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Cutaneous melanoma represents a major worldwide health
issue, nearly accounting for 75% of skin cancer deaths (1).
Although in the last decade novel promising therapies have
been developed, surgical treatment in melanoma early
stages still provides the best opportunity for cure. Indeed,
despite important successes obtained with targeted therapy
and immune checkpoint inhibitors, most patients undergo
resistance and responses are not durable (2). In addition,
a number of meta-analyses reported significant gender-
specific differences in the efficacy of therapeutic approaches,
unexpectedly indicating a higher increment of overall
survival in men than in women, particularly when treated
with immune checkpoint inhibitors (3). Taking in mind all
these points, the identification of informative biomarkers,
useful either to choose first line therapies, or to predict
relapses and clinical outcomes, represent a fundamental
point providing a rationale for making the best therapeutic
choice for each single patient.

In the multistep process leading to metastases, among
many other mechanisms of intracellular communication,
exosomes (EXOs), microvesicles ranging from 40 to 100 nm,
emerged as a key one as they can incorporate and efficiently
transport to distant sites different bioactive molecules,
such as lipids, proteins and RNAs (4). Although initially
considered as garbage bags utilized by tumor cells for
removing disturbing molecules, growing evidences
indicated that usually contents of tumor-released EXOs
well represents their cell of origin. Indeed, EXOs secreted
by tumor cells are able to transfer their properties via
horizontal propagation into the acceptor cells in autocrine
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and paracrine fashions being able to regulate nearly all the
main biological processes, including tumor progression (5).
The general increased number of EXOs associated with
cancer progression, further emphasizes their importance (6).
On this basis and in view of their easy accessibility in many
body fluids (i.e., blood, urine, saliva, bile, breast milk),
EXOs represent a valuable tool, even for repeated analyses,
in healthy persons and cancer patients (7).

Actually, the transfer of tumor-derived exosomal
microRNAs into recipient cells appears of particular
interest, as they are able to induce major epigenetic
modifications into the acceptor cells. These small non-
coding RNAs (18-25 nucleotides) act by direct binding to
specific consensus sequences in the 3'UTR of their target
RNAs, thus leading to posttranscriptional regulation.
Indeed, although the encapsuled RNAs are usually fragment
shorter than 200 bp, these small non coding RNAs can play
their regulatory actions in the recipient cells as they are
protected from degradation and do not require additional
maturation steps, as would be for coding RINAs (8).

Until recently, the EXO cargos were mostly considered
casual and not dependent on a specific sorting process (9),
but a number of recent results did not totally confirm this
idea. Indeed in many cases the exosomal RNA content has
been shown to be different from that of the donor cells, as
for example shown by the lack of 18S and 28S ribosomal
RNAs and even by the presence in the exosomal cargos of
miRs apparently not expressed in the releasing cells (10,11).
Actually, one possibility justifying the presence of different
molecules in cells and corresponding released EXOs is the
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Figure 1 Representative results showing miR-494 and miR-222 expression levels during melanoma progression in cell lines and

corresponding released exosomes. It is interesting to note that, while the exosomal expression of miR-222 directly reflects that of the

parental cells, miR-494 shows an inverse correlation. EXOs, exosomes; HEM, human primary melanocyte.

existence of subsets of EXOs containing different collection
of miRs (11). Also, concerning serum EXOs, we should
consider that they could be produced not only by tumors,
but also released by the tumor microenvironment or by
circulating immune cells (7).

Although the mechanisms that regulate the inclusion of
specific RNAs into EXOs were not completely clarified,
their encapsulation was reported to be regulated by the
presence of flanking consensus sequences favoring or not
their incorporation. Actually, specific short motifs present
in miRNAs determine their sorting into EXOs, being
controlled by the sumoylated fraction of the RINA-binding
protein hnRNPA2B1, but additional mechanisms for
miRNA sorting should exist (12).

Although tumor-derived EXOs are usually considered pro-
tumorigenic, their potential capability to play antitumorigenic
roles was recently described in melanoma (13) and in Ewing’s
(EWS) sarcoma (14). In melanoma cells and cell lines miR-
221 and miR-222 were reported to play an oncogenic role
inducing cell growth and blocking differentiation (15).
Quantitative reverse transcription polymerase chain
reaction (RT-PCR) analysis revealed that EXOs released by
metastatic melanoma cells, containing higher levels of miR-
222 in comparison with normal melanocytes and primary
melanomas, were able to increase malignancy of early stage
melanoma used as acceptor cells. In this case, cells and
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corresponding EXOs showed exactly the same expression
pattern of this microRNA (Figure I). Trying to abrogate
the effects produced by miR-222-containing EXOs,
microvesicles were recovered from advanced melanoma
cells after inhibition of these couple of microRNAs. Indeed,
after fusion with metastatic melanoma cells, EXOs devoid
of miR-222 were able to reduce the cell cycle rate and the
formation of vascular-like structures by modulating the
PI3K/AKT, cyclin D1 key axis and inducing the expression
of their direct target the cell cycle inhibitor p27kip1 (13).

Likewise, in EWS sarcoma cell lines, the uptake by
parental EWS cells of EXOs released from cells silenced for
CD99, a key protein in the pathogenesis of EWS, was able
to convey the same signals induced by the stable abrogation
of CD9Y9, thus leading to cell differentiation associated with
the induction of miR-34a (14).

The work of Li and coauthors, recently published on
the Fournal of Cellular Physiology, proposed an additional
regulatory mechanism, in some way going back to the idea
of EXO vesicles utilized by tumor cells to expel unnecessary
molecules (16). Starting from microarray-based expression
profiles of microRNAs in melanocytes, melanoma cell
lines and their corresponding secreted EXOs, miR-494
was selected for further analysis in view of its intriguing
differential expression. Expression and function of miR-494
were already evaluated in cancers of different origins and its
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exosomal inclusion described. Interestingly, although mainly
reported as a tumor suppressor (17,18), it was described to
promote the progression of endometrial cancer (19) and
nasopharyngeal carcinoma (20) and identified as one of the
key miRs involved in preparing the host niche thus favoring
metastatization of adenocarcinoma cells (21). Also, a direct
correlation between circulating and tumor levels of miR-
494 was described in hepatocellular carcinoma (22).

In melanoma cell lines miR-494 expression was lower
compared to normal melanocytes, a result suggestive
of tumor suppressor properties. Indeed, along with
tumor progression, Li found miR-494 downregulation
in melanoma cells paralleled by its exosomal increased
levels (16) (Figure 1). Specifically, a comparative analysis
of three differently staged melanoma cell lines showed
a gradual downregulation of miR-494 associated with
progression, whereas increasing amounts were detected
in the corresponding EXOs. Accordingly, the expression
levels of miR-494, evaluated in serum EXOs indicated a
significantly higher miR-494 expression in EXOs derived
from melanoma patients than in those obtained from
normal controls. Finally, the authors confirmed their results
reducing melanoma cell viability, migration and invasion
in vitro and tumor growth and metastatization in a xenograft
in vivo model either by directly abrogating miR-494 or
through Rab-27 silencing. Actually, the Rab27 family,
besides a number of oncogenic functions (23), is a positive
regulator of EXO secretion (24) and Rab27 silencing,
interfering with the EXO release, should favor the
antitumorigenic properties associated with the intracellular
accumulation of miR-494. Nonetheless, as the regulatory
role of Rab27 clearly goes through many different players,
its abrogation might be expected to underlie several
functions besides EXO release.

Based on all these results the authors propose the idea
that melanoma cells at advanced stage utilize EXO vesicles
to force out miR-494 and that the intracellular blockage
of this microRNA might represent a novel therapeutic
approach.

The definitely interesting study published by Li and
colleagues faces an important, although still in its early
phase, field. Indeed, EXO studies, and even more the
option of using them as therapeutic delivery tools (16), will
require additional in-depth research. A number of technical
issues are still open questions, going from the identification
of effective normalizators for exosomal microRNA
quantitation to a real scalability into the human models.
MiR-494 appears as a particularly complex issue in view of
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its apparent dual function, oncogenic or tumor suppressive,
possibly dependent on tissue-specificities. Many published
papers demonstrated miR-494 (specifically miR-494-3p)
oncogenic function through various downstream effectors
(for example by activating the well-known PI3K/AKT
signaling pathway), in turn proposing its abrogation as a
therapeutic approach (18). On the other side, many studies,
including this one published by Li et al, reported the
antitumoral effects associated with the overexpression of
miR-494 (16-18).

So, although in the last decades exosomal studies reached
relevant results, still a great deal of additional efforts will be
required for further dissecting EXO endogenous mechanisms
and in turn for their therapeutic manipulation (25). Indeed,
data as those reported for miR-494, indicate the existence
of complex additional mechanisms that should be further
analyzed for effectively and safely transfer the huge
therapeutic potential of EXOs to clinical uses.
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