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An overview of exosomes: From biology to  
emerging roles in immune response

 A B S T R A C T  
The discovery that extracellular vesicles are secreted by various cells into extra-
cellular environment has stimulated a large number of studies in order to eluci-
date their biological activities. Of the released membrane-bound vesicles, spe-
cialized nanoparticles called exosomes are currently highlighted. Today, exo-
somes are known to be associated with diverse pathologies and represent a vari-
ety of immune functions. Recent findings that exosomes deliver lipids, cytoso-
lic proteins, mRNA, miRNA and genetic materials to recipient cells, have been a 
key milestone in the field. During the past few years, many groups have declared 
that exosomes are naturally present in body fluids as well as their secretion by 
nearly all cell types. Because of the fact that exosomes have possible functions in 
wide-range of pathogenesis from immunology to neurobiology, they become in-
terest of biomedicine. Their potential utility in clinical applications as a thera-
peutic tool or biomarker is an intense area of research to combat numerous dis-
eases. In this review, we summarize influential developments of exosome biology 
and their biological functions, exclusively on the immune response.
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Introduction

Cells are known to communicate with each oth-
er for the purpose of maintaining their func-

tions in multicellular organisms. Intercellular com-
munication can occur by cell-to-cell contact or in-
terchange of secreted specific molecules, such as lip-
ids, proteins or nucleotides [1]. Over the past two 
decades, the discovery of plasma membrane derived 
extracellular vesicles (EVs) as a new mechanism for 
engagement between cells has aided understanding 
of their significant biological role in eukaryotic cells. 
EVs are phospholipid bilayer-dependent formations 
and have been isolated from almost all cell types [2]. 
They are also naturally present in body fluids, in-
cluding saliva, blood, breast milk, urine, cerebrospi-
nal fluid, broncho alveolar lavage fluid and semen 
[3,4]. EVs that convey short peptides, proteins, cyto-
kines, lipids and nucleic acids are various and clas-
sified in terms of diverse functions, morphological 
properties and biogenesis pathways [5]. These extra-
cellular vesicles have been referred to as exosomes, 
microparticles, apoptotic blebs, prostasomes, onco-
somes, tolerosomes and shedding vesicles according 
to their cellular origin [6].

Classification of Extracellular Vesicles
EVs are lipid bilayer-dependent structures and gen-
erated by the endosomal pathway. They are known 
to be secreted by all human cell types and present 
in body fluids. EVs are not homogenous populations. 
EV classification is based on cellular origin, mor-
phology, function and biogenesis [2]. Although no-
menclature is still unclear on classification of EVs, 
four types of EVs have been classified recently ac-
cording to their biogenesis, which are exosomes, mi-
crovesicles, apoptotic bodies and retrovirus-like par-
ticles (Table 1) [6,7].

Microvesicles are approximately 100-1000 nm in 
diameter and their density is still undefined. They are 
generated by the budding of the plasma membrane 
and fission into extracellular space. Microvesicles 
bear diverse nucleic acids and proteins such as actin 
and tubulin, β1 integrins, VAMP3 (vesicle-associat-
ed membrane protein 3) [2]. Size ranges of microve-
sicles and exosomes generally overlap. However, mi-
crovesicles are believed to be larger than exosomes 
according to recent flow-cytometry studies [8].

Exosomes are approximately 50-100 nm in di-
ameter and formed by exocytosis of multivesicular 
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bodies (MVBs) [2]. Their density is between 1.13 and 
1.19 g/mL [9]. Exosomes displaying cup-shaped mor-
phology contain specific molecules including tetra-
spannins (CD63, CD81, CD82 and CD9), heat shock 
proteins, MHC (major histocompatibility complex) 
molecules, actin, tubulin, microRNA (miRNA) and 
messenger RNA (mRNA) [8,10].

Apoptotic bodies are generated by budding of 
plasma membrane during apoptosis. Their size 
range is 100-5000 nm in diameter and density is be-
tween 1.16 and 1.28 g/mL. Annexin V, C3b (comple-
ment component 3b) and thrombospondin are well-
known biomarkers of apoptotic bodies [8,11].

The last group of EVs is retrovirus-like particles 
(RLPs). These non-infectious vesicles are generated 
by the direct budding of the plasma membrane [12]. 
They are 90-100 nm in diameter, with a density be-
tween 1.13-1.16 g/mL and they carry retroviral pro-
teins such as Gag (group-specific antigen) as well 
as cytoskeletal proteins [13,14]. Gag protein can be 
used as a biomarker to detect RLPs [8].

In this review, we highlight current knowledge 
about exosomes and their roles in immune response.

Exosomes
Intercellular communication mediated through exo-
somes was firstly defined by Pan and Johnstone in 
1983. They discovered the loss of transferrin receptor 
during sheep reticulocytes maturation into erythro-
cytes and observed that the transferrin receptor was 
encapsulated into nanovesicles of endosomal origin 

[15]. In the following years, researchers used the 
term exosome for these nanovesicles having a mean 
size of 50-100 nm in diameter [2].

Exosomes are currently known to be originated 
from reticulocytes [16], B cells [17], T cells, dendrit-
ic cells, macrophages [18], epithelial cells [19], neuro-
nal cells [20], mast cells [21], fibroblasts [22] and pla-
centa cells [23]. Furthermore, exosomes allied with 
exosome-like vesicles have been isolated from dis-
tinct body fluids such as blood [24], saliva [25], urine 
[26], semen [27], amniotic fluid [28] and medium of 
cell line or primary cell cultures [6].

Exosomes were considered to be plasma mem-
brane debris until they were shown to have signifi-
cant immunological functions in 1996. Raposo et al. 
demonstrated that exosomes are released by B lym-
phocytes and carry MHC II molecules which me-
diate to present antigen to CD4+ T cells [17]. Thus, 
exosomes derived from B cells have been shown to 
stimulate adaptive immune response. This major 
breakthrough led to anticipation for implementa-
tion of exosomes on immunotherapy although bio-
logical functions of exosomes have not been under-
stood completely.

Biogenesis of Exosomes
Exosomes are formed as part of the endolysosom-
al pathway which consists of endocytic vesicles, ear-
ly endosomes, late endosomes and lysosomes [10]. 
The initial step involves endocytosis of proteins on 
cell surface by inward budding processes, which can 

Table 1. Classification of extracellular vesicles

Type Size Density Biogenesis Composition

Microvesicles 100-1000 nm undefined
Budding of plasma 
membrane

Actin, tubulin, β1 
integrin,VAMP3*, miRNA*

Exosomes 50-100 nm 1.13-1.19 g/mL
Exocytosis of multivesicular 
bodies

Heat shock proteins, actin, 
tubulin, MHC molecules*, 
tetraspannins (CD63, CD81, 
CD82, CD9), miRNA, mRNA*

Apoptotic bodies 100-5000 nm 1.16-1.28 g/mL
Budding of plasma 
membrane during 
apoptosis

Annexin V, C3b*, 
thrombospondin, any cellular 
components

Retrovirus-like particles 90-100 nm 1.13-1.16 g/mL
Direct budding of plasma 
membrane

Retroviral proteins such as 
Gag*, cytoskeletal proteins, 
plasma membrane components

*VAMP3, vesicle-associated membrane protein 3; miRNA, microRNA; mRNA, messenger RNA; MHC molecules, major 
histocompatibility complex; C3b, complement protein 3b; Gag, group-specific antigen.
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occur in a clathrin-dependent or clathrin-indepen-
dent manner [29]. The generated endocytic vesicles 
are transferred to early endosomes having mildly in-
ner acidic pH and located at the outer edge of the cell. 
Early endosomes convert into late endosomes by al-
tering protein substance and correspondingly re-
ducing inner acidic pH [30]. In order to form MVBs, 
late endosomes located near the nucleus bud into 
their endosomal lumen, which leads to intraluminal 
vesicles (ILVs). Coexistence of MVBs populations 
having different cholesterol levels within the same 
cell results in two diverse consequences. While cho-
lesterol-rich MVBs fuse with the plasma membrane 
to release exosomes, cholesterol-poor MVBs tend 
to fuse with lysosomes in order to degrade proteins 
in lysosomal pathway (Figure 1). Formation of exo-
somes from MVBs is known to occur by two iden-
tified pathways so far: 1. Endosomal sorting com-
plex responsible for transport (ESCRT)–dependent 
mechanism, 2. ESCRT–independent mechanism. 
ESCRT-dependent mechanism is comprised of four 
protein complexes, which are ESCRT-0, I, II and 
III. ESCRT-0 complex both identifies and separates 
ubiquitinated proteins at the endosomal membrane. 
ESCRTI and ESCRT-II complexes assist membrane 

Figure 1. Basic mechanism of exosome biogenesis is illustrated. Here, early endosomes arise through clathrin-me-
diated endocytosis at the plasma membrane. These vesicles convert into late endosomes by altering protein content 
and acidification. Afterwards, MVBs (multivesicular bodies) are derived from late endosomes budding reversely into 
their endosomal lumen and cholesterol-rich MVBs fuse with plasma membrane in order to release exosomes (see text).

budding and ESCRT-III completes budding process 
via division of ILVs within MVBs [1]. The studies on 
oligodendroglial cell line and pigment-producing 
melanocytes have shown that the ESCRT- indepen-
dent mechanism is capable of developing MVB for-
mation as an alternative pathway. In oligodendrog-
lial cell lines, exosome formation and releasing that 
do not depend upon ESCRT complexes are mediat-
ed through ceramide. In concordance with this find-
ing, high concentration of ceramide has been shown 
in exosomes derived from oligodendroglial cells 
[31]. Although many studies related with biogenesis 
of exosomes have been performed recently, most of 
these mechanisms are still unclear.

Composition of Exosomes
The latest achievement on defining exosome via 
electron microscopy has shown that exosomes share 
common structure even though they are derived 
from different cell types. The exosomal lipid bilay-
er consists of lipid rafts including sphingolipids, cer-
amide, cholesterol and phosphoglycerides as well as 
proteins [32,33]. There are over 4400 exosomal pro-
teins identified by mass spectrometry [5]. However, 
all exosomes are composed of common exosomal 
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membrane-associated proteins such as tetraspan-
nins (CD9, CD63, CD81, CD82, CD151) and inte-
grins, heat shock proteins (Hsc70, Hsc90), ESCRT 
complex proteins (Alix, TSG101), cytoskeletal pro-
teins (actin, cofilin, tubulin, moesin) and proteins 
involved in membrane fusion (Annexins I,II,IV,V,VI, 
Rab5, Rab7, Rabp1B, RabGDI) (Figure 2) [28,34]. 
Integrins and highly conserved tetraspannins are 
related with targeting and adhesion. Heat shock pro-
teins are considered to assist protein folding process 
and antigenic peptide binding. Especially Rab5, Alix 
and TSG101 are widely used as biomarkers in order 
to confirm exosome existence [1,5,8]. Further stud-
ies revealed that configuration of exosomes depends 
on cell type of origin and they may perform diverse 
functions according to origin cell-specific proteins. 
For instance, due to their MHC class II molecules on 
membrane, exosomes derived from dendritic cells 
can interact with T cells [1,35]. Distinctions of tetra-
spannin complexes are reported to affect target cell 
selection for exosomes as well [36].

A milestone in the field was the discovery of 
significant amounts of mRNA, miRNA and small 
non-coding RNAs in the lumen of exosomes [37]. 
Transfer of this genetic cargo into target cells by 
exosomes has currently been an important research 
area. While some authors indicate that RNA cargo 

borne by exosomes are different compared to the 
RNA pool of originated cell, other authors report 
that they are similar with parental cells [5]. For in-
stance, originating cancer cells and their RNA car-
go content are similar. Depending of parental cell 
and its state, RNA content of exosomes may change 
[5,38,39]. Proteins, lipids and RNA being identified 
and generating exosomes are cataloged in the data-
base ExoCarto (http://www.exocarto.org). The list 
of components is updated with recent novel contri-
butions [40].

Isolation of Exosomes
Body fluids and cell culture mediums are known to 
contain extracellular vesicles and it is vital to en-
sure that exosomes are isolated purely from this 
extracellular vesicle pool. Exosomes can be puri-
fied via conventional methods or commercial kits. 
The most commonly used method of exosome iso-
lation includes a series of centrifugations, often in 
combination with sucrose gradient ultracentrifuga-
tion. Thus, exosomes can be isolated by floatation 
in sucrose solution according to their density prop-
erty after performing continuous centrifugations. 
Ultracentrifugation, when combined with sucrose 
density gradient, contributes to a high enrichment 
of exosomes [41]. The obstacle here is the existence 

Figure 2. Composition of a DC (dendritic cell)-derived exosome. This schematic representation illustrates an exo-
some that is generated by lipid rafts, which are originated from cytosol of the producing cell. The proteins that are 
shown here are related to adhesion, targeting, signal transduction, T-cell stimulation, antigenic peptide binding and 
membrane fusion (see text). The indicated composition may differ based on parental cell.
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of various nanoparticles and other contaminating 
material in the similar size range as exosomes in 
both blood and cell culture media. The probability 
of overlapping exosomes with equivalent-sized mi-
crovesicles, bacteria, virus, mycoplasma, peptides 
and other small molecules should be considered 
cautiously [5].

Exosomes can be isolated by ultrafiltration as an 
alternative way. Ultrafiltration works based on size 
[42]. Exosomes can also be purified via beads coat-
ed with antibody. This antibody targets a known 
protein on exosomal membrane [43]. Another iso-
lation method is HPLC (High Performance Liquid 
Chromatography)-based protocol which provides 
highly pure exosome pellet [5].

Function of Exosomes
Exosomes have been shown to have biological activ-
ities in vivo and significant roles in various patho-
logical conditions such as cancer [39], autoimmune 
diseases [2], infectious [44] and neurodegenerative 
diseases [45]. A number of papers indicate that exo-
somes are associated with inflammation, coagula-
tion, angiogenesis and apoptosis as well as develop-
ment and differentiation [5,46].

Johnstone et al. reported that exosome secretion 
is an alternative way to remove plasma membrane 
proteins during reticulocyte maturation into eryth-
rocyte. Hereby, reticulocytes lacking lysosomes 
were shown to use exosomes in order to discard un-
necessary proteins [16]. Beyond function of releasing 
waste substances, exosomes act as significant me-
diators for intercellular communication in between 
microenvironment of cells or at a distance [47]. They 
can bind to target-cells through receptor-ligand in-
teractions and transfer their content into cytoplasm 
by fusing. Exosomes not only bind to recipient cells 
to transfer proteins or lipids but also deliver nucle-
ic acids such as mRNA, miRNA [1]. Despite the fact 
that exosomes have various functions physiological-
ly, they are intensively studied as mediators of the 
immune response.

Exosomes in immune response
The immunological properties of exosomes were 
firstly reported by Raposo et al. This group showed 
that exosomes derived from Epstein-Barr vi-
rus-transformed B cells present MHC class II har-
bored on their membrane to CD4+ T cells in vitro 
[17]. A few years later, Zitvogel et al. noted that den-
dritic cell (DC)-originated exosomes stimulate CD8+ 

T cell-dependent anti-tumor immune response in 
mice in vivo [48].

Some papers indicate that exosomes secreted 
from antigen presenting cells (APCs) directly stim-
ulate T cells in contrast to other reports suggesting 
that exosomes are required to be captured by APCs 
for naïve T cell stimulation. Admyre et al. revealed 
that exosomes-harboring MHC class molecules 
can directly attach to their T cell receptor and trig-
ger CD4+ and CD8+ T cells [49]. On the other hand, 
Thery et al. showed that exosomal MHC-peptide 
complexes are transferred to DC in order to stimu-
late naïve T cells [35].

T-cell stimulation via exosomes is known to 
be based on physiological conditions of origin cell. 
Mature DC-derived exosomes trigger T-cell acti-
vation more efficiently when compared with im-
mature DC-derived exosomes [50,51]. Exosomes 
are also associated with bearing antigens in or-
der to be degraded. Pathogen-infected cell derived 
exosomes carry specific antigens from the patho-
gens and induce CD4+ and CD8+ T cell prolifera-
tion [52,53]. Furthermore, it has been demonstrat-
ed that tumor cell-derived exosomes have been 
captured and presented by DCs in vitro [54]. When 
exosomes are secreted by tumor cells releasing cy-
tokines into microenvironment, they activate an-
ti-tumor immune response in mice in vivo after in-
jection [55]. On the other hand, some papers sug-
gest that tumor cell-derived exosomes have an op-
posite effect on immune response by bearing di-
verse immunosuppressive molecules. This immu-
nosuppressive response is mediated through de-
creasing CD4+ and CD8+ T cell and natural kill-
er (NK) cell stimulation or enhancing the differ-
entiation of immunosuppressive cells [4]. Injection 
of exosomes derived from primed tumor cells sup-
ported metastasis by decreasing NK cell activation 
and increasing the differentiation of myeloid cells 
in mouse models developing melanoma and carci-
noma [56]. These controversial in vivo results are 
still unclear if it could be relevant to heterogeneous 
exosome population.

Various analyses show that exosomes also have 
anti-inflammatory effects. Kim et al. injected exo-
somes secreted by DC expressing Interleukin-10 (IL-
10) to mouse models developing delayed-type hy-
persensitivity (DTH) and observed that inflamma-
tion was suppressed by these DC-derived exosomes 
[57]. In another study, McDonald et al. showed that 
exosomes derived from macrophages induced with 
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lipopolysaccharide (LPS) reduced inflammatory 
pain in mice [58]. The anti-inflammatory functions 
of exosomes were demonstrated in a drug delivery 
system as well. Sun et al. encapsulated curcumin, an 
anti-inflammatory drug, into exosomes and inject-
ed these exosomes to mouse models suffering with 
inflammation induced with LPS. Thereafter, the re-
searchers observed that exosomal curcumin pro-
vided protection against inflammation [59]. Today, 
this exosomal drug delivery is still in practice for re-
search applications. However, as a consequence of 
their biological origin, exosomes are considered to 
be replaced with liposomes as ultimate goal of im-
munotherapy approaches.

One of the interesting roles of exosomes in in-
flammation is that they are capable of stimulating 
or providing pathological autoimmune respons-
es. Skriner et al. noted that citrullinated proteins 
such as fibrinogen and CD5 antigen-like precursor 
are carried by synovial exosomes and they are po-
tential autoantigens associated with the pathogen-
esis of rheumatoid arthritis (RA) [60]. Thus, autore-
active recognition via exosome-associated antigens 
has been shown in patients with RA. There is other 
data supporting the evidence that exosomal content 
may activate autoimmunity such as autoantigens 
in developing of immune complexes in Sjögren’s 
syndrome (SS) and systemic lupus erythematosus 
(SLE). Kapsogeorgou et al. demonstrated that sali-
vary gland exosomes contain Lupus La protein (SS-
B), the Smith antigen (Sm) and E3 ubiquitin-protein 
ligase TRIM21, which are autoantigens associated 
with SLE and SS [61].

Exosome secretion is regarded as a pathway in-
volved in spreading invading pathogens between 
cells. Pegtel et al. showed that exosomes derived 
from Epstein-Barr virus (EBV)-infected cells circu-
late in bloodstream, deliver miRNA cargo and affect 
healthy recipient cells [44]. Results from Izquierdo-
Useros and co-workers indicated that HIV-1 uses 
DCs as a transit location in the non-replicative 
stage. The virus packages all viral antigens and par-
ticles in exosome-like vesicles after fusing with DCs 
and acquiring their intracellular vesicle trafficking. 
Exosomes bearing viral antigens deliver their cargo 
to CD4+ T cells and provoke infection [62]. Besides 
viral infections, exosomes are also involved in bac-
terial infections. Macrophage activation and the re-
lease of interferon- γ (INF- γ) are immune response 
to Mycobacterium tuberculosis infection. However, 
most of infected macrophages are not capable of 

destroying M. tuberculosis because of their INF- γ 
resistance. 19-kDa lipoprotein and mycolylarab-
inogalactan peptidoglycan complex, which are my-
cobacterial proteins, lead to this resistance against 
the bacteria. The group of Bhatnagar and Beatty 
declared that exosomes derived from M. tubercu-
losis infected macrophages contain these two my-
cobacterial substances. Some papers highlight that 
exosomes may function in two different ways: 1. 
Initiation of pro-inflammatory molecules by macro-
phages and stimulation of naïve T cells 2. Enhancing 
of M. tuberculosis survival by damaging macro-
phage activities [52,63,64,65].

A growing number of studies indicate that exo-
somes have significant roles in immune tolerance 
in addition to their roles as immune activators. 
Exosome-like vesicles derived from prostate gland 
epithelial cells, known as prostasomes, preserve 
sperms in seminal fluid by suppressing NK activa-
tion in order to prevent immune attack [66,67,68]. 
Placental explants also release exosomes so that the 
fetus can be protected from the mother’s immune 
defense system [69]. The presence of exosomes in-
hibiting T cell activation in milk and colostrum 
has been reported as well [70]. Exosomes present in 
bronchoalveolar fluid can create protection against 
allergens or lead to pro-inflammatory cytokine re-
leasing by airway epithelial cells according to state 
of host [71]. When tolerosomes released by intesti-
nal epithelium can enhance oral tolerance in rats, 
they can provoke antigen presentation in some oth-
er models [4].

Taken together, exosomes seem to have pleio-
tropic functions and regulate the immune response 
depending on the physiological conditions of the 
organism. The elucidation of these diverse func-
tions in both in vivo and in vitro environments will 
lead to improvement of therapeutic and diagnos-
tic applications.

Exosomes as biomarkers
Exosomes are special nanovesicles representing a 
significant biomedical tool as the future of biomark-
ers in medicine. All noteworthy findings suggest 
that exosomes have a crucial role in cell-to-cell com-
munication and degrading unnecessary proteins. 
Because of their endocytic origin, exosomes carry 
specialized protein markers such as heat shock pro-
teins (Hsc70 and Hsc90), tetraspannins (CD63, CD9, 
CD81, and CD82) and Rab family proteins. Exosomal 
content is a fingerprint of cell type of origin and its 
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state. Exosomes are also released in diverse body 
fluids including urine, plasma, breast milk, synovi-
al fluid, bronchoalveolar lavage fluid, amniotic fluid, 
suggesting that they are information bridges across 
different body compartments [72]. Some papers rec-
ommend that exosome purification may provide 
much more information than whole body fluid. For 
instance, urine exosomes isolated from prostate 
cancer patients contain mRNA of PCA3 (Prostate 
cancer antigen 3) and TMPRSS2 (Transmembrane 
protease, serine 2), which are outputs involved in 
ERG (ETS-related gene) fusion chromosomal rear-
rangement [72,73]. Besides, aquaporin-1 and 2 found 
on urine exosomes have been described as diagnos-
tic and prognostic markers in the same group of pa-
tients. The molecules mentioned above are not de-
tected in whole urine easily [72]. In another research, 
tumor patients have been shown to have increased 
level of exosomes expressing CAV1 (Caveolin 1) in 
their plasma when compared with healthy donors. 
Furthermore, the discovery of lung tumor-associ-
ated miRNAs delivered by plasmatic exosomes and 
circulation of these miRNAs in bloodstream may 
represent an early detection of the disease [72,74,75]. 
The group of Michael and Palanisamy reported that 
exosomal content from human saliva can be used 
to detect signs of disease such as SS (Sjögren’s syn-
drome) [76,77] and Keller et al. indicate that exo-
somes secreted by amniotic fluid may also be useful 
for prenatal diagnosis [28].

All data on exosomes suggest that they are 
strong key aspects of future medicine as biomarkers. 
Owing to the fact that exosomes are present in near-
ly all body fluids and associated with pathogenesis of 
disease and contain diverse proteins, lipids and nu-
cleic acids, they have a high potential to detect and 
manipulate diseases.

Conclusion
Exosomes, intensively examined in last few decades, 
are non-toxic, stable and immunogenic nanoves-
icles that are associated with biological processes 
and pathogenesis of some certain diseases. These 
nanovesicles offering a great potential as therapeu-
tics and biomarkers enable monitoring and diag-
nosing of various diseases in a non-invasive manner. 
They have an unique content derived from paren-
tal cells and are capable of transferring these mole-
cules between cells without obligation of cell migra-
tion. In this emerging field, exosomes may be a pow-
erful clinical tool by manipulating certain level ex-
pression of proteins, mRNA or miRNA via bioen-
gineering. The certain distinction between EVs re-
mains a challenge and high-throughput standard-
ized isolation methods are required. However, tech-
nological improvement allows detection of these ve-
sicular structures, their functions and their associ-
ation with diseases in detail. Hopefully, addressing 
major problems and questions of exosomes will trig-
ger researchers and this promising field.
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