
Abstract 
Prof. Claudia Maria Radu 

Department of Medicine, Thrombotic and Haemorrhagic Diseases Unit, University of Padua, Padua 

Italy. 

Title: Innovative Approaches to Nanoparticle Identification and Characterization by Flow 
Cytometry 

Introduction: 
Extracellular vesicles (EVs) is a collective term encompassing all membrane-bound vesicles released 
by cells, including exosomes, microvesicles, and apoptotic bodies. EVs are secreted in response to 
cell activation, injury, or apoptosis. They are characterized by a phospholipid bilayer membrane, 
lack the ability to replicate, and carry functional adhesion molecules, bioactive phospholipids, and 
cytoplasmic components that reflect both the physiological state of the originating cells and the 
stimuli responsible for their release. Numerous studies have demonstrated that EVs mediate 
intercellular communication by transferring miRNAs, mRNAs, DNA, and proteins to recipient cells. 
Flow cytometry remains one of the most widely used techniques for EV analysis and has become an 
important tool for investigating their potential role as disease biomarkers. However, conventional 
flow cytometry has important limitations due to the small size of EVs, making the detection of 
vesicles smaller than approximately 500 nm particularly challenging. 

Methods: 
CytoFLEX instruments represent a new generation of flow cytometers equipped with avalanche 
photodiodes (APDs) and diode lasers, maximizing light collection while minimizing optical and 
electronic noise. Three instruments were evaluated and compared for EVs analysis: CytoFLEX, 
CytoFLEX SRT, and CytoFLEX nano. All cytometers were calibrated using Gigamix reference beads to 
establish a standardized and reproducible analysis gate. In addition, NanoViS™ Nanoscale Sizing 
Standard beads, characterized by a known refractive index, were used together with FCMPASS 
software to accurately estimate the size (nm) of detected EVs. Prior to sample acquisition, GFP-
expressing EV standards derived from the HUVEC cell line (Sigma-Aldrich) were used to define the 
positivity gate. Calcein staining was also performed in all analyses to assess vesicle membrane 
integrity. 

Results: 
All instruments are equipped with a violet laser that can be used as the trigger signal, enabling 
improved discrimination between background noise and true EV events. When violet side scatter 
(VSSC) was used as the trigger instead of the conventional 488 nm side scatter (SSC), background 
noise was markedly reduced, resulting in improved sensitivity for EV detection using reference 
beads of known size. CytoFLEX cytometers provide absolute EVs quantification (EVs/μL) and allow 
the detection and characterization of EV populations across different size ranges. Furthermore, the 
CytoFLEX SRT enables EVs sorting, facilitating downstream applications such as next-generation 
sequencing and transcriptomic analyses. The CytoFLEX nano analyzer combines nanoscale flow 
cytometry with advanced optical technology, allowing the detection and characterization of 
nanoparticles as small as 40 nm while simultaneously providing information on both particle size 
and fluorescence characteristics. NanoViS™ beads, together with FCMPASS software, enabled 
accurate estimation of the size of analyzed EVs in nanometers. 

Conclusion: 
Recent advances in flow cytometry have significantly improved the detection and characterization 



of extracellular vesicles and other nanoparticles. The CytoFLEX platform, including CytoFLEX, 
CytoFLEX SRT, and CytoFLEX nano, provides highly sensitive analytical capabilities, enabling accurate 
sizing, absolute quantification, phenotypic characterization, and EVs sorting. These technological 
advances are expanding the applications of nanoscale flow cytometry in both basic research and 
clinical diagnostics, making high-sensitivity nanoparticle analysis more accessible and reproducible. 

 

 

 
 

 

 

 

 

 

 

 

 


