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Exosomes are specialized membranous 
nano-sized vesicles derived from 

endocytic compartments that are released 
by many cell types. Microvesicles are 
distinctive from exosomes in that they 
are produced by shedding of the plas-
mamembrane and usually larger in size 
(>1 µm). Exosome biogenesis involves 
the tightly controlled process of inward 
budding from the limiting membrane 
of multivesicular bodies (MVBs). This 
results in numerous intraluminal vesicles 
in the lumen of MVBs that contain dis-
tinct protein repertoires. It has been sug-
gested that microvesicles shed by certain 
tumor cells hold functional messenger 
RNA (mRNA) that may promote tumor 
progression. We discovered that purified 
exosomes contain functional microRNAs 
(miRNAs) and small RNA, but detected 
little mRNA. Although a clear and deci-
sive distinction between microvesicles 
and exosomes cannot be made and dif-
ferent subsets of exosomes exist, we spec-
ulate that exosomes are specialized in 
carrying small RNA including the class 
22–25 nucleotide regulatory miRNAs. 
To demonstrate this we developed a co-
culture system and found that exosomes 
are continuously secreted and trans-
ferred from Epstein Barr virus (EBV)-
infected cells to uninfected neighboring 
cells. Throughout exosome transfer, the 
exogenous EBV-encoded miRNAs were 
delivered to subcellular sites of miRNA-
mediated gene repression. Additionally, 
we found evidence that mature miR-
NAs are transferred between circulat-
ing cells in humans, since we detected 
EBV-miRNAs in non-infected cells in 
the peripheral blood of patients that 
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include monocytes and T cells. In this 
addendum we discuss these findings in 
the context of recently published papers 
that advanced our current knowledge 
of exosome physiology, (mi)RNA func-
tion and intercellular RNA transfer. 
Based on this information we propose 
that an intercellular (miRNA-based) 
mode of signal transmission may be well 
suited in controlling space-confined pro-
cesses such as the initiation of immune 
responses in the secondary (peripheral) 
lymphoid tissues or in a tumor microen-
vironment. Deciphering the molecular 
mechanism(s) that control small RNA 
loading into exosomes and transfer to 
recipient cells in vitro will provide new 
evidence for the physiological relevance 
of vesicle-mediated intercellular commu-
nication in vivo.

Communication between individual 
cells and tissues as a whole was long con-
ceived to be primarily mediated through 
the secretion of soluble factors including 
hormones, cytokines and chemokines that 
bind to specialized receptors expressed 
on the surface of target cells. It has now 
become apparent that additional, arguably 
more sophisticated methods of cell-cell 
communication exist, that in potential 
vastly exceed the multitude of signals that 
can be delivered through soluble factors 
alone. Besides the well studied signalling 
pathways that are activated upon ‘clas-
sic’ cell-cell contact formation, numer-
ous additional mechanism of intercellular 
communication have now been proposed.1 
These can roughly be separated into two 
categories; those that require some form 
of cell-cell contact and those that do not 



448	 Communicative & Integrative Biology	 Volume 3 Issue 5

if any mRNA.12 This was not due to dif-
ferences in susceptibility to degradation 
because RNAse treatment of purified exo-
somes completely removed any contami-
nating ribosomal RNA, yet small RNA 
was unaffected by the RNAse treatment. 
In addition, we showed that exosomes 
deliver functional microRNAs (miRNAs) 
in physiologically relevant copynumbers 
to recipient cells, leading to a miRNA-
mediated repression of target genes. Our 
findings agree with studies describing 
functional transfer of EBV-miRNAs 
between EBV-infected B cells and T cells 
as recipients.13 Interestingly, in these stud-
ies cell-cell contact was required for trans-
fer. Using a co-culture device with a 0.4 
µm semi-permeable membrane physically 
separating the B cells and T cells (pre-
sumably allowing secreted exosomes to 
diffuse freely), transfer of small RNAs to 
the recipient T cells was inefficient com-
pared to conditions where B- and T cells 
were allowed to form conjugates. Yet, effi-
cient transfer was only observed for small 
RNAs, while mRNA transfer was highly 
inefficient.13 Because the possibility of 
vesicles contributing small RNA transfer 
was not completely ruled out, it is possible 
that exchange between contacting B and 
T cells of small RNAs is actually quite 
efficient via exosomes. Indeed, in our 
transwell co-culture system we observed 
highly efficient exosome-mediated EBV-
miRNA transfer between EBV positive 
producer B cells and recipient monocyte-
derived dendritic cells as recipients. For 
efficient transfer to occur a transwell 
device with a membrane pore-size of 1.0 
µm was required (Fig. 1). Transfer was 
markedly impaired using a 0.4 µm semi-
permeable membrane, confirming the 
findings by Rechavi and colleagues.13 
Perhaps the assumption that secreted exo-
somes disseminate freely through a 0.4 um 
semi-permeable membrane is incorrect. 
Although single exosome-size ranges from 
30–100 nm, it is currently not known 
whether exosomes function as single enti-
ties or if exosomes function as small clus-
ters or aggregates (Fig. 2). Nevertheless, 
these independent studies clearly indicate 
that EBV-miRNAs are able to function in 
multiple, non-infected, recipient cell types 
that have a role in the life-cycle of EBV, 
underscoring the notion that infection 

been established, the notion of horizontal 
transfer of functional RNA molecules via 
this method has yet to reach this point. 
Several independent studies employ-
ing various cell-systems confirmed the 
idea that cell-derived vesicles carry and 
deliver functional messenger (m)RNA 
to recipient cells in vitro.8-11 In appar-
ent contrast to these previous studies, 
we found in EBV-infected lymphoblasts 
(LCLs), that a defined class of vesicles of 
late-endosomal origin dubbed exosomes, 
selectively contain small RNAs and little 

(contact-independent). The transfer of 
functional proteins appears to be sur-
prisingly common, in particular between 
cells of the immune system.2,3 Viruses 
with a clear tropism for immune cells 
such as human immunodeficiency virus 
(HIV) and Epstein Barr Virus (EBV) 
have evolved strategies to exploit these 
pathways to ensure viral persistence that 
inadvertently may cause virus-associated 
disease.4-7

While the vesicle-mediated transfer 
of functional proteins between cells has 

Figure 1. Exosome-mediated small RNA transfer in a co-culture system. A co-culture transwell de-
vice with 5,00,000 EBV positive exosome producer cells (LCL) and 1,00,000 dendritic cells (imma-
ture monocyte-derived dendritic cells) as recipients, were co-cultured for the indicated times and 
separated by a semi-permeable membrane with either a 1.0 µm (black bars) or 0.4 µm pore-size 
(grey bar). The bars represent the relative amount of EBV-encoded small RNA (EBERs), detected by 
semi-quantitative RT-PCR in the recipient cells as an indication for small RNA transfer.

Figure 2. EM image of purified LCL exosomes with typical cup-shaped morphology. Exosomes 
may operate together or alone (arrow). Bar indicates 100 nm.
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this communication pathway for it’s own 
benefit.
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of the EBV-infected LCLs. Although 
Gibblings et al.18 found specific mRNAs 
in exosomes, miRNA-repressible mRNAs 
(presumably not housekeeping genes) 
were under-represented in exosomes con-
sistent with the idea of selective enrich-
ment of RNA in exosomes. Overall, our 
studies add to the possibility that virus-
produced miRNAs co-opt an existing 
molecular pathway for specific and selec-
tive loading of miRNAs into MVBs and 
secretion through exosomes, most nota-
bly since cellular miRNAs have now been 
implicated in the exosomal transfer as 
well.12,19

In contrast to these improvements in 
our understanding of exosome physiol-
ogy and RNA transfer, the biogenesis 
of plasma membrane-derived microve-
sicles and their RNA content is less well 
understood. In a first attempt to under-
stand this process better, the group of 
D’schouza-Schorey convincingly showed 
that activation of ARF6 is critical for an 
actomyosin-based membrane ‘abscission 
mechanism’ that regulates the shedding 
of selected cellular components from the 
plasma membrane.20 Although these vesi-
cles were not analyzed for their RNA con-
tent, others have shown that microvesicles 
shed by tumor cells in vitro and in vivo, 
are considerably larger in size compared 
to exosomes and generally contain mRNA 
molecules when analyzed by bioanalyz-
er.8 Various stabilized mRNA molecules 
are transported into and asymmetrically 
localized within the cytoplasm of polar-
ized cells, hence a molecular machinery 
may exist that directs specific RNA mol-
ecules to sites of vesicle shedding at the 
plasma membrane.

In conclusion, vesicle-mediated RNA 
transfer has unequivocal advantages 
over ‘classical’ intercellular communica-
tion mediated by soluble factors. Instead 
of one single messenger, exosomes could 
deliver multiple messages at once and in 
case of functional miRNA transfer, func-
tionally related genes could be suppressed 
simultaneously, allowing immediate con-
trol over neighboring cells. Perhaps no 
wonder that EBV, an extremely success-
ful pathogen infecting 90% of the world 
population and persists for life within 
memory B-cells, appears to have co-opted 

with a viral agent such as EBV may have 
far greater influence on it’s host and host 
cell-cell communication than originally 
perceived.

It is evident that crucial details in our 
understanding of exosome secretion and 
internalization are still lacking. However, 
an important step forward are two recent 
discoveries indicating that exosome secre-
tion is dependent on specific Rab GTPases 
that function as molecular switches. 
This large family of small GTPases and 
their mediators, the guanine exchange 
factors (GEFs) and GTPase-activating 
proteins (GAPs) have an important 
role in intracellular vesicle transport. 
Notably the RAB27 isoforms A and B 
as well as RAB35 have now clearly been 
implicated in the regulation of exosome 
physiology.14,15 Indeed, our unpublished 
proteomic data indicate that RAB35 is 
associated with and enriched in purified 
exosomes from various cell backgrounds. 
These findings are consistent with a 
growing appreciation for the generic role 
of the RAB GTPase system in vesicular 
membrane transport inside the cell.16 
Despite a relatively detailed understand-
ing of intracellular vesicle transport and 
the new advances into exosome secretion, 
a mechanism that specifically directs  any 
RNA molecule into multivesicular bod-
ies (MVBs) and exosomes has yet to be 
proposed. The molecular machinery that 
generates intraluminal vesicles (ILVs) in 
maturing endosomes is regulated, in part, 
by the evolutionary endosomal sorting 
complex required for transport (ESCRT). 
Members of the ESCRT complex are also 
responsible for selective protein sorting 
into MVBs. Other mechanisms that gen-
erate ILVs may depend on the constitu-
tion of the limiting membrane of MVBs.17 
The first concrete evidence that the load-
ing of miRNAs into exosomes may not be 
a random event, but could be controlled 
by specific proteins involved in the (mi)
RNA network, was recently provided by 
Gibblings and colleagues.18 These authors 
showed the presence of AGO2 protein 
and a striking enrichment of GW182 in 
purified monocyte-derived exosome-like 
vesicles, suggestive of the selective sorting 
of GW182 into exosomes. Possibly, the 
association with GW182 directs EBV and 
cellular miRNAs into ILVs and exosomes 
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