
Extracellular vesicles (EVs)
for research, diagnostics, and therapy

What are EVs?
They are heterogeneous lipid bilayer-enclosed particles that are 
naturally released by all living cells.

Ranging from 30 to 500 nm in diameter, EVs carry a variety of 
cargos and play critical roles in intercellular communication and 
physiological processes including angiogenesis, cell differentiation, 
and tumor growth. They are usually composed of lipids, proteins, 
and nucleic acids, but other biomolecules can also be present. 
EVs are tremendously promising from a clinical perspective due 
to their origin cell-specific markers and capacity to elicit functional 
changes.

What are EVs used for?
Basic EV research usually focuses on understanding EV biogenesis, phenotype, interactions, and functionality. These efforts 
are critical for advancing clinical application of EVs. EV research is not without its challenges, however, as their immense 
heterogeneity makes both purification and characterization difficult.

Diagnostics

•	Since EVs usually carry molecular markers of their origin cells they can 
be used as biomarkers to diagnose diseases or assess disease and treat-
ment progression.

•	EVs are present in all biological fluids and represent an opportunity for 
minimally or non-invasive liquid biopsy approaches.

Therapeutics

•	EVs often possess similar functional properties of their origin cells. For 
example, EVs from stem cells can regenerate tissues.

•	EVs can be modified, loaded, and reprogrammed to engender specific 
functions.

•	Since EVs are naturally occurring they are highly biocompatible.
•	EVs exhibit tissue tropism and an ability to cross the blood-brain barrier 

(BBB).

Fast-tracking EV research
When it comes to purifying EVs, ultracentrifugation is considered 
the gold standard. Differential pelleting is a simple ultracentrifuge-
based method for EV isolation, while various density gradient 
ultracentrifugation methods provide even higher purity of the 
EV subpopulation that you care about. Flow cytometry is a 
powerful technique for characterizing EVs. Flow cytometry 
allows for determination of EV concentration, phenotype/
composition, refractive index, and size. 
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Antibodies are Y-shaped glycoproteins that form a crucial 
part of the immune response.

When the immune system is exposed to a new foreign molecule, 
typically a protein, specialized cells in the bloodstream, such as 
dendritic cells and macrophages, respond by capturing it and 
breaking it down, releasing antigens. These antigens stimulate 
B cells to produce antibodies, which are capable of binding the 
foreign molecule so the body can quickly detect and eliminate 
it during an infection. 

Research

• Identifying and sorting di�erent cell populations 
• Detecting specific proteins in a complex mixture or 
 tissue sample
• Screening for proteins that are overexpressed in 
 certain diseases
• Studying the function of specific proteins
• Studying the immune response
• Identifying potential drug targets
• Informing drug and vaccine development 
• Purifying and characterizing antigens for use in vaccines

Diagnostics

• Home pregnancy tests
• COVID-19 lateral flow tests
• HIV screening 
• Diagnosing certain types of cancer 
• Identifying infections e.g. HIV and hepatitis 
• Diagnosing hormone and thyroid disorders 
• Drug and alcohol testing 
• Diagnosing and monitoring autoimmune diseases e.g.   
 rheumatoid arthritis and lupus 
• Blood grouping

Therapeutics

• Oncology 
• Immune-mediated disorders e.g. allergies, asthma, 
 organ transplant rejection, inflammatory bowel diseases
• Infectious diseases e.g. COVID-19 
• Cardiovascular diseases 
• Neurological disorders e.g. migraines  
• Ophthalmic conditions
• Genetic diseases 
• Musculoskeletal conditions e.g. osteoporosis 
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What are monoclonal antibodies?  
Monoclonal antibodies (mAbs) are quite simply identical copies of an antibody produced in a laboratory from a single line of 
B cells. They are powerful tools for researching the interactions of health and disease, for the development of diagnostic tests, 
and for the discovery of novel therapeutics, with hundreds of mAbs currently in clinical development for the treatment of a 
wide range of medical conditions. Many mAbs are already routinely used for treating various health conditions. 

Fast-tracking mAb development 
Researchers around the world are focusing on discovering novel 
mAb therapies for life-threatening conditions such as cancer, but, 
it can take upwards of 15 years to make a promising drug available 
to patients. Automation platforms and precision instruments can 
streamline mAb development, all the way from early-stage 
research through to analysis. 
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B cells. They are powerful tools for researching the interactions of health and disease, for the development of diagnostic tests, 
and for the discovery of novel therapeutics, with hundreds of mAbs currently in clinical development for the treatment of a 
wide range of medical conditions. Many mAbs are already routinely used for treating various health conditions. 
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it can take upwards of 15 years to make a promising drug available 
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Get in touch to find out how Beckman Coulter’s products can 
help you standardize your EV purification and characterization.

beckman.com 
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systems (DDS), presenting advantageous features that may allow them to outperform
synthetic nanocarriers. In fact, EVs have been recently described to deliver functional RNA
more efficiently than state-of-the-art synthetic RNA nanocarriers [17].

In addition to their ability to pack therapeutic molecules, EVs can be further engineered
to enhance their targeting capacity towards specific tissues. This has been achieved either
by the genetic engineering of parental cells in order to express a targeting moiety fused to
an EV transmembrane protein, or by anchoring targeting ligands to the surface of EVs after
their isolation. Here, we review recent and notable developments in the field, allowing
the engineering of EVs to enhance their therapeutic potential, elucidating the pros and
cons of each strategy. This is preceded by a contextualization of the biology of EVs and
their roles in major pathophysiological processes. We also review the most recent strategies
employed to address the critical issues in upstream and downstream processing of EVs to
their scalable manufacturing. These platforms are expected to support the large numbers
and high purity of EVs needed as the field moves more intensively from pre-clinical to
clinical studies towards the validation of EVs as key players in therapeutic applications.

2. EV Biology

The identification of EVs can be traced back to as early as 1946, when they were
described as pro-coagulant particles in plasma [18], and later in the 1960s described as
“platelet-dust” and as cartilage matrix vesicles associated with bone calcification [19,20].
A major breakthrough occurred in 1983, when a mechanism for the release of transferrin
receptors from maturing red blood cells through vesicles was described [21,22]. These
vesicles were later named “exosomes” in 1987 [23].

For some time, EVs were only considered to be a means to remove unwanted material
from the cell. However, the field of EVs was revolutionized in 1996 when exosomes were
shown to play a role in antigen presentation, opening an entirely new discussion that EVs
might play a role in the transfer of biological information between cells [2]. This was later
consolidated in 2006 and 2007, when EVs were shown to contain RNA (miRNA and mRNA)
that could be delivered to recipient cells, changing their behavior [3,4]. Since then, EVs
have emerged as relevant players in intercellular communication, mainly through their
ability to transfer a cargo of biomolecules, including proteins, lipids, and nucleic acids,
which trigger alterations on recipient cells (Figure 1).
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Figure 1. Schematic representation of an extracellular vesicle (EV) and its biological composition. 
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Figure 1. Schematic representation of an extracellular vesicle (EV) and its biological composition. EVs
are composed by a phospholipid bilayer membrane enclosing intraluminal fluid with cytoplasmic
origin. They contain biomolecules from their cell of origin, which include, other than lipids, several
types of proteins (e.g., involved in cell adhesion, as well as other transmembrane and intraluminal
proteins with various functions) and nucleic acids (e.g., mRNA and miRNA). Figure created with
BioRender.com.
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