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Abstract


Electrospun biomaterials for in situ tissue regeneration are advantageous as drug delivery systems because they can be used to regulate the acute inflammatory response to establish a regenerative microenvironment. Neutrophils are the first inflammatory cells recruited to an electrospun biomaterial, and their release of neutrophil extracellular traps (NETs) and secretion of inflammatory and regenerative signals modulate the microenvironment around the biomaterial. In this work, chloroquine diphosphate, an anti-inflammatory drug shown to decrease NET release, was electrospun into polydioxanone (PDO) fibers for local delivery and immunomodulation of biomaterial-interacting neutrophils. Electrospinning was optimized so that the eluted concentration of chloroquine reached a previously reported, therapeutic concentration of 10 µM within one hour. Subsequently, acute neutrophil–template interactions were evaluated in vitro with freshly isolated human peripheral blood neutrophils for 3 and 6 h. NET release was quantified through detection of NET-derived myeloperoxidase with an ELISA, and the secretion of inflammatory and regenerative factors was quantified with an immunomagnetic multiplex assay. The results indicate that the chloroquine-eluting templates significantly reduced NET release within the first 3 h, but had no effect at 6 h, suggesting a therapeutic window for modulating acute NET release or temporal changes in cell viability. Additionally, the elution of chloroquine increased the secretion of regenerative factors HGF, VEGF-A, and IL-22 while suppressing inflammatory signals MMP-9 and IL-8 at 3 and 6 h, indicating a shift towards a pro-healing neutrophil phenotype. Together, these data suggest that chloroquine-eluting PDO biomaterials may modulate the acute neutrophil response from inflammatory to pro-healing, which may significantly enhance in situ tissue regeneration. Future work includes in vivo studies to evaluate long-term effects on tissue integration and regeneration in a physiological environment. Ultimately, these electrospun biomaterials may function as immunomodulatory drug delivery systems that regulate the neutrophil response and enhance the potential for in situ tissue regeneration.
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