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ABSTRACT

Cancer exosomes are gaining considerable amount of attention in basic and applied clinical
research for their established role in the modulation of the tumor niche, and their broad-range
contribution to tumor-host cross-talk. Supporting evidence to their role in tumorigenesis comes
from the observation that exosome secretion, composition and functional effects are all altered as
tumors become more aggressive. At the molecular level, the mechanisms underlying exosome
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biogenesis and uptake are far from being understood. Recent work has highlighted the critical role
for the small intracellular adaptor protein syntenin in the biogenesis of a subset of exosomes and
loading of cargo. Here, we review this recent work and some unpublished data that further
highlight the possible implications of syntenin and the syndecan (SDC) heparan sulphate
proteoglycans during exosome uptake, suggesting a supporting role for this pathway in the entire

life cycle of cancer exosomes.

Secreted vesicles in general and exosomes in particular
(50-100 nm extracellular vesicles of endocytic origin)
are known to transfer biologically active material
between cells, with the ability of reprogramming their
target cells. While highly heterogeneous, vesicle compo-
sitions reflect those of the parental cells, providing a cir-
culating traceable signature of particular interest in
pathological settings. At a functional level, evidence is
growing that exosome-mediated transfer of signaling
proteins and various forms of RNA contributes to the
development of cancer, neurodegenerative disorders,
inflammation and other pathological conditions. For
instance, cancer-derived exosomes have been reported
to participate in multiple mechanisms that support
tumorigenesis. These include the remodelling of the
extracellular matrix and the promotion of angiogenesis,
thrombosis and tumor cell proliferation. Exosomes are
also found to travel to distant sites to promote and
establish a pro-tumorigenic metastatic niche, in part via
the transfer of oncoproteins and other cargo. On the
other hand, early evidence has accumulated implicating
cancer exosomes in the modulation of the anti-tumoral
immune response; with exosomes found to display both
immune stimulatory and suppressive effects. However,
as we get better insights into the function of cancer

exosomes, it now appears that cancer exosomes likely
interfere with the induction of an efficient immune
response via several mechanisms including triggering T
cell suppression mechanisms, attenuating NK cell cyto-
toxicity, and engaging pro-metastatic inflammatory pro-
cesses (reviewed in ref. 1). Cancer exosomes seem then
to be arbitrating the generation of an immunosuppres-
sive environment favoring tumor engraftment, escape
from the immune system and, eventually, treatment fail-
ure. Finally, evidence is accumulating in support of a
role for stroma-derived exosomes in the mediation of
carcinogenesis (Fig. 1A).

Exosomes most probably vary in ontogeny,”* yet the
complexity of the mechanisms driving exosome biogene-
sis on one hand, and cargo sorting into exosomes’ on the
other hand, are only beginning to come to light. In recent
work, the syndecan-syntenin pathway has emerged as a
major player controlling the formation of endosomal
intraluminal vesicles that get released as exosomes, and
the sorting of cargo in these vesicles. Syntenin binds to
the cytosolic tail of syndecans, which by virtue of their
extracellular heparan sulfate chains interact with a pleth-
ora of signaling and adhesion molecules. Syntenin also
binds with ALIX via motifs used by some viruses to
egress from cells by budding. ALIX thereby connects the
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Figure 1. The syndecan-syntenin-ALIX pathway in intercellular exosomal communication. (A) Exosomes are mediators of intercellular
communication between tumor and host cells including fibroblasts, endothelial cells, blood vessels and immune cells, to either favor or
suppress the tumorigenic process depending on the cancer setting. Both host and tumor cells secrete and uptake exosomes and this
multidirectionality seems to be regulated in part by the syndecan-syntenin pathway as detailed in (B). Syntenin binds to the cytosolic
tail of syndecans, which are internalized in sorting endosomes along with their intact heparan sulfate (HS) chains. Endosomal hepara-
nase (Hep) processes the HS chains to allow the clustering of syndecans for recruitment by syntenin to the ALIX/ESCRT machinery. Exo-
somal syndecans consist mainly of cleaved forms, i.e. C-terminal fragments of these molecules.® Along with ARF6 and phospholipaseD2
(PLD2), they trigger the formation of multi-vesicular bodies, containing several endosomes, later released as exosomes. On the target
cell, syntenin is also involved in maintaining a pool of HSPGs at the cell membrane, by stimulating their recycling, in their intact full
form, via its direct interaction with phosphatidylinositol 4,5 bisphosphate (PIP,), depending on ARF6-phosphatidylinositol 4-phosphate
5-kinase (PIPk) activation. HSPGs presence is essential for efficient exosome internalization and function.

syntenin-syndecan cargo to the ESCRT machinery
known to play a role in membrane budding and scission
at the endosome.® Other syntenin-associated regulators
involved during this process include the small GTPase
ARF6 and the lipid-modifying enzyme PLD2, which
have been reported to also play a role during the forma-
tion of intraluminal vesicles.” More recently, the endo-
glycosidase heparanase was identified as a stimulator of
the syndecan-syntenin-ALIX pathway. Indeed, endoso-
mal heparanase, by trimming the heparan sulfate side
chains of syndecans, allows the clustering of syndecans,
for subsequent recruitment by syntenin to the ALIX-
ESCRT sorting machinery at endosomes. The study fur-
ther indicates that heparanase controls the selection of
specific cargo to exosomes® (Fig. 1B).

Considerable evidence exists to support the concerted
roles of heparanase and syndecan in promoting tumor
growth and angiogenesis both in host and tumor cells.
Heparanase has been found on exosomes of cancer
patients, suggesting that its delivery to recipient cells could

further accentuate exosomal release via the described
syndecan-syntenin-ALIX pathway’ (reviewed in ref. 10).
Syntenin’s expression is now reported to be upregulated
in several types of cancer, like melanoma and breast can-
cer, and found to favor tumor growth and metastasis in
mouse xenograft tumor models (reviewed in ref. 11). Con-
sistently, we have shown that syntenin plays a supporting
role in the migration, growth and proliferation of tumor
cells (melanoma, colon cancer and breast cancer), and fur-
ther controls the G1/S cycle transition in these cells."”
Ongoing work in our lab, using syntenin knockout mice
provides further evidence for a role for syntenin in the
host organism in promoting a pro-carcinogenic environ-
ment. In our hands, loss of syntenin within the tumor
niche correlates with reduced cancer engraftment and
spreading, and an altered immune profile in the host mice
[unpublished data]. While these results are highly encour-
aging, it remains to be determined whether the observed
phenotypes are a direct effect of an alteration in the exo-
somal release pathway.
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Alternatively, such phenotypes could be due to
another mechanism by which syntenin is impacting on
syndecans. Indeed, syntenin has been shown to function
as a rate limiting factor for the recycling of syndecans,
allowing their escape from degradation (as full-length
molecules). This function depends on the activation of
ARF6, the ARF6-effector phosphatidylinositol 4-phos-
phate 5-kinase and the direct interaction of syntenin
with phosphatidylinositol 4,5-bisphosphate."” Consis-
tently, mouse embryonic fibroblasts isolated from synte-
nin knock-out mice display lesser amounts of heparan
sulfate proteoglycans (HSPGs) on their cell surfaces,
which correlates with reduced uptake of retrovirus and
cancer-cell derived exosomes (Kashyap et al., in prepara-
tion). Interestingly, Belting and co-workers highlighted a
role for HSPGs in exosomal uptake. Indeed, HSPGs
appear to function as internalizing receptors of cancer
cell-derived exosomes, and to be required for their func-
tional activity, namely in driving cancer cell migration."*
The full picture might thus be that syntenin impacts on
HSPGs to boost the complete (biogenesis and uptake)
exosome “life-cycle” (Fig. 1B).

Syntenin might thus represent a non-negligible target
for the inhibition of exosome-mediated tumor develop-
ment. This holds true for both host and tumor cells
within the tumor microenvironment, where the syntenin
route of intercellular communication seems to be
working in interdependent and multidirectional loops.
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