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Exosome-like Nanoparticles From
Food: Protective Nanoshuttles for

Bioactive Cargo

Michel Record'

doi:10.1038/mt.2013.130

Animal cells communicate in part by
emitting nanosized vesicles whose
molecular organization protects their con-
tents from external degradation. Much
as the space shuttle was designed as a
vehicle to ferry humans and their equip-
ment safely through the harsh environ-
ment of space, these vesicles carry various
bioactive cargoes from cell to cell while af-
fording them protection from the dangers
present in biological fluids. In this issue
of Molecular Therapy, Ju et al. report the
isolation of such protective nanovesicles
from commercially available grapes.' They
further show that following oral delivery,
these vesicles trigger intestinal stem cell
proliferation and exhibit therapeutic ef-
fects in an experimental model of coli-
tis in mice. These effects appear to result
from the combined action of mitogenic
lipids, signaling proteins, and RNAs pres-
ent in the vesicles. The findings reveal that
the nanoparticles can act as biological
effectors across species, from plants to ani-
mals (and presumably humans), and that
they can modulate physiological process-
es. Such long-distance “communication”
throughout the entire digestive tract
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would be impossible with isolated bioac-
tive molecules lacking their protective
nanoshuttles.

Among the diverse vesicles released
by animal cells,> exosomes have recently
received much attention.” Exosomes are
defined as nanovesicles that are 50-100
nm in diameter, comprise a lipid bilayer
membrane and associated proteins, and
contain cytosolic components such as mes-
senger RNA and microRNA (miRNA).
They originate from an intracellular com-
partment associated with late endosomes
called multivesicular bodies.* Exosomes
mediate cell-to-cell communication by
ferrying their bioactive cargo to distant
cells and can facilitate changes in gene
and protein expression, as well as the lipid
content in the target cells. They are quite
stable in biological fluids owing to a rigid
membrane’ that helps prevent degradation
by hydrolytic enzymes. Exosomes’ physio-
logical importance is evidenced by their
involvement in disease processes such as
cancer metastasis’ and transmission of
pathogenic agents in neurodegenerative
diseases.® On the other hand, exosomes
derived from immunocompetent cells are
rich in antigen-presenting molecules and
therefore have potential as therapeutic tools
for immunotherapies targeting cancer.’”

Ju et al. isolated nanovesicles that they
called “grape exosome-like nanoparticles”
(GELNS) from crushed grapes. Exosomes
have not previously been documented in
plants, although vesicle-mediated plant-
cell communication has drawn increasing
interest.®* Multivesicular bodies have
been identified in plants,” and leader-
less secreted proteins can be released
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in vesicles, as described recently’ The
contents of the GELNs differed from that
of canonical mammalian exosomes in that
they contained a low level of protein (28
identified proteins), a distinct panel of
lipids, and approximately 100 miRNAs.
In comparison, mammalian exosomes
contain about 1,000 proteins, are rich in
cholesterol but have low amounts of phos-
phatidic acid (PA), and vehiculate 100-
300 miRNAs. However, most of the pro-
teins (19 of 28) or associated enzymatic
activities found in GELNs have previously
been identified in various preparations of
mammalian exosomes, suggesting that the
GELNs are indeed exosome-like. These
include aquaporins, enzymes of glycolytic
metabolism (enolase, aldolase, glucose
isomerase, triose phosphate isomerase,
pyruvate kinase), phospholipase D, his-
tones, and heat shock protein Hsc70. Ten
of the proteins identified in the GELNs are
homologues of leaderless proteins secreted
from the plant Arabidopsis thaliana.’

The lipidic composition of the GELNs
is also intriguing, differing from the clas-
sic phospholipid composition of mam-
malian exosomes, which are rich in
sphingomyelin but also contain low levels
of phosphatidylethanolamine and PA."
By contrast, GELN lipids comprise 98%
phospholipids, whereas typical plant lipids
such as galactolipids (digalactosyldiacyl-
glycerol and  monogalactosyldiacyl-
glycerol) account for the remaining 2%,
indicating precise lipid sorting during
GELN biogenesis. More remarkably, the
mitogenic compound PA constitutes
50% of the phospholipid. This compound
interacts with the mammalian target
of rapamycin (mTOR), an intracellular
molecular complex that senses nutri-
ent levels and triggers cell growth and
proliferation.’” GELNs are the first natural
vesicle identified with such a high con-
tent of this mitogenic phospholipid. In
addition, PA is highly fusogenic in the
presence of calcium'? and could induce
intervesicular fusion, which might ac-
count for the wide range of GELN sizes
observed by electron microscopy, from
smaller than 100 nm to larger than 200
nm. The GELN membrane is negatively
charged, as previously observed for mam-
malian exosomes."
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Most intriguingly, Ju and colleagues
observed that oral administration of
GELNSs to mice led to proliferation of the
intestinal epithelium. Intestinal stem cells
proliferated throughout the entire intes-
tine and in the colon. GELNs induced an
increase in the number of stem cells in
the intestinal crypts in a dose-dependent
manner. GELNs supplied by oral admin-
istration appeared to be resistant to degra-
dation by saliva, the acidic environment of
the stomach, and the highly active proteo-
Iytic enzymes present along the intestinal
tract. Whether GELNs acting on the colon
display the same composition as those orig-
inally orally administered or whether they
have been modified during their journey
in the intestine remains to be investigated.
However, the direct exposure of stem cells
in culture to original GELNs triggered
their proliferation and development into
organoid structures. Taken together, the
data demonstrate that oral administration
of exosome-like nanovesicles from grapes
provokes intestinal regeneration in mice.

GELNs must be internalized by cells
to induce their proliferation because
there is no specific PA receptor on the
plasma membrane, and analysis of the
protein content of the vesicles did not

reveal any specific cell-binding ligand. Ju
et al. showed that the target cells displayed
macropinocytotic  activity that could
account for GELN uptake. This process
does not exclude direct fusion of GELNs
with the cell membrane owing to the fuso-
genic properties of PA.

The authors next investigated how
these exosome-like nanovesicles triggered
proliferation of the intestinal stem cells.
They observed nuclearization of 3-catenin,
suggesting activation of the Wnt/f-catenin
signaling pathway. Masking of PA on the
GELNs with propranolol inhibited cell
growth at 6 hours after treatment by more
than 50%. Thus, both PA-mediated and
Wnt-mediated signaling contributes to
stem cell proliferation, suggesting inter-
play between these two pathways. Con-
sistent with these findings, the expression
of a number of Wnt-regulated genes was
increased in the GELN-treated stem cells.
The study thus sheds some light on the
molecular signaling pathways involved in
the “signalosome” activity of vesicles upon
interaction with target cells.?

Because intestinal stem cells regulate
tissue homeostasis, Ju et al. asked wheth-
er GELNs could prevent a widespread
human intestinal disease such as colitis.
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From grapes to exosome-like nanovesicles. Regular grapes contain nanovesicles

that can be isolated after crushing by ultracentrifugation. When orally administrated to mice, grape

exosome-like nanoparticles (GELNs) can pass through the digestive tract and trigger recovery of

chemically induced colitis. GELNs enter intestinal stem cells by macropinocytosis and stimulate

their proliferation both by activation of the Wnt/B-catenin/GSK3 pathway and by the mitogenic

lipid phosphatidic acid, whose effect might involve the mammalian target of rapamycin (mTOR)
complex. DSS, dextran sodium sulfate; LEF, lymphoid enhancer factor; TCF, T-cell factor.
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This pathology was reproduced in mice by
exposing them to dextran sodium sulfate
(DSS) present in their drinking water. DSS
administration causes severe tissue damage,
such as shortening and inflammation of
the colon and loss of body weight. Contin-
uous oral administration of the exosome-
like nanovesicles (GELNs) over several
weeks led to a striking reduction of several
manifestations of DSS-induced colitis. The
authors show that GELN administration
prevented the colitis-associated reduction
of both intestinal length and villus height,
and, importantly, treated mice lived twice
as long as untreated mice.

It would be of interest to test whether
these observations could be extended to
other intestinal pathologies or to other
animal models. In addition, these find-
ings raise the likelihood that we will detect
the presence of bioactive exosome-like
nanovesicles in other commercially avail-
able fruits and plants. In this study, 2 mg
of GELNs were delivered to mice daily
over a 3-week period. Translated, a human
weighing 70 kg would require approxi-
mately 150 g of these vesicles. The translat-
ability of such a treatment is thus far dif-
ficult to estimate because the efficiency
and feasibility of large-scale production
of GELNs remain to be determined. How-
ever, grapes are readily available. A further
caveat is that overstimulation of the Wnt/
phospholipase D (which generates PA)
pathway (Figure 1) might promote un-
controlled cell proliferation, particularly
in treating a chronic disease,'* although
this phenomenon might be counterbal-
anced by the presence of other lipids in
GELNs, such as the fatty-acid content,'
which is not reported in this work. Further
studies of GELN fatty acid composition
should provide additional insights into
their mechanism(s) of action.

The lipid components of GELN mem-
branes evidently play a key role in their
bioactivity. This concept has already been
reported in previous work by Ju et al.,
who showed that mammalian exosomes
loaded with membrane self-penetrating
lipids such as polyphenols (curcumin)
can protect mice from brain disease.'®!
However, the efficiency of exosomes
or exosome-like nanoparticles results
from an optimal combination of lipids,
proteins, and RNAs originating from
a specific sorting within the parental
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cell. Bioengineering of plants in order
to trigger optimal molecular sorting
to obtain more efficient “therapeutic”
nanovesicles is therefore a tantalizing
prospect suggested by this landmark
proof-of-concept study.
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