Microbial Metabolite Receptor FFA2 Improves Post-Ischaemic Reperfusion 
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Introduction. Short-chain fatty acids (SCFA) are gut microbiome metabolites derived from fibre fermentation, activating free fatty acid (FFA) receptors. FFA2-mediated signalling deficiency increases the risk of cardiovascular diseases, including hypertension, potentially via angiogenesis. We hypothesised that FFA2 receptor activation may enhance neovascularisation and improve recovery in response to ischaemic vascular injury. 
Aims. To examine the effect of FFA2 receptor activation on post-ischaemic reperfusion and endothelial cell function.
Methods. Male and female C57BL6/J wildtype (WT) and FFA2 receptor knockout (KO) mice (n=7-8/group) underwent isoflurane anaesthesia to induce hind limb ischaemia via femoral vascular ligation, and laser speckle contrast imaging to measure reperfusion over 15 days. Mice were treated with either vehicle (VEH, 50% DMSO) or FFA2 receptor agonist, TUG1375 (TUG, 1 mg/kg/day, s.c via osmotic minipump). Human umbilical vein endothelial cells (<passage 3, n=5/group) underwent scratch migration, proliferation and tubule formation assays, in the presence of FFA2 receptor activator, AZ1729 (AZ; 0.03-3 (mol/L) or vehicle (0.02% DMSO). Statistical analysis was by 1-way or 2-way ANOVA.
Results. Post-ischemic reperfusion was faster across the treatment period in WT mice treated with the FFA2 receptor agonist vs. control (p=0.03), with the maximal difference at day 7 (ischaemic : non-ischaemic limb: VEH 0.60±0.02, TUG 0.68±0.01, p=0.01). In KO mice, the initial response to ischemia was similar to WT controls but the reperfusion was impaired by day 15 post-ischemia (ischaemic : non-ischaemic limb: WT 0.77±0.03, KO 0.63±0.04, P=0.02). FFA2 receptor activation resulted in increased tubule number (VEH 175.2±3.5 vs. AZ 310.8±3.9, p<0.001) and proliferation (fold change from baseline: VEH 2.07±0.03, AZ 2.8±0.15, p<0.001) and accelerated migration of endothelial cells over 24-hours (p=0.01 VEH vs. AZ), suggesting angiogenesis might be improved.
Discussion. Activation of the FFA2 receptor led to accelerated recovery from vascular ischaemia; consistently, FFA2 receptor deficiency impaired reperfusion. Exogenous upregulation of FFA2 ligands, including short-chain fatty acids or small molecules, might provide a new strategy to stimulate collateral vessel development in ischaemic conditions.
