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MicroRNA-based therapeutic approaches for Parkinson’s disease
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Parkinson's disease (PD) is the second most prevalent neurodegenerative disorder, and its incidence is rising, representing a
substantial socioeconomic impact. The major neuropathological hallmarks are the degeneration of dopaminergic neurons in the
nigrostriatal pathway and alpha-Synuclein inclusions known as Lewy bodies and Lewy neurites. Clinically, PD is defined by
motor (e.g., rigidity, tremor, bradykinesia) and non-motor symptoms (e.g., depression, dementia). Although some treatments
can reduce motor symptoms, no effective prevention and curative therapies have been developed yet. MicroRNAs (miR), small
non-coding RNAs that post-transcriptionally regulate gene expression, are promising candidates for PD therapy, as they regulate
several pathophysiological aspects of this multifactorial disease. miR have been used for stem cell-based therapies, inducing
the differentiation into a specific cell phenotype, and as targets to modulate pathological mechanisms. However, effective
clinical translation critically depends on developing efficient delivery systems. We first developed polymeric nanoparticles
(NP) that release miR-124 to boost neurogenesis in the context of PD. miR-124 NP induced neurogenesis by targeting the
stemness-related genes Sox9 and Jagged! in vitro while increasing the number of new neurons in lesioned striatum and
ameliorating motor symptoms in the 6-hydroxydopamine (6-OHDA) mouse model of PD in vivo. However, NP delivery has
several challenges, such as degradation, bioaccumulation, retention in the basal lamina, and toxicity. Recently, we developed
an innovative and novel delivery system based on small extracellular vesicles (sEV) as disease-targeted, biological delivery
vectors for miR-124. In vitro, miR-124 sEV induced neurogenesis and protected N27 cells against 6-OHDA-induced toxicity.
In vivo, although miR-124 sEV did not increase the number of new neurons in the lesioned striatum, our formulation protected
dopaminergic neurons, which ameliorated motor symptoms. Thus, our findings support the therapeutic value of miR in the
context of PD and the relevance of drug delivery systems to target distinct biological responses and enhance therapeutic effects.
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