Rejuvenating Immune Balance in Vascular Inflammation: From Resolution Failure to Therapeutic Reprogramming

Thomas P. Williams¹, Magda Magliari¹, Martin Scholze1, Felicity N.E. Gavins¹. ¹Centre for Inflammation Research and Translational Medicine (CIRTM), Department of Biosciences, Brunel University of London, UK. 
Introduction. As populations age, chronic low-grade inflammation, termed ‘inflammageing’, emerges as a key contributor to age-related diseases, including cardiovascular dysfunction and frailty. Neutrophils, key innate effectors, become dysregulated with age, losing the ability to resolve inflammation effectively. Resolution pharmacology offers an alternative to immunosuppression by activating endogenous repair mechanisms. 
Aims. This study aimed to determine whether age-related neutrophil dysfunction arises from impaired engagement of resolution mechanisms, and whether this dysfunctional state can be reversed using resolution therapeutics (such as Resolvin D1 (RvD1) and annexin A1 (AnxA1) mimetic peptides) targeting Formyl Peptide Receptor 2 (FPR2)1, a key mediator of pro-resolving immune signalling.

Methods. Primary neutrophils were isolated from adult (18-45 years) and older (46-80 years) donors. Using a NAM-aligned human experimental platform integrating vascularised vessel-on-chip systems, high-content phenotypic imaging, and single-cell functional profiling (including advanced flow cytometry), we assessed resolution competence. Resolution therapeutics were tested in a concentration-response format to evaluate therapeutic reprogramming. 

Results. Neutrophils from older individuals exhibited a resolution-incompetent phenotype, characterised by sustained activation, increased vascular adhesion, and delayed disengagement from inflamed endothelium. Quantitative profiling revealed age-associated shifts in neutrophil morphology, activation status, and resolution capacity, alongside reduced circulating pro-resolving mediators. Treatment with FPR2-targeting resolution therapeutics restored hallmark features of resolution competence ex-vivo, without impairing recruitment or viability. 
Discussion. This study identifies a reversible failure in neutrophil resolution during ageing, amenable to therapeutic reprogramming. Resolution therapeutics restore immune resilience without suppressing defence. By integrating next-generation human platforms with resolution pharmacology, we advance a new therapeutic paradigm: rejuvenating innate immunity to counter inflammageing and reduce age-related disease risk. This strategy may redefine how immune balance is restored across the life-course, with relevance to vascular and age-related pathology.
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