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Early embryonic development in pigs features a restructuring of the embryo from a spherical (~1mm) to a filamentous (>100mm) morphology within a 3-day period prior to implantation. This process, called elongation, is heavily dependent on maternal-embryonic crosstalk and is critical to successful pregnancy outcomes. Asynchronous or failed embryonic elongation leads to significant decreases in pig litter sizes due to early embryonic mortality. Extracellular vesicles (EVs) are nanoscopic (~60 nm – 1000 nm) lipid-membrane-enclosed vesicles that are secreted by all cells and are known to contribute to intercellular communications. These secreted vesicles encapsulate cargo such as nucleic acids or proteins and cross intercellular space, delivering signaling molecules to targeted cells. A substantial amount of EVs have been found in reproductive fluids and are hypothesized to play an important role in the regulation of embryonic development, facilitating the essential crosstalk between maternal and embryonic tissues. Previously, encapsulation of spherical pig blastocysts in Arg-Gly-Asp peptide (RGD) conjugated alginate hydrogels provided a viable culturing method for studying the factors influencing embryo elongation in-vitro. Compared to 2D culture and unmodified 3D alginate hydrogel culture, the RGD-modified alginate hydrogel enhanced embryonic elongation, and embryos within these hydrogels secreted estradiol-17 consistent with embryonic development. This improved embryo culturing method has enabled more consistent replication and more efficient study of this pre-implantation stage of development in real-time. To investigate the role of EVs in pig embryo elongation, the goal of this study was to determine optimal EV dosing parameters for the hydrogels and investigate the diffusion dynamics of EVs within the hydrogel to evaluate how their distribution and concentration influence biological responses. This study established a model to evaluate EV diffusion through a 3D scaffold and could aid in identifying key signaling molecules responsible for regulating morphological changes. Discoveries from these investigations could be used to improve embryo development, ultimately improving reproductive outcomes and increasing the efficiency of porcine production.
