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Exosomes are nano-sized vesicles generated inside cells during the maturation of endosomes into multivesicular bodies
(MVBs) and then released into the extracellular space.
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| 1. Introduction

Extracellular vesicles (EVs), such as exosomes, are critical mediators of intercellular communication between tumor cells
and other cells located in the microenvironment but also in more distant sites. Exosomes are small EVs that can carry a
variety of molecules, such as lipids, proteins, and non-coding RNA, especially microRNAs (miRNAS).

| 2. Exosome Biogenesis and Secretion

Exosomes are nano-sized vesicles generated inside cells during the maturation of endosomes into multivesicular bodies
(MVBs). This is a multistep process starting with the invagination of the plasma membrane leading to the formation of
early endosomes (Figure 1). Next, many small vesicles called intraluminal vesicles (ILVs) are formed inside them by the
inward invagination of their membranes, and such endosomes are called MVBs. The endosomal sorting complex
required for transport (ESCRT) machinery is involved in this step. This machinery is composed of four complexes
(ESCRT-O0, I, I, 1) working sequentially, but some evidence showed that vesicles can also be formed without them,
involving for example tetraspanins(@ and/or lipidsiEI4. Finally, MVBs either fuse with lysosomes in order to hydrolyze their
content, or with the plasma membrane to release the ILVs, called now exosomes, into the extracellular space. Similarly,
the exosome secretion from the parent cell involves multiple steps: trafficking of MVBs to the plasma membrane, docking,
fusion, and releasel®.
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Figure 1. Exosome biogenesis, secretion, and capture. Exosomes are formed by the inward budding of intraluminal
vesicles (ILV) during the maturation of the early endosomes into the multivesicular body (MVB). ILV become exosomes
after their release into the extracellular space, thus after the fusion of the MVB with the plasma membrane (PM).
Released exosomes can interact with the recipient cell through receptor-ligand recognition, fusion with PM, or
endocytosis. Cargo can be then transferred into the cytoplasm of the recipient cell where it can exert its effects.

Once released by parent cells, exosomes can interact with neighboring or distant cell via at least three mechanismslg: i)
interaction between exosome transmembrane proteins and the signaling receptors of recipient cells, ii) exosome fusion
with the plasma membrane of recipient cell and release of their content into the cytosol, iii) exosome internalization into
the recipient cell by endocytosis. Interestingly, it has been shown that exosomal miRNAs released in the cytoplasm are
functional and may induce function and phenotype changes in recipient cells/E!,



| 3. Exosome Content

During their formation, specific constituents of the parent cell content are trapped into exosomes. A wide variety of
molecules are thus found in exosomes: lipids, proteins, and nucleic acids. According to the present version of the
exosome content databases (ExoCartal¥, Vesiclepedial® or EVpedialll), more than 9700 proteins, 1100 lipids, 3400
MRNAs and 2800 miRNAs have been identified in various exosomes or small EVs.

3.1. Lipids

The exosome membrane is enriched in cholesterol, sphingomyelin, ceramides, phosphatidylserine, phosphatidylinositol,
and phosphatidic acid?Z. Their lipids’ compositions impact their membrane fluidity, allowing them to be stable in the
extracellular space, but also impacting their own formation. Indeed, membrane curvature is strongly dependent on
membrane lipids, themselves conditional on the enzymes available in the cell, such as the sphingomyelinase 2
(nSMase2)4 or phospholipase D2 (PLD2)3,

3.2. Proteins

Exosomes contain many proteins, and some of them are highly enriched, such as tetraspanins (CD63, CD81, CD9), heat
shock proteins (HSP70, HSP90), MVBs formation proteins (TSG101, Alix), or others, and could therefore be used as
markers for exosome characterization. Interestingly, exosomes also carry immune proteins, such as those of major
histocompatibility complex I and Il (MHC I/1l) or PD-L1 (programmed death ligand 1), and can be consequently involved in
the modulation of the immune response against the tumor (see parts 4 and 5).

3.3. Nucleic acids

Exosomes are enriched in RNAs, especially in small RNA such as miRNAs. Exosomal miRNAs are not randomly
incorporated into them, pointing out the existence of a mechanism for active sorting of specific miRNAs into exosomes.
The exact mechanisms by which this selection is made are not totally understood. However, four potential pathways have
been proposed. The nSMase2 was the first molecule to be involved in the miRNAs sorting into exosomes. In 2013,
Kosaka and collaborators2® reported that the overexpression of the nSMase?2 increased the miRNAs levels in HEK293-
derived exosomes and, in contrast, a decrease of its expression was associated with a lower content of miRNAs in
exosomes. Another sorting mechanism was described the same year by Villarroya-Beltri et al.ll8l. They described the
involvement of the sumoylated version of the RNA-binding protein hnRNPA2B1 in the miRNAs sorting into T cells-derived
exosomes. This protein recognizes a specific motif GAGAG called “EXO-motif” in the miRNA 3’end sequence and allows
a selective loading of these miRNAs into exosomes. Since this discovery, other RNA-binding proteins including SYNCRIP
(synaptotagmin binding, cytoplasmic RNA interacting protein)&Z and YBX1 (Y box binding protein 1)28 have been
identified for their role in the miRNA sorting. The third mechanism has been described by Kopper-Lalic et al. in 2014122,
They found that 3’end uridylated miRNAs were enriched into B cell-derived exosomes, whereas 3'end adenylated
endogenous miRNAs stayed in the cell. This observation shows that modifications of the miRNA 3’end portion are linked
to their loading into the exosome. The fourth pathway involves the miRNA-induced silencing complex (miRISC)-related
pathway: mature miRNAs can interact with assembly proteins to form the miRISC complex mainly composed of the
mature miRNA, its target mMRNA, GW182, and AGO2 (Argonaute?2). The knockout of AGO2 decreases the sorting of some
miRNAs such as miR-451, miR-150, and miR-142-3p in HEK293T cell-derived exosomes, suggesting that AGO2 could be
involved in the miRNA sorting into exosomes2d. As outlined later, these sorting mechanisms could be important to
translate exosomes into therapeutic applications.

The international society for extracellular vesicles (ISEV) recommends the use of the generic term extracellular vesicle
(EV) as “particles naturally released from the cell that are delimited by a lipid bilayer and cannot replicate”®4., Exosomal
vesicles are included in these EVs but need to be rigorously characterized since it is often difficult to distinguish them
once they leave the cell. Moreover, during their isolation, they are frequently mixed with other vesicles including
microvesicles and apoptotic bodies. The term exosomes has been extensively used in the past but tend to be
progressively replaced by the more accurate term, small EVs. In our review, we will use either term according to the
publication source, but notably, sometimes exosomes have not been investigated according to the MISEV guidelines, and
are probably in fact a mix of EVs.
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