+ myeloid cells from the colons of control, acute colitis (6 days 2% DSS) and colitis-recovery (4 days 2% DSS + 14 days recovery) mice and performed scRNA-seq. 
To investigate the role of GM-CSF signalling in driving the phenotype and function of monocytes and macrophages during colitis, we generated mixed bone marrow chimera mice. WT mice were lethally irradiated to ablate BM stem cells before being reconstituted with a 50:50 mix of BM from Csf2ra-/- : WT donors. Thus, around 50% of the haematopoietic compartment lacked Csf2ra and were unable to respond to GM-CSF. 
To track GM-CSF production in the mouse colon, flow cytometry and immunofluorescence staining of mouse colonic tissue was performed in Csf2LSL-tdTomato reporter mice whereby cells expressing Csf2 also express the fluorescent protein tdTomato.
Results:
We identified a Cxcl9/10+ monocyte population that was increased 9-fold and 3-fold in acute and resolution colitis respectively that expressed high levels of Tnf, Il1b, Osm, and Csf2rb, a subunit of the GM-CSF receptor with ‘GM-CSF signalling’ significantly enriched in GSEA and pathway analysis. 
Using DSS treated Csf2ra -/-: WT mixed bone marrow chimeras, we found Csf2ra-/- monocytes displayed a decreased expression of Tnfa and Il1b, demonstrating GM-CSF playing a role in driving proinflammatory monocyte function in vivo. However, we also found that Csf2ra-/- monocytes were substantially less likely to develop into tissue-resident macrophages which mediate inflammation resolution and tissue repair. 
Using a Csf2LSL-tdTomato reporter mouse, we found ILCs (CD3-CD127+CD90.2+) expressed the highest levels of Csf2 and that the abundance of Csf2 expressing lymphocytes increased 5-fold during colitis, particularly in areas of peak intestinal damage.
Conclusions: 
These results show GM-CSF drives inflammation through monocyte activation but also likely drives tissue repair by driving tissue-resident macrophage differentiation. These results provide insight into the underlying complexity of GM-CSF biology in the gut and help us to understand it’s dichotomous role in human IBD.
