Electron J Biomed 2016;3:41. Saiz-Lopez et a. SMALL VESICLES, BIG VEHICLES: EXOSOMES.

_ tRevista Electronica;de Biomedicina® .

ISSN: 1697-090X

Inicio Home SMALL VESICLES, BIG VEHICLES: EXOSOMES.

Indice del Patricia Saiz-Lopezl, Raquel Alcaraz2, Enrique Garcia-Torol

volumen Volume

index 1Servicio de Anatomia Patoldgica. 2Unidad de Investigacion.
Hospital Universitario de Burgos.

Comité Editorial Burgos. Espafia

Editorial Board

saizpa @ hubu.es

Comité Cientifico
Scientific
Committee

Rev Electron Biomed / Electron J Biomed 2016;3:41-48.

Normas paralos Version en espafiol

autores
Instruction to
Authors

Comment of the reviewer David Ontoso Picon, MD. PhD. Molecular Biology.
Derechos de autor Memoria Sloan Kettering Cancer Center, Nueva Y ork. USA.
Copyright

Comment of the reviewer Prof. Carlos|. Lorda Diez, PhD. Departamento de

Contacto/Contact: Anatomiay Biologia Celular, Facultad de Medicina, Universidad de Cantabria -
= IDIVAL. Espafia.

SUMMARY:

Exosomes are small membranous vesicles released by different cell types. Since their
discovery, they have evolved from being considered simple vehicles for the liberation
of cellular wastes, to become one of the most promising fields in the area of
biomedical research, and more specifically in oncology, since the different malignant
tumors release exosomes to al biological fluids, being involved in various functions
of the neoplastic process.

At present, it is possible to study these vesicles by minimally invasive techniquesin

patients, which approach us to obtain a more detailed diagnosis and prognosis, as well
asto the discovery of new antitumoral therapies.
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RESUMEN: PEQUENASVESICULAS, GRANDESVEHICULOS: LOS
EXOSOMAS

L os exosomas son pequefias vesiculas de membrana liberadas por diferentes tipos
celulares. Desde su descubrimiento, han pasado de considerarse meros vehiculos de
liberacion de deshechos celulares, a convertirse en uno de los campos més
prometedores en €l &rea de investigacion biomédica, y mas concretamente oncol 6gica,
ya que los diferentes tumores malignos liberan exosomas a los distintos fluidos

biol 6gicos, estando involucrados en numerosas funciones del proceso neoplésico.

Actualmente, se puede recurrir a estudio de estas vesiculas mediante técnicas
minimamente invasivas para los pacientes, que nos aproximan ala obtencion de un
diagnostico y prondstico mas acotado, asi como a descubrimiento de nuevas terapias
antitumorales.

PALABRAS CLAVE: Cancer. Biomarcador. Biopsialiquida

INTRODUCTION

Exosomes are small membranous vesicles between 30-150 nm in diameter, released
by exocytosis by different cell types, including tumor cells, and present in multiple
biological fluidsl. They were first described in 19832, and their biological function
has been accepted for years as aform of cell debrisrelease3. A decade later their
mediating role has been confirmed in cell-cell communication®.

Remarkably, tumor cells have been shown to release a greater number of exosomes
than the normal ones®. Matsumoto et al.6 describe the quantification of plasma
exosomes as a prognostic biomarker of esophagea squamous cell carcinoma by
determining that patients with this type of cancer had higher levels of exosomes than
patients with non-malignant conditions.

The aim of thisreview isto demonstrate the clinical potential of exosomesin the
diagnosis of cancer.

Origin, structure and composition of exosomes

In aeukaryatic cell, endocytic vesicles of the plasma membrane fuse to form early
endosomes that mature to |ate endosomes® .

These structures are known as multivesicular bodies (MVBSs) because they contain
many vesicles called endosomal vesicles (intraluminal endosomal vesicles, (ILV)).
When MV Bs fuse with the plasma membrane, they release their ILV into the
extracellular space in an exocytois process 8; It is at thistime that these vesicles are
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called exosomes °.

It has been suggested that heparan sulfate proteoglycans and synthetin control the
formation of exosomes 10-11, whereas secretion is regulated by the Rab GTPase
pathway 1213, |n addition, factors such as a decrease in the pH of the cellular

microenvironment, favor the release of exosomes and their uptake into recipient cells
14

Exosomes have a ssimple structure, composed of a phospholipid bilayer, which, in
comparison with the cell membrane, isricher in cholesterol and sphingomyelin 15, At
first it was thought that the exosomes were homogeneous, however today it is known
that their composition varies according to the origin and cellular state 16. For example,
exosomes of a specific type of tumor will express specific markers, asin the case of
melanin A in melanomasl’.

Numerous proteins could be present on their surface, including CD63, CD81, CD82,
CD53 and CD37, which are used as markers of exosomes 18, as well as EGF or TGF-
o, which are relevant as EGFR ligands 19. Their nucleusis agueous, so they can
compartmentalize and protect numerous molecules from being degraded, including
proteins, lipids, messenger RNAs and microRNAs 20-21, Among the proteins are the
annexins, GTPases, heat shock proteins and MVB synthesis proteins (Alix and
TSG101). Another important property of their structureisthat it allows them to be
distributed easily by the organism, and can even cross the blood-brain barrier.
Therefore, exosomes are able to transport various biological components to very
distant receptor cellsthat are able to absorb them, so that they take part in intercellular
communication in awide range of circumstances, from pathological to physiological.
Taking advantage of these characteristics, they can be used as anti-tumor drug
carriers. For example, it has been discovered that paclitaxel is 50 times more potent
encapsulated in exosomes in the treatment of patients with lung cancer 22. In this way,
exosomes can be found in various biological fluids including serum, plasma, urine,
amniotic fluid or breast milk. This fact allows introducing the term of liquid biopsy
with the benefits of obtaining them from the patient by minimally invasive methods.
Their isolation in the fluid and the methods for analyzing exosomes are fundamental
to know them in depth, emphasizing in the current investigations the centrifugation
systems and analysis of miRNAs, although there are novel lines of isolation in
development 23-24,

Function of exosomesin the development of cancer

In contrast to the initial studies on the release of exosomes as a mechanism to remove
cell depletion molecules?>, other studies proposed a functional communication
between exosomes and cells. At present, they stand out for their role in
carcinogenesis.

Once recipient cells receive the exosomes, the transported molecules are able to
modify the cascades of cellular signaling, being able to trigger the initiation of the
tumor process or metastasis, as well as being able to make them resistant to anti-
tumor treatments?’. This process is now considered to be non-random, but is
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dependent on membrane proteins?5.

Melo et al .28 described that tumor-derived exosomes may promote tumor formation
by regulating miRNA synthesis by the miRNASs transferred by the exosomes,
affecting tumor initiation and progression.

In addition, tumor cells can promote angiogenesis, favoring tumor growth. Cui et

al 2% ound that exosomes derived from lung cancer cells can selectively transport
miRNA-210 to endothelial cells and promote the formation of new tumor blood
vessels.

Another relevant finding is that the analysis of the long non-coding RNA content
(IncRNA) in exosomes of samples from patients with prostate, gastric and laryngeal
squamous cell carcinomas, has served to differentiate cancer cells from normal
cells30, which opens the door to new methods of cancer detection.

Similarly, higher levels of CD63 + blood exosomes were detected in patients with
melanoma, compared to healthy volunteers3l.

It should be noted that the affinity for metastasizing to an organ has also been related
to specific markers of the exosomes. Patterns of o.6F 4 and «.6P 1 integrin expression
in cancer cells have been linked to lung metastases, while other integrins were related

to liver metastases 32. Therefore, this discovery could be used to predict the evolution
of atumor and generate new therapeutic targets against the metastatic process.

Therefore, it isimportant to be able to quantify, as well as molecularly characterize
the exosomes in order to determine their function and clinical usefulness. For
example, it has been suggested that glipican-1 could be used to detect early-stage
pancreatic cancer 28 while miR-21 and miR-93 could be used to detect the early phase
of hepatocellular carcinoma 33-34,

CONCLUSION:

The potentia of tumor-derived exosomes to monitor the progression of malignant
neoplasms, as well asin the early detection of malignancies, makes the exosomes the
subject of promising research, not only by studying the load of exosomesin the
different biological fluids, but by the characterization of their content in biomarkers,
such as miRNAs.
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CComment of thereviewer David Ontoso Picon, MD. PhD. Molecular Biology.
Memorial Sloan Kettering Cancer Center, Nueva Y ork. USA.

L os autores elaboran una acertada introduccién sobre la complejidad de |os exosomas
como mensgjeros intercelulares, tanto en situaciones fisiol 6gicas, como tumorales.
Para a continuacion remarcar e tremendo potencial clinico que el empleo de
exosomas supone tanto en diagndstico, como en la elaboracion de tratamientos
farmacol 6gicos punteros que superan las limitaciones tradicional es.

Comment of thereviewer Prof. Carlos|. Lorda Diez, PhD. Departamento de
Anatomiay Biologia Celular, Facultad de Medicina, Universidad de Cantabria -
IDIVAL. Espaia.

Larevision presentada por 1os autores incide en laimportancia del andlisis de
exosomas en Biomedicina, ya que su contenido puede ofrecer mucha informacion en
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condiciones fisiopatol 6gicas.

Actualmente, la comunidad cientifica presta cada vez una mayor atencion a estos
elementos, tanto para estudiar sus funciones como para entender las formas en las que
se pueden utilizar en diagndsticosy tratamientos.
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