Decoding adenosine receptor signalling in human brain vascular cells
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Introduction. The human brain accounts for only 2% of body mass, yet it requires more than 20% of cardiac output. This enormous demand is met by >600 kilometres of blood vessels1, making the brain critically dependent on vascular function. Even minor vascular dysfunction can trigger an energy crisis, causing neuronal death (e.g., in stroke). Under these conditions, ATP is rapidly degraded into adenosine, which activates four receptor subtypes as a “retaliatory metabolite” to initiate protective responses. Yet, while adenosine signalling is well studied in rodents, its profile in human cerebrovascular cells remains poorly defined. Elucidating this cascade is important to harness the protective potential of adenosine signalling for therapeutic strategies in cerebrovascular disease.
Aim. To elucidate the adenosine receptor signalling profile in human cerebrovascular cell types using a combination of molecular biology and pharmacological approaches.

Methods. qPCR quantified receptor expression in primary human brain vascular smooth muscle cells (HBVSMC), pericytes (HBVP), and endothelial cells (hCMEC/D3). cAMP accumulation and Ca2+ mobilisation assays assessed adenosine receptor signalling across pharmacologically distinct adenosine receptor ligands.
Results. The adenosine A1 receptor was expressed in HBVSMC and hCMEC/D3, while the A2A receptor was expressed in HBVSMC only, and the A3 receptor was absent. Notably, the A2B receptor (A2BR) was highly expressed across all cell types. Non-selective and A2BR-selective agonists induced robust cAMP responses, with MIPS3215 being the most potent (pEC50 = 8.46(0.30, n=9, P<0.0001) in hCMEC/D3, an effect abolished by selective antagonism. Additionally, no A2BR-mediated Ca2+ mobilisation was observed. Instead, A2BR activation suppressed histamine-induced Ca2+ release in HBVSMC and HBVP, but not in hCMEC/D3.
Discussion. Adenosine signalling in human brain vascular cells is dominated by A2BR-mediated cAMP and inhibitory Ca2+ crosstalk, highlighting the potential for A2BR to regulate cerebrovascular (patho)physiology.
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