
Exosomes: nanoshuttles to the future
of BioMedicine

Marco Ragusa, Davide Barbagallo, and Michele Purrello*

Department of BioMedical Sciences and BioTechnology; Section of Biology and Genetics Giovanni Sichel; Unit of Molecular,

Genome and Complex Systems BioMedicine; Catania, Italy

Exosomes are membrane-bound vesi-
cles (50–100 nm) that are assembled
and released by possibly all eukaryotic
cells.1 Their morpho-structural features
and specific membrane protein profiles
have been exploited to distinguish them
from other vesicles.1 Besides mRNAs,
proteins and lipids, exosomes molecular
cargoes also comprise non-coding RNAs
(ncRNAs) as miRNAs: intercellular
transfer of exosomes would determine
their horizontal transfer as well.2

Recently, researchers from Italy, Ger-
many, Sweden reported that in vitro
treatment of CRC cells with Cetuximab
(an anti-EGFR antibody, which com-
petes with physiological EGFR ligands
and blocks downstream proliferative sig-
naling) significantly increased the
steady-state asimmetry of miRNAs and
proteins distribution between whole
CRC cells and their exosomes.3 Exo-
somes from untreated CRC cells were
highly enriched in miRNAs and pro-
teins involved in blocking proliferation
and immune escape: this was confirmed
by functional data, which showed
decreased proliferation of Caco-2 cells
after transfection with exosomes from
HCT-116 cells and viceversa (Fig 1, left
panel).3 On the contrary, exosomes
from Cetuximab-treated CRC cells were
enriched in miRNAs and proteins
involved in immune response, inflam-
mation activation, cancer progression:
in fact, viability of CRC cells increased
after incubation with exosomes from
treated cells (Fig. 1, left panel). To
explain these data, we propose that
selection and targeting of exosomal

cargo (RNAs and proteins) is performed
by a cellular machinery, which is com-
prised of proteins and ncRNAs regulat-
ing their expression; activity of this
apparatus is regulated by Cetuximab
(and possibly other drugs).3 This Exoso-
mal Cargo Selecting and Transporting
Apparatus (ECSTA) could comprise the
following components or their func-
tional analogs: (i) proteins from ESCRT
(Endosomal Sorting Complex Required for
Transport) and others functionally asso-
ciated, as Alix and TSC101;4 (ii) Rab
family members and other proteins
involved in membrane trafficking, as
GAPs and GEFs;5 (iii) sortilin and func-
tionally associated proteins, as TrkB
and EGFR;6 (iv) exosomal RNA-bind-
ing proteins (RBPs);4 (v) miRNAs, long
non-coding RNAs (lncRNAs), compet-
ing endogenous RNAs (ceRNAs), and
other ncRNAs,7 regulating synthesis,
expression and activity of ECSTA pro-
tein members. Our data highlight ques-
tions that deserve to be experimentally
explored. (a) Is Cetuximab-induced
asimmetry also observed in vivo in labo-
ratory animals and patients following
treatment with Cetuximab ? If so, it
should be possible to imagine ways to
exploit this phenomenon for clinical
therapy and biotechnological applications:
for instance, procedures for exosomes
removal could be developed and added to
traditional drug treatments in CRC
patients, when appropriate. (b) Do exo-
somes carry other ncRNAs, as lncRNAs,
circular RNAs (circRNAs), and competing
endogenous RNAs (ceRNAs)? (c) Does
Cetuximab-induced asimmetry affect

them as well? (d) What are the molecular
mechanisms through which Cetuximab
alters exosomal cargoes? (e) Beyond
Cetuximab, are there other molecules
capable of producing analogous effects
and potentially useful for therapeutic and
biotechnological applications? (f) How
much does the biomolecular structure of
exosomes (membranes and cargoes)
depend on the specific phenotype of cells
and their physiological state, including
ECSTA activity? How much heteroge-
neous can be structure and cargoes of exo-
somes synthesized by the same cell type,
when exposed to different cues in different
biological niches? Incidentally, these 2 lat-
ter questions suggest that exosomal cargoes
should be exploited with caution for diag-
nostic purposes. For translational applica-
tions, it will be important to improve our
knowledge on the mechanics of exosomes
interaction with target cells and its biomo-
lecular effects. Exosomes-based drug deliv-
ery provides several attractive advantages:
(a) low immunogenicity, when self-derived
exosomes are used; (b) exosomes great sta-
bility in blood; (c) specific cargoes delivery
to target cells (Fig. 1, right panel). RNAs
and proteins with therapeutic properties
can be engineered to be incorporated into
natural exosomes: (1) RNA molecules can
be modified by adding short sequence
motifs, which would target them to exo-
somes; (2) proteins may be modified by
adding domains from known exosomal
proteins (e.g., the C1C2 domain of lactad-
herin). By engineering donor cells to
express transmembrane domains of exoso-
mal proteins fused to specific peptides
(e.g., ligands of specific membrane
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receptors), it should be possible to address
therapeutic exosomes to specific target cells.
Finally, our present knowledge on

nanovesicle molecular biology can be effec-
tively exploited for developing artificial
exosomes starting by liposomes. Liposome

composition (i.e., sphingo-
myelins, cholesterol, pro-
teins) can be modified ad hoc
to mimic exosomal features,
which could enhance uptake
and delivery of cargo mole-
cules to target cells. Switch-
ing to a wider scientific
horizon, it will be interesting
to verify whether exosomes
could be used to horizontally
transfer important biologic
features among phenotypi-
cally different cells from the
same organism, the same
kingdom, or even across dif-
ferent life kingdoms. A final
warning: for the exosome
field to hold to the great
expectations surrounding it,
it will be critically important
to homogenize techno-
logical methodology and
nomenclature.
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Figure 1. Exosomes in cancer: biological role and therapeutic applications. (Left panel) Exosomes from CRC cancer
cells deliver metastatic signals to other cells and affect immune system. (Right panel) Therapeutic exosomes (both
natural and mimetic exosomes) can be loaded with therapeutic molecules and injected into the blood as specific
nanovectors of anticancer signals.
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