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BIOGENESIS OF EXOSOME
Exosomes are cell-derived membrane vesicles of 30-150 nm in 

diameter that have their origin in late endosomes (Les) (Table 1) 
[1-4]. Membrane receptors, soluble proteins, lipids, RNAs, and 
even organelles can be packed in exosomes as cargos that can 
be functional in recipient cells. As the first process of exosome 
biogenesis, a part of the cell membrane buds into the cell to form 
an early endosome. Then, early endosomes transform into LEs 
filled with intraluminal vesicles (ILVs), i.e., multivesicular bodies 
(MVBs) under the regulation of endocytosis-associated proteins, 

the Ras superfamily GTPase Rab and lipid raft complexes. MVBs 
are the precursor for exosomes. The composition of exosomes 
reflects that of ILVs, and their biogenesis is linked to endosome 
maturation. Finally, the ILVs are released from MVBs into the 
extracellular environment, generating exosomes [5,6]. Exosome 
generation can be either dependent on or independent of the 
endosomal sorting complexes required for transport (ESCRT) 
proteins (Fig. 1). 

The ESCRT protein complexes are classified into four groups, 
namely ESCRT-0, -I, -II, and -III [7]. These complexes are se-
quentially gathered to the cytosolic surface of the endosomal 
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ABSTRACT Exosomes are membranous vesicles of 30-150 nm in diameter that are 
derived from the exocytosis of the intraluminal vesicles of many cell types including 
immune cells, stem cells, cardiovascular cells and tumor cells. Exosomes participate 
in intercellular communication by delivering their contents to recipient cells, with 
or without direct contact between cells, and thereby influence physiological and 
pathological processes. They are present in various body fluids and contain proteins, 
nucleic acids, lipids, and microRNAs that can be transported to surrounding cells. 
Theragnosis is a concept in next-generation medicine that simultaneously combines 
accurate diagnostics with therapeutic effects. Molecular components in exosomes 
have been found to be related to certain diseases and treatment responses, indicat-
ing that they may have applications in diagnosis via molecular imaging and biomark-
er detection. In addition, recent studies have reported that exosomes have immuno-
therapeutic applications or can act as a drug delivery system for targeted therapies 
with drugs and biomolecules. In this review, we describe the formation, structure, 
and physiological roles of exosomes. We also discuss their roles in the pathogenesis 
and progression of diseases including neurodegenerative diseases, cardiovascular 
diseases, and cancer. The potential applications of exosomes for theragnostic pur-
poses in various diseases are also discussed. This review summarizes the current 
knowledge about the physiological and pathological roles of exosomes as well as 
their diagnostic and therapeutic uses, including emerging exosome-based therapies 
that could not be applied until now. 
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membrane and drive the inward budding and fission of the 
membrane to form ILVs. ESCRT-0 initiates the ESCRT pathway 
at endosomes because it can bind phosphatidylinositol 3-phos-
phate and ubiquitin. The two subunits of ESCRT-0, namely Hrs 
and STAM1/2 bind ubiquitinated cargos. ESCRT-0 is recruited 
to pre-MVB endosomes because the FYVE domain of the Hrs 
subunit binds phosphatidylinositol 3-phosphate [8]. ESCRT-I 
and -II also have ubiquitin-interaction domains and sort ubiq-
uitinated cargos at ILV with ESCRT-0. ESCRT-I and ESCRT-II 
recruit ESCRT-III, which drives the invagination and constriction 
of the membrane [9]. The ESCRT complexes accumulate ubiq-
uitinated cargos in exosomes containing both membrane and 
cytoplasmic proteins. The ESCRT-1 complexes subunit TSG101 
is essential for exosomal secretion. Some cargos can be targeted 
to MVBs without requiring interactions with ESCRT-0, -I and 
–II. ALIX, which is an ESCRT-interacting protein, binds to the 
G protein-coupled membrane receptor PAR1 and the ESCRT-
III component CHMP4, and thereby functions in sorting PAR1 
as the cargo to MVBs independently of ubiquitylation. ALIX 
also interacts with the PDZ scaffolding protein syntenin, which 
binds syndecans and CD63 as PDZ ligand cargos. Thus, ALIX, 
syntenin, syndecan and CD63 co-accumulate in MVBs, and 
thus exosomes independently of ubiquitination [9,10]. Lipid- and 
tetraspanin-required exosome biogenesis occur through ESCRT-
independent pathways. Some proteins are targeted to exosomes 
via tetraspanins or protein lipidation, including the glycosylphos-

phatidyl inositol anchor and saturated fatty acid modifications. 
Exosomes are highly enriched in tetraspanins which have four 
transmembrane domains that contain distinct palmitoylation 
sites. Tetraspanins such as CD9, CD63, CD37, CD81, and CD82 
are especially plentiful in the exosomal membrane and are used 
as exosome biomarkers [11]. CD55, CD58, and CD59, which are 
glycosylphosphatidyl inositol-anchored proteins, and Lyn, which 
is a palmitoylated protein, are targeted to exosomes during re-
ticulocyte maturation. Proteins with these lipid modifications are 
selectively recruited into lipid rafts, which are composed of sphin-
gomyelin, cholesterol and ceramide. The lipid rafts concentrate 
in the exosome membranes [6,12]. As a more immediate route of 
ESCRT-independent exosome biogenesis, the infection of cells by 
human immunodefiuciency virus (HIV)-1 increases the cellular 
release of exosomes. Exosomes from HIV-1 positive individu-
als contain the viral protein, Nef which is anchored to lipid raft 
micro-domains. These exosomes contain the tetraspanins-CD63 
and CD81, which are classical exosome markers, and have a 
similar size to that of classical exosomes [1,13]. Exosomes derived 
from many cell types originate as cargo-containing ILVs within 
LEs or MVBs. Exosome biogenesis can be induced by the ESCRT 
complex, lipid rafts, and the tetraspanins. The ESCRT-0 complex 
clusters ubiquitinated cargoes, the ESCRT-I and -II complexes 
direct the membrane budding, and the ESCRT-III complex serves 
as the “molecular scissors” that cleave the formed vesicles from 
the membrane. Exosomes are highly enriched in sphingomyelin, 

Table 1. Classification of eukaryotic cell derived membrane vesicles

Size (diameter) Density Origins Composition

Exosomes 30-150 nm 1.07-1.18 g/ml Endolysosomal pathways of most cell types RNA, proteins, cellular debris
Microvesicles 100-1,000 nm Unspecified Plasma membrane of most cell types RNA, proteins, cellular debris
Apoptotic bodies 50-5,000 nm 1.24-1.28 g/ml Plasma membrane of all cell types RNA, proteins, cellular debris

Fig. 1. ESCRT-dependent or ESCRT-
independent exosome biogenesis.
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cholesterol, and ceramide, which are concentrated in membrane 
lipid rafts. The highly fluid lipid raft microdomains are involved 
in the endocytic and exocytic processes. Tetraspanins play a role 
in the formation of the exosome. The proteins of the tetraspanin 
family, which contain four trnasmembranous domains, select 
cargoes for exosome secretion. Tetraspanins are plentiful in the 
ILVs of MVBs and in exosomes. Additionally, Nef, an accessory 
protein encoded by HIV-1, induces the extracellular release of 
exosomes. 

PATHOPHYSIOLOGY OF EXOSOMES

Physiological roles of exosomes

As cell-derived extracellular vesicles (EVs), exosomes medi-
ate intercellular communication and are thereby involved in the 
regulation of diverse biological processes. Exosomes may affect 
recipient cells by receptor-mediated interactions or by the delivery 
of biologically active cargo molecules, such as proteins, mRNAs 
and microRNAs (miRNAs) when the exosomes are taken up by 
the recipient cells through endocytosis, membrane combination, 
or phagocytosis [6]. The type and physiopathological state of 
the parent cells determine the constituents and structure of exo-
somes. Exosomes are potential transporters of several biomolecu-
lar cargos, including proteins, peptides, lipids, DNA, mRNA, and 
miRNA (Fig. 2). 

Especially, genetic materials such as mRNA and miRNA as 
exosome cargo can be translated or regulate gene expression in 
the recipient or target cells [14]. In this way, exosomes can be 
involved in normal physiological processes such as immune re-
sponses, neurobiological functions and synaptic plasticity, cell 
differentiation, stem cell maintenance and plasticity, and tissue 
repair [15]. Exosomes are discharged from many cell types in-
cluding red blood cells, platelets, lymphocytes, dendritic cells, 
and cancer cells [16-18]. In vivo, exosomes are present in most 
body fluids including cerebrospinal fluid, breast milk, blood, 
urine, saliva, amniotic fluid, and cancer effusions of ascites. In 
blood, exosomes are present at a concentration of almost 3 mil-
lion exosomes per microliter [19]. The fundamental processes by 
which exosomes exchange their contents with the recipient cells 
have not been clearly determined so far. Certain studies have 
demonstrated that exosomes can merge with the cell membrane 
of the recipient cells, which results in the insertion of the exosome 
contents into the recipient cell [20-22]. This process of exosomes 
merging with the cell membrane of recipient cell is especially fa-
vored under acidic environments similar to those within cancer 
cells (Fig. 3). 

The components, biogenesis, and discharge of exosomes are 
strongly directed procedures that are affected by various activat-
ing stimuli and stress signals that reflect changes in the environ-
mental conditions. Furthermore, the release of exosomes is an 
effective adjustive mechanism by which cells regulates their inter-
nal stress states and the extracellular environment [23]. Stressful 

Fig. 2. The composition of cell-derived 
exosomes and interactions with re-
cipient cells.
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conditions occur frequently in the tumor microenvironment, 
and need to be overwhelmed by the cancer cells to allow tumor 
growth against unfavorable conditions such as hypoxia, cancer 
chemotherapy, irradiation, starvation, or other patient’s factors. 
Hypoxia also results in the acidification of the tumor microen-
vironment, which may have an intense effect on EV trafficking, 
since the secretion and absorption of EVs remain active under 
acidic conditions [21]. Exosome-medicated signaling in cancers is 
thus influenced by various stressful situations [24], and can pro-
mote cancer development through interaction between the cancer 
cells and the neighboring stroma, the stimulation of proliferative 
and angiogenic signaling, the progression of immune repression, 
and the initiation of pre-metastatic niches (Fig. 4) [22,25-28]. 

Other studies have suggested that the exosomes bind at the 
cell surface of the recipient cells through specific receptors [29] 
or undergo internalization by endocytosis or micropinocytosis 
following fusion with internal sections [30,31]. Exosomes are now 
known to play crucial roles in most physiological processes in 
tissues and organs. Because exosomes are secreted by many cell 
types including immune cells, neural and stem cells, they may be 
involved in diverse physiological processes such as antigen pre-
sentation [32], RNA transfer between cells [33] or tissue repair [34]. 
Exosomes have been most intensively to investigate their roles in 
the following several areas; in immunology, regulating the be-
haviors of lymphocytes and macrophages; in the cardiovascular 
system, regulating coagulation, angiogenesis, and thrombosis; in 

the central nervous system (CNS), regulating the incorporation 
of neurons and glial cells including astrocytes, oligodendrocytes, 
and microglia in the regulation of synaptic function, neuronal 
plasticity, neuro-glial communication, and myelination; and in 
bones, regulating the expression of specific enzymes. A common 
mechanism that is active in many of the above processes is the 
exchange of RNAs among cells through EVs trafficking [35-42]. 
Extensive studies have been performed on the facilitator effect of 
exosomes in the immune response [36] and their role in antigen 
presentation has also been extensively reported [43]. The immune 
response is a complex process involving both innate and acquired 
immunity [44]. These responses can be controlled by various 
components of exosomes, including proteins, RNAs, and lipids 
and this process are termed immunomodulation. The roles of 
exosomes in coagulation, inflammation and angiogenesis have 
also been reported [22]. After their activation, platelet secretes 
exosomes as well as shedding other microvesicles [45]. The acti-
vated platelet-derived exosomes were not found to perform any 
role in coagulation, but their contents of miR-223, miR-339 and 
miR-21 might be transferred into smooth muscle cells and in-
hibit the expression of platelet-derived growth factor β, and these 
exosomal miRNAs can be used as biomarkers for predicting ath-
erosclerosis [46]. It has been reported that exosomes are involved 
in Dictyostelium cells by towards chemoattractant signals [47]. 
Studies on the miRNA contents of exosomes in human milk have 
reported that miR-155 and miR-181a, which play important roles 

Fig. 3. Transportation of exosomes from 
1) donor cells to 2) recipient cells. Exo-
somes are released from donor cells and 
uptake by recipient cells. The exosomes 
can be (a) fused with the plasma mem-
brane or be (b) internalized by recipient 
cells. MVE, multivesicular endosome.
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in immune regulation, were present at high concentration dur-
ing the first 6 months of lactation, but were significantly reduced 
afterward [48,49]. Some studies have reported that the exosomes 
are not only involved in triggering downstream signaling but also 
specifically target recipient cells and exchange certain proteins 
and nucleic acids with those cells [50]. Exosomes have unique 
functions in mediating intercellular communication among both 
nearby and distant cells in the body. Similarly, exosomes play a 
unique role in spreading pathogens such as viruses and prions 
from cells to previously uninfected ones [51].

Pathological roles of exosomes

Exosomes have been recognized to have pathophysiological 
roles in diseases including cancer, infectious diseases, autoim-
mune diseases, metabolic diseases, cardiovascular diseases and 
neurodegenerative disorders. Based on their integral contents, 
exosomes play important roles in promoting tumor progression 
via their abilities to stimulate cell proliferation, angiogenesis, 
extracellular matrix remodeling, metastasis, and promoting im-
mune surveillance escape [6]. Exosomes affect recipient cells by 
transferring carcinogenic biomolecules as their cargos. Upon 
entering target cells, these cargos contribute to the development 
of a cancer phenotype in the recipient cells [52]. Several molecules 
that act as The inducers of the epithelial-mesenchymal transition 
can be transferred to tumor cells as the cargos of exosomes. Be-
cause epithelial-mesenchymal transition is the critical event that 
initiates cancer invasion and metastasis, exosomes can contribute 
to the development of a high level of malignancy in tumor cells [6]. 
Importantly, exosomes can spread numerous pathogens, includ-
ing HIV, Epstein–Barr virus, cytomegalovirus, hepatitis C virus, 
herpes simplex virus, Toxoplasma gondii, Leishmania spp., Plas-
modium spp., Mycobacterium spp., Salmonella Typhimurium, 

Mycoplasma spp., and prions via the selective delivery of patho-
gen-derived cargos. After experimental infections with pathogens 
in cells or animals, the cargos of exosomes have been identified 
to comprise components of the donor cell alongside numerous 
pathogen-derived components [53]. Exosomes can activate or 
suppress immune responses by spreading microbial and donor 
components beyond the infected cell. Additionally, the infected 
cell-derived exosomes could interact with non-immune cells in-
cluding epithelial cells, fibroblasts, mesenchymal cells, platelets, 
and vascular cells and could thereby influence the outcome of an 
infection [53]. Exosomes can also mediate the spread of neurode-
generative diseases. As a tool for inter-neuronal communication, 
exosomes can not only contribute to local synaptic plasticity but 
also allow communication within the CNS, thus influencing dis-
tant neuronal networks. This could provide a mechanism for the 
local propagation of neurodegenerative disease in the brain be-
cause exosomes containing misfolded, aggregated forms of neuro-
degenerative disease-associated proteins exist in the cerebrospinal 
fluid and blood of the patients [54]. These findings suggest that 
neurodegenerative diseases may be transmitted in the brain via 
exosomes [55]. Exosomes are elevated in the metabolic syndrome 
and contribute to its pathophysiological manifestations such as 
vascular complications, inflammation, and blood coagulopathy 
[56]. Exosomes are further increased in the metabolic syndrome 
and this change is often accompanied by vascular complications 
including atherosclerosis. An increased abundance of exosomes 
is also associated with obesity [57]. In obesity and type 2 diabetes 
mellitus, the abundance of exosomes has been reported to be 
reduced significantly after caloric restriction or bariatric surgery 
and the resultant normalization of glycemic control reflects an 
attenuation of inflammation [58]. The abundance of exosomes in 
the circulation has been found to increase in many inflammatory 
conditions including cardiovascular diseases [59]. Exosomes in-

Fig. 4. Change of exosomal molecular 
compositions and cellular response 
against stress. HSPs, heat-shock pro-
teins; P-gp, permeability glycoprotein.
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duce cytokine and chemokine release from endothelial cells and 
contribute to the propagation of endothelial pro-inflammatory 
cascades. By contrast, exosomes isolated from apoptotic endothe-
lial cells, platelets, endothelial progenitor cells, or ischemic muscle 
have shown some beneficial effects such as the stimulation of 
endothelial proliferation, migration, tube formation in vitro, and 
endothelial repair. These beneficial functions of EVs are altered 
by diabetes. Circulating endothelial exosomes are also correlated 
with cardio metabolic risk factors, particularly dyslipidemia [60]. 
Uremia as a cardiovascular risk factor also correlates with an in-
creased abundance of platelet-derived exosomes in the circulation 
to triggering thrombosis. Hyperuricemia in chronic renal failure 
patients can lead to raised risk of cardiovascular events. Thus, in 
hyperglycemia, dyslipidemia, and hyperinsulinemia, as well as 
hyperuricemia and uremia, exosomes can contribute to the devel-
opment of cardio metabolic disease through their pro-coagulant 
activity and their diminished support of endothelial function 
[61]. Exosomes also contribute to the progression of autoimmune 
diseases. Since they can contain autoantigens that are involved 
in autoimmune diseases. Exosomes isolated from synovial fluids 
have been found to contain autoantigen proteins that might be 
involved to the development of rheumatoid arthritis (RA). Tumor 
necrosis factor-α-positive exosomes isolated from synovial fibro-
blasts obtained from patients with RA inhibit the apoptosis of T 
cells, further aggravating RA [62,63]. 

ROLE OF EXOSOMES IN THERAGNOSTIC 
(THERAPEUTIC+DIAGNOSTIC) FIELDS

Diagnostic tools based on the analysis of exosomes

Exosomes have been regarded as innovative targets [64,65]. 
Diverse body fluids including breast milk, saliva, serum, plasma, 
amniotic fluid, malignant ascites fluid, and urine contains nu-
merous exosomes that can be isolated [66-68]. Exosome could 
have clinical applications both as diagnostic biomarkers and 
as therapeutic tools. Cells carry exosomes in both normal and 
pathological conditions. Exosomes may be able to carry vari-
ous nucleic acids and proteins that provide information about 
pathological states from donor cells, and they are widely consid-
ered to have strong potential to contain valuable biomarkers for 
experimental and clinical diagnostics. Specific mRNAs/miRNAs 
have been discovered in exosomes isolated from the serum of 
patients with glioblastoma or ovarian carcinoma [22,69]. Since 
it is a straightforward process to isolate exosomes from body 
fluids, they are attractive as diagnostic markers for cancer and 
other pathological conditions. Tumor cells have been described 
to release an increased amounts of exosomes as compared with 
non-tumor cells [70]. Such tumor-derived exosomes exhibit char-
acteristic genomic and proteomic signatures; thus, they represent 
suitable targets for cancer diagnosis. However, these exosomes 

might stimulate the oncogenic potential of recipient cells [71]. 
Several studies have shown that exosomes released by tumor 
cells influence the development, differentiation and metastasis 
of cancer cells [22,72-74]. Clinical studies of exosomes in patients 
with lung cancer and melanoma have already been accomplished 
[75,76]. Tetraspanins, which are a family of membrane-associated 
with proteins, are plentiful in exosomes. The exosomal marker 
CD63 belong to the tetraspanin family and the abundance of 
CD63 exosomes in plasma was reported to be significantly in-
creased in patients with melanoma as compared with healthy 
controls [70]. More recently, a comparative analysis of exosomal 
protein was performed in various types of human cancer and the 
results showed that CD63 was higher in exosomes derived from 
malignant cancer cells than in those derived from non-cancer 
cell lines, providing further evidence that exosomal CD63 could 
be a biomarker of cancer [77]. Urinary exosomal proteins have 
also been studied as potential biomarkers for bladder cancer and 
prostate cancer. The potential exosomal biomarkers for bladder 
cancer comprise eight urinary exosomal proteins, namely, five 
proteins associated with the epidermal growth factor receptor 
pathway, the α-subunit of Gs protein, resistin, and retinoic acid-
induced protein 3, which were identified by comparing the pro-
teomic profiles of urinary exosomes between patients with blad-
der cancer and healthy controls [78]. Futhermore, the abundance 
of 24 urinary exosomal proteins significantly differed between 
bladder cancer and hernia (control) patients [79]. The early detec-
tion and diagnosis of prostate cancer may be achieved using the 
prostate-specific antigen test; however, it has the problems of a 
low specificity and a high rate of false-positives, which may result 
in the overtreatment of indolent prostate cancers. Therefore, new 
biomarkers with a higher diagnostic accuracy are much needed 
for prostate cancer. The circulating concentration of miRNA-141 
is a robust diagnostic biomarker for prostate cancer [80]. Fur-
thermore, the concentration of miRNA-141 and miRNA-375 
in serum were reported to be correlated with the progression 
of prostate cancer [81]. Exosomal miRNAs are a major compo-
nent of RNase-resistant miRNAs in serum or plasma specimens 
[80,82], so it is plausible to speculate that the circulating con-
centrations of exosomal miRNA-141 and miRNA-375 may be 
valuable biomarkers for the diagnosis of prostate cancer [83]. The 
presence of two known prostate cancer biomarkers, namely PCA-
3 and TMRPRSS2:ERG, was demonstrated in urinary exosomes 
collected from prostate cancer patients [84]. The concentration of 
exosomal miRNA-21 in serum was found to be increased in pa-
tients with esophageal squamous cell cancer(ESCC) as compared 
against serum from patients with benign tumors without sys-
temic inflammation, exosomal miRNA-21 also show potential as 
biomarkers for the diagnosis of esophageal squamous cell cancer 
[85]. The concentration of miRNA-1246 was also reported to be 
elevated in exosomes isolated from the serum samples of patients 
with ESCC, it was not upregulated in ESCC tissue samples [86]. 
This finding suggests that circulating exosomal miRNA-1246, 
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but not biopsy-derived miRNA-1246, has a significant potential 
as a new diagnostic and prognostic biomarker in ESCC. Other-
wise, exosomal miRNAs have also demonstrated a high potential 
as diagnostic biomarkers for cardiovascular diseases and renal 
fibrosis [87,88]. Serum proteins in urinary exosomes, which can 
be easily by noninvasive methods, have also been exploited for 
their potential utilities in diagnostics, especially for urinary tract 
diseases. Urinary exosomal fetuin-A was reported to be increased 
in intensive care unit patients with acute kidney injury (AKI) as 
compared with patients without AKI [89]. Additionally, activat-
ing transcription factor 3 was found in exosomes collected from 
patients with AKI but not in those collected from patients with 
chronic kidney disease or controls [90]. Aquaporin 1 and 2 have 
also been considered as biomarkers of renal ischemia/reperfusion 
injury and the action of antidiuretic hormone [91]. Exosomes also 
exist in human saliva and could be a source of disease biomarkers 
since they contain nucleic acids and proteins [92]. Research on 
exosomes over the past decade has highlighted their promising 
potential application as sources of biomarkers in clinical diagnos-
tics. Scientific and technical advances in exosome isolation and 
function have facilitated exosome research and made exosomal 
diagnostics more cost-efficient. In general, exosomal biomarkers 
are still in the early discovery/development phase, but it is clear 
that they have a considerable potential for widespread use in next 
generation of clinical diagnostics. The developing field of exo-
somal diagnostics is anticipated to yield innovative biofluid-based 
molecular diagnostic methods that can significantly contribute to 
efficient personalized medicine. 

Exosomes as therapeutic tools

EVs that are naturally released from certain cell types exhibit 
a potential for use as therapeutic tools. Mesenchymal stem cell 
(MSC)-derived EVs recapitulate the immunomodulatory and 
cytoprotective activities of their parent cells [93,94]. Human 
dendritic cell-derived exosomes bearing H-Y peptide triggered 
naïve Marilyn CD4+ transgenic T cells in vivo. However, those 
exosomes were only immunogenic when they were incubated 
with mature dendritic cells that had not previously encountered 
antigens [16]. Human dendritic cell-derived exosomes (DEX) 
loaded with major histocompatibility complex (MHC) class I-
restricted peptides activate the peptide-specific CD8+ T cell clone 
only in the presence of dendritic cell lacking the proper MHC 
class I component [95,96]. Human dendritic cells generated a 
competent exosome-associated MHC class I complex that was 
proficient in priming cytotoxic T lymphocytes in vivo, but the 
priming process required mature dendritic cells [95,97]. Bone 
marrow MSC-derived exosomes were protective in models of 
myocardial ischemia/reperfusion injury [34], hypoxia-induced 
pulmonary hypertension [98], and brain injury [99,100]. These 
exosomes likewise stimulated neurite outgrowth in cultured 
astrocytes by transferring miR-133b between cells [101]. Human 

umbilical cord MSC-derived EVs were protective in models of 
acute renal injury [102] and liver fibrosis [103]. MSC-derived 
exosomes inhibited breast cancer growth via vascular endothelial 
growth factor down-regulation and miR-16 transfer in mice [104]. 
However, the altered functionalities of cancer cell lines [105], at-
tenuated immune rejection of tumor [106], and increased tumor 
growth as a result of exosome treatments have also been reported. 
Additionally, islet MSC-derived exosomes induced autoimmunity 
in non-obese diabetic mice [107]. Exosomes are easy to handle 
and can easily be applied to transfer proteins and genes among 
cells. These characteristics of exosomes indicate their potential 
utilities for the inhibition of pathological angiogenesis and can-
cer metastasis, which are two main targets of cancer therapy 
[108,109]. Moreover, exosomes have been discussed as potential 
cancer vaccines [110]. The objective of cancer immunotherapy is 
to promote tumor-targeting immunity or support a continuing 
antitumor host immune response that is otherwise ineffective for 
reasons such as immunosuppression in the tumor microenviron-
ment. Strategies include the activation of dendritic cells or their 
functions by inducing tumor-associated-antigen-specific T cell 
responses. Indeed, the adoptive transfers of tumor-associated-
antigen-loaded mature autologous dendritic cells was reported 
to extend overall survival in patients with metastatic castration-
resistant prostate cancer [111]. The unique characteristics of 
exosomes, including their known molecular composition and 
critical immunogenicity, facilitate their production using ‘good 
manufacturing practice (GMP)’ processes, which allows clinical 
trials using DEX to be performed in metastatic-tumor-bearing 
patients. Fifteen advanced (stage III/IV) melanoma patients with 
tumors bearing the MAGE-3 antigen participated and accom-
plished a first phase I study on the feasibility and safety of DEX 
administration in France [75]. In that trial, DEX was administrat-
ed by subcutaneous/intradermal injections every week for first 
4 weeks then every 3 weeks thereafter in patients who attained 
a stable disease or showed an objective tumor response. Patients 
who were injected with DEX 6-120 times showed a dramatic 
increase in concentration of exosome in their blood circulation. 
The therapy schedule was controlled well and there were no toxic 
reactions exceeding NCI-CTC grade 2. Five patients obtained 
some positive clinical effects (one partial, one minor, one mixed 
response and two stable diseases) on target lesions in the skin and 
lymph nodes. Two patients who were treated with the standard 
MAGE-3 vaccination exhibited a clinical response to DEX treat-
ment [75]. After the exosome therapy, T cell immunomonitoring 
revealed that the CD122 molecule (interleukin-2 receptor β chain) 
was upregulated in CD4+ T cells, but no major changes in other 
T cell markers were found. While the lymphocyte pool remained 
stable throughout the exosome therapy, after three rounds of vac-
cinations with the exosomes, the abundance of circulating CD3–/
CD56+ natural killer (NK) cells dramatically increased. A phase 
II clinical trial was performed for evaluating the clinical benefit of 
IFN-ν-DEX, containing MHC class I- and class II-restricted can-
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cer antigens as a preservation immunotherapy strategy after in-
duction chemotherapy in patients bearing inoperable non-small 
cell lung cancer (NSCLC) without tumor progression. The results 
showed an increase in NKp30-dependent NK cell functions in 
a fraction of the NSCLC patients who presented with imperfect 
NKp30 expression. Significantly, the MHC class II expression 
levels of the final IFN-ν-DEX products were correlated with the 
expression levels of the NKp30 ligand BAG6 on DEX and with 
NKp30-dependent NK cell functions. The latter parameter was 
also correlated with a longer progression-free survival. Therefore, 
this phase II trial defined the capability of DEX administration 
to augment the NK cell response of antitumor immunity in pa-
tients with advanced NSCLC [112]. The fundamental treatment 
of patients with advanced NSCLC is based on four to six cycles 
of platinum-based doublet chemotherapy. Although the quality 
of life and survival can be improved by that treatment compared 
to the best supportive care, toxicity remains a serious challenge 
and different treatment strategies have been intensively explored 
[113]. In particular, various research efforts have focused on ex-
tending the benefit of first-line chemotherapy, which is defined as 
the ‘maintenance’ strategy. To date, the approved therapies have 
included the prolongation of one or more of the drugs used in the 
induction regimen (continuation maintenance) or the application 
of a different regimen with no cross-resistance (switching main-
tenance or early second-line therapy) [114]. After the phase I trials 
of DEX, innovative methods to develop DEX as an immuno-
therapy have been investigated with the aim of further improving 
the partial DEX-induced T cell responses. The use of exosomes 
derived from TLR4L- or IFN-ν-maturated dendritic cells induce 
greater T cell stimulation than immature dendritic cell-induced 
exosome and this method has been an important innovation in 
therapeutic application of exosome [115-117]. Exosomes from tu-
mor cells stimulate immunosuppression through the promotion 
of T cell apoptosis, the suppression of dendritic cell differentiation 
and NK cytotoxicity, and the stimulation of immunosuppressive 
myeloid suppressor cells and regulatory T cells [118]. Certain situ-
ations, such as thermal and oxidative stresses, can enhance the 
release of immunosuppressive exosomes from leukemia and lym-
phoma T and B cells [119] and promote changes in the proteomic 
and genetic content of exosomes that influence the responses of 
recipient cells to stress signals (Fig. 4) [120,121]. 

Exosomes as drug delivery tools

Exosomes can be used as targeted drug delivery systems. Exo-
somes derived from immature dendritic cell from the bone mar-
row of mouse were loaded with stimulatory molecules such as 
MHCII and CD80 [76]. Exosomes purified by ultracentrifugation 
have been used as carrier for short interfering RNA (siRNA) de-
livery in both in vitro and in vivo studies. Those studies selected 
brain as a target tissue, because it is believed that the blood-brain 
barrier represents an impediment to drug delivery to the CNS. 

The blood-brain barrier represents an impediment to drug deliv-
ery because it is composed of capillary endothelial cells that are 
tightly sealed by intercellular junctions and regulate the barrier 
functions [43]. Exosomes carry naturally occurring RNAs across 
the blood-brain barrier and might provide effective delivery 
methods. The concept of using exosomes for nucleic acid or drug 
delivery systems has been proposed in some studies that have 
demonstrated the transport of intracellular mRNAs and miRNAs 
from the exosome-producing cells to other cultured cells [22,33]. 
In addition, JS1124, which is an inhibitor of signal transducer and 
activator of transcription proteins, and curcumin were success-
fully transported into microglia cells through the intranasal route 
in mice [122]. Drug-loaded exosomes were selectively taken up 
by the microglia cells and later induced their apoptosis after the 
intranasal delivery of the exosomes in mice [122]. To assure the 
targeted delivery of the exosomes, the innovative strategy of em-
ploying LAMP2B, which is an exosomal membrane surface pro-
tein, to display the targeted peptide on the exosome surfaces was 
used. The feasibility of using exosomes for delivery of siRNA was 
proved by the strong mRNA (60%) and protein (62%) knockdown 
of BACE1, which is a therapeutic target in Alzheimer’s disease, in 
wild-type mice [123]. For the clinical application of this method, a 
source of ‘self’ exosomes will be required, along with the technical 
capabilities to load them with therapeutic agents such as chemi-
cally modified siRNAs and engineer them with appropriate tar-
geting moieties [123]. Mammalian cells actively secrete exosomes 
that have diameters of 40-150 nm and contain various proteins 
and RNAs with many regulatory functions that may modify the 
phenotypes of recipient cells [124,125]. Since nanosized exosomes 
can carry cell surface molecules, they have not only a high abil-
ity to penetrate the interstitial tissue of organs but also a natural 
targeting ability [123,126,127]. Despite those advantages, most 
mammalian cells secrete relatively low amounts of exosomes 
and it is a challenge to purify exosomes at sufficiently high yield 
[128]. Therefore, the production of nanosized artificial exosome-
mimicking vesicles at a substantially greater yield is an attractive 
methodology for the development of exosome-based drug deliv-
ery systems [129]. New developed bioinspired cell-derived nano-
carriers, which have been termed exosome-mimetic nanovesicles 
combine the characteristics of cells and nanocarriers, and have 
the potential to be applied for the targeted delivery of anticancer 
drugs. By subjecting cells of various origins to serial extrusion 
through filters with diminishing pore sizes after loading the cells 
with chemotherapeutic agents, high quantities of exosome-mi-
metic nanovesicles carrying sheltered drugs with 100-fold higher 
production yield were generated. Furthermore, the efficient and 
dose-dependent delivery of chemotherapeutic agents to cells and 
tissues using these exosomes has been demonstrated. Therefore, 
these bioengineered drug-loaded nanovesicles can serve as novel 
exosome-mimetics to effectively deliver chemotherapeutic agents 
to treat malignant tumors [129]. 
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SUMMARY 
In summary, it is well known that most cell types, especially 

cancer cell secrete exosomes into extracellular spaces and detect 
it in various body fluids. We described the formation, structure, 
and physiological roles of exosomes. We also discuss their roles in 
the pathogenesis and progression of diseases including neurode-
generative diseases, cardiovascular diseases, and cancer and also 
the potential applications of exosomes for theragnostic purposes 
in various diseases. This review summarizes the current knowl-
edge about the physiological and pathological roles of exosomes 
as well as their diagnostic and therapeutic uses, including emerg-
ing exosome-based therapies and exosome-mimicking drug de-
livery system that could not be applied until now. 
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