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Abstract
Exosomes are small vesicles of endosomal origin that can be released by many 

different cells to the microenvironment. Exosomes have been shown to participate in 
the immune system, by mediating antigen presentation. We have recently shown the 
presence of both mRNA and microRNA in exosomes, specifically in exosomes derived 
from mast cells. This RNA can be transferred between one mast cell to another, most 
likely through fusion of the exosome to the recipient cell membrane. The delivered RNA 
is functional, as the mRNA can lead to translation of new proteins in a recipient cell. The 
RNA shuttled between cells via exosomes is called esRNA. We propose that several types 
of exosomes may exist, and that an additional function of exosomes is to communicate to 
neighbouring cells through delivery of RNA‑signals.

Introduction

Exosomes are small membrane vesicles about 30–100 nm in size that are secreted by a 
variety of cell types such as B‑cells, T‑cells, mast cells, dendritic cells, platelets, neurons and 
epithelial cells. The exosome production is initiated when cell membrane proteins transfer 
to early endosomes by inward budding (Fig. 1). In early endosomes, molecules are either 
recycled to the plasma membrane or formed to internal vesicles, commonly called multi 
vesicular bodies (MVBs). In the degradation pathway, the MVBs fuse with lysosomes, but 
for exosome production, the MVBs fuse with the plasma membrane and consequently 
release the produced vesicles into the extracellular milieu as exosomes.1 The exosome 
vesicles consist of a bilayer lipid membrane surrounding a small cytosol which is lacking 
cellular organelles such as mitochondria, lysosomes, endoplasmic reticulum, nucleus and 
Golgi apparatus.

Protein Composition of Exosomes

Proteomic analysis from different research groups has proven helpful to understand the 
nature and role of exosomes, but the protein content of exosomes may vary depending 
on their source. Co-stimulatory proteins like CD54 (ICAM‑1), CD80 and CD86 are 
commonly present in exosomes derived from antigen presenting cells (APCs). However, 
exosomes originating from T‑cells bear CD3 as specific marker,2 the intestinal epithelial 
cells express the transmembrane protein A33 on their exosomes3 and neurons enclose 
subunits of glutamate receptor on their exosomes.4 We have performed an extensive 
protein analysis of the mast cells line (MC/9) exosomes using FACS analysis, western blot 
and LC‑MS/MS.5 The result showed that the mast cells exosomes contain approximately 
270 proteins, many of which previously have been identified in exosomes produced by 
other cells (i.e., exosomes derived from epithelial cells, urine, dendritic cells, melanoma 
cells, T‑cells and B‑cells). The identified exosomal proteins are associated with cell adhe‑
sion (CD63), T-cell stimulation (MHCI), translation (elongation factors) as well as 
protein folding (heat chock proteins). Moreover, a network based analysis of the exosomal 
proteins shows that these proteins are involved in cell‑to‑cell signalling, cancer and cellular 
assembly/organization.

It has been shown that exosomes can mediate antigen presentation in parallel with 
dendritic cells (DC), B‑cells and macrophages. This has lead to the development of 
exosome‑based vaccines as therapy in malignant diseases.6,7 Besides, both the human and 
mouse tumor cell lines produce exosomes and these vesicles are also present in malignant 
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effusions in patients with different malignancies. The tumor derived 
exosomes, positive for MHCI, Hsps, CD81 and MART1, can deliver 
the tumor antigen to DCs followed by activation of tumor‑specific 
T‑cells.6,7 The in vivo analysis in mice displayed that the tumor 
derived exsomes are able to protect against tumor establishment.7

The Putative roles of Exosomal Shuttle RNA

We have shown that exosomes from mast cell line MC/9, bone 
marrow derived mast cells, and human mast cell line HMC‑1, 
contain substantial amount of RNA,5 whereas no DNA could be 
found. Using microarray and microRNA chip analysis we have 
identified 1,300 mRNAs and 120 microRNAs in these mast cell 
exosomes, many of which seem to be exosome‑specific as they were 
undetectable in the donor cells. Moreover, we have shown that the 
exosomes carry intact and functional mRNA that can be translated 
to protein in the presence of functional protein machinery, tested 
by in vitro analysis, a rabbit lysate in vitro translation assay. Most 
importantly, our data demonstrate that the mast cell exosomes have 
the capacity to donate its RNA to another cell, and subsequently 
affecting the recipient cells protein production. We proved that by 
adding mouse mast cell exosomes to human mast cells, which lead to 
delivery of the mouse mRNA to the human cell, and subsequently 
to the presence of new mouse proteins in the human mast cells. The 
RNA that can be shuttled between cells via exosomes is suggested to 
be called “exosomal shuttle” RNA (esRNA).

A network‑based analysis of exosomal mRNA predicts functions 
of esRNA such as “cellular development, protein synthesis and 	
RNA post‑transcriptional modification.” This network involved 	
47 gene products, all encoded by mRNA present in exosomes 
including transcriptional regulating proteins (HMGN1, MEF2D, 
RPL7 and SP1), protein kinases (EIF2AK2 and PRKG1), enzymes 
(ASNS, BRAF, HADHB, PIN4, SOD1 and YWHAZ), transla‑
tion‑regulator protein EIF5A, transmembrane receptor GHR and 
a number of other products. However, analysis of the exosomal 
microRNA exhibit number of new functions including stem cell 

differentiation control (let‑7),8,9 differ‑
entiation and organogenesis (miR‑1),10 
hematopoiesis (miR‑181)11 and exocy‑
tosos and tumorigenesis (miR‑17, ‑18, 
‑19a, ‑20, 19b‑1 and ‑92‑1).12

Although we have documented that 
mast cells can shuttle RNA between each 
other, it remains to be investigate how 
extensively this is occurring in vivo, and 
how many different cell types have that 
capacity. Exosomes have been identified in 
plasma,13 urine,14 malignant effusions15 
and bronchoalveolar lavage fluid.16 It is	
likely that the esRNA is mediating 
communication in a microenvironment, 
but the presence of exosomes in serum may 
suggest that this type of genetic commu‑
nication theoretically could occur also at 
a distance. It has been shown that mast 
cell derived exosomes are able to induce 
maturation of DCs by upregulation of 
MHCII, CD40, CD80 and CD8617 or 

exosomes from antigen presenting cells are involved in T‑cell stimu‑
lation both in vitro18 and in vivo.19 However, it is not known how 
much of this communication pathway is dependent on esRNA? It 
may be that at least two types of exosomes exist, (1) the immuno‑
logical active exosomes that are involved in antigen presenting and 
co-stimulation and (2) the type two exosomes that contain RNA 
and mediating genetic communication between cells. The different 
types of exosomes may be involved in synchronising a cell type for 
same function in a certain conditions, or they may influence cells for 
switching their state from one cell type to another (cellular differen‑
tiation). We have shown that the mast cells (MC/9) derived exosomes 
are able to exchange RNA via exosomes. Theoretically, this exosome 
mediated communication pathway via exosomes may synchronise 
surrounding cells to be in the same state as the donor cells, to carry 
out similar functions in the local microenvironment.
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