Exosomes: recruits for tumour surveillance?
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Extracellular vesicles were firstly described 50 years ago (1).
Subsequently it was discovered that three different types
could be distinguished: microvesicles and apoptotic bodies
(larger than 100 nm) and exosomes (up to 150 nm in
diameter) (2). Exosomes are small vesicles derived from, and
formed inside, the endosomal compartment (Figure 1A4).
Endosomal vesicles containing exosomes are called
Multivesicular Bodies (MVBs) and they fuse with the cell
membrane releasing the exosomes outside the cell (2).
Exosomes can subsequently be uptaken by other cells trough
clathrin-independent pathways (Figure 1B) (3). In this way
their content can be transferred from cell to cell (2,5).
Firstly formally described in 1987 (6) they were, according
to a pattern very common in science, first dismiss as artefact
and subsequently as of no interest (7). It has been only
after some years that their importance has been eventually

acknowledged (2,5,7).

Communicating by exosomes

Exosomes represent a very original way in which cells can
communicate (8). These vesicles contain a large variety of
molecules, not only the like of growth factors, transcription
factors or hormones but also nucleic acids, most notably
mRNA, miRNA and DNA [mitochondrial, single stranded,
transposable elements and large (>10 kb) double strands] (9).
Once transferred in a new cell, these factors and nucleic
acids, according to their ability, will affect pathways
regulation and eventually the cell behaviour. The main
difference from the other communication systems is that
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active molecules from inside the cells are transferred;
therefore the cell does not receive a stimulus but the end
product. In this way a cell which is, e.g., proliferating
because of hormonal stimulation can, trough exosomes,
trigger proliferation in a nearby cell which has no receptors
for the hormone in question, by transferring, e.g., an
activated intracellular protein.

A classic example is that of miRNA, a family of non-
coding RNNA with an average length of 20-22 nucleotides (10).
MiRNAs are directly implicated in tumorigenesis by acting
as oncogenic or tumour suppressors (I'SGs). Because
miRNA function is to inhibits the expression of a protein by
silencing mRNA, an oncogenic miRNA (i.e., one those over
expression induces cancer) in one that blocks production
of a TSG protein. A TSG miRNA (i.e., one those loss lead
to cancer) is one blocking the production of an oncogene.
Therefore the transfer, or lack of transfer, of a miRNA can
have a profound impact on the functions of the receiving
cell by altering the expression of genes trough silencing (or
failing to silence) the translation of mRNA into protein (10).

Another example of the important role played by
exosomes is their ability to transfer epigenetic changes.
Epigenetic regulation affects the expression of genes
without affecting the nucleotide sequence of the
genome, the best known example being methylation of
DNA. Hypermethylation of a promoter region inhibits
transcription while hypomethylation enhances it. DNA
methyltransferase 1 (DNMTT1), DNA methyltransferase 3a
(DNMT3a), and DNA methyltransferase 3b (DNMT3b)
are three among the enzymes able to add methyl groups
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Figure 1 Exosomes formation and uptake. Based on references (2-4). (A) Exosomes (orange) are formed inside the endosomes and are

lined by cellular membrane (blue). Endosomes-containing exosomes are called Microvesicular Membrane: as their membrane fuses with

the cell membrane the exosomes are released; (B) exosomes are than uptake by a second cell through endocytosis. This process is clathrin-

independent and is mediated by other molecules like Caveolin, Fotillinl and RhoA.

to specific cytosine in the CpG islands of regulatory
sequences. Exosomes transfer has been demonstrated to be
associated with increases in the level of these three enzymes
and consequent hypermethylation. As treatment of the
exosomes with RNAs reverse the increases of these enzymes
and their activity, this effect depend on the transfer of RNA
by exosomes (11). Therefore exosomes not only can transfer
characters horizontally from on cell to another, but can
induce epigenetic changes in the receiving cell, and these
changes are known to be transmissible to the progeny (12).

The exchange of characters

Cells can produce exosomes which get transferred to the
nearby cell altering the phenotype of the receiving cell, i.e.,
transferring a character acquired by the donating to the
recipient cell (13): this is a very interesting fact. The French
naturalist Jean-Baptist Lamarck [1744-1829] thought,
as Darwin after him, that species changes with time and
new species derivate from old ones although, contrary to
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Darwin, he thought that each specie transform in a new
one and so on, without extinction or branching. The main
mechanism for Lamarck was an unknown “internal force”
while a second mechanism, less important to him, was
the possibility to transmit acquired characters (14). The
transmission of acquired characters has been regarded as
impossible for long time but now it has been demonstrated
that acquired epigenetic changes, like DNA methylation,
can be transmitted from a cell to its progeny (12). The
recent work on exosomes suggests that such a type of
acquired character can be also transmitted horizontally.
This is not only important for the understanding of how
tumours form but also could be of extreme interest in the
field of treatment resistance as theoretically an acquired
epigenetic change due to exposure to a drug could be passed
on to a cell never exposed to such a drug.

Exosomes and the TSG miRNA-230a

In a paper recently published Zhang ez 4/. (15) investigated
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the role of exosomes as messenger between fibroblasts
and neoplastic cells as far as the transfer of miR-320a is
concerned. Stroma plays an important role in cancer and
differences in miRNA profile between those fibroblasts
located inside the tumour and the one in the normal tissue
have been found (16,17). Such a difference is now confirmed
also in the exosomes derived from the cancer-associated
stromal fibroblasts (CAFs), harvested from the neoplastic
lesion, and the matched para-cancer normal fibroblasts
(NAFs), defined as fibroblasts from adjacent tumour-free
tissue, at least 5 cm from the edge of the tumour. Among
the miRNA differentially expressed the authors found the
miR-320a. Their data show that it is down regulated in the
CAFs derived exosomes compared to those released from
the nearby normal tissue fibroblasts. Therefore the authors
demonstrated that the exosomes received by the cancer
cells from the CAFs, have lower levels of miRNA-320a
compared to the exosomes released from normal-tissue
fibroblasts, located at greater distance from the lesion.

"This miRNA has an inhibitory effect on proliferation and
motility and is involved in the induction of apoptosis (18).
It has been found to be down regulated in breast, colorectal
tumours, hepatocellular carcinomas (13) and multiple
myeloma (18). So far two targets genes have been identified:
cMyc, whose role as oncogene needs no introduction
and PBX3 (19) which belong to the Pre-B-cell leukemia
homeobox family PBX. PBX3 is downstream to, and is
activated by, the ERK1/ERK2 complex in the MAPK
pathway (19).

CAFs were for many years considered as bystander
but recently it has emerged that they have an active role
in cancer and there is cross talking between CAFs and
the neoplastic cells. CAFs are activated cells and show
an increased proliferation and motility, they have been
reported to have both a tumour-promoting and a tumour-
inhibiting effects, according to the setting (20). Some of
the way in which CAF contribute to cancer growth are
oncogenic-like, i.e., dominant, like increased secretion
of metalloproteases, favouring invasion (21) or of growth
factors inducing proliferation (22). These changes mostly
reflect the activated nature of the CAFs.

Zhang et al. have reported that miRNA-230a is down
regulated in the CAFs compared to the NAFs. In view
of the fact that miRNA-230a contributes to suppress cell
proliferation and motility, it is not surprising that activated
CAF would, as part of the changes linked to their activated
status, down regulate this miRNA. As the level of miRNA in
the exosomes reflects that of the cell releasing it, this means
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that CAF released exosomes will have a diminished tumour-
suppressor effect compared to that released by NAFs (15).
This implies that NAF could exert a physiological “tumour
suppressor” activity to maintain homeostasis in the tissue (15)
and that the tumour-promoting effect reported by Zhang
and co-workers when loss of this miRNA occurs, is “visible”
because a suppressor activity is lost.

Cancer surveillance by exosomes?

This brings to the issue of whether NAF exerts
physiologically such a T'SG activity and how. Experimental
model have been reported in which NAFs have an
inhibitory effect on cancer growth.

In a 3D “in vitro” model Sadlonova ez al. co-cultured the
MCF10A non-tumorigenic human breast epithelial cell
line and the human MCF10AT malignant breast epithelial
line with either CAF or NAF, derived from normal (non-
neoplastic) mammary tissue. Both NAFs and CAFs showed
inhibitory property on the growth but to different degrees.
Both NAFs and CAFS could inhibit the growth of the
low grade MCF10A cells but only the NAFs could block
the growth of the high grade neoplastic cells MCF10AT.
The authors speculate that NAFs are more effective in
tumour suppression and this suppressive ability may be lost
or reduced as epithelial lesions gradually progress from
hyperplasia to invasive cancer, and accordingly NAF are
activated to transform into CAFs (23). In a second study
using the same two cell lines but this time grafted in a
mouse, Sadlonova er 4/. implanted the tumours with NAFs
and compared their effect on low and high grade lesions.
The low grade MCF10A xenografts, when infiltrated
with NAFs, grew less and showed an increased number
of apoptotic cells but this effect was much reduced in the
higher grade lesions derived from the MCF10AT cells (24).
The author speculate that this could be due to the more
aggressive phenotype of the MC10AT cells, becoming
increasingly resistant to the NAFs effect on one side, and
on the other side to the ability of the high grade cancer
cells to progressively induce the NAFs to acquire a CAF
phenotype. Across the literature, these effects can change
according to the cell lines used plus there is variation from
patient to patient, on the ability of their NAFs to inhibit
growth (23,24).

Working on a prostate cancer models, broadly
comparable results have been found (25). Using “in vitro”
cultures, low grade growth of immortalised epithelial
cells or cells from benign prostatic hyperplasia, could be
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Figure 2 A hypothetical mechanism by which fibroblasts could
participate in cancer surveillance. Based on references (15,23).
(A) PAF (normal tissue fibroblasts, yellow) secretes exosomes (in
yellow) containing tumour suppressor factors like miRINA-320a.
An early transformed cell is present (orange) but is still unable to
induce fibroblasts stimulation. The uptake of exosomes containing
suppressor factors could contributes to maintain the cell quiescent
or could even induce apoptosis; (B) transformed cells, which have
acquired further damages and a more neoplastic phenotypes (in
red) are now able to secreted fibroblasts activating factors. The
activated fibroblasts (green) secrete now exosomes with lower levels
of miRNA320a (also in green) and therefore their suppressive ability
is diminished, giving to the neoplastic cells further advantage.

inhibited by NAFs but not by CAFs. When comparing
the effect of NAFs on the low grade and on the high grade
metastatic prostate cancer cells PC-3, NAFs could again
block the growth of the low grade but failed to inhibit the
high grade cells. CAFs failed again to inhibit the low grade
cells from growing. At variance with the breast model above
discussed, CAFs could instead inhibit the expansion of
the high grade metastatic PC-3 cell line. The supernatant
from the cultures was found to have the same property of
the fibroblasts growing into it, indicating the presence of a
soluble factor(s) (25).

These studies point to the ability of NAFs to inhibit early
transformed cells. The paper from Zhang and co-workers
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raises the hypothesis that exosomes containing miRNA-
320a could be one of the mechanisms by which NAFs may
help containing neoplastic transformation. According to this
hypothesis the secretion by exosomes of TSG mediators,
in this case miRINA-320a, could help to either eliminate,
e.g., by inducing apoptosis, or maintain quiescent, e.g., by
inhibiting cell cycle, early transformed cells. However, if
further cellular damage occurs, the transformed cells could,
at same stage, influence the normal cell and turn down the
suppressor stimulus. In the case of the interaction with
fibroblasts, the tumour cells could acquire a change, which
release messenger stimulating the quiescent fibroblasts
and pushing them into proliferation and migration. As a
consequence, suppressor factors like miRNA-320a are down
regulated and their suppressor activity is lost, providing
further advantage to the transformed cell (Figure 2).

Our understanding of the role of exosomes, and indeed
of their biology, is at the very beginning. The paper from
Zhang and coworker open a new exciting area in this
field by suggesting for the exosomes a role in tumour
surveillance.
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