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Background: Alzheimer’s Disease (AD) is the main medical problem and cause of death in              
adults with Down syndrome (DS). Atrophy of basal forebrain cholinergic neurons is an             
early event associated with AD-related cognitive impairment, however, biomarkers to          
monitor this pathological process remain elusive. The analysis of brain-derived extracellular           
vesicles (EVs), which can be easily obtained by liquid biopsy, constitutes a novel,             
non-invasive platform for the discovery of such biomarkers. Accordingly, our goal was to             
establish and validate a method of enrichment of neuron-derived EVs (NDEVs) from            
plasma samples. 

Methods: NDEVs were obtained from 500 µL plasma from cognitively healthy donors via a              
two-step procedure: first, EV enrichment through polymer-based precipitation followed by          
immunocapture with biotinylated anti-L1CAM antibody in different conditions (1 h or           
overnight). The efficiency of the procedure was verified by Western blot (L1CAM) and             
analysis of the neuronal marker neurofilament light chain (NfL) by Single Molecule Array             
(Simoa). The presence and characterization of EVs was performed via nanoparticle           
tracking analysis (NTA), cryo-EM, ELISA and ExoCheck array (SBI, USA).  

Results: Our results show enrichment of L1CAM and NfL in the pellet fraction following              
immunocapture, with respect to the supernatant. Higher L1CAM, NfL and CD81 signals            
were observed when enrichment was performed with 16 h incubations compared to 1 h.              
NTA revealed the presence of particles with a median size of 93 (2.1) nm (Fig. 1A) and                 
whose vesicular characteristic was confirmed by cryo-EM (Fig. 1B). NfL analysis further            
showed a ~9 fold enrichment of this marker in NDEVs compared to free plasma samples               
(Fig. 1C). Neuronal (L1CAM, NCAM), vesicular (CD63, CD9, CD81, TSG101) and absence            
of cellular contamination markers (CANX), were validated by an ExoCheck Array (Fig. 1D).             
Our next objective will be to use this protocol for the analysis of neurotrophins in NDEVs                
from individuals with DS along the AD continuum.  

Conclusions: The analysis of NDEVs should enable the assessment of brain-derived           
biomarkers of cholinergic degeneration with a minimally invasive technique and help to            
identify early individuals with active AD-related neurodegeneration and cholinergic atrophy. 
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Figure 1. Validation of the protocol for NDEV enrichment from plasma via: (A) NTA              
(Nanosight NS300, Malvern, UK) and (B) cyo-EM, (C) analysis of NfL by Simoa and (D)               
ExoCheck Neuro Array (SBI, USA). 
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