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ABSTRACT
Extracellular vesicles (EVs) are lipid-bilayer-enclosed vesicles that contain proteins, lipids and nucleic
acids. EVs produced by cells from healthy tissues circulate in the blood and body fluids, and can be
taken up by unrelated cells. As they have the capacity to transfer cargo proteins, lipids and nucleic
acids (mostly mRNAs and miRNAs) between different cells in the body, EVs are emerging as
mediators of intercellular communication that could modulate cell behavior, tissue homeostasis and
regulation of physiological functions. EV-mediated cell-cell communications are also proposed to
play a role in disease, for example, cancer, where they could contribute to transfer of traits required
for tumor progression and metastasis. However, direct evidence for EV-mediated mRNA transfer to
individual cells and for its biological consequences in vivo has been missing until recently. Recent
studies have reported elegant experiments using genetic tracing with the Cre recombinase system
and intravital imaging that visualize and quantify functional transfer of mRNA mediated by EVs in
the context of cancer and metastasis.
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Tumors are sites of intense exchange of information
between genetically and phenotypically heterogeneous
cancer cells intermingled with diverse non-cancer cell
types that, along with extracellular matrix, comprise
the tumor microenvironment.1 In breast cancers,
tumor cells signal to stromal cells, such as fibroblasts
and macrophages, which in turn remodel the micro-
environment to secrete factors promoting growth,
invasion, and metastasis programs within cancer cells,
and activating aberrant angiogenesis.2,3

In the past few years, extracellular vesicles (EVs)
emerged as important vectors conveying signals and
transferring biomolecules from producing to recipient
cells.4,5 EV is a generic term designating a plethora of
cell-originating membrane-enclosed structures with
diverse and still evolving nomenclature.6 They can be
distinguished by their cell and tissue of origin, size
and underlying biogenesis mechanisms.7 Exosomes
correspond to 50–100-nm vesicles generated intracel-
lularly by inward budding from the limiting mem-
brane of late endosomal/lysosomal compartments to
produce multivesicular bodies (MVBs) and released
upon MVB fusion with the plasma membrane.7

Microvesicles are larger, more heteregeneous in size
structures (200 nm to a few micrometers in diameter)
shed from the plasma membrane of normal and
tumor cells.4 Because they consist of a small volume of
cytosol enclosed in a cell membrane, EVs encapsulate
a broad range of cellular molecules including bioactive
proteins and nucleic acids, which remain protected
from the external enzymatic degradation. Depending
on yet unclear targeting, capture and/or fusion mecha-
nisms with target cells, EVs have a potential to act as
modulators of intercellular communication and to
alter cell behavior and fate.4

Early works detected the presence of mRNAs in
microvesicles and exosomes produced by in vitro cul-
tured cell lines and primary cells and reported hori-
zontal transfer of cargo mRNAs and miRNAs in
target cells with functional biological consequences.8,9

Although these represented significant advances in
understanding the biology of EVs, the high EV con-
centrations used in these studies made it difficult to
appraise actual relevance of such transfer in vivo, and
the direct evidence for EV-mediated mRNA transfer
to individual cells and its biological consequences
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in vivo has been lacking. This critical gap was recently
addressed by the Momma’s group (Edinger Institute,
Frankfurt Am Main, Germany), who used genetic
tracing system based on Cre recombinase to demon-
strate functional EV-mediated transfer of mRNAs in
vivo. In this set-up, Cre was specifically expressed in
haematopoietic cells and GFP expression in individual
cells reported for Cre protein activity upon deletion of
a floxed stop codon between LacZ and GFP trans-
genes. This system revealed recombined non-haema-
topoietic LacZ/GFP-positive cells in non-lymphoid
tissues, including neurons in the brain.10 Additional
experiments established that Cre activity was trans-
ferred via Cre mRNA (and not protein as association
of Cre protein with EVs could not be detected using
sensitive antibody-based methods), contained in exo-
somes and larger microvesicles recovered from hae-
matopoietic cells. Systemic inflammatory conditions
increased number of LacZ/GFP-positive neurons in
the brain, and targeted neurons showed altered miR-
NAs profiles as compared to those in non-recombined
counterparts.10 Altogether, these data were suggestive
of secreted EVs by peripheral immune cells delivering
cargo Cre mRNA in individual neurons with physio-
logically relevant output.

Many studies have provided correlative evidence
between the presence of EVs’ in the tumor milieu and
in body fluids from cancer patients and tumor pro-
gression parameters such as cell survival, proangio-
genic, immunosuppressive or prometastatic
programs.11-13 Two recent studies addressed the issue
of EV-based intratumoral RNA transfer and conse-
quences during tumor progression. In the first study,
Momma and colleagues expressed Cre recombinase in
Tu-2449 glioma and LLC2 Lewis lung carcinoma cell
lines and transplanted Cre-positive tumor cells into
recipient mice with a stop-floxed b-galactosidase
reporter transgene. Recombination events could be
observed at the tumor site mostly targeting myeloid-
derived suppressor cells (MDSCs).14 In the lung carci-
noma model, recombination was associated with
altered miRNA repertoire in MDSCs and could be
correlated with activation of their immunosuppressive
functions with potential consequences for tumor
progression.14

Independently, Jacco van Rheenen’s group at
Hubrecht Institute (Utrecht, The Netherlands) also
used the Cre recombinase system to demonstrate
functional transfer of mRNAs mediated by EVs

produced by tumor cells. Like in the study by Ridder
and colleague, the authors detected Cre-encoding
RNA, but not Cre protein in EVs secreted by Cre-
expressing tumor cells as the unique source of Cre-
mediated recombination events in recipient cells.15

This work, however, has gone a step ahead thanks to
state-of-the-art intravital imaging to follow simulta-
neously the fate of individual Cre- and CFP-express-
ing tumor cells and tumor reporter cells engineered
with a double-color detector system switching from
DsRed to GFP expression after recombination. Using
mixtures of congenic Cre-expressor and Cre-reporter
human breast cancer cells injected into immunode-
ficient NOD.scid.Ilgr2¡/¡ mice, the authors observed
the recombined GFP-positive cells in the experimental
tumors. The emergence of recombined GFP-positive
reporter cells was observed across a variety of human
and mouse tumor grafts in vivo (Fig. 1). Moreover,
reporter activation was observed in heterogeneous cell
mixtures, when the Cre-expressor and Cre-reporter
cells were derived from different patients or even dif-
ferent species. Most significantly, when tracked for
several hours, the originally non-motile tumor cells
that received Cre-containing EVs from the adjacent
more aggressive tumor cells, or even from a distant
aggressive tumor implanted on the opposite flank of
the mouse, migrated more efficiently and were more
metastatic than their non-Cre-recombined counter-
parts. On a correlative basis, in the absence of data
elucidating the nature of the pro-metastatic activity
(protein, mRNA, miRNA,…), the authors reported
some enrichment of pro-migratory mRNA species
associated with EVs prepared from invasive breast
tumor cells.

While the performance of the Cre-mediated
reporter in these experiments produced convincing
and reproducible evidence of EV-based cell-cell com-
munication in cancer, it also revealed that functional
EV-mediated transfer is a rare event. In vitro experi-
ments suggest that the prevalence of recombined cells
can be substantially increased by raising the expres-
sor-to-reporter cell ratio by 100-fold. Yet even under
these conditions, the numbers of recombined cells
ranged between a fraction of percent to a few percent
points, making it difficult to envision how an aggres-
sive minor clone may confer malignant properties to
its less aggressive neigbours. However, EV-mediated
communication may be a powerful player in mediat-
ing normal tissue communication with individual
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tumor cells, as may occur during metastatic cell seed-
ing process.

Indeed, the authors present data using mouse B16
melanoma tumors, showing normal-tumor cell-cell
communication. The Cre-based evidence of EV-medi-
ated transfer was more robust when tested in the
tumor-to-normal transfer configuration, indicating
that the role of EVs in intercellular communication
may be exacerbated under pathological conditions
such as cancer,5 but reciprocal activation of the
tumoral Cre reporter in the tissues of Cre-expressing
hosts was also observed. Anti-metastatic effect of EV-
mediated transfer from normal tissue is an attractive
explanation for the poorly understood nature of can-
cer cell dormancy and metastatic inefficiency in
general.

Several issues will have to be addressed in the future
regarding the function of EVs in gain of traits that are
required for cells to metastasize. Several investigators
set the needs to establish guidelines for better stan-
dardized biochemical, biophysical, and clinically
adaptable methods to define and characterize EVs
from any biological samples given their potential as
circulating biomarkers and platforms for personalized
therapy.4,5,16 At the mechanistic level, specific efforts

will be required to identify molecular details of path-
way(s) contributing to release of exosomes and micro-
vesicles by tumor cells in vivo including Rab27 and
ARF6 GTPase pathways.17–19 Another burning ques-
tion will be to decipher potential mechanisms respon-
sible for targeting and capture of EVs by tumor cells
as well as possible mechanisms controlling EV enrich-
ment of active biomolecules such as mRNAs or miR-
NAs with pro-metastatic potential, if any. Yet, reports
under scrutiny here can be regarded as important
milestones as they provide first demonstrations of
promotion of metastasis mediated by EVs secreted
and captured in vivo, in the absence of any ex-vivo
isolation/concentration step of EVs.
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