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Abstract
Multicellular organisms are similar to biological communities, consisting of various cell types;
thus, inter-cell communication is critical for the functioning of the whole system that ultimately
constitutes a living being. Conventional models of cellular exchange include signaling molecules
and direct contact-mediated cell communications. Exosomes, small vesicles originating from an
inward budding of the plasma membrane, represent a new avenue for signaling between cells. This
interchange is achieved by packaging RNA species into exosomes endowed with specific cell
surface-targeting motifs. The delivered RNA molecules are functional and mRNA can be
translated into new proteins, while miRNAs target host mRNAs in the recipient cell. RNA
involved in transmitting information or molecules between cells is called exosomal RNA
(esRNA). This review summarizes the characteristics of exosomes, specifically focusing on their
role in the horizontal transfer of cellular information.
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Exosomes, originally discovered in reticulocytes1, are multivesicular vacuoles and carriers
of cellular cargo. Exosomes are the extracellular counterparts of endosomes, which are
found in the cytoplasm. Endosomes were discovered in electron microscopic studies2 and
range from 30–80 nM in diameter. They are formed from an inward budding of the plasma
membrane, often containing vesicles inside the lumen. To clarify the terminology,
‘exosomes’ can also refer to multisubunit protein complexes involved in RNA degradation3,
however, the exosome complexes discussed in this article refer to microvesicular
exosomes4. Exosomes differ from ‘microparticles’ released by cells, which arise from a
budding of the outer layers of the plasma membrane. Microparticles are much larger than
exosomes and range in size from 100 nm to 1 µm in diameter. Exosomes, on the other hand,
are formed from endosomes, which in turn arise from an inward budding of the plasma
membrane into the cytoplasm. There are often target cell-specific receptor molecules to
guide exosomes to their cell of influence. Fusion of the exosomes with the plasma
membrane of the recipient cell allows for transfer of the internal components to the target
cell and thus, the transfer of information. The molecules being transferred can include
proteins such as receptors or enzymes and nucleic acid molecules such as RNA. The RNA
included in exosomes is known as exosomal RNA (esRNA). The ability to influence gene
expression in distant cells through exosomes presents a remarkable model for cell-to-cell
signaling. The horizontal transfer of exosomal RNA offers a new perspective on intercellular
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communication and has potential therapeutic applications, such as in diagnosis and gene
delivery.

Biogenesis of exosomes
Exosomes are secretory products of endosomal origin and are classified into early, late, and
recycling endosomes. Endosomes further develop vesicles inside their lumen, and there are
several intermediates in the maturation process from late to early endosomes. These
intermediates can be much larger than the average endosomes, ranging from 400–500 nm in
diameter5. These intermediates are called multivesicular bodies (MVBs) or endosomal
carrier vesicles. A MVB is often large and ‘irregularly’ shaped, depending on the number
and morphology of the vesicles it contains. The MVB can bud off to release further
‘endosome-like particles’, which can fuse with the plasma membrane, get recycled to form
fresh endosomes, or fuse with the plasma membrane to release vesicles into the extra-
cellular milieu. Eventually, an endosome can also fuse with lysosomes. Endosomes are often
linked to the Golgi apparatus. The role of endosomes in protein sorting and directing to
lysosomes-mediated degradation was first documented in studies of the EGF receptor kinase
from rat liver6. It appears that endosomes can consist of different regions or domains marked
by various specific lipid or protein profiles. The formation of MVBs and their separation
from the ‘parent’ endosome appears to be regulated by hepatocyte growth factor-regulated
tyrosine-kinase substrate (HRS) and annexin II, respectively5, as studied in HeLa cells.
Annexin II is also known to regulate the recycling of endosomes7, 8. Of all the possible
outcomes of the endocytic pathway, back fusion with the plasma membrane leads to the
release of multivesicular compartments, otherwise known as exosomes (Figure 1). The fate
of the contents of an exosome depends on its target destination. It is expected that the sorting
of various proteins to different cellular locations through exosomes is a regulated event.
Once released out of the cell, exosomes, carrying various biomolecules (predominantly
proteins and nucleic acids), are potential carriers of cargo and information between cells. It
is understood that complex ‘cargo-sorting’ machinery for the packaging of protein, RNA,
and other molecules contained in endosomes tightly regulates the exosome–mediated
transfer of informational molecules. The targeting of proteins is facilitated by molecular
‘stamps’ in the form of signaling peptides, ubiquitination, glycosylation, phosphorylation,
and other targeting markers on the protein surface9. Thus, exosomes function as
transportation, sorting, and delivery agents of the cell.

The formation of exosomes is facilitated by endosomal sorting complexes required for
transport (ESCRT) proteins, which are multi-subunit complexes consisting of the vacuolar
protein sorting family of proteins. Specifically, the packaging of vesicles within endosomes
is mediated by the ESCRT protein pathway. The ESCRT machinery consists of ESCRT 0,
ESCRT I, ESCRT II, and ESCRT III10 protein complexes. An alternative pathway exists for
the creation of exosomes, which includes the ceramide and sphingolipid pathway11, 12,
where the enzyme sphingomyelinase 2 is involved in mediating exosomal release.

Components of Exosomes
Exosomes contain lipid, protein, and RNA components. As byproducts of the endosomal
biogenesis, exosomes are surrounded by a lipid bilayer. Exosomal densities range between
1.13 and 1.19 g/ml as measured by sucrose-density gradient centrifugation. Because
exosomes originate from the fusion of multivesicular late endosomes with the plasma
membrane, cholesterol is a common component of exosomal lipids. However, exosomes
contain higher levels of cholesterol and glycosphingolipids than do cell membranes13. The
endosomic origin of exosomes accounts for the fact that they do not exhibit proteins
originating in the nucleus, mitochondria, Golgi apparatus, or endoplasmic-reticulum. Instead
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they often contain cytoplasmic proteins, endosomal membrane proteins and proteins of the
plasma membrane 14. The membranes of exosomes are organized differently than the
cellular plasma membrane. Exosomal membranes exhibit a tight packing of lipids at neutral
pH, a rapid flip-flop of lipids between the two leaflets losing lipid asymmetry, and have a
random distribution of phosphotidylethanolamines15.

Exosomes display ‘inverse topology’, wherein a protein’s extracellular domain is displayed
on the outer membrane of the exosomes16. Protein components of mammalian exosomes
include heat shock proteins (Hsp70, Hsp90), cytoskeletal components like actin and tubulin,
tetraspanins (CD9, CD81, and CD63), and other proteins, such as tumor susceptibility gene
1014. Proteins involved in cell-specific functions may be carried in exosomes. For example,
major histocompatibility complex (MHC) molecules are known to be components of
exosomes from antigen-presenting cells. Dendritic cell-derived exosomes are known as
‘dexosomes’17. Exosomes that facilitate the spread of morphogens during embryonic
development are in a special class called ‘argosomes’18. Exosomes are known to be released
by T-cells19, B cells20, mast cells21, dendritic cells22, and other cells of the immune system.
They are also released by epithelial cells23, reticulocytes2, neuronal cells24, and cancerous
cells25. Exosomes are secreted into body fluids such as saliva26, blood plasma27, breast
milk28 and urine29. Urinary exosomes show the presence of carbonic anhydrase and
acquaporin-229. The differences between exosomes from various cells suggest a specialized
adaptation of exosomes to perform specific functions under varying contexts. In fact,
exosomes have probably evolved to help the cell rid itself of useless proteins and other
components that cannot be degraded in the lysozome14. However, recent studies show that
exosomes might have other functions, such as the activation and facilitation of the immune
response 30, 31. Other functions of exosomes include the release of cellular waste. For
instance, in hematopoetic cells, such as reticulocytes, exosomes allow for release of
discarded transferrin receptors32 and chemotherapeutic drugs33. The exciting and recently
discovered role for exosomes in the horizontal transfer of information between cells is
discussed below.

Exosomes as Mediators of Intercellular Communication
Cell communication is classified broadly as contact-dependent, paracrine, synaptic, or
endocrine34. Traditional cell-cell communication occurs by several means, including
chemical receptor-medicated events, direct cell-cell contact, and cell-cell synapses. Contact-
dependent cellular communication involves a physical connection between the participating
cells. Examples include gap junctions and synaptic connections. Contact-independent
communication can occur between cells not directly linked and may be mediated through
paracrine, endocrine, or similar mechanisms involving the extracellular transfer of
information molecules. In this regard, exosomes have recently been shown to participate in a
contact-independent mode of cell communication35, 36.

Recently, exosomes were shown to have the ability to establish communication between
neighboring cells through RNA signal delivery via esRNA 37. This new mechanism of cell-
cell communication by esRNA increases the complexity of cellular communication. Prion
proteins are transported through exosomes38, 39. Exosomes are involved in the activation
and functioning the immune system. Immature dendritic cells are known to transfer MHC
peptide molecules to other dendritic cells for immune response activation40. miRNAs
involved in intercellular communication are associated with exosomes41, 42. The profile of
mRNAs observed in exosomes does not match the composition of the donor cells,
suggesting that there is a selective loading of specific mRNA and miRNA molecules into
exosomes21, 43. A study of the horizontal transfer of miRNA from activated T-cells to
antigen-presenting cells (APCs) suggested the existence of immune synapse-mediated
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exosomal transport43. The results of this study provided evidence for the directed and
unidirectional transfer of miRNA-carrying exosomes through the immune synapse between
the donor T cells and the recipient APCs43. Likewise, the mRNAs contained within
exosomes can be transcribed into cDNA or translated in the recipient cell37, 44. These
features provide exosomes with an important potential to influence gene expression in target
cells. Fluorescently labeled glioblastoma microvesicles have been shown to transfer Gaussia
luciferase (Gluc) mRNA to human brain microvascular endothelial cells (HBMVECs),
which then expressed the protein product44. Tannous et al. used a lentiviral vector encoding
a secreted luciferase from Gaussia (Gluc)45 to study the trafficking of RNA in exosomes.
Purified microvesicles containing Gluc mRNA were added to HBMVECs and Gluc activity
released into the medium by these endothelial cells was monitored over time. Gluc activity
produced by recipient cells showed a continuing increase over 24 h, suggesting the ongoing
translation of the Gluc mRNA. This study showed that mRNA incorporated into tumor
microvesicles can be delivered to recipient normal cells and generate functional protein, thus
enabling horizontal transfer of genetic information. Incubation of human mast cells with
exosomes derived from mouse cells resulted in the expression of the donor mouse proteins
in the recipient human cells37. This established the capacity of exosomes to transfer
biological information between cells across species. Exosomes can assist in the transfer of
viral mediators. For example, Epstein Barr virus (EBV) miRNA is transferred from infected
to uninfected cells through exosomes46. Exosomes released from cells infected with EBV
contain viral oncoproteins, miRNA, as well as signal transduction factors47. The major
oncogenic transforming factor of EBV, latent membrane protein (LMP-1) is enriched in
cells secreted from infected nasopharyngeal carcinoma (NPC) cells. In addition, these
exosomes contain protein members of signaling pathways (phosphoinositide 3-kinase and
epidermal growth factor receptor) activated by LMP-147. Viral miRNA BART-1 transcripts
(BamH1 A rightward transcripts) are incorporated in the exosomes from infected cells.
Labeled exosomes transfer the miRNA from lymphoblast cells to uninfected monocyte-
derived dendritic cells and repress the expression of target genes in the dendritic cells46. A
similar study done with exosomes derived from NPC cells revealed the transfer of LMP-1-
mediated activation of signaling to recipient human umbilical vein endothelial cells47. Even
the conditioned media containing exosomes from donor cells, cleared of cell debris, was
sufficient to transport LMP-1 and activate LMP-regulated signaling molecules, Erk and
Akt47. These results highlight the functional influence of exosomes in the horizontal transfer
of genetic information.

Purified exosome-like vesicles from cultured monocytes contain many miRNAs and
components of RNA-induced silencing complex (RISC), such as AGO2 and its interacting
partner GW18248. Importantly, mature miRNAs and their target mRNAs also co-localize to
MVBs, but not to exosomes, which raises the possibility that MVBs are sites of miRNA-
loaded RISC assembly49, 50. These observations suggest that miRNA induced silencing is
intricately regulated with certain activities distributed over MVBs and others designated for
exosomes.

An advantage of exosomes as mediators of extracellular communication is that the message
can be targeted to multiple locations. miRNA transfer through exosomes allows for rapid
alterations in gene expression in the targeted cells. The messages transmitted by intercellular
communication may include those for survival, growth, division, differentiation, stress
responses, apoptosis, etc. Exosomes have been studied as facilitators of the immune
response31 and the role of exosomes in antigen presentation has been well-documented14.
Roles for exosomes in programmed cell death, inflammation, angiogenesis51, and
coagulation have also been established. Exosomes have been implicated in the creation of
morphogen polarity during development and differentiation18. The possible evolution of
exosomes into the role of mediators of ‘horizontal transfer’ seems quite plausible (Figure 2).
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Active tumor cells may be the origin of extracellular RNAs found in plasma of cancer
patients, which circulate in association with multiparticle complexes52. The particle-
associated nature of these molecules was postulated by Ng et al.53 demonstrated that the
RNA can be removed by passing the plasma through filters of various pore-sizes. This
particle-associated RNA is enriched in mRNA. As an example, here is more LISCH7 mRNA
outside the cell than inside it, relative to a housekeeping gene. This kind of an unbalanced
distribution of the two gene-products can only be explained by a differential release
mechanism52. Apart from studies describing miRNA transfer through exosomes, other
reports have described the extracellular population of miRNA independent of exosome
association54. miRNA bound to Ago-2 and other RNA-binding proteins, including
components of the RISC machinery have been described 54, 55. The exact quantitative
contribution of these mechanisms versus the functional role of exosomes in mediating
intercellular communication remains to be delineated. Human saliva, breast milk, and blood
plasma contain exosomes carrying functional RNAs28. In addition, fluorescent exosomes,
labeled with PKH67 dye, can get taken up by macrophages28.

Clinical and Therapeutic Potential
The intercellular travels of exosomes as molecular messengers allow for a plethora of
possible diagnostic and therapeutic applications. The function of exosomes as molecular
cargo-carriers may allow for their use as diagnostic markers. This is because the surface
markers on exosomes and their internal components are likely to reflect the physiological
status of the cells and organs they originate from. Exosomes released in human kidney29

provide a great opportunity to use urinary exosomes as diagnostic tools. HIV 56–59 and
hepatitis C virus 60 transmission have been shown to be facilitated through exosomes. The
HIV accessory protein negative factor protein involved in the progression of AIDS has been
shown to propagate via exosomes. This protein induces its own release through exocytosis
and activates apoptosis in CD4+T cells, which is an important element of AIDS 61. The
blood of cancer patients contains more microvesicles compared to those of normal
individuals 62. In addition, exosomes allow invasive growth of tumor cells 63. The protein
composition of exosomes is also known to change with infection of viruses or cancerous
transformation.

Exosomes have been implicated in the expulsion of anti-cancer drugs from cancer cells,
allowing resistance to chemotherapeutic drugs64. This gives exosomes a potentially
important role in the prognosis of tumor development. The potential use of exosomes in
gene therapy is promising. This is especially true in light of the immunological
complementarity of exosomes obtained and modified from a host patient that could receive
the modified exosomes containing an appropriate chemotherapeutic drug or nucleic acid
molecule. It may also be possible to use exosomes for vaccination purposes 65, 66. The
application of exosomes in developing cancer vaccines is a promising area of
investigation 67.

The discovery of microRNA in human salivary samples suggests a promising use of salivary
exosomes as biomarkers for disease diagnosis68. Skog et al. found that glioblastoma tumor
cells release exosomes containing mRNA, miRNA, and angiogenic proteins 44. The glioma-
related transcript epidermal growth factor receptor-VIII was detected in the serum
microvesicles of glioblastoma patients, but not in samples from normal patients44. As a
technology, exosome display allows for new therapeutic possibilities69. Recently, exosomes
were used to target siRNA to brain cells including microglia, oligodendrocytes, and
neurons70. The exosomes engineered to carry a neuron-specific peptide-fused with exosomal
protein (Lamp2b) were electroporated with gene-specific siRNA. Intravenous injection of
these exosomes led to a significant down-regulation of the gene targeted by the exosomal
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siRNA (BACE1)70. These results point to the potential application of exosomes in gene
delivery, opening up avenues for therapeutic applications.

Conclusions and Perspectives
Exosomes represent a unique method of cell-cell communication. Although well established
in certain cell types, including cells of the immune system, the role of exosomes in cellular
physiology and signaling between cells is not yet clearly understood. The signals that
regulate the packaging of specific miRNA and other informational molecules into exosomes,
their targeting to various extracellular destinations, and other details of exosomes-mediated
cellular signaling are topics inviting further study. The possible targeting of exosomes to
specific extracellular locations and the mechanisms involved in incorporating exosomes into
targeted cells remains mysterious. However, the involvement of exosomes in cell signaling
adds yet another layer in the complexity of eukaryotic communication networks.

The mechanisms by which exosomes are targeted to destination cells, how their contents are
assigned and what triggers exosome release in different cell types are some of the questions
that invite exploration. Answers to these questions could allow for the design of strategies
for delivery of drugs and gene therapy molecules using exosomes. As therapeutic delivery
agents, exosomes offer an exciting tool that would potentially be better tolerated by the
immune system, since they are natural transporters derived from cells. There is also the
potential for use of exosomes in diagnosis. For instance, detection of viral miRNA in the
plasma of patients could allow for detection of infections. Organ dysfunctions could be
observed by changes in miRNA, protein, or mRNA profiles of organ-specific exosomes in
the blood plasma or urine. These are avenues of future exploration.

Exosome biology provides many promising opportunities. However, a major challenge to
future exosome research will be in extrapolating basic knowledge obtained from in vitro
models to the more directly applicable areas of translational research. This will be especially
interesting and useful in the context of human diseases, such as cancer.
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Figure 1.
Schematic diagram illustrates the model for sorting of cargo into MVB and fate of the
exosomes. Sorting of exosomes followed by the biosynthetic pathway leads to miRNA
processing, exocytosis, or back fusion with the plasma membrane/within an endosomal
compartment or lysosomal degradation.
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Figure 2.
A model for horizontal transfer of biological information through exosomes. Components
transported via exosomes include proteins, including receptors, antigenic peptides and other
cargo proteins. Nucleic acids transferred through exosomes include RNA, specifically
microRNAs that can further regulate the gene expression in the recipient cells.
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