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HDL displays multiple atheroprotective activities and is heterogeneous in structure, composition and function; the molecular determinants of HDL functions are incompletely understood. As phospholipids represent principal HDL components, we characterised the phosphosphingolipidome of five major normolipidemic HDL subpopulations and related it to HDL function. Using LC-MS/MS methodology, 162 individual molecular lipid species were quantified across the nine lipid subclasses, in the order of decreasing abundance, phosphatidylcholine > sphingomyelin (SM) > lysophosphatidylcholine (LPC) > phosphatidylethanolamine > phosphatidylinositol > ceramide > phosphatidylserine (PS) > phosphatidylglycerol > phosphatidic acid (PA). When data were expressed relative to total lipid, the contents of LPC, PS and PA increased progressively with increase in hydrated density of HDL, whereas the proportions of SM and ceramide decreased. Key biological activities of HDL subpopulations, notably cholesterol efflux capacity from human THP-1 macrophages, antioxidative activity towards low-density lipoprotein oxidation, anti-thrombotic activity in human platelets, cell-free anti-inflammatory activity and anti-apoptotic activity in endothelial cells, were predominantly associated with small, dense, protein-rich HDL3. The biological activities of HDL particles exhibited significant correlations with multiple components of the HDL phosphosphingolipidome. Intriguingly, the content of PS revealed positive correlations with all metrics of HDL function. When PS was included into reconstituted phosphatidylcholine-based HDLs (rHDLs), their biological activities were significantly enhanced. Most strikingly, PS-containing rHDLs fully inhibited proinflammatory activation of human macrophages, indicative of their strong anti-inflammatory potential. Inclusion of PS into rHDL also improved cholesterol efflux capacity together with antioxidative, anti-thrombotic and anti-apoptotic activities of HDL. These data identify PS as a key component of HDL determining its biological function.

