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Advances in mesenchymal stem cell-derived exosomes in the treatment of preeclampsia

[ Abstract] Preeclampsia is a severe pregnancy-specific condition characterized by inadequate trophoblast invasion and
abnormal spiral artery remodeling, resulting in placental hypoperfusion, oxidative stress, endothelial dysfunction, and
immune-inflammatory activation, leading to symptoms like hypertension and proteinuria. Mesenchymal stem cell-derived
exosomes (MSC-Exos), nanoscale extracellular vesicles carrying mRNA, miRNA, and proteins, have emerged as
promising therapeutic agents due to their angiogenic, anti-inflammatory, anti-apoptotic, and immunomodulatory
properties. MSC-Exos have shown effectiveness in treating preeclampsia by enhancing eNOS signaling to improve
vascular relaxation, reducing NOX1/4 expression to alleviate oxidative damage, activating ERK/MMP-2 pathways to
enhance trophoblast invasion, balancing M1/M2 macrophage polarization to mitigate inflammation, and inhibiting
ferroptosis via molecules like miR-3614-5p. Among MSC-Exos, those derived from umbilical cord sources are
extensively studied due to their high yield and low immunogenicity, while exosomes from bone marrow and adipose
tissue exhibit unique targeting effects in specific pathways. Challenges in this field include standardizing isolation
methods, addressing source heterogeneity, and improving animal model fidelity. It is crucial to scale up production using

bioreactors and engineering exosome targeting through surface modification to facilitate clinical translation.
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