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Introductory Chapter: An
Overview to the Extracellular
Vesicles
Ana Gil-Bona and Jose Antonio Reales-Calderon

1. Extracellular vesicles
Cells are basic structural, functional, and biological units delimited by a plasma
membrane that contains all the molecules necessaries for living. Cells could be
a complete organism, such as yeast or bacterium, or form part of a multicellular
organism which is specialized, such as neurons or adipocytes. The communication
between cells is very important to react to the environment and to initiate signaling
cascades in all the organisms, from bacteria to eukaryotes. This communication
involves the secretion of proteins to the extracellular environment through direct
secretion (classical secretion pathways) or can be mediated by the secretion of
extracellular vesicles (EVs). This communication allows cells sending and receiving
messages about the inside and the outside environment. Different strategies are
applied for cellular crosstalk. Current studies have emerged as EVs as an important
mechanism of cell communication [1, 2]. The secretion of EVs is a well conserved
process through all the organisms, from bacteria to mammals [3].
The term extracellular vesicle includes a heterogeneous group of membrane
vesicles with diverse origins, sizes, and shapes. EVs are being identified in almost
all the cells, from prokaryotic to eukaryotic, and not only in healthy conditions but
also associated with many diseases [4]. The composition, origin, and functions are
the focus of attention of researchers and clinicians. The number of papers published
yearly in Pubmed related to EVs has increased exponentially during the last 10 years
(Figure 1). Despite the enormous amount of data published and because of that,
there are many new questions unanswered. We still cannot claim the complete
understanding of the function of these vesicles in the cell.
The release of EVs to the media allows the cell sending and receiving messages
without direct interaction. The content of EVs could participate in controlling
important processes, such as growth and differentiation, pathogenesis or metabolic
processes. The diversity and complexity of EVs are enormous. Each cell can produce different types of EVs, varying the biogenesis process and the content. The
term of EVs is a generic term for all types of vesicles. There are different types of
EVs attending to their function, size, and content [5]. Three EV types are mainly
accepted: exosomes (30–90 nm), microvesicles (100 up to 1 μm), and apoptotic
bodies. The EVs are formed by lipid bilayer with integrated proteins. This capsule
protects the inside content from the proteases and nucleases that can affect their
content. EVs transport lipids, proteins, growth factors, and RNA. In summary, the
EVs are able to transfer genetic material and proteins that can contribute to change
the receiving cell. Although, the main components are the same, different EVs from
different cells or different EVs from the same cell can possess different contents and
characteristics.
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Figure 1.
Evolution of the number of papers published in PubMed over the past 21 years (1997–2018).

2. Study of EVs
EVs can be released and interact with the target cell through different mechanisms. Currently, there are several databases that serve as resource for EVs research:
Vesiclepedia [6, 7], EVpedia [8–10], ExoCarta [11–14], and EVmiRNA [15]. These
databases include data from different organisms, type of vesicle, and content type
(protein, mRNA, miRNA, and lipid). The composition of each kind of EV derives
from the cell and purpose of the vesicle realized to the media. As such, these vesicles
became an important marker for diseases, including cancer, infectious diseases,
renal diseases, and diabetes [16–20]. In order to achieve this, EVs must be characterized and analyze their confidence to be candidates for those used by humans. The
isolation and purification of different sets of EVs in a single cell is complicated.
Even though several studies isolate EVs from all kinds of fluids, including
blood, urine, saliva, tears, semen, and cerebrospinal fluid, there is not a consensus
to determine the best isolation technique to purify EVs. Several approximations
have been published to isolate and analyze EVs from different sources [5, 21–23].
Differential centrifugation and ultracentrifugation are necessary steps at the beginning of the process to avoid sample contamination with non-EVs contaminants that
can confound the analysis (ex. cellular debris, protein aggregates or lipoproteins).
After the centrifugation steps, there are several techniques that can be used to
isolate and analyze the EVs [24, 25]. Several common techniques are listed below:
• Differential ultracentrifugation
• Density gradient ultracentrifugation
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• Size exclusion chromatography
• Filtration
• Immunological separation
• Commercial precipitation kits
• Microfluidic chip
The methods summarized above are the most common. However, there are more
variations of these methods used to purify EVs. All the methods have different
advantages and disadvantages. Because of the diversity of the EVs, there is not a
unique method to purify them. The selection of the method and the adaptation to
the particular scenario is vital for the success of the isolation. After the EVs isolation, several procedures can be performed to characterize, quantify, and validate
the correct purification of these organelles [5, 26–30]. The most common methods
are listed below:
• Transmission electron microscopy (TEM)
• Atomic force microscopy (AFM)
• Nanoparticle tracking analysis (NTA)
• Dynamic light scattering (DLS)
• Single-particle tracking (SPT)
• Protein identification by mass spectrometry (MS)
• Western blot
• ELISA
• Flow cytometry
• RNA analysis
• In vitro functional analyses
• In vivo functional analyses
• Lipidomic analysis

3. The role of the extracellular vesicles in human health
Extracellular vesicles are released by many different cell types and organisms.
The role of the EVs is mediated by the signals transmitted through them by the protein, lipids, and nucleic acids that are part of the EVs cargo. The release of the EVs to
the environment allows the emitting cell to send messages to sites close or even far
from the origin. These vesicles are able to transport biological information through
3
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the system with cell targeting properties, making them as great candidates for drug
delivery systems [31–33]. EVs are naturally secreted by human cells and they are not
strange for the system, avoiding the negative response by the immune cells. The use
of EVs as drug delivery systems is focused on improving their ability to reach the
target recipient cells and deliver the content, controlling the purity of EV preparation, and analyzing the best administration routes. The challenges are prolonging
their circulating and improving targeting. The use of EVs as drug delivery systems
is being studied for several disorders, including cancer, infectious diseases, brain
disorders, liver diseases, and among others [34–37]. However, this field is still in
the early stage of development with great potential for future applications, but also
with big challenges to attempt [38].
More applications for EVs have been described. The specific cargo of the EVs makes
them useful in the discovery of biomarkers for clinical diagnosis. Because EVs are
secreted from almost all cells, they are found in various body fluids, making them easy
to collect and analyze and playing a critical role in diagnosis of several conditions,
such as cancer, Alzheimer’s, epilepsy, and liver diseases [37, 39–42]. EVs participate
in pathogenesis and can also be used as diagnosis or vaccines [33, 35, 43]. Last novel
applications for EVs include using their signaling properties to repair injured muscle or
use them as biomarkers for male infertility or pregnancy-related disorders [44–46].

4. Conclusions
This first chapter presents a big picture of the EVs research and application as a
fast-growing field. There are many EVs studies trying to demonstrate their potential
critical role in cell communication and their use in many different biomedical applications. The diversity of biogenesis mechanisms and their cargo content outstand
many challenges and questions to be addressed. Advances in standardized methods
for purification and analysis are necessary. The increasing knowledge of the different cargo compositions and secretion mechanisms to differentiate the healthy cells
and the sick cells need to be clarified to use them as biomarkers, vaccines or therapy.
The combination of knowledge and experts deriving from all the fields together
with the progress on characterization methods is contributing to use EVs in the
biomedical field.

4

Introductory Chapter: An Overview to the Extracellular Vesicles
DOI: http://dx.doi.org/10.5772/intechopen.90820

Author details
Ana Gil-Bona1,2* and Jose Antonio Reales-Calderon3
1 The Forsyth Institute, Cambridge, MA, United States
2 Department of Developmental Biology, Harvard School of Dental Medicine,
Boston, MA, United States
3 Institute of Molecular and Cell Biology (IMCB)—Agency of Science,
Technology and Research (A*STAR), Singapore
*Address all correspondence to: agildebona@forsyth.org

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
5

Extracellular Vesicles and Their Importance in Human Health

References
[1] Maas SLN, Breakefield XO,

[10] Kim DK et al. EVpedia: An

Weaver AM. Extracellular vesicles:
Unique intercellular delivery
vehicles. Trends in Cell Biology.
2017;27(3):172-188

integrated database of highthroughput data for systemic analyses
of extracellular vesicles. Journal of
Extracellular Vesicles. 2013;2:1

[2] Mathieu M et al. Specificities of

[11] Keerthikumar S et al. ExoCarta: A

secretion and uptake of exosomes and
other extracellular vesicles for cellto-cell communication. Nature Cell
Biology. 2019;21(1):9-17

web-based compendium of exosomal
cargo. Journal of Molecular Biology.
2016;428(4):688-692
[12] Simpson RJ, Kalra H,

[3] Raposo G, Stoorvogel W.

Extracellular vesicles: Exosomes,
microvesicles, and friends. The Journal
of Cell Biology. 2013;200(4):373-383

Mathivanan S. ExoCarta as a resource
for exosomal research. Journal of
Extracellular Vesicles. 2012;1:1
[13] Mathivanan S et al. ExoCarta 2012:

[4] Gill S, Catchpole R, Forterre P.

Extracellular membrane vesicles in
the three domains of life and beyond.
FEMS Microbiology Reviews.
2019;43(3):273-303
[5] Doyle LM, Wang MZ. Overview

of extracellular vesicles, their origin,
composition, purpose, and methods for
exosome isolation and analysis. Cell.
2019;8(7):727
[6] Pathan M et al. Vesiclepedia 2019:

A compendium of RNA, proteins,
lipids and metabolites in extracellular
vesicles. Nucleic Acids Research.
2019;47(D1):D516-D519

Database of exosomal proteins, RNA
and lipids. Nucleic Acids Research.
2012;40:D1241-D1244
[14] Mathivanan S, Simpson RJ.

ExoCarta: A compendium of exosomal
proteins and RNA. Proteomics.
2009;9(21):4997-5000
[15] Liu T et al. EVmiRNA: A database

of miRNA profiling in extracellular
vesicles. Nucleic Acids Research.
2019;47(D1):D89-D93
[16] Freitas MS et al. Fungal

extracellular vesicles as potential targets
for immune interventions. mSphere.
2019;4(6):e00747-19

[7] Kalra H et al. Vesiclepedia: A

compendium for extracellular vesicles
with continuous community annotation.
PLoS Biology. 2012;10(12):e1001450

[17] Becker A et al. Extracellular

vesicles in cancer: Cell-to-cell
mediators of metastasis. Cancer Cell.
2016;30(6):836-848

[8] Kim DK et al. EVpedia: A community

web resource for prokaryotic and
eukaryotic extracellular vesicles
research. Seminars in Cell &
Developmental Biology. 2015;40:4-7

[18] Urbanelli L et al. The role of

extracellular vesicles in viral infection
and transmission. Vaccines. 2019;7(3):102
[19] Kwon SH. Extracellular vesicles

[9] Kim DK et al. EVpedia: A

community web portal for extracellular
vesicles research. Bioinformatics.
2015;31(6):933-939

6

in renal physiology and clinical
applications for renal disease. The
Korean Journal of Internal Medicine.
2019;34(3):470-479

Introductory Chapter: An Overview to the Extracellular Vesicles
DOI: http://dx.doi.org/10.5772/intechopen.90820
[20] Pardo F et al. Extracellular vesicles

in obesity and diabetes mellitus.
Molecular Aspects of Medicine.
2018;60:81-91
[21] Zhu L et al. Cell derived

extracellular vesicles: From isolation
to functionalization and biomedical
applications. Biomaterials Science.
2019;7(9):3552-3565
[22] Villa F, Quarto R, Tasso R.

Extracellular vesicles as natural, safe
and efficient drug delivery systems.
Pharmaceutics. 2019;11(11):557
[23] Gardiner C et al. Techniques used

for the isolation and characterization
of extracellular vesicles: Results
of a worldwide survey. Journal of
Extracellular Vesicles. 2016;5:32945
[24] Konoshenko MY et al. Isolation

of extracellular vesicles: General
methodologies and latest trends.
BioMed Research International.
2018;2018:8545347
[25] Gholizadeh S et al. Microfluidic

approaches for isolation, detection,
and characterization of extracellular
vesicles: Current status and future
directions. Biosensors & Bioelectronics.
2017;91:588-605
[26] Rupert DLM et al. Methods for

the physical characterization and
quantification of extracellular vesicles
in biological samples. Biochimica et
Biophysica Acta—General Subjects.
2017;1861(1 Pt A):3164-3179
[27] Shao H et al. New technologies

for analysis of extracellular
vesicles. Chemical Reviews.
2018;118(4):1917-1950
[28] Pocsfalvi G et al. Mass spectrometry

of extracellular vesicles. Mass
Spectrometry Reviews. 2016;35(1):3-21

Common methods and emerging
approaches. Bioengineering. 2019;6(1):7
[30] Xu R et al. Extracellular vesicle

isolation and characterization:
Toward clinical application. The
Journal of Clinical Investigation.
2016;126(4):1152-1162
[31] Vader P et al. Extracellular vesicles

for drug delivery. Advanced Drug
Delivery Reviews. 2016;106(Pt A):
148-156
[32] Raimondo S et al. Extracellular

vesicles as biological shuttles for
targeted therapies. International Journal
of Molecular Sciences. 2019;20(8):1848
[33] Yamamoto T, Kosaka N, Ochiya T.

Latest advances in extracellular vesicles:
From bench to bedside. Science and
Technology of Advanced Materials.
2019;20(1):746-757
[34] Walker S et al. Extracellular

vesicle-based drug delivery systems
for cancer treatment. Theranostics.
2019;9(26):8001-8017
[35] Rodrigues M et al. Role of

extracellular vesicles in viral and
bacterial infections: Pathogenesis,
diagnostics, and therapeutics.
Theranostics. 2018;8(10):2709-2721
[36] Rufino-Ramos D et al. Extracellular

vesicles: Novel promising delivery
systems for therapy of brain diseases.
Journal of Controlled Release.
2017;262:247-258
[37] Szabo G, Momen-Heravi F.

Extracellular vesicles in liver disease
and potential as biomarkers and
therapeutic targets. Nature Reviews.
Gastroenterology & Hepatology.
2017;14(8):455-466
[38] Surman M et al. Extracellular

[29] Hartjes TA et al. Extracellular vesicle

quantification and characterization:

7

vesicles as drug delivery systems—
Methods of production and

Extracellular Vesicles and Their Importance in Human Health

potential therapeutic applications.
Current Pharmaceutical Design.
2019;25(2):132-154
[39] Gurunathan S et al. Review

of the isolation, characterization,
biological function, and multifarious
therapeutic approaches of Exosomes.
Cell. 2019;8(4):307
[40] Lee S, Mankhong S, Kang JH.

Extracellular vesicle as a source of
Alzheimer’s biomarkers: Opportunities
and challenges. International Journal of
Molecular Sciences. 2019;20(7):1728
[41] Upadhya D, Shetty AK. Promise

of extracellular vesicles for diagnosis
and treatment of epilepsy. Epilepsy &
Behavior. 2019:106499. DOI: https://doi.
org/10.1016/j.yebeh.2019.106499
[42] Li TR et al. Extracellular vesicles as

an emerging tool for the early detection
of Alzheimer’s disease. Mechanisms
of Ageing and Development.
2019;184:111175
[43] Liu Y et al. Gram-positive bacterial

extracellular vesicles and their impact
on health and disease. Frontiers in
Microbiology. 2018;9:1502
[44] Vickram AS et al. Human

prostasomes an extracellular vesicle—
Biomarkers for male infertility and
prostrate cancer: The journey from
identification to current knowledge.
International Journal of Biological
Macromolecules. 2019. DOI: https://doi.
org/10.1016/j.ijbiomac.2019.09.218
[45] Karin-Kujundzic V et al. Novel

epigenetic biomarkers in pregnancyrelated disorders and cancers. Cell.
2019;8(11):1459
[46] Bittel DC, Jaiswal JK. Contribution

of extracellular vesicles in rebuilding
injured muscles. Frontiers in Physiology.
2019;10:828

8

