Plant extracellular vesicles as delivery vehicles for small RNAs with potential
therapeutic applications

microRNAs (miRNAs) are small single-stranded RNA molecules, approximately 21-22 nucleotides
in length, which can control a wide range of biological processes, including inflammation and
tumorigenesis, by downregulating the expression of target genes involved in these pathways. Over
the past decade, numerous therapeutic strategies based on engineered miRNAs have been developed.
These MIMIC-miRNAs are often chemically modified to enhance their stability by reducing
degradation. However, limitations related to delivery efficiency and high production costs still hinder
their widespread therapeutic use. Plants are also natural producers of microRNAs. Although plant
miRNAs are similar in length to their human counterparts, their biogenesis and mode of action differ:
plant miRNAs typically induce the degradation of their target mRNAs rather than inhibiting their
translation. Additionally, they are naturally methylated, which increases their intrinsic stability.
Recent studies have shown that plant miRNAs are encapsulated within extracellular vesicles (EVs)
and secreted into the extracellular environment as a means of inter-plant communication. EVs
represent a highly heterogeneous group of membrane-bound nanoparticles, ranging from 30 nm to 1
um in size, and typically carry bioactive cargo including nucleic acids, lipids, and proteins. The use
of EVs isolated from plant extracts enriched with therapeutic miRNAs could represent a novel
strategy for small RNA delivery. Their nanoscale size, the variability of their cargo depending on the
secreting cell type and physiological state, and the presence of a lipid bilayer that protects their
contents, make EVs a promising and biocompatible alternative to conventional drug delivery systems
(DDSs). In our study, we extracted and characterized the microRNAs contained in Arabidopsis-
derived EVs, obtained both from hydroponic cultures and whole-plant extracts. Moreover, we
developed an experimental system to investigate the uptake of these vesicles across the epithelial
barrier.



