
3/14/20, 10:29 AMExosome Explosion | The Scientist Magazine®

Page 1 of 10https://www.the-scientist.com/features/exosome-explosion-42253

Exosome Explosion
These small membrane vesicles do much more than
clean up a cell’s trash—they also carry signals to
distant parts of the body, where they can impact
multiple dimensions of cellular life.

Clotilde Théry

Jul 1, 2011

KEITH KASNOT

Secreted vesicles known as exosomes were first discovered nearly 30 years
ago. But, considered little more than garbage cans whose job was to discard
unwanted cellular components, these small vesicles remained little studied
for the next decade. Over the past few years, however, evidence has begun to
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accumulate that these dumpsters also act as messengers, actually conveying
information to distant tissues. Exosomes contain cell-specific payloads of
proteins, lipids, and genetic material that are transported to other cells,
where they alter function and physiology.

Two years ago, I began receiving daily e-mails requesting reprints of my
articles on exosomes, details on experimental protocols, and advice on the
purification and characterization of the vesicles. Having studied exosomes for
more than 10 years, I thought I knew all the other researchers working on the
subject, but the requests were from groups I hadn’t heard from before. The
flood of inquiries made me realize that the field had been growing, attracting
the attention of more and more researchers over a relatively short period of
time.

A quick glance at the literature confirmed the trend: while only about 20
PubMed-referenced papers containing the word “exosomes” were published
in 2003, and just over 60 in 2007, nearly 500 exosome studies have been
published since. To take advantage of this flood of research I organized an
international workshop on the subject together with Graça Raposo, who in
1996 discovered exosomes made by immune antigen-presenting cells. A 2005
meeting organized by the late Rose Johnstone, who participated in the first
description of exosomes in the 1980s, had drawn 25 scientists to Montreal,
Canada; the new meeting, which took place this January at our home
institution, the Curie Institute in Paris, attracted nearly 10 times as many
attendees. At the meeting, researchers in fields ranging from immunology to
neurology and tumor biology presented their recent findings on exosomes
and other types of secreted membrane vesicles, including the ability of
pathogens to manipulate host exosome activity and the influence of the
vesicles on allergies. We also discussed potential clinical applications, such as
their use as biomarkers or therapeutic tools.
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Exosomes: a history

Infographic: Exosome Basics
View full size JPG | PDF

KEITH KASNOT

Exosomes are small in size (around 150 nm in diameter or smaller) and are
secreted by most cell types. They are formed inside the cell in compartments
known as multivesicular endosomes (MVE), which take up bits of the
cytoplasm and its contents into membrane-bound vesicles. MVE were
originally thought to merely help traffic extracellular molecules to lysosomes,
where they are degraded. But about 25 years ago, researchers described the
opposite process—MVE in developing red blood cells fused with the plasma
membrane and released their contents, including numerous small vesicles
(later dubbed exosomes), outside the cell.

To document this process, researchers cultured immature red blood cells,
known as reticulocytes, with radioactive transferrin, or with a radioactive
antibody that bound to the surface receptor for transferrin. Every 15 minutes,
they fixed subsets of the cells and imaged them using electron microscopy, to
follow the transferrin or the receptor as it made its way from the cell surface
into the cell via the endocytic pathway, and traveled through different cellular
compartments to MVE. The transferrin, still bound to its receptor, was
sequestered in small vesicles that formed inside the larger MVE. Surprisingly,
the micrographs showed that some of these MVE fused with the plasma
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membrane and released these small vesicles bearing transferrin and its
receptor to the outside of the cell.

But over the next 15 years, exosomes were all but forgotten—until 1996, when
Raposo published her discovery that immune cells such as B lymphocytes
also secreted exosomes, and that these vesicles carried membrane-bound
molecules essential for the adaptive immune response.[1. G. Raposo et al., "B
lymphocytes secrete antigen-presenting vesicles," J Exp Med, 183:1161-72,
1996.] Two years later, further research demonstrated yet another exosome-
secreting cell type: the dendritic cell, whose exosomes carried functional
immune agents that could promote induction of antitumor responses in mice.
[2. L. Zitvogel et al., "Eradication of established murine tumors using a novel
cell-free vaccine: dendritic cell-derived exosomes," Nat Med,4:594-600,
1998.] These results laid the foundation for the hypothesis that exosomes
could play active roles in intercellular communication, and prompted
explorations into their clinical application. They are being tested as a new
type of adjuvant therapy for the treatment of nonoperable lung cancer,
currently in a Phase II trial led by the Gustave Roussy Institute in France.[3.
N. Chaput, C. Théry, "Exosomes: immune properties and potential clinical
implementations," Semin Immunopathol, (in press) 2011.] (Disclosure: The
Curie Institute is contributing to the analyses of immune responses.)

Over the past few years, the development of large-scale protein analysis
techniques allowed researchers to detail the type of cargo transported by
exosomes.[4. S. Mathivanan, R.J. Simpson, "ExoCarta: A compendium of
exosomal proteins and RNA," Proteomics, 9:4997-5000, 2009.] Different cell
types secrete exosomes that carry specific sets of proteins that differ from the
proteins contained in the membrane vesicles released by apoptotic cells,
suggesting that exosomes are actively secreted by living cells. The signal for
secretion is unclear, though some cell types seem to release these vesicles
without any apparent provocation. Other cells, however, such as B and T
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lymphocytes, only secrete measurable numbers of exosomes when stimulated
by the binding of a cell-surface receptor.

Recent studies of exosomes purified in vitro showed that the vesicles can be
captured by other cells, thus transferring any information enclosed in and/or
on the exosome. Antigen-presenting cells, for example, share captured and
digested pathogens via exosomes, increasing the range and intensity of the
immune response against the invaders. Other exosome-bound molecules can
induce the inactivation or even the death of the target cell they encounter.
Some exosomes, for example, display the Fas ligand on their surfaces, which,
upon binding to a Fas receptor, also known as the death receptor, initiates
apoptosis.

In 2007, a group led by Jan Lötvall in Sweden discovered messenger RNA
and microRNA inside exosomes.[5. H. Valadi et al., "Exosome-mediated
transfer of mRNAs and microRNAs is a novel mechanism of genetic exchange
between cells," Nat Cell Biol, 9:654-59, 2007.] Moreover, in vitro
experiments showed that the mRNA could be translated into proteins in
target cells, providing the first demonstration of genetic information transfer
by exosomes. This remarkable discovery not only indicates a new form of
intercellular communication, but suggests that exosomes could perhaps
behave similarly to viruses, in the sense that they bring with them genetic
material that is translated to proteins in the cells they “infect.” This discovery,
and the concomitant development of research on microRNAs, has sparked
the recent boost in the study of exosomes, the surge in publications, and the
packed house of researchers eager to share their most recent findings at the
International Workshop on Exosomes in January.

The puzzle of purpose

Given their complex structures, exosomes can have a much more potent
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influence on the physiology of the cells they encounter than single-molecule
mediators, such as lipids, hormones, or cytokines. For one, exosomes carry
specific patterns of ligands and receptors on their surface, which likely allows
targeting of specific cell types bearing the right counterligands. Furthermore,
the numerous proteic, lipidic, and even nucleic acid components they carry
can affect multiple signaling pathways inside target cells, while single
molecules that bind to a single receptor on the target cell surface will initiate
only a single pathway.

Exosomes are secreted by most cell types and
contribute to functions including tissue repair,
neural communication, and the transfer of
pathogenic proteins.

The changes induced by exosomes upon interaction with recipient cells can
vary widely depending on the type and physiological state of the secreting
cell, and can either help ward off disease or, in some cases, exacerbate it.3

Mature dendritic cells, for example, secrete exosomes that carry antigens or
contain MHC-peptide complexes embedded in their lipid bilayer, and can
induce antigen-specific immune responses. On the other hand, exosomes
secreted by mouse dendritic cells subjected to immunosuppressive agents in
culture can promote immunological tolerance. Similarly, macrophages
infected with nonpathogenic mycobacteria release exosomes that have been
shown to bear bacterial antigens, which then are taken up by other antigen-
presenting cells and promote immune responses. In contrast, exosomes
released by macrophages infected with pathogenic strains of mycobacteria
inhibit macrophage activation and cytokine secretion, thus dampening the
immune responses that would otherwise be induced against the
mycobacterial antigens. The pathogen appears to have evolved to
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advantageously manipulate the host’s immune system at the level of exosome
communication, though the details of this subversion remain to be
elucidated.

Exosomes secreted by cancer cells carry antigens from the tumors, and can be
captured by dendritic cells and used to present tumor antigens that would
activate immune cells against the cancer. However, these exosomes also
contain various immunosuppressive molecules, which can inactivate T
lymphocytes or natural killer cells, or promote the differentiation of
regulatory T lymphocytes or myeloid cells, which suppress immune
responses. It’s unclear whether the net result of these contradictory effects
will be beneficial or detrimental to an individual with cancer. Several groups
have suggested that secretion of exosomes by tumors promotes their growth
by inhibiting antitumor immune responses, or by promoting angiogenesis or
migration to other parts of the body in metastasis.[6. M. Iero et al., "Tumour-
released exosomes and their implications in cancer immunity," Cell Death
Differ, 15:80-88, 2008.] But even if exosomes from tumors are found in the
circulation of cancer patients, this could simply be the result of tumor
expansion, and may not mean that the membrane vesicles are actively
involved in tumor progression. The demonstration of a tumor-promoting
function of tumor exosomes in cancer patients is still lacking.

Other tissues or cells also secrete exosomes bearing immunosuppressive
molecules. Placenta-derived vesicles found in a mother’s blood, for example,
bear inhibitory ligands for natural killer lymphocytes and other immune-
system components, which possibly prevent immune attack on the fetus.
Similarly, exosomes and other vesicles present in the bronchoalveolar fluid
can transfer resistance to an allergen to other animals. When exosomes
purified from mice that had been tolerized to an allergen were injected into
naïve mice, the allergy-prone mice became resistant to an allergic reaction.
On the other hand, exosomes in bronchoalveolar fluid can also increase pro-
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inflammatory responses, as when exosomes purified from asthma patients
are cultured with airway epithelial cells, which respond by secreting pro-
inflammatory cytokines. Eukaryotic parasites or pathogens have also recently
been found to secrete exosomes,[7. J.M. Silverman et al., "Leishmania
exosomes modulate innate and adaptive immune responses through effects
on monocytes and dendritic cells," J Immunol, 185:5011-22, 2010.] which can
contribute either to tolerance of an invader (by dampening immune
response), or, conversely, to pathologic inflammatory reactions to its
presence.

In addition to the immune system, exosomes probably affect other
physiological functions. Exosomes are secreted by neural, epithelial, muscle,
and stem cells, and the range of their proposed functions includes
contribution to tissue repair, communication within the nervous system, and
formation and transfer of pathogenic proteins such as prions and amyloid
deposits. Neurons, for instance, secrete exosomes bearing receptors for
neurotransmitters, which could thus participate in elimination of the
neurotransmitter in the extracellular space to stop signaling, and/or could
transfer these receptors to other cells to make them responsive to the
neurotransmitter. There is no doubt other systems and functions will appear
in the coming years.

Challenges in exosome research

Despite the growing amount of data on the changes induced by exosomes on
target cells, all these studies were performed on vesicles concentrated in vitro.
In most cases, cultures were held in conditions that minimized cell death to
ensure that the analyzed vesicles were not contaminated with random cellular
debris spilled out by broken, dying cells. But given this technical challenge,
reliable purification of exosomes from whole organs is still impossible.
Mechanical or chemical tissue disruption will necessarily break open some
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cells, and make it impossible to separate exosomes naturally present in the
extracellular space from vesicles artificially released from broken cells.

Furthermore, distinguishing exosomes from other secreted vesicles, called
ectosomes, shed vesicles, or microvesicles—which bud directly from the
plasma membrane (see above figure)—has been a long-standing challenge for
researchers. Like exosomes, membrane microvesicles contain various active
molecules, such as cytokines, growth factor receptors, and RNAs, but they
also contain compounds that have not been described in exosomes, such as
metalloproteases—enzymes that degrade extracellular matrix components
and participate in tumor metastasis. Exosomes can be separated from vesicles
of different sizes using ultracentrifugation at different speeds, with the larger
vesicles pelleting at lower speed than the smaller ones, but similar-size
vesicles of different intracellular origins (e.g., exosomes and certain plasma
membrane-derived vesicles) are not separated by this method, making it
difficult to identify the effects unique to exosomes.

The fact that most exosome studies were conducted in vitro with purified
exosomes also makes it very difficult to know whether the quantities of
membrane vesicles used to observe the described effects in vitro and in
animal models are physiologically relevant. Indeed, some exosome
researchers doubt whether the vesicles actually have any physiological
functions in vivo.

Answering this question requires tools to inhibit or increase exosome
secretion, without affecting secretion of other membrane vesicles, or general
secretion of proteins or lipid mediators. Several groups are currently
developing such tools, especially by deciphering the molecular mechanisms
involved in exosome formation and fusion with the plasma membrane. Not
surprisingly, however, a consensus has yet to be reached on these
mechanisms. Indeed, depending on the cell type, different molecules have
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been described in the biogenesis and secretion of exosomes. Researchers have
proposed other approaches to clarify the physiological functions of exosomes
in vivo, such as generating exosomes with modified expression of functional
proteins, or inserting enzymes into exosomes to identify target cells by
measuring enzymatic activity. Using these approaches in genetically modified
mice will be the next step in attacking these challenges.

Research on secreted membrane vesicles and their roles as intercellular
messengers is a very exciting field, with new ideas, hypotheses, and questions
coming up faster than answers. The 2011 International Workshop on
Exosomes allowed most of the long-term exosome and vesicle aficionados to
meet, exchange ideas with many newcomers, and point out current problems
in techniques, definitions, and characterizations. A final discussion session
ended with the decision to carry on the momentum from this very productive
workshop by setting up future annual meetings, virtual spaces to encourage
further discussion, and a scientific society dedicated to the study of exosomes
and secreted membrane vesicles. To that end, the next workshop is scheduled
for April 2012 in Gothenburg, Sweden; a Facebook page (called Exosomes,
microvesicles and other secreted membrane vesicles) and a website for
comparison of exosome protein and RNA compositions is now up and
running, and the rest will hopefully soon follow.

Clotilde Théry is PI of the research team "Exosomes and tumor
growth" at the Institute Curie in Paris, France.

This article is adapted from a review in F1000 Biology Reports,
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