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Background: Extracellular vesicles(EVs) are lipid bilayer-enclosed nanoparticles secreted by all
cell types. They carry a complex molecular cargo, including proteins, lipids and nucleic acids,
that mirrors the functional state of their cell of origin, positioning them as a promising source
of circulating biomarkers for liquid biopsy. Their cargo also includes microRNAs (miRNAs),
small non-coding RNAs that regulate gene expression. Selective isolation and molecular
characterization of EV subpopulations and miRNA detection remain major challenges for liquid
biopsy applications. Here, we propose a new integrated workflow combining Single-Particle
Interferometric Reflectance Imaging Sensor (SP-IRIS) technology with digital PCR (dPCR) for
the analysis of miRNAs associated with neuronally derived EVs (NDEVs) from human serum
samples. SP-IRIS uses interferometric reflectance imaging for label-free, single-particle EV
sizing and fluorescence immunophenotyping.

Methods: EVs were isolated from the serum of healthy donors (HC), patients with Parkinson's
disease (PD)and with Progressive Supranuclear Palsy (PSP), captured and immunolabeled on
a Leprechaun chip for NDEV enrichment. RNA was directly isolated from the immobilized
NDEVs and cDNA was analyzed by dPCR for absolute quantification of disease-related
miRNAs.

Results: SP-IRIS enabled the characterization of EV size, particle count, phenotype and
biomarker colocalization. All miRNAs were successfully detected by dPCR in NDEV-derived
RNA. Absolute miRNA concentrations, expressed as copies/uL, varied across individual
samples and among targets, thereby enabling normalization of miRNA abundance to the
number of captured NDEVs.

Conclusion: We demonstrate the feasibility of the proposed integrated workflow for
guantitative NDEV-associated miRNA profiling.



