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Objective of the study:  

Extracellular vesicles (EVs) are proteo-lipid nanoparticles released by cells. EVs are of general 

interest for two reasons: EVs can influence recipient cell phenotype by shuttling bioactive 

molecules (proteins and nucleic acids) between cells; EVs are an attractive diagnostic tool 

especially for cancer, since cancer cells release more EVs than normal cells and can be potentially 

isolated from bodily fluids. Understanding the dynamics of EV exchange between cells can clarify 

the role of EVs in intercellular communication and their potential for cancer detection.  

Results and Conclusions:  

In recent years, EVs attracted the attention of clinical researchers as EVs collected from bodily 

fluids can be a useful diagnostic biomarker for different pathological conditions. It is generally 

believed that EVs can reach distant anatomical districts by navigating bodily fluids. However, 

when EVs are compared in size to the small proteins that can easily diffuse in the interstitial 

space, the first are 10 to 100 times larger. For this reason we hypothesize that EVs are mainly 

exchanged at the cell-cell interface.  

In order to explore this possibility we measured the number of EVs released by SUM159 cells, a 

triple negative breast cancer cell line, plated at increasing cell density. We observed that the 

amount of EVs released per cell into the supernatant progressively decreases with the increase 

of cell density. This result suggested that EVs are internalized by the surrounding cells upon 

release. To explore this possibility, we set co-cultures experiments in which cells expressing GFP-

tagged CD9, a marker of EVs, were plated at high density along with cells transfected with 

clathrin-mRuby, a marker of clathrin-mediated endocytosis (CME). Since imaging cells even after 

48 hours did not reveal a substantial accumulation of CD9-GFP in the acceptor cells, we 

hypothesized that EVs were promptly degraded upon internalization. To prove this, we treated 

the co-cultures with bafilomycin to impair lysosomal activity. This treatment revealed a 



significant accumulation of CD9+ particles inside clathrin-mRuby cells by confocal microscopy and 

flow cytometry.  

Thus, we wondered whether the distance between cells influences the extent of EV transfer. To 

address this question we set up a compartmentalized co-culture system where EV donor (CD9-

GFP) and EV recipient (nuclear-BFP) cells could be seeded in a close or far configuration by using 

ad hoc 3D-printed rings as mobile cell reservoirs. The rings were placed in a petri dish and cells 

were seeded inside. After 24 hours, the  rings were removed and media was added to fill the dish. 

The day after, the cells were detached and analyzed by flow cytometry to quantify the amount 

of EV transfer. In the “close configuration” ~47% of n-BFP cells had uptaken EVs labeled with CD9-

GFP. In comparison, seeding the cells in a “far configuration” resulted in only ~4% of n-BFP cells 

involved in EV exchange. These results reveal that cell-to-cell proximity has a significant impact 

on the amount of intercellular EV transfer, suggesting that EVs are exchanged locally rather than 

with cells located in distant anatomical districts. 

Finally, we used Lattice Light Sheet Fluorescence Microscopy (LLSFM) to observe in three 

dimensions and in real-time the exchange of EVs. With this experiment we were able to conclude 

that EVs are shed from filopodia-like protrusions of CD9-GFP cells and are promptly internalized 

by adjacent cells. Overall our study suggests that: i) EV release is efficient even in high-cell density 

conditions, ii) EVs are internalized at cell-to-cell contacts, iii) after uptake EVs are degraded into 

lysosomes, and iv) EVs are released from filopodia.  

Significance:  

The dynamics that control EV exchange at the organ, tissue, and cellular levels are still unknown, 

although these are key properties to predict the sensitivity and specificity of EV-based cancer 

diagnostics and their potential role in intercellular communication.  

Our data show that EVs are mainly exchanged at the cell-cell interface and, when extrapolated 

to three dimensional tissues, predict that circulating EVs originate either from cells exposed to 

the blood stream such as endothelial and blood cells, or from tissues with leaky vasculature such 

as the liver. Conversely, high vessel permeability, a typical hallmark of cancer, could explain why 

cancer cells strongly contribute to the pool of circulating EVs, suggesting an “inverse” enhanced 

permeability effect. These results pave the way for the development of effective EV capture for 



diagnostic tests and for a complete understanding of how EVs orchestrate intercellular 

communication. 


