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    Abstract
Dysregulated macrophage function is implicated in a wide range of disorders. In vitro hydrogel culture systems are often used as matrices to model and explore the effect of various external stimuli on macrophage polarization and behaviour. Here, we show that 3D alginate hydrogels are not “macrophage inert” and instead help to direct the maturation of primary human macrophages towards specific phenotypes. We compared polarization of M1-like and M2-like cells activated on planar substrates or in 3D alginate hydrogels (with or without adhesion motifs (RGD)). We show that culture in 3D alginate systems selectively alters M2 polarisation following activation; cells show a 2.6-fold increase in CD86 expression compared to cells matured on planar controls, and increase IL1β cytokine secretion even in response to an M2-like stimulus (LPS alone in the absence of IFNγ). Our results suggest that alginate materials may intrinsically stimulate M2 macrophages to acquire a unique polarization state (resembling M2b), characterized by enhanced expression of CD86 and IL1β secretion while retaining low IL12 and high IL10 secretion typical for M2 macrophages. This has important implications for researchers using alginate hydrogels to study macrophage behavior in culture and co-culture systems, as alginate itself may induce direct phenotypic changes independently or in conjunction with other stimuli.
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