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Introduction 
 

Exosomes were originally discovered in 

reticulocytes as multivesicular vacuoles. 

These are nothing but the extracellular 

cargo-filled bags emanating from cytosolic 

endosomes. Exosomes, which range from 

30–80 nM in diameter, are formed from an 

inward budding of the plasma membrane, 

often containing vesicles inside the lumen. 

To clarify the terminology, ‘exosomes’ can 

also refer to multisubunit protein complexes 

involved in RNA degradation; however, the 

exosome complexes discussed in this article 

refer to vesicular exosomes. The target cells 

contain specific receptor molecules for 

exosomes and allow fusion of their 

membrane for transfer of information. The 

content of such exosomes can include 

proteins such as receptors or enzymes and  

 

 

nucleic acid molecules such as RNA. Such 

RNAs transferred by exosomes are known 

as exosomal RNAs (esRNAs), most of 

which are non-coding RNAs (ncRNAs). 

 

The term non-coding RNA (ncRNA) is 

commonly assigned to RNA that does not 

encode a protein, but they do contain 

information and have specific function. 

Although majority of genetic information is 

translated into proteins, recent researches 

indicate that a large portion of the genomes 

of mammals and other complex organisms is 

in fact transcribed into ncRNAs. Most of 

which are alternatively spliced and/or 

processed into various smaller products, 

including microRNAs and snoRNAs and 

may be other classes of yet-to-be-discovered 
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small regulatory RNAs with unknown 

functions. These RNAs represent a secret 

level of cellular signals, controlling 

expression of various genes involved in 

physiology and development such as - 

chromatin architecture/epigenetic memory, 

transcription, RNA splicing, editing, 

translation etc.  

 

This ability of exosomes to transfer ncRNAs 

to influence gene expression in distant cells 

presents a remarkable model for cell-to-cell 

signaling. The transfer of exosomal RNA 

offers a new perspective on intercellular 

communication in various fields of biology 

including Immunology, Neurobiology, 

Oncology etc. and has potential therapeutic 

applications, such as in diagnosis and gene 

delivery.  

 

NON-CODING RNA 

 

Only recently we came to know that these 

ncRNAs apart from fulfilling general 

functions such as translation and splicing 

can and do perform a wide range of 

biological functions and they are also 

involved in cis and trans regulation of gene 

expression mainly in higher eukaryotes. 

 

Origin 

 

Intronic sequences coded by at least 30% of 

human genome are thought to be a major 

putative source of regulatory ncRNAs 
(1,2)

, 

which are produced as part of protein coding 

and other sequences to deliver regulatory 

signals 
(3,4)

. Introns situated in both protein-

coding and non-protein-coding genes are 

source of majority of snoRNAs and 

miRNAs in animals 
(5-9)

. Recent evidences 

clearly point out that intronic RNAs can 

give rise to various smaller RNAs with 

significant half-lives and specific subcellular 

locations 
(10,11)

. Even ectopic expression of 

CFTR gene derived intronic sequences was 

shown to alter transcription of some genes in 

HeLa cells
(12)

. Findings of many 

ultraconserved sequences in introns 
(13-17)

and 

detection of intronic sequences in whole 

genome tiling array analyses of human 

transcription
(18)

 also suggest their 

involvement in production of regulatory 

RNAs.  

 

Types 

 

Noncoding RNAs can be broadly 

categorized into two types: 

 

Infrastructural ncRNAs 

 

Various infrastructural ncRNAs which 

include tRNAs, rRNAs, spliceosomal 

uRNAs or ‘snRNAs’ and the common 

‘snoRNAs’ have functional roles in both 

translation and splicing for sequence-

specific recognition of RNA substrates, and 

also for the catalytic process itself
(19-23)

. 

 

Small Regulatory ncRNAs 

  

The plethora of small regulatory RNAs 

discovered in animals and plants 
(9,24-26)

can 

be broadly classified into: snoRNAs and 

miRNAs/ siRNAs. 

 

Biological Role 

 

The involvement of ncRNAs in controlling 

chromosome dynamics, splicing, RNA 

editing, translational inhibition and mRNA 

destruction is already documented, recent 

researches suggest that RNA signaling play 

crucial roles in – i) Chromatin remodeling 

and epigenetic memory 
(9,4,27-30)

, ii) 

Alteration of gene expressionby promoter 

interference 
(31)

 or by altering chromatin 

structure 
(32-34)

, iii) Transcriptional silencing 

and alterations to DNA methylation in 

human cells 
(35,36)

, iv) Regulation of splicing 

by directing  splice site selection 
(9,4,37,38)

 or 
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modification of sequences flanking the 

splice site to make them accessible or 

otherwise to the splicing machinery 
(37)

, v) 

Regulation of transcription
(4,30)

 by regulating 

RNA polymerase II
(39-43)

, interacting with 

transcription factors and chromatin-

modifying proteins 
(44-50)

, vi) Regulation of 

gene expression by steroid hormones 
(51)

, 

vii) Regulation of activity of estrogen 

receptor in breast cancer cells 
(52)

, viii) 

Stress responses 
(53-58)

, ix) Scaffolding for 

the assembly of macromolecular complexes 

like ribosomes, (Signal Recognition 

Particle) SRP
 (27)

 and chromatin complexes 
(59)

, x) Nuclear transcription factor 

trafficking 
(60) 

etc. 

 

Exosome 
 

Majority of cells release different types of 

membrane microvesicle and nanovesicle, 

with variety of important physiological 

functions. Microvesicles which differ from 

nanovesicles in terms of size and mechanism 

of formation 
(61-64)

 are released from the 

plasma membrane by shedding or budding, 

usually larger than 0.2 μm in size and have 

been referred to as microparticles or 

ectosomes. Whereas, nanovesicles, 

including exosomes, are between 30–100 

nm in diameter, are of endocytic origin and 

formed by the reverse budding of the 

peripheral membrane of multivesicular 

bodies (MVBs) or late endosomes. 

Exosomes are mainly extracellular vesicles 

(<100 nm in size), originate from the 

endocytic compartment of the cell. They are 

released by most, if not all, nucleated cells, 

reticulocytes and platelets, and are present in 

most bodily fluids. Although, some of the 

nanovesicles seem to be derived from the 

plasma membrane 
(65)

. Recently, different 

families of molecules have been shown to 

allow intracellular formation of exosomes 

and their subsequent secretion, indicating 

the existence of different sub-types of 

exosomes. 

Biogenesis and trafficking of Exosomes 

 

Exosomes originate by the inward budding 

of an endosomal membrane which is 

pinched off and released as intraluminal 

vesicles (ILVs) inside the endosomes, and 

are called MVBs 
(61,63)

 (FIG. 1), which can 

then follow either the secretory pathway or 

the lysosomal pathway. Following the 

secretory pathway, MVBs fuse with the 

plasma membrane and the release the ILVs 

as exosomes with concomitant incorporation 

of the peripheral membrane of the MVBs 

into the plasma membrane. In the lysosomal 

pathway, MVBs fuse with lysosomes and 

release ILVs into the lysosomal lumen for 

degradation. 

 

During exosome formation first the 

exosome-targeted contents are sorted into 

the endosomal membrane, followed by the 

delivery of the exosome cargo into nascent 

ILVs and the excision of ILVs. The contents 

are captured by the endosomal sorting 

complex for transport (ESCRT) machinery 
(66,67)

, involving ESCRT0, ESCRTI, 

ESCRTII and ESCRTIII, each of which is 

composed of different subunits and 

accessory molecules. ESCRT0 is recruited 

by the lipid phosphatidyl-inositol-3-

phosphate on the endosomal membrane, 

followed by subsequent recruitment of 

ESCRTI and ESCRTII; these two proteins 

together initiate the reverse budding of the 

MVB membrane. Next ESCRTII recruits the 

components of ESCRTIII, which catalyze 

the vesicle cleavage. 

 

However, generation of MVBs in the 

absence of key subunits of ESCRTs also 

indicates the existence of alternative 

mechanisms of exosome biogenesis
(68)

. Next 

a concerted effort of cytoskeleton, molecular 

motors and vesicle fusion machinery is 

required to drive the trafficking of the 

MVBs to the cell periphery, fusion with the 
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cell membrane and release of their ILV 

cargo (FIG. 1). This trafficking process is 

controlled by the RAB family of small 

GTPases including RAB27A required for 

docking and the fusion of MVBs to the cell 

membrane and RAB27B, which directs the 

transfer of vesicles from the Golgi to MVBs 

and mobilizes MVBs to the actin-rich cortex 

under the plasma membrane 
(69)

. 

 

After secretion the extracellular vesicles 

bind to neighbouring cells or to the 

extracellular matrix, or passively traffic 

through the bloodstream or through other 

bodily fluids. 

 

Exosome Mediated Transfer of Non-

Coding RNA 

 

Apart from carrying protein antigens 

exosomes are also known to mediate the 

transfer of genetic information between cells 

in the form of RNAs (62,69,70). RNA content of 

exosomes includes functional mRNAs and 

small ncRNAs, including miRNAs (71-77) but 

not rRNAs (72). The RNAs thus transported 

are protected from RNase degradation (72). 

Existence of a preferential sorting of certain 

RNA sequences is evident from the fact that 

some mRNAs and miRNAs are detected in 

both extracellular vesicles and parent cells, 

whereas others are identified in either 

extracellular vesicles or in parent cells (72,79). 

RNAs are transported from the lumen of 

extracellular vesicles into the target cells by 

release of vesicular content into the 

acceptor-cells (Fig.2). The process involves 

the docking of extracellular vesicles on 

target cells (predominantly at cholesterol-

rich micro domains) and the fusion of their 

membranes. 
 

RNA As Inter Cellular Signalling 

Molecule 

 

1. Delivery of miRNAs - miR-148a and 

miR-451 by Dendritic Cell (DC)-derived 

exosomes to acceptor DCs indicates a 

means of horizontal propagation of post-

transcriptional regulation among APCs 
(80)

, or between APCs and other cell 

types. Moreover, antigen-induced 

formation of immunological synapse 

directs the polarization of T cell MVBs to 

the point of APC–T cell contact, and 

triggers the transfer of exosomal miR-

335, in acceptor APCs 
(79)

. During EBV 

infection, infected B-Cells deliver 

exosome-derived viral miRNAs to DCs, 

which silences mRNA transcripts that 

encode immune-stimulatory molecules 
(81)

. 

2. Exosomes derived from mast cell line 

MC/9, bone marrow derived mast cells, 

and human mast cell line HMC‐1, contain 

substantial amount of intact functional 

RNA,
(82)

that can be translated to protein 

and subsequently alter the recipient cells 

protein production.  

3. The expression of long noncoding RNA 

(lncRNA) is altered in hepatocellular 

cancer (HCC). lncRNA with highly 

conserved sequences are called 

ultraconserved lncRNA (ucRNA) that are 

transcribed and altered in expression in 

HCC. Extracellular vesicles, such as 

exosomes and microvesicles, are released 

from tumor cells and can transfer 

biologically active proteins and RNA 

across cells. The most abundant ucRNA 

in HCC cell–derived extracellular 

vesicles was found to be a 1,198-bp 

ucRNA, termed TUC339, which 

modulates tumor cell growth and 

adhesion. Suppression of TUC339 by 

siRNA reduced HCC cell proliferation, 

clonogenic growth, and growth in soft 

agar. Thus, intercellular transfer of 

TUC339 represents a unique signaling 

mechanism by which tumor cells can 

promote HCC growth and spread.  
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Figure.1 Biogenesis of Exosome: 
Courtesy- Paul D. Robbins and Adrian E. Morelli: Regulation of immune responses by extracellular vesicles. NATURE REVIEWS | 
IMMUNOLOGY VOLUME 14 | MARCH 2014 | 195 -208.(89) 
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These findings expand the potential roles 

of ucRNA in HCC, support the existence 

of selective mechanisms for lncRNA 

export from cells, and implicate 

extracellular vesicle–mediated transfer of 

lncRNA as a mechanism by which tumor 

cells can modulate their local cellular 

environment. Intercellular transfer of 

functionally active RNA molecules by 

extracellular vesicles provides a 

mechanism that enables cells to exert 

genetic influences on other cells within 

the microenvironment 
(83)

. Human 

salivary exosomes can be used as 

biomarkers for disease diagnosis as 

miRNAs can be found in salivary 

samples 
(84)

. Glioblastoma tumor cells are 

found to release exosomes containing 

mRNA, miRNA, and angiogenic proteins 
(85)

.  

4.  Recently, exosomes electroporated with 

gene-specific siRNA (BACE1) were used 

to down-regulate specific genes in brain 

cells 
(86)

, pointing out potential 

application of exosomes in gene  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

delivery, and opening up avenues for 

therapeutic applications. 

5. Exosomal miRNAs can be used for 

significant enrichment of genes in gene 

ontology (GO) terms, including genes for 

protein phosphorylation, RNA splicing, 

chromosomal abnormality, and 

angiogenesis 
(87) 

indicating potential 

regulatory roles of exosomal miRNAs. 

6. In mammalian systems RNA can move 

between cells via vesicles. 

Gastrointestinal nematode 

Heligmosomoides polygyrus, which 

infects mice, secretes vesicles containing 

microRNAs (miRNAs) and Y RNAs as 

well as a nematode Argonaute protein. 

These vesicles are of intestinal origin and 

are enriched for homologues of 

mammalian exosome proteins. These 

exosomal RNAs can suppress Type 2 

Th2-like innate responses and 

eosinophilia induced by the allergen 

Alternaria in mice probably by 

suppressing Dusp1 gene. Discovery of 

miRNAs from the filarial nematode 

Litomosoides sigmodontis in the serum 

Nature Reviews | Immunology

Donor cell Acceptor cell

mRNAs and small non-coding 
RNAs (miRNAs)

MVB
mRNAs

Extracellular 
vesicle

Endosome

Fusion with limiting
membrane of endocytic 
vesicle?

Fusion with 
cell membrane?

Translation 
into proteins

Endocytosis

miRNAs

Post-transcriptional
regulation of
target mRNAs

APCs78, or between APCs and other cell types (FIG. 4). 

Indeed, antigen-induced assembly of the immuno-

logical synapse triggers the polarization of T cell MVBs 

to the point of APC–T cell contact, and promotes the 

transfer of exosomal miR-335, which is functional 

in miRNA reporter assays in acceptor APCs77. EBV-

infected B cells transfer exosome-derived viral miRNAs 

to DCs, which silences mRNA transcripts that encode 

immune-stimulatory molecules80.

Activat ion of immunity by extracellular vesicles

Increasing evidence suggests that extracellular vesi-

cles transfer not only antigens to APCs but also sig-

nals that may promote the activation of the acceptor 

cells into immunogenic APCs. Mast cell-derived 

extracellular vesicles, which contain a relatively high 

content of heat shock protein 60 (HSP60) and HSPA8 

(also known as HSC70), promote DC maturation in 

mice58. Macrophages that have been infected with 

Mycobacterium tuberculosis, Salmonella enterica subsp. 

enterica serovar Typhimurium or T. gondii release 

extracellular vesicles that carry microbial antigens, as 

well as pathogen-associated molecular patterns that 

promote a Toll-like receptor-dependent inflammatory 

response by macrophages81. This adjuvant-intrinsic 

effect, together with the vesicular nature of extracel-

lular vesicles, may explain why extracellular vesicles 

are more efficient than soluble peptides at transferring 

antigens between APCs.

Interleukin-1β (IL-1β), which is a cytokine that lacks 

the leader sequence needed for secretion by the classi-

cal pathway, is released inside the extracellular vesicles 

secreted by DCs and macrophages82–84. How IL-1β is 

then released from the vesicle lumen remains unknown. 

Unlike IL-1β, other cytokines are transported on the 

extracellular vesicle surface. Tumour necrosis factor 

(TNF) superfamily members, including CD95 ligand 

(CD95L; also known as FASL), TNF-related apopto-

sis-inducing ligand (TRAIL; also known as TNFSF10) 

and CD40 ligand (CD40L; also known as CD154), are 

sorted into the exosome membrane. CTLs, natural killer 

(NK) cells and DCs kill target cells through the polar-

ized release of CD95L-carrying extracellular vesicles85–88. 

Tumour cells and parenchymal cells of immune-privi-

leged tissues also secrete CD95L via extracellular vesi-

cles as a mechanism of immune escape89,90. In addition, 

mast cells release CD40L-bearing extracellular vesicles91 

and platelets secrete vesicles that deliver CD40L–CD40 

signalling92. The release of TNF superfamily molecules 

through extracellular vesicles decreases the degrada-

tion of these molecules by surface proteases, augments 

their local concentration in the extracellular milieu 

and favours their aggregation into trimers, thereby 

increasing their biological activity87. DC-derived and 

macrophage-derived exosomes carry enzymes that syn-

thesize leukotriene B4 (LTB4) and LTC4 (REF. 93). At 

sites of inflammation, unstable LTA4 that is released by 

neutrophils could be converted into pro-inflammatory 

LTB4 and LTC4
 
by APC-derived extracellular vesicles.

In addition, extracellular vesicles seem to have a 

role in mediating inflammatory and autoimmune dis-

eases; for example, extracellular vesicles in the serum 

and that are derived from the synovial fibroblasts of 

patients with rheumatoid arthritis have higher levels 

of a membrane-bound form of TNF — which is a key 

target in the treatment of rheumatoid arthritis — than 

extracellular vesicles from healthy control individuals94. 

Interestingly, these TNF-positive extracellular vesicles 

Figure 4 | Mechanism of transfer of exosomal shuttle RNAs between cells. mRNAs and small non-coding RNAs, 

including microRNAs (miRNAs), are transported inside the lumen of secreted extracellular vesicles. Once released, the 

extracellular vesicles are trapped by acceptor cells. Release of the vesicular RNAs into the cytosol of the acceptor cell 

requires fusion of the vesicle membrane with the plasma membrane or probably with the limiting membrane of endocytic 

vesicles, after the extracellular vesicles have been internalized. MVB, multivesicular body.

REVIEWS

202 | M ARCH 2014 | VOLUM E 14  www.nature.com/reviews/ immunol

© 2014 Macmillan Publishers Limited. All rights reserved

Fig.2 Mechanism of transfer of exosomal shuttle RNAs (esRNAs) between cells. 
Courtesy- Paul D. Robbins and Adrian E. Morelli: Regulation of immune responses by extracellular 

vesicles. NATURE REVIEWS | IMMUNOLOGY VOLUME 14 | MARCH 2014 | 195 -208.(89) 
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of infected mice, suggests that miRNA 

secretion into host tissues is conserved 

among parasitic nematodes and these 

results reveal exosomes as another 

mechanism by which helminths 

manipulate their hosts and provide a 

mechanistic framework for RNA transfer 

between animal species 
(88)

. 

 

Conclusions and Future Perspectives 

 

As already established in this article, 

exosomes can be viewed as unique method 

of cell-cell communication, but the function 

of exosomes in cellular physiology and 

signaling is yet to be clearly understood. 

Further investigations are necessary in 

topics like - the signals that direct the 

packaging of specific miRNA and other 

informational molecules into exosomes and 

their trafficking to various extracellular 

destinations etc. The mechanisms of 

exosome incorporation into targeted cells 

still remain a mystery. Although, the 

exosome mediated cell signaling adds yet 

another layer in the complexity of 

eukaryotic communication networks.  

There are still many unanswered questions 

like – How the exosomes are precisely 

targeted to the destination cells? How 

specific contents are assigned to various 

exosomes? and What triggers exosome 

release in different cell types? Answers to 

some of these questions can help design 

strategies for drug delivery and gene therapy 

using exosomes, as they are natural 

transporters derived from cells and can 

potentially be better tolerated by the immune 

system. Exosomes can also be used for 

diagnosis as presence of viral miRNA in the 

plasma of patients can indicate infections. 

Changes in miRNA, protein, or mRNA 

profiles of organ-specific exosomes in the 

blood plasma or urine of patients can be 

used as indicator of organ dysfunctions. 

However, a major focus of future exosome 

research should be in the context of human 

diseases, such as cancer.  
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