
exposure to radioactivity contributed to her developing 
leukemia, serving as a costly lesson learned by mistake. 
These anecdotes highlight the incredible journey of 
scientific curiosity.

The story of extracellular vesicles (EVs) is akin to the 
narrative of scientific curiosity crossing various disciplines 
such as hematology, cell biology, virology, and more. 
These diverse fields eventually converged to uncover the 
existence of these small biologically active vesicles. The 
knowledge gained from each domain played a crucial 
role in unveiling the significance of EVs as an essential 
component of our physiology.

EVs have gained significant interest in the field of 
biodiscovery, despite being a relatively recent discovery. 

THE DISCOVERY OF EVs

Science and medicine have been at the forefront of 
some of the most fascinating discoveries in history. Take, 
for example, the charming story of penicillium mold 
accidentally falling into an agar plate filled with bacteria, 
leading to the serendipitous discovery of antibiotics. This 
discovery was a result of learning by chance. Another 
remarkable story is that of Barry Marshall, who bravely 
self-administered Helicobacter pylori to demonstrate its 
effect on peptic ulcers. This bold experiment ultimately 
earned him a Nobel Prize, showcasing the power of 
learning through experimentation.

We mustn’t forget the extraordinary Marie Curie, who 
used to carry radium tubes in her pocket. Sadly, her 
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Many scientists are now focused on understanding the 
diversity of EVs, their role in physiological functions, and 
their potential involvement in various diseases.

In the 1930s, a biochemist named Chargaff was working on 
developing a centrifugation protocol to separate clotting 
factors from blood. During this process, he observed that 
adding the high-speed sediment to the supernatant plasma 
significantly shortened the clotting time.1 This observation 
brought to light the existence of EVs, a distinct family of 
biomolecules present in blood. With the assistance of 
West,2 they further identified a “particulate fraction” that 
sedimented at 31,000 x g and exhibited high clotting 
potential and thromboplastic properties. This fraction 
included EVs. Initially, it was hypothesized that these isolated 
fractions were composed of various minute breakdown 
products of blood corpuscles. However, it took nearly two 
more decades of research to identify and differentiate 
the material in minute particulate form, sedimentable by 
high-speed centrifugation, and originating from platelets 
but distinct from intact platelets. These findings align 
closely with the characteristics of EVs.3 The first electron 
microscopy images of this “platelet dust” provided 
scientists with visual insights into the true appearance of 
EVs (Figure 1).  

•	 Extracellular vesicles (EVs) possess a phospholipid 
membrane that typically has a thickness of 
approximately 5 nm. 

•	 These vesicles exhibit a wide range of sizes, with 
most fluids containing EVs of varying sizes. 

•	 The minimum size of EVs is dependent on their 
composition and ranges from 30-50 nm in human 
blood plasma. 

•	 Generally, the size distribution of EVs has a peak 
below 200 nm.

•	 In human blood, spherical EVs smaller than 500 nm 
constitute around 95% of the total population.

EVs AT A GLANCE

Figure 1. Urinary EVs (uEVs) characterization by transmission electron 
microscopy (TEM). Representative picture of TEM characterization 
of uEVs isolated with ultracentrifugation. Bertolone et al. Front. 
Endocrinol. 2023 14:1096441. Published under a Creative Commons 
Attribution 4.0 International License: http://creativecommons.org/
licenses/by/4.0/  

The subsequent work by Crawford played a crucial role 
in identifying the presence of lipids and proteins within 
the membrane of EVs, shedding light on their functional 
properties.4 In a fascinating study on bat hibernation, 
scientists initially observed how EVs are generated from 
cells through the fusion of multivesicular bodies with the 
plasma membrane before being released.5 This discovery led 
to the realization that EVs are not exclusive to mammalian 
cells but are produced by various cell types.6 During the 
1980s, researchers focused on unraveling the intricacies of 
membrane trafficking and the assembly of EVs, specifically 
examining how proteins are included or excluded.7

Initially referred to as exosomes (small microvesicles), the 
term “extracellular vesicles” was officially adopted in 2011 to 
define these non-replicating structures enclosed by a lipid 
bilayer. The same year witnessed the establishment of the 
International Society of Extracellular Vesicles (ISEV), which 
developed guidelines (MISEV) to standardize the analysis 
and reporting of EV research.8 Since then, numerous topics 
have emerged, including the study of cargo trafficking, 
biomarkers, cancer, cardiovascular diseases, infectious 
diseases, drug delivery, and many more. These areas of 
research highlight the tremendous importance of EVs in 
various fields of study.

THE IMPORTANCE OF EVs  
IN SCIENCE AND MEDICINE

The discovery of the world of extracellular vesicles (EVs) 
has brought to light previously unknown aspects of how 
the body functions, how cancer cells spread, and how 
pathogens disseminate. However, there is still much 
investigation needed to fully decipher the secrets of EVs. 
Scientists now recognize that EVs play a central role not 
only in physiological processes but also in pathological 
conditions. This recognition has led to a significant surge in 
research over the past decade, with thousands of scientific 
papers published in 2022 alone (Figure 2).
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Figure 2. The number of publications related to extracellular vesicles 
(EVs). This figure represents the number of publications retrieved 
from 1950 to the present, using the keyword “extracellular vesicles” 
(source: Pubmed.com).



EVs are produced by all cell types across different life 
kingdoms. Their biogenesis can be categorized into two 
types of release: (i) budding from the plasma membrane, 
resulting in larger microvesicles and apoptotic bodies, and 
(ii) release of vesicles derived from endosomes. 9 EVs are 
small in size (ranging from 30 to 500 nm) and possess 
an intraluminal region. Due to their size and ability to 
carry proteins and nucleic acids, scientists are focused on 
understanding their functions and exploring their potential 
as biomarkers.

Research has revealed that EVs play a role in various 
physiological processes, including angiogenesis, cellular 
migration, and cell-to-cell signaling. Their abundance, 
and their ability to easily enter target cells suggest their 
involvement in numerous physiological processes, both in 
peripheral circulation and tissues (Figure 3). In fact, EVs have 
the capacity to cross the blood-brain barrier, indicating a 
potential role in neurodegenerative diseases.10 Additionally, 
EVs can serve as biomarkers for peripheral screening tools 
in diseases like Alzheimer’s (among other applications).11

There is growing interest in the therapeutic potential 
of EVs. Clinical trials are investigating the use of EVs as 
cargo vehicles to deliver compounds to target cells. By 
engineering EVs to express specific markers, they can be 
targeted to specific sites in the body and deliver cargo 
inside the cells. This targeted delivery offers advantages 
in terms of specificity compared to conventional drug 
delivery methods. Transmembrane proteins like tetraspanins 
(e.g., CD9, CD63, CD81), often used as markers of EVs, 

•	 EVs are derived from 
the endosomal system, 
leading to the formation 
of multivesicular bodies.

•	 These EVs carry cell-
derived proteins on their 
surface.

•	 Subsequently, they are 
transported to the cell 
membrane and fuse  
with it.

•	 Once fused, they are 
released from the cell into 
the extracellular space.

•	 EVs can then bind to 
target cells that express 
the corresponding 
receptor that they 
themselves express.

•	 Once inside the target 
cell, they have the ability 
to release their cargo.

Figure 3. Biogenesis of vesicles from cells and their anchoring into target cells. EVs and their cargos are enclosed within microvesicular 
bodies (MVB) that migrate to the plasma membrane for release into the extracellular space.
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also play a role in this process.12 Once inside the cells, the 
cargo interacts with intracellular components, influencing 
signaling pathways and ultimately leading to desired 
outcomes such as activation, suppression, or modulation 
of cellular functions.

This constant physiological process, where EVs modulate 
cellular functions from within, impacts the interaction of 
target cells with their microenvironment, particularly in 
tissues. It is through the release of EVs that some cancer 
cells can spread to other tissues, as these vesicles have 
the ability to modulate the tissue microenvironment in 
favor of cancer cell dissemination.13 This area of research is 
highly active, as finding ways to suppress this action could 
potentially reduce the spread of cancer cells throughout 
the body.14

CENTRIFUGATION AT THE  
GENESIS OF EV DISCOVERY

The study of extracellular vesicles (EVs) and the 
development of the EV field have heavily relied on 
centrifugation protocols since Chargaff’s initial discovery. 
Over the years, scientists have refined protocols to enrich, 
isolate, and characterize EVs. The ideal separation protocol 
would offer high yield, heterogeneity, and efficiency 
while minimizing time and costs. Centrifugation, being a 
well-established technique in laboratories, has been the 
method of choice that has propelled the field to its current 
state. There are various methods for isolating EVs, and the 

How EVs Are Generated



specific downstream applications dictate the appropriate 
protocol to employ, each with its own advantages and 
disadvantages.15 Body fluids such as plasma, serum, urine, 
cerebrospinal fluid, and milk are commonly used as starting 
materials for EV separation.

Ultracentrifugation, including differential centrifugation, 
is a widely employed isolation method for EVs. While a 
combination of techniques may be utilized, centrifugation 
is almost always included in the isolation protocols (Figure 
4). Density gradient centrifugation, filtration, and size-
exclusion chromatography have gained interest among 
researchers. However, subsequent purification methods still 
involve ultracentrifugation, density gradient centrifugation, 
or chromatography techniques. Magnetic bead separation, 
although offering a targeted approach, may compromise 
the true heterogeneity of EVs. The isolation of EVs entails 
the removal of contaminants and the separation of EVs 
from other particles, such as chylomicrons and lipids, 
present in biological fluids or cell culture media (Figure 
4). Ultracentrifugation utilizes centrifugal force to separate 
components based on size and/or density. Differential 
ultracentrifugation techniques involve multiple spins at 
progressively increasing speeds to eliminate contaminants 
and pellet EVs. Density gradient ultracentrifugation is a high-
resolution purification technique that separates particles 

based on physical properties (size, shape, mass, and/or 
density) by employing a medium with graded densities, 
such as sucrose or iodixanol. While density cushion 
ultracentrifugation strikes a balance between throughput 
and purity, density gradient ultracentrifugation provides the 
highest purity, and differential ultracentrifugation allows for 
the highest throughput. Density gradient and differential 
ultracentrifugation yield the cleanest samples and preserve 
the structural integrity of EVs compared to other methods 
like size exclusion chromatography or precipitation. 
The question of scalability, especially in the context of 
manufacturing and EV therapy, becomes important when 
deciding which isolation method to employ.16-19

MOVING FORWARD WITH EV RESEARCH

From the initial discovery of EVs to the present day, several 
decades have passed. The recent excitement surrounding 
EVs stems from the potential applications that could arise 
from a deeper understanding of their generation, regulation, 
and manipulation for therapeutic purposes. Since EVs are 
produced by all types of living cells and have the ability 
to regulate numerous processes, the possibilities for their 
applications are limitless. However, this also emphasizes 
the need for further research to unravel the secrets of 
EVs. The scientific community is eager to standardize 

Figure 4. Isolating EVs involves the removal of contaminants and the separation of EVs from other particles, such as chylomicrons and 
lipids, present in biological fluids or cell culture media. Ultracentrifugation utilizes centrifugal force to separate components based on 
their size and/or density. Differential ultracentrifugation techniques employ multiple spins at progressively increasing speeds to first 
eliminate contaminants and then pellet EVs. Density gradient ultracentrifugation is a high-resolution purification technique that relies on 
a medium with graded densities, such as sucrose or iodixanol, to separate particles based on their physical properties such as size, shape, 
mass, and density.



the isolation, characterization, and use of EVs, as this will 
enhance reproducibility and facilitate the translation of 
findings into clinical use.

There are still important characteristics of EVs that need 
to be clarified. Firstly, their heterogeneity is a significant 
aspect to explore. EVs are not a single entity, as their 
composition and size can vary even within the same cell. 
The generation and composition of EVs are likely to be 
continuously regulated processes influenced by the cell’s 
status and received signals (Figure 5). Characterizing EVs 
individually, which can be achieved using technologies like 
flow cytometry, will contribute to a better understanding 
of their heterogeneity. Secondly, it is crucial to develop 
scalable methods for generating EVs in vitro for delivery 
to patients. Defining standard workflows will be essential 
in this regard, and centrifugation plays a crucial role in the 
manufacturing process. Lastly, mapping markers associated 
with different classes of EVs (e.g., cells of origin, healthy 
vs. cancer cells, activation status, disease biomarkers) is 
necessary to expedite ongoing therapeutic efforts.

MORE INFORMATION

To learn more, please visit these resources on the Beckman 
Coulter Life Sciences website.

Figure 5. Representation of the size and heterogeneity of EVs. High-density lipoproteins (HDLs), low-density lipoproteins (LDLs), and 
very low-density lipoproteins (vLDLs) are included for comparison. The average sizes of antibodies, viruses, and bacteria are also shown.
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