
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

176,000 190M

TOP 1%154

6,500



1

Chapter

Exosomes: The Surreptitious 
Intercellular Messengers in the 
Body
Naveen Soni, Jitender Jangra, Megha Chaudhary, Gargi Nandi 

and Bhawana Bissa

Abstract

Exosomes are secret intercellular messengers in the body, carrying crucial informa-
tion from different organs. Different cargos can be packaged in exosomes including 
DNA, RNA, and proteins. The type of exosomal cargo can vary according to the tissue 
type, its pathophysiological state, and circadian rhythm. Therefore, exosomes have 
an immense potential to be utilized for diagnostic purposes if the conundrum of their 
cargo can be understood. Recent advances in exosome isolation and characterization 
have made it possible to define disease-specific cargo carried by these tiny messengers. 
We attempt to highlight disease-relevant exosomal cargos for diagnostic purposes.

Keywords: exosomes, cancer, neurodegeneration, cardiovascular, miRNA

1. Introduction

Cells are the most unique and well-established micro-machines that assemble and 
make efficient metabolic molecules and pathways to maintain homeostasis. Exosomes 
are one of those cellular secretions that carry hidden information about proteins, 
RNAs, DNAs, and metabolites of secretory cells. Certain amounts of these molecules 
are packaged in the exosomes during their synthesis and secreted from the cell in a 
normal process. These exosomes are released in the extracellular environment and get 
captured by the nearby cells. Exosome content carrying information of parent cells 
makes the physiological changes in the recipient cell, making them an intercellular 
messenger of genetic and metabolic information.

Extracellular vesicles are the membrane-enclosed form of cell cargo with dynamic 
size, variety, and diversity. These can be distributed in three types based on the diam-
eter of the vesicle; microvesicles (100-1000 nm), exosomes (30-150 nm), and apop-
totic bodies (50-5000 nm) [1]. Exosomes were first recognized in rat ovum and algae 
in the 1950s [2, 3]. Soon after this, the detection of EVs was also done in plants and 
fungi [4, 5]. At that time EVs were not recognized well, instead, they were thought to 
assist in removing garbage from the cell. Later in 1996, Raposo declared that antigen-
specific MHC-2 containing vesicles from B-lymphocytes induces an antigen-specific 
response in T-cells, clarifying that EVs are not garbage anymore [6]. EVs were also 



Exosomes - Recent Advances from Bench to Bedside

2

discovered in bat thyroid follicular cells by Nunez and Gershon [7]. This was the first 
chapter to explain the proximity of multivesicular bodies near the limiting mem-
brane, and their fusion with the membrane to release them into luminal space. EV 
secretion is the ancient feature, followed by archaea, prokaryotes, and eukaryotes that 
play a significant role in cell-cell communication [8, 9].

2. Exosome biogenesis

Exosomes like vesicles (ELV) or exosomes are synthesized in the endosomal 
compartments in a well-regulated way, and stress, mutation, and alteration in the 
microbiological environment may change the generation and secretion of exosomes. 
This regulation is maintained by the multiple proteins such as RAB, SNAREs, and 
cytoskeletal proteins [10]. Endosomes are synthesized by the invagination of the cell 
membranes. A naive endosome is non-judgmental with no decided fate and is called 
an early endosome. It either can fuse with the available endocytic vesicles containing 
cargo for export/degradation/recycling or can mature into late endosomes [11, 12]. Late 
endosomes are slightly more acidic than early endosomes, which might affect exosome 
production. A study by Logozzi has revealed that when cells are grown in acidic pH, the 
amount of exosome synthesis also increases as compared to the buffered medium [13]. 
Within the late endosome, the inward budding of the membrane synthesizes intralu-
minal vesicles that accumulate cytosolic content such as nucleic acid, proteins, metabo-
lites, ions, and lipids. At this stage, the whole organelle containing ILV is considered as 
MVBs (Multi Vesicular Bodies). The pre-decided fate of MVB is not clear whether it 
will fuse with lysosome or autophagosome or exocytose to deliver in luminal space.

Exosomes are synthesized in the MVBs in the form of ILVs. Biogenesis of exosomes 
necessitates enrichment of CD9 and CD63 tetraspanin molecules and assembly of 
ESCRT (Endosomal Sorting Complex Required for Transport) complex at the site 
[14–16]. ESCRT is the preferred route of ILV formation but if ESCRT is necessary for 
cargo selection and exosome secretion is still controversial. ESCRT consists of four 
ESCRT protein complexes: ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III. Another 
AAA ATPase Vps4 complex works together with the ESCRT-III to deform and 
amputee endosomal membrane [17]. These protein complexes show a high degree of 
cooperativity while sorting cargoes, vesicle budding, and MVB biogenesis [18]. The 
whole process of cargo selection, vesicle formation, and cargo incorporation occurs 
simultaneously. ESCRT-0 complex first initiates the recognition of microdomains on 
the endosomal membrane where ubiquitinated proteins are sequestrated. This occurs 
through the recognition by the HRS protein of ESCRT-0 to TSG101 of ESCRT-I. This 
initiates the invagination of the membrane, considering that all the proteins assigned 
for their secretion/degradation are clustered. ESCRT-0 complex interacts with the 
ESCRT-I and ESCRT-II and a wide-neck vesicle is formed inside the endosome [19]. 
Vesicle maturation marks the deubiquitination of clustered proteins. At this stage, 
ESCRT-0, ESCRT-I, and ESCRT-II units disassociate from the site and ESCRT-III 
assembles at the site. Snf7 protein, a unit of ESCRT-III, forms an oligomeric assem-
bly and recruits ALIX (ALG-2 interacting protein X) at the site that stabilizes the 
ESCRT-III and promotes vesicle budding [20]. This complex narrows down the neck 
of the newly forming vesicle and then interacts with the AAA ATPase Vps4 complex, 
which is the key energy providing protein in releasing the vesicle from the endosomal 
membrane. Newly synthesized vesicle containing cargo now disassemble from the 
endosomal membrane and accumulate in the MVBs.
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Another route for exosome production is the ceramide pathway, an ESCRT-
Independent pathway. Microdomains present on the endosomal membrane are 
enriched with sphingomyelinases (SMases). These SMases cleave sphingomyelin 
lipid of the membrane, remove phosphocholine moiety and incorporate ceramide. 
These ceramides in the membrane induce lateral phase separation and amalgam-
ate the microdomains of the membrane [21]. Consequently, a negative curvature 
is formed that promotes budding. Tetraspanins such as CD9, CD63, and CD81 are 
highly enriched in the exosome membrane and assist in protein sorting and exosome 
biogenesis. These tetraspanins containing microdomains are the specialized structure 
involved in an assortment of receptors and signaling molecules in the plasma mem-
brane [22].

3. Exosome secretion

Rab protein is the largest family of small GTPases that governs the switch of GTP 
hydrolysis. More than 60 members of the Rab family are present in the intracellular 
membrane, serving as the main regulator of vesicle secretion [23]. Rab GTPases cover 
a major portion of membrane trafficking by its interaction with SNAREs, motor 
proteins, and coat proteins. The activation of GTPase activity is regulated by the 
GEFs (Guanine nucleotide exchange factors). The study also demonstrates that the 
interaction of SNARE with Rab induces the release of exosomes [24]. Rab proteins 
are the key molecules that determine the size of exosomes and regulate MVB docking 
at the plasma membrane, such as Rab27a, and intracellular distribution of MVBs for 
exosomal traffickings, such as Rab27b [25, 26]. Rab27a and Rab27b interact with their 
respective effector proteins, Slp4 and Slac2b, respectively, to transfer MVBs from the 
perinuclear to the periphery area of the cell [25]. Abolishing these interactions leads 
to decreased exosome release and inhibited breast cancer cell invasion and migra-
tion [27]. Additionally, some factors such as HSP90 and lysosome-associated protein 
transmembrane-4B (LAPTM4B) also transfer MVBs toward the periphery to promote 
their secretion [28, 29]. KIBRA interacts with Rab27a and enhances its retention, 
while some other GEFs such as MADD and Fam45a control exocytosis [26, 30, 31]. 
Rab11 and Rab35 are majorly involved in the endosome recycling pathway, and also 
assist in exosome secretion and cargo selection. Loss of function in Rab11 and Rab35 
results in exosome accumulation in the cells [32]. But a similar study declaring that 
Rab11a and Rab7 remain uninvolved during the exosome biogenesis process is still 
controversial. The same study also shows that Rab7 enhances the release of exosomes 
containing Alix and syntenin in breast cancer cells but its knockdown does not affect 
exosome release in HeLa cells [25, 33]. Some small GTPases such as Rab2a, Rab5a, 
and Rab9a also increase exosome secretion [25]. These diversified functions of Rabs 
modulate the exosome biogenesis machinery and its secretion out of the cells. HRS, 
STAM1, and TSG101 silencing decrease the exosome release in dendritic cells [34].

4. Exosome cargo

The exosome content is solely dependent on the extracellular environment and 
intracellular metabolic activities that may vary at any stage of the cell. Exosomes are 
loaded with RNA, DNA, lipids, and proteins with different concentrations and types. 
This specificity can be changed from cell to cell even with the same environment. Many 
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studies are ongoing and have been done to get exosome content. For now, few databases 
are accessible to collect information about the exosome cargo. These are exoRBase, 
Exocarta, EVpedia, Vesiclepedia, EV-TRACK, and ExoBCD [35–42]. For now, >9700 
proteins, >3400 mRNA, >2800 miRNA, and > 1100 lipid data in EVs have been identi-
fied [39].

a. DNA: A diverse nature of nucleic acid content is found in the secreted EVs but 
only a few cases have been studied where genomic and mitochondrial DNA of 
EV works in cancer detection [43, 44]. Exosome-gDNA-based liquid biopsies 
for colorectal cancer are often performed [45]. Mammalian cells often discard 
the mutated portions of DNA and some transposon elements that are harmful to 
the cell. This fragmented gDNA and mtDNA get accumulated in the cytosol and 
packaged in exosomes for their secretion out of the cell. A study on pancreatic 
cancer identified mutated p53 and KRAS DNA in the serum exosomes, revealing 
it as an important biomarker for early detection of cancer [43, 46, 47]. In the 
same studies, it was also identified that large double-standard gDNA fragments 
reflect the mutation status of the tumor, important for molecular mapping. 
Considering this, exosome DNA databases can be formed for early screening of 
diseases, DNA modifications, and evaluating drug resistance.

b. RNA (coding, non-coding): Exosomes are enriched with the RNAs specifically 
functional non-coding RNAs [48]. Out of them, certain miRNAs are found so 
frequently with high diagnostic potential. Overall, exosomes are enriched with 
tRNA, 18S, and 28S rRNAs but other RNA species such as mRNA, miRNA, Pre-
miRNA, Y-RNA, tRF, lncRNA, sncRNA, piwi-RNA, circRNA, and vault RNA are 
also found [49–52]. RNAs in the EVs were found from as short as 200 bp to >4 kb 
in length with most of them containing 3’-UTR regions [53]. These RNAs remain 
protected with the vesicle lipid bilayer or are associated with some RNPs such as 
RNPs or lipoproteins (HDL and LDL) [54].

 Different mechanisms have been proposed for the loading of RNAs in the EVs. 
For example, specific sequences within the 3′ UTR act as “zip-code” to export 
certain specific RNAs in the EVs. These “zip-codes” are about ~25 nt in length, 
such as the binding site for the miR-1289 carries by another mRNA containing 
the “CTGCC” sequence on its stem-loop structure [55]. It has also been seen 
that certain miRNAs carrying four nucleotide sequence motif “GGAG” interact 
with the hnRNPA2B1, which enhances their sorting in the EVs [56]. In addition, 
post-transcriptional modifications of miRNAs determine their fate of retention, 
such as uridylated 3′-end of miRNAs are sorted into the EVs, while adenylated 
3′-end keeps them to stay within the cell [57]. Another mechanism is based on the 
nSmase2 activity, which if, overexpressed, releases more amount of miRNAs by 
enhancing exosome production [58]. Apart from this, the role of argonaute pro-
tein in the loading of RNAs in EVs is still a controversial statement. Some studies 
support that the knockdown of argonaute protein decreases certain specific 
miRNAs in the EVs. Whether argonaute is found in the EVs or the MVBs or in the 
endosomes, is still a complex scenario in the EV research [59, 60].

c. Proteins: The information about the protein cargo within the EVs is still unclear 
due to the differences in cell types, culture conditions, and isolation procedures. 
Only a fraction of common EV proteins can be identified that are generally found 
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in the endosomal pathway, like Alix, tetraspanins, and some ESCRT proteins. In 
addition, proteins for exosome secretion such as Rab27a, Rab11b, and ARF6 are 
commonly found in the EVs. Interestingly, most of the EVs contain tetraspanins 
(CD9, CD63, CD81, CD82, CD86), antigen-presenting molecules (MHC-1 and 
MHC-II), transcription factors (Wnt, Notch, hedgehog), transport and fusion 
proteins (GTPase and flotillin), heat-shock proteins (Hsp20, Hsp27, Hsp60, 
Hsp70, Hsp90), cell-surface peptidases (CD13 and CD26), and signaling recep-
tors like EGFR [36, 61–64]. Exosome composition is mostly decided by the 
cell type it is derived from. A drug-resistant cell secretes exosomes containing 
MDR-proteins such as ABCB1, ABCC2, ABCG2, and p-glycoproteins to enhance 
the tumor environment more resistant to drugs [65, 66].

d. Lipids: Exosomes are loaded with certain metabolic active lipids that regularly 
participate in exosome syntheses, such as sphingomyelins, ceramides, ami-
nophospholipid, cholesterol, and phosphatidyl serine [66]. In addition, a high 
phosphatidyl serine ratio in the outer layer of exosomes may enhance their 
uptake by target cell [67]. Overall, the lipid composition of exosomes is ~80% 
similar to the parent cell but the amount of polyunsaturated glycerophosphoser-
ine and phosphatidyl serine makes it more unique and different [68, 69].

e. Metabolites: Much research is ongoing to capture attention toward the metabo-
lite composition of extracellular vesicles. By targeting urine, serum, or plasma 
vesicles, more promising results have already been revealed [70–72]. Mostly, 
exosome lipidomes have been quantified with glycerophospholipids, prenol 
and sterol lipids, glycerolipids, free fatty acids, and sphingolipids [73, 74]. Some 
studies also demonstrate that apart from lipids, few amounts of sugar, amino 
acids, organic acids, carboxylic acids, nucleotides, metabolic intermediates, 
carnitines, phenolic compounds, and vitamins are also present [75–77].

5. Exosomes in different biological fluids

Exosomes are very small molecules that formed within endosomes via differ-
ent ESCRT-dependent processes [78]. Their sizes range from around 30 nm to 
150 nm. These EVs are secreted into the various body fluids, such as blood, urine, 
saliva, breast milk, ascites effusions, nasal secretions, tears, amniotic, synovial, 
lymphatic, cerebrospinal, and seminal fluids by the various cell types found within 
the body, including red blood cells, B cells, T cells, mast cells, platelets, endothelial 
cells, fibroblasts, adipocytes, epithelial cells [79–85]. Exosomes present in them move 
through these fluids to other areas or interact with other cells to carry out a variety 
of biological functions, including the modulation of immune response [86, 87], 
antigen presentation [88, 89], and the transfer of RNA and proteins [90, 91], inter-
cellular communication, non-classical protein secretion [92], and transmission of 
pathogenic cargo [93–95]. Exosomes are typically obtained from various body fluids 
using ultracentrifugation [96] based on the sedimentation principle, which yields a 
very pure exosomal fraction that is recognized as the gold standard. Size exclusion 
filtration [97] or chromatography [98] is a different procedure that involves filtering 
through a number of filters with pores smaller than 100 nm and then centrifuging 
(100,000 g) to concentrate the exosomes. The biological function and integrity of 
the exosome are maintained using this method. Using a solid support magnet or flow 
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cytometry, immune affinity capture [99] involves binding specific micro-beads to 
bio-fluids containing exosomes and separating the exosome-bound micro-beads from 
the bio-fluids. Exosome isolation is also done using kit-based techniques, such as the 
precipitation method ExoQuick [100] and the microfluidic technology (ExoChip) 
[101] based on the immunoaffinity methodology. The sample source and intended 
use of the exosomes may determine which of these various techniques and procedures 
to adopt, each of which has advantages and disadvantages of its own. Exosomes 
contain a variety of nucleic acids to perform various biological functions. The lipid 
bilayer’s DNA, RNA, lipids, proteins, and metabolites keep them stable and allow for 
long-term storage. Even yet, the microenvironment and the type of cell to which an 
exosome is delivered determine what is contained within the cargo. As a result, the 
stability of different biomolecules within the exosome and their enrichment make 
them appropriate for a range of therapeutic and diagnostic uses. Exosome vesicles are 
primarily extracted from the serum, plasma, CSF, and urine and are the form that 
has been examined the most. As of now, exosome vesicles produced from particular 
fluids have more precise identification and validation than whole body fluid [78]. For 
instance, Kalra et al. [102] isolated EVs from plasma and demonstrated the depletion 
of highly abundant plasma proteins [103, 104]. As a result of their cargo and diverse 
features, exosomes are transformed by cells and may play a role in the progression of 
various diseases. As a diagnostic biomarker in the early detection and prognosis of 
diseases, these changed content (proteins or miRNAs) revealing distinct [78] profiles 
in exosomes are being different from the exosomes released by the normal/healthy 
cells. Another arm of exosomes is their therapeutic role for different purposes such as 
vaccination, biological targeting, and drug delivery tools, using a variety of therapeu-
tic materials, including siRNA, antagomirs, g-RNA (siRNA), recombinant proteins, 
and anti-inflammatory drugs [105].

6. Exosomes in diseases

Exosomes in disease pathophysiology have recently attracted a lot of attention 
from researchers. Literature studies have shown that due to the potential ability 
of cell-to-cell communication among homozygous and heterozygous cell types, 
exosomes acts as a mediator for maintaining healthy physiological conditions [106]. 
In addition to their regular role, these exosomes are manipulated by the pathogen 
to infect the host cell activity [107] and act to potentiate stress and damage [106]. 
Exosomes have been discovered to play a role in the onset and progression of a 
number of diseases, including cancer, autoimmune disorders, neurodegenerative 
diseases [108], cardiovascular diseases, liver diseases [109], and genetic diseases, 
among many others.

6.1 Exosomes in tumor microenvironment, metastasis, and angiogenesis

Cancer is one of the oldest and deadliest diseases in the world. The ability of 
cancer cells to communicate with other cells is achieved primarily through exosome 
vesicles to maintain normal physiological conditions and trigger disease progression. 
These vesicles help cells to communicate between homotypic and heterotypic cells. 
In homotypic exosome transfer, exosome content and signaling capabilities allow 
cancer cells to progress and transmit cell growth, transformation, and survival signals 
to other cancer cells [110]. Various autocrine signaling pathways Akt/PI3K and MAP 



7

Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

kinase are involved in its progression [111]. As heterotypic exosome transfer involves 
all stages of cancer development and progression, tumor spread is driven by its local 
tumor microenvironment (TME). TME is composed of different cell types, includ-
ing endothelial cells, fibroblasts, and immune cells. This tumor microenvironment 
enables a variety of cancer cell-derived exosomes, such as CAF-derived exosomes 
(CDE) and fibroblast-derived exosomes, to sustain proliferation, evade growth sup-
pression, evade immune recognition, and activate invasion and metastasis cascades. 
It helps in regulation, resisting cell death, initiation of angiogenesis, promotion of cell 
proliferation, and deregulation of cell energetics through juxtracrine and paracrine 
signaling interactions [112, 113].

In cancer metastasis, primary tumor cells migrate to another part of the body 
where they multiply and form new tumors. There are various stages in this process: 
vascular invasion, extravasation, tumor latency, and formation of macro- or micro-
metastases [114]. The process of metastasis is modulated by EMT, ECM remodeling, 
activity of the immune system, and alteration in tumor micro-environment [115, 
116]. However, exosomes play a significant role during metastasis, as it influences 
tumor roles and primarily contributes to the formation of the pre-metastatic niche 
that determines specific organotrophic metastasis [114, 117]. During the invasion, 
the primary tumor releases various factors (microRNAs, EGFR signaling ligands, 
EMT inducers, etc.) that promote invasion [118–120]. For example, miR-10b is 
transported and released by exosomes and promotes the metastatic properties of 
breast cancer cells [121]. Another, miR-23a inhibits E-cadherin synthesis in lung 
cancer and melanoma cells, thereby inhibiting the release of TGF-1 supporting 
EMT-promoting effects [50, 51]. EGFR signaling factors include ligands such as 
amphiregulin, tissue-type plasminogen activator, and/or annexin II, and signifi-
cantly increase cancer cell invasion [122]. Exosomes secrete EMT inducers such as 
vimentin, snail, and twist in urothelial cell lines while reducing E-cadherin and 
catenin expression through the TGF-1 pathway [123] . These exosomes have proper-
ties that drive exosome organotropism in cancer cells, and ITGα6β4 and -α6β1 are 
associated with lung metastasis, and ITGαvβ5 is associated with liver metastasis. 
Related, ITGβ3 is related to brain metastasis [124]. Exosomes also exhibit stromal 
cell proliferation, cancer cell migration and survival, and ECM remodeling that 
increases tumor cell resistance to apoptotic signals. This, along with the effect of 
chemokines and growth factors, leads to the formation of a new microenvironment 
for cancer cells, immune cells, and other stromal constituents that is referred to as 
the PMN [122, 125, 126]. For the initiation of the metastatic process, an adequate 
blood supply to the tumor facilitates the entry of tumor cells into the bloodstream 
[127]. Thus, angiogenesis provides an opportunity for tumor growth by supplying 
cancer with oxygen, nutrients, and metabolite replacement [127]. Exosomes can 
transport various biomolecules such as microRNAs, DNA fragments, proteins, 
lipids, and even pharmacological compounds from donor cells to recipient cells 
[128]. Therefore, noncoding RNAs, especially long noncoding RNAs (lncRNAs) and 
microRNAs, play important roles in regulating angiogenesis [129]. In addition, exo-
somes can interact with target cells such as endothelial cells (EC) as well as immune 
cells to initiate and promote angiogenesis. The uptake of tumor-derived exosomes by 
normal endothelial cells activates angiogenic signaling pathways and stimulates new 
blood vessel formation [130]. Exosomes migrate to the cell periphery and invade 
advanced pseudopods. After complete remodeling, neighboring ECs likely transport 
exosomes to other ECs and other cells within the TME (tumor microenvironment) 
via nanoparticle structures [131].
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6.2 Exosomes in neurodegenerative diseases

The majority of human neurodegenerative diseases, such as Alzheimer’s disease, 
Parkinson’s disease, and Huntington’s disease, have aggregation of aberrant proteins 
as a common mechanism [132]. The existence of vesicles in the CSF has proven that 
these EVs are involved in the pathogenic spread of harmful proteins [132].

Alzheimer’s disease is a neurological disorder caused by the disparate modifica-
tion of Amyloid beta (Aβ) peptide and tau protein. Exosomes carry proteases, APP 
and its C-terminal fragments (CTFs-APP) that are caused by gamma and β secretase 
within the early endosomes, ultimately exports Aβ into the exosomes [133]. Exosomes 
provide a unique pathway for removing Aβ from cells. However, they make Aβ more 
prone to aggregation and, therefore, could endanger neighboring cells [134]. Another 
protein called TAU is crucial for accelerating tubulin assembly into microtubules and 
preserving their structural integrity. Tau’s protein biological activity is compromised 
by hyperphosphorylation, which also results in defective microtubule stabilization 
and the formation of neurofibrillary tangles that impact neuronal connection and 
function [135, 136]. The mechanism of exosome-based release of Tau protein helps 
microglia to spread damaging tau protein [137, 138].

Parkinson’s disease is mostly caused by an accumulation of clumped or misfolded 
alpha-syn nuclei, which affect the cells’ ability to function as neurons [139]. Exosomes 
are thought to protect against neuronal cytotoxicity and prevent intracellular protein 
aggregation by excreting alpha syn nuclei outside of cells. This could result in an 
increase in the concentration of harmful alpha syn nuclei in extracellular space. The 
exosomes can take up both big and small alpha syn structures and cause various forms 
of downstream mediated toxicity from healthy neuronal cells [140]. These aggregates 
can kill the other target cells [141–145]. In addition to these, there are several exo-
somal miRNAs that contribute to the progression of PD pathogenesis. MiR-7 binding 
to the 3’ UTR of SNCA mRNA suppresses transcription, which results in miR-7 
loss. This loss of miR-7 is what causes greater -syn upregulation, aggregation, and 
dopaminergic neuron death in the brain of PD patients [146]. Another mi-RNA, miR-
4639-5p has been upregulated, which negatively controlled the post-transcription 
of DJ-1 to cause significant oxidative stress and neuronal death in PD patients [147]. 
These all suggest a multi-functional role of exosomes in PD pathogenesis.

6.3 Exosomes in kidney diseases

The role of exosomes in acute and chronic kidney disease is highly specialized. 
Studies have shown that cell-to-cell communication between different regions of 
the kidney and organs amplifies kidney damage [148]. This exosome vesicle release 
contains proteins from different regions of the nephron fragment, including the thick 
ascending limb of the Henle loop, the distal tubule, and the collecting duct [149]. Due 
to their different origins, they have different protein content than their origin and 
serve as biomarkers for certain diseases [150]. The extracellular vesicles release from 
podocyte mediate communication between glomeruli and renal tubules, whereby 
alterations in communication outside the vesicles can affect podocytes and cause 
tubular damage/injury [151]. Studies suggest that there is upregulation of CD2AP 
mRNA and downregulation of Wilms tumor protein 1 (WT1) in extracellular vesicles 
are potential biomarkers of podocyte injury. This mechanism contributes to damage 
amplification, development of tubule-interstitial fibrosis, and progression of CKD 
[152]. In acute chronic kidney disease, urinary exosomes miRNAs reflect the state of 
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injury and fibrosis by the release of miR-9a, miR-16, miR-200a, and miR-141 [153]. 
A specific transcriptional repressor for activating transcription factor 3 (ATF3) was 
increased in sepsis-induced AKI [154]. In chronic kidney diseases such as diabetic 
nephropathy, there is a high glucose concentration in renal cells that cause changes 
in exosome composition and trafficking, further modifying and damaging intact 
cells [155]. Bioinformatics analysis revealed high levels of miR-133b and miR-342 
in urinary exosomes of patients with diabetic nephropathy type 2 (T2DN) [156]. 
In addition, there are specific miRNAs such as miR-let-7i-3p, miR-24-3p, and miR-
27b-3p, whose downregulation is involved in Wnt/β-catenin signaling, leading to 
T2DN pathogenesis [157]. Exosomes overexpress cellular repressors of multiple genes 
such as envoplakin, villin 1, prominin 1, and E1A-stimulated gene 1 (CREG1), causing 
autosomal dominant polycystic kidney disease (PKD) with abnormal morphological 
and proliferative changes [158, 159]. Circulating extracellular vesicles may lead to 
intra-organ crosstalk that shows an impact on autoimmune kidney diseases such as 
systemic lupus erythematosus, anti-phospholipid syndrome, and ANCA-associated 
vasculitis. For instance, circulating extracellular vesicles may encourage coagulation, 
thrombosis, and immune-mediated renal pathological conditions [160]. Placenta-
derived extracellular vesicles carrying anti-angiogenic factors that are released into 
the maternal circulation in pre-eclampsia may cause proteinuria and glomerular 
endothelial dysfunction [161].

7. Exosomes in cardiovascular diseases

Cardiovascular diseases are major global diseases that affect the circulatory 
system [162]. Exosomes produced from the cardiac cells are one of the components 
in the body that keep cardiac under hypoxia and improve heart function [163]. These 
exosomes show changes in their states under various cardiovascular pathophysiol-
ogy conditions and maintain homeostasis primarily during stress signals [164, 165]. 
Numerous diseases, such as cardiac fibrosis, ischemic heart diseases, heart failure, 
myocardial infraction, and cardiac hypertrophy, exhibit changes in cargo and pro-
tein content and serve as a biomarker for physiological changes [162]. It has been 
demonstrated that the pattern of fibroblast gene expression is regulated by cardiac 
cell-derived exosomes [166]. On external stimulation, cardiac fibrosis results in a sus-
tainable remodeling of the extracellular matrix (ECM) through non-canonical Wnt 
and ERK1/2 pathways, as well as JNK pathways [167]. These pathways are promoted 
by the WNT-5a-enriched exosomes resulting in IL6 production and fibrosis [168]. 
Exosomes serve as intercellular communication (regulates intimal integrity) and 
myocardium remodeling in conditions such as ischemic heart disease and myocardial 
infarction respectively allowing injured cells to communicate with distant normal 
cells [162]. Exosomes derived from fibroblasts promote the RAS system and activate 
angiotensin II in cardiomyocytes that accelerate in cases of cardiac hypertrophy [169].

8. Diagnostic potential of exosomes

Exosomes are small EVs (Extra vesicles) of size 30-150 nm in diameter secreted 
by both normal cells and diseased cells into the different body fluids such as plasma, 
saliva, bronchial lavages, urine, and many others [170]. These fluids having exosomes 
contain different biomolecules including RNA, DNA, proteins for their intercellular 



Exosomes - Recent Advances from Bench to Bedside

10

communication, and transportation [171, 172]. There is differential expression of 
exosomal RNA and proteins derived from normal cells and diseased cells [173]. This 
exosomal protein and nucleic acid emerged as next-generation biomarkers for different 
pathology conditions such as neurodegenerative diseases, cardiovascular, kidney dis-
eases, cancer, and others.

8.1 Proteins and cargo as diagnostic marker

In cancer cells, the protein content of exosomes varies between healthy cells and 
diseases, and it resembles a variety of conditions associated with cancer, liver, kidney, 
and brain diseases [174]. Exosome-specific protein serves as a biomarker for disease 
pathology. For instance, distinct protein expression of different fluids acts as a 
biomarker. In breast cancer, serum-derived exosomes show enrichment of ADAM10, 
metalloprotease, CD9, Annexin-1, and HSP70 [175] proteins, and plasma-derived 
exosomes show diagnostic potential for fibronectin and developmental endothelial 
locus-1 (Del-1) [176]. In lung cancer, expression of CD151, CD171, and tetraspanin 
8 is higher in serum exosome [177]. Glypican-1 (GPC1)-positive exosomes serve as 
potential biomarkers in early-stage pancreatic cancer [178] and CD26, CD81, S1C3A1, 
and CD10 could be used as a potential biomarkers for hepatic damage [179].

Apart from cancer, other diseases also have significant alteration in exosomes 
profile and lead to different expression of proteins act as a biomarker for diagnostic 
potential. In neurodegenerative diseases such as Parkinson diseases elevated expres-
sion of different proteins such as PrPc (glycoprotein) [180], DJ-1 [181] (plasma neu-
ral-derived), OxiDJ-1 [182] (urine-derived), and Tau Protein (neuron-derived) could 
be a marker for PD diagnosis. Other potential biomarkers such as a decreased expres-
sion of C1q derived from serum exosome and more of blood-derived Apolipoprotein 
A1 (Apo A1), clusterin, complement C1r subcomponent, and fibrinogen gamma chain 
exosomal expression levels in the plasma of PD subjects may serve as a biomarker for 
the diagnosis of PD [183, 184]. In Alzheimer’s diseases, human serum-derived exo-
some shows an elevated expression of Cathepsin-D, LAMP-1, ubiquitinylated protein 
[185]. Downregulation of SNAP-25 [186] marks the synaptic loss during the progres-
sion of AD and HSP70 [185, 187] shows dysfunction and neurodegeneration.

The kidneys play a crucial role in the human body’s homeostasis regulation and 
maintenance [188]. The release of exosomes from various parts of the kidney facilitates 
cell-to-cell communication that has an impact on the physiology of the kidney [189]. 
The proteins and nucleic acids contained by exosomes carry through the urine serve as 
a non-invasive diagnostic biomarker for renal diseases. For instance, the protein level of 
Fuetin-1 and AQP2 have been identified as potential biomarkers for acute kidney injury 
(AKI) [153, 190]. There is an increased amount of neutrophil gelatinase-associated lipo-
calin (NGAL) and activating transcription factor 3 used as a marker for early diagnosis 
in sepsis-induced AKI [154]. The non-invasive biomarker for PKD is demonstrated by 
the elevated expression of the urinary exosome proteins such as villin-1, periplakin, 
and envoplakin in ADPKD (autosomal dominant polycystic kidney diseases) [158]. 
However, increased expression of AQP-2 and AQP-5 in exosomes in chronic diseases 
like diabetic nephropathy can be used as a biomarker to diagnose T2DN [191].

8.2 Nucleic acid as diagnostic and prognostic biomarker

Exosomes secreted from diseased cells contain different biomolecules than the 
healthy ones. Therefore, the basic nucleic acid content also varies with the diseases 
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and mainly circulating microRNAs are being focused to carry out effective diagnosis 
and prognosis of numerous diseases [192]. For example, in breast cancer, the plasma-
derived exosomes show the elevated expression of miR-1246 and miR-21 compared 
to healthy individuals [193, 194]. These serum-derived exosome shows miR-21 levels, 
which differentiate between metastatic and non-metastatic breast cancer [195]. 
Apart from these, upregulation of miRNAs, such as miR-223-3p, miR-16, miR-27a/b, 
miR-152, miR-199a-3p, miR-340, miR-376a, miR-410, and miR-598 [196–198], 
shows the presence of breast tumor. In non-small cell lung cancer (NSCLC), there is 
upregulation of different exosome miRNAs subset of 4 miRNAs (miR-378a, miR-
379, miR-139-5p, and miR-200b-5p) and six miRNAs (miR-151a-5p, miR-30a-3p, 
miR-200b-5p, miR-629, miR-100, and miR-154-3p) respectively [199, 200]. Other 
than this, plasma-derived miRNA-9 and miRNA-15 can distinguish a metastatic 
and aggressive state of tumor, thus having high potential as a diagnostic marker for 
NSCLC [201]. However, in the diagnostic marker for hepatocellular carcinoma, there 
is upregulation of miRNA-21 in the plasma, which distinguishes patients from healthy 
individuals [202]. On the other hand, the cancer malignancy in hepatoblastoma is 
mediated by a panel of miRNAs involving miR-21, miR-34a, miR-34b, and miR-34c 
in plasma which are verified as diagnostic and prognostic tool [203]. High levels of 
miRNA-10b, miR-21, miR-30c, and miR-181a and decreased let-7a levels are seen in 
pancreatic ductal adenocarcinoma patients as compared to a healthy individual [204].

In neurodegenerative diseases such as Parkinson’s and Alzheimer’s disease, blood 
and peripheral fluids also contain exosomes synthesized from nerve cells that are 
passed through the BBB (blood-brain barrier). These fluids show different miRNAs 
expression in patients and healthy controls. miRNAs from serum are the non-invasive 
and feasible approach to determining biomarkers for neurodegenerative disease. 
Exosomal miRNAs derived from plasma, CSF, and serum are being either upregulated 
or downregulated in different pathophysiological conditions. Certain serum-derived 
miRNAs such as miR-15a-5p, miR-18b-5p, miR-30e-5p, miR-93-5p, miR-106a-5p, miR-
143-3p, miR-335-5p, miR-361-5p, and miR-424-5p are upregulated in comparison with 
healthy individuals and some of the miRNAs such as miR-15b-3p, miR-342-3p, and 
miR-1306-5p are downregulated in AD patients [205, 206]. CSF-containing exosomes 
also show potential diagnostic miRNAs such as upregulation of miR-125b-5p and 
downregulation of miR-16-5p and miR-451a [207]. These differently regulated miR-
NAs from different fluids improve the early onset and late-onset diagnosis and prog-
nosis of AD. Similarly, in Parkinson’s disease, several miRNAs derived from different 
fluids have differentially regulated miRNAs. Serum-derived exosomes have upregu-
lated miR-24, miR-195, and miR-29a [208]. In plasma-derived exosomes, elevated level 
of miR-331-5p and let-7e-5p is observed. Some miRNAs like miR-10a-5p, miR-151a-3p, 
let-7f-5p, and many more are seen upregulated in CSF-derived exosomes [209]. Not 
only the upregulated miRNAs from different fluids show diagnostic potential but the 
downregulated miRNAs compared to healthy controls also act as diagnostic markers. 
For example, in PD patients, CSF-derived exosomal miRNAs show downregulated 
expression such as miR-27a-3p, miR-423-5p, miR-22-3p, miR-1, miR-22, miR-29, miR-
374, miR-119a, miR-28 [210]. Some miRNAs such as miR-505 and miR-19b derived 
from plasma and serum respectively also show downregulation in PD patients [211].

Kidney diseases include AKI (acute kidney injury), chronic kidney diseases, diabetic 
nephropathy, polycystic kidney diseases, and various others. Exosomes isolated from 
urine contain differential biomarkers in form of microRNAs. In the AKI condition, uri-
nary exosomes show various miRNAs for different conditions such as AKI progression 
including miR-16, miR-24, and miR-200c [212]. Also, miR-210 predicts AKI mortality 
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in ICU patients [213]. In sepsis-induced AKI, there is decreased expression of miR-376b, 
which acts as a potential biomarker for diagnosis [214]. Certain serum-derived exosomes 
reportedly decreased miR-24, miR-23a, and miR-145 expression in post-myocardial 
infarction AKI pathogenesis [215]. There are other serum-derived miRNAs that show 
a change in expression from healthy and AKI-diseased individuals including miR-101, 
miR-127, miR-210, miR-126, miR-26b, miR-29a, miR-146a, miR-27a, miR-93, and miR-
10a [216]. Other kidney diseases, such as Diabetic Nephropathy, miR-192 is a master 
miRNA regulator of DN [212, 217]. Expression of miR-130 and miR-145 is upregulated, 
while miR-155 and miR-424 have reduced levels in diabetic patients with microalbumin-
uria, acting as a biomarker [218]. miR-415 derived from urinary exosome shows elevated 
expression in albuminuria and glomerulosclerosis and acts early diagnostic biomarker. 
miR-126 and the miR-770 family are derived from urine and blood as a promising bio-
marker for DN progression [212]. Although in diabetic patients, some Urine exosomal 
miRNAs including miR-192 and miR-21 show upregulated expression while reduced 
miR-30b levels which altered kidney function [219–222]. In type 2 diabetic nephropathy, 
the most upregulated miRNAs are MiR-34a and miR-320c which acts as a biomarker, 
and sediment miR-95 and miR-631 also reflect the severity and prognosis of type 2 
DN [223–225]. Apart from these, certain other potential miRNAs biomarkers include 
miR-15b, miR-636, miR-34a, and miR-4534 in urine [226, 227] and miR-638 in serum. 
The ratio of albumin–creatinine shows an effect on miR-103a suggesting miR-103a as a 
dynamic biomarker reflecting pathological status and treatment response [228]. The role 
of EV miRNAs like miR-3907 upregulation in circulation predicts Autosomal Dominant 
Polycystic Kidney Disease progression [229]. Diagnosis shows other serum-derived 
miRNAs including miR-17 family members (miR-20a, miR-93, and miR-106a) show a 
significant decrease in expression after hemodialysis [230]. Apart from these, in some 
chronic kidney diseases such as hypertensive nephropathy, Lupus Nephritis, kidney 
immune diseases, and many others, the role of serum and urine-derived miRNAs show a 
prominent role in diagnosis, prognosis, and disease progression.

In cardiovascular diseases, circulating EVs miRNAs, miRNA-425, and miRNA-
744 acts as a novel biomarkers for cardiac fibrosis [231, 232]. Also, miR-30d is 
associated with deleterious cardiac remodeling and the expression of fibrosis and 

Figure 1. 
(A) Multivesicular bodies can either merge with the lysosome or the autophagosome or be secreted out of the cell as 
a secretome. (B) Major pathways of exosome biogenesis (C) model structure of exosomes/EVs that carry certain 
proteins and receptors.
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inflammation-related genes [233]. In both coronary artery diseases and acute myo-
cardial infraction, several exosomal miRNAs including miR-1, miR-133a, miR-208a, 
miR-423-5p, miR-499, miR-126, miR-21, and miR-29b show increased expression 
which potentially acts as a diagnostic biomarker as well as a prognostic marker for 
left ventricle remodeling [234–238]. However certain miRNAs including miR-423-5p 
[237], miR-499 [235], and miR-29b [239] essentially for AMI. miR-122 andmiR-199a 
[240] have elevated expression and miR-145 [241], miR-146a [242], miR-30c/d show 
downregulation that acts as diagnostic marker for CAD [243]. In contrast, miR-21, 
miR-199a miR-27a, and miR-30c/d show elevated levels, thus having a diagnostic 
potential of cardiac hypertrophy [244, 245]. However in heart failure diseases, the 
increased expression of miR-1254, miR-106a-5p, and decreased expression of miR-328 
are other potential miRNA molecules apart from miRNA included in AMI, CAD, and 
cardiac hypertrophy, which act as diagnostic biomarker [246–248] (Figures 1 and 2).

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 

Figure 2. 
Schematic representation of exosome isolation and diagnostic importance in different types of disorders.



Exosomes - Recent Advances from Bench to Bedside

14

[1] Yaker L, Kamel S, Ausseil J, Boullier A. 
Effects of chronic kidney disease and 
uremic toxins on extracellular vesicle 
biology. Toxins. 2020;12:811

[2] Sager R, Palade GE. Structure and 
development of the chloroplast in 
chlamydomonas: I. the normal green 
cell. The Journal of Biophysical and 
Biochemical Cytology. 1957;3:463-488

[3] Sotelo JR, Porter KR. An electron 
microscope study of the rat ovum. The 
Journal of Biophysical and Biochemical 
Cytology. 1959;5:327-342

[4] Jensen WA. The composition and 
ultrastructure of the nucellus in cotton. 
Journal of Ultrastructure Research. 
1965;13:112-128

[5] Takeo K, Uesaka I, Uehira K, 
Nishiura M. Fine structure of 
Cryptococcus neoformans grown in vitro 
as observed by freeze-etching. Journal of 
Bacteriology. 1973;113:1442-1448. DOI: 
10.1128/jb.113.3.1442-1448.1973

[6] Raposo G et al. B lymphocytes 
secrete antigen-presenting vesicles. 
The Journal of Experimental Medicine. 
1996;183:1161-1172

[7] Nunez EA, Wallis J, Gershon MD. 
Secretory processes in follicular cells of 
the bat thyroid. III. The occurrence of 
extracellular vesicles and colloid droplets 
during arousal from hibernation. 
The American Journal of Anatomy. 
1974;141:179-201

[8] Deatherage BL, Cookson BT. 
Membrane vesicle release in bacteria, 
eukaryotes, and archaea: A conserved 
yet underappreciated aspect of 
microbial life. Infection and Immunity. 
2012;80:(6):1948-1957. DOI: 10.1128/

IAI.06014-11. Epub 2012 Mar 12. PMID: 
22409932; PMCID: PMC3370574

[9] Doyle LM, Wang MZ. Overview 
of extracellular vesicles, their origin, 
composition, purpose, and methods for 
exosome isolation and analysis. Cell. 
2019;8:727

[10] Xu M et al. The biogenesis and 
secretion of exosomes and multivesicular 
bodies (MVBs): Intercellular shuttles 
and implications in human diseases. 
Genes & Diseases. 2022. DOI: 10.1016/j.
gendis.2022.03.021

[11] Morelli AE et al. Endocytosis, 
intracellular sorting, and processing 
of exosomes by dendritic cells. Blood. 
2004;104:3257-3266

[12] Stoorvogel W, Strous GJ, 
Geuze HJ, Oorschot V, Schwartz AL. 
Late endosomes derive from early 
endosomes by maturation. Cell. 3 May 
1991;65(3):417-427. DOI: 10.1016/0092-
8674(91)90459-c. PMID: 1850321

[13] Logozzi M, Mizzoni D, Angelini DF, 
Di Raimo R, Falchi M, Battistini L, et al. 
Microenvironmental pH and exosome 
levels interplay in human cancer cell lines 
of different histotypes. Cancers (Basel). 
5 Oct 2018;10(10):370. DOI: 10.3390/
cancers10100370. PMID: 30301144; 
PMCID: PMC6210604

[14] Pols MS, Klumperman J. Trafficking 
and function of the tetraspanin 
CD63. Experimental Cell Research. 
2009;315:1584-1592

[15] Wollert T, Hurley JH. Molecular 
mechanism of multivesicular body 
biogenesis by ESCRT complexes. Nature. 
2010;464:864-869

[16] Colombo M et al. Analysis of ESCRT 
functions in exosome biogenesis, 

References



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

15

composition and secretion highlights 
the heterogeneity of extracellular 
vesicles. Journal of Cell Science. 
2013;126:5553-5565

[17] Hill CP, Babst M. Structure and 
function of the membrane deformation 
AAA ATPase Vps4. Biochim Biophys Acta. 
Jan 2012;1823(1):172-181. DOI: 10.1016/j.
bbamcr.2011.08.017. Epub 2011 Sep 8. 
PMID: 21925211; PMCID: PMC3245771

[18] Hurley JH. ESCRTs are everywhere. 
EMBO J. 1 Oct 2015;34(19):2398-2407. 
DOI: 10.15252/embj.201592484. Epub 
2015 Aug 25. PMID: 26311197; PMCID: 
PMC4601661

[19] Henne WM, Buchkovich NJ, Emr SD. 
The ESCRT pathway. Developmental 
Cell. 2011;21:77-91

[20] Villarroya-Beltri C, Baixauli F, 
Gutiérrez-Vázquez C, Sánchez-Madrid F, 
Mittelbrunn M. Sorting IT out: 
Regulation of exosome loading. Seminars 
in Cancer Biology. 2014;28:3-13

[21] Airola MV, Hannun YA. Sphingolipid 
metabolism and neutral sphingomyelinases. 
Handbook of Experimental Pharmacology. 
2013;215:57-76. DOI: 10.1007/978-3-7091-
1368-4_3. PMID: 23579449; PMCID: 
PMC4043343

[22] Perez-Hernandez D, Gutiérrez- 
Vázquez C, Jorge I, López-Martín S, 
Ursa A, Sánchez-Madrid F, et al. The 
intracellular interactome of tetraspanin-
enriched microdomains reveals their 
function as sorting machineries toward 
exosomes. Journal Biological Chemistry. 
26 Apr 2013;288(17):11649-11661. 
DOI: 10.1074/jbc.M112.445304. Epub 
2013 Mar 5. PMID: 23463506; PMCID: 
PMC3636856

[23] Schwartz SL, Cao C, Pylypenko O, 
Rak A, Wandinger-Ness A. Rab GTPases 
at a glance. Journal of Cell Science. 

2007 Nov 15;120(Pt 22):3905-3910. 
DOI: 10.1242/jcs.015909. Erratum in: 
Journal Cell Sciences. 15 Jan 2008;121(Pt 
2):246. PMID: 17989088

[24] Pegtel DM, Gould SJ. Exosomes. 
Annual Review of Biochemistry. 
2019;88:487-514

[25] Ostrowski M, Carmo NB,  
Krumeich S, Fanget I, Raposo G, Savina A, 
et al. Rab27a and Rab27b control different 
steps of the exosome secretion pathway. 
Nat Cell Biology. Jan 2010;12(1):19-30. 
sup pp 1-13. DOI: 10.1038/ncb2000. Epub 
2009 Dec 6. PMID: 19966785

[26] Song L et al. KIBRA controls 
exosome secretion via inhibiting the 
proteasomal degradation of Rab27a. 
Nature Communications. 2019;10:1639

[27] Park J-I et al. BHMPS inhibits 
breast cancer migration and invasion 
by disrupting Rab27a-mediated EGFR 
and fibronectin secretion. Cancers. 
2022;14:373

[28] Yuyama K, Sun H, Mikami D, 
Mioka T, Mukai K, Igarashi, Y. Lysosomal-
associated transmembrane protein 4B 
regulates ceramide-induced exosome 
release. The FASEB Journal (The Journal 
of the Federation of American Societies for 
Experimental Biology). 2020;34:16022-
16033. DOI: 10.1096/fj.202001599R

[29] Lauwers E et al. Hsp90 mediates 
membrane deformation and exosome 
release. Molecular Cell. 2018;71:689-702.e9

[30] Zhang J et al. DENN domain-
containing protein FAM45A regulates 
the homeostasis of late/multivesicular 
endosomes. Biochimica et Biophysica 
Acta (BBA) - Molecular Cell Research. 
2019;1866:916-929

[31] Imai A, Ishida M, Fukuda M, 
Nashida T, Shimomura H. MADD/



Exosomes - Recent Advances from Bench to Bedside

16

DENN/Rab3GEP functions as a guanine 
nucleotide exchange factor for Rab27 
during granule exocytosis of rat parotid 
acinar cells. Archives of Biochemistry 
and Biophysics. 2013;536:31-37

[32] Sato M et al. Regulation of endocytic 
recycling by C. elegans Rab35 and its 
regulator RME-4, a coated-pit protein. 
The EMBO Journal. 2008;27:1183-1196

[33] Baietti MF et al. Syndecan-
syntenin-ALIX regulates the biogenesis 
of exosomes. Nature Cell Biology. 
2012;14:677-685

[34] Tamai K et al. Exosome secretion 
of dendritic cells is regulated by hrs, 
an ESCRT-0 protein. Biochemical and 
Biophysical Research Communications. 
2010;399:384-390

[35] Kim DK, Kang B, Kim OY, Choi DS, 
Lee J, Kim SR, et al. EVpedia: An integrated 
database of high-throughput data for 
systemic analyses of extracellular vesicles. 
Journal of Extracellular Vesicles. Mar 
2013;19:2. DOI: 10.3402/jev.v2i0.20384. 
PMID: 24009897; PMCID: PMC3760654

[36] Kalra H et al. Vesiclepedia: A 
compendium for extracellular vesicles 
with continuous community annotation. 
PLoS Biology. 2012;10:e1001450

[37] Mathivanan S, Simpson RJ. ExoCarta: 
A compendium of exosomal proteins and 
RNA. Proteomics. Nov 2009;9(21):4997-
5000. DOI: 10.1002/pmic.200900351. 
PMID: 19810033

[38] Simpson RJ, Kalra H, Mathivanan S. 
ExoCarta as a resource for exosomal 
research. Journal of Extracellular 
Vesicles. Apr 2012;16:1. DOI: 10.3402/jev.
v1i0.18374. PMID: 24009883; PMCID: 
PMC3760644

[39] Mathivanan S, Fahner CJ, Reid GE, 
Simpson RJ. ExoCarta 2012: Database 

of exosomal proteins, RNA and 
lipids. Nucleic Acids Research. Jan 
2012;40(Database issue):D1241-1244. 
DOI: 10.1093/nar/gkr828. Epub 2011 
Oct 11. PMID: 21989406; PMCID: 
PMC3245025

[40] Lai H et al. exoRBase 2.0: An atlas 
of mRNA, lncRNA and circRNA in 
extracellular vesicles from human 
biofluids. Nucleic Acids Research. 
2022;50:D118-D128

[41] Wang X, Chai Z, Pan G, Hao Y, Li B, 
Ye T, et al. ExoBCD: A comprehensive 
database for exosomal biomarker 
discovery in breast cancer. 
Briefings in Bioinformatics. 20May 
2021;22(3):bbaa088. DOI: 10.1093/bib/
bbaa088. PMID: 32591816

[42] EV-TRACK Consortium., Van 
Deun J, Mestdagh P, et al. EV-TRACK: 
Transparent reporting and centralizing 
knowledge in extracellular vesicle 
research. Nat Methods. 2017;14:228-232. 
DOI: 10.1038/nmeth.4185

[43] Thakur B, Zhang H, Becker A, et al. 
Double-stranded DNA in exosomes: A 
novel biomarker in cancer detection. Cell 
Research. 2014;24:766-769. DOI: 10.1038/
cr.2014.44

[44] Sharma A, Johnson A. Exosome 
DNA: Critical regulator of tumor 
immunity and a diagnostic biomarker. 
Journal of Cellular Physiology. 
2020;235:1921-1932

[45] Li X, Wang Q, Wang R. Roles of 
exosome genomic DNA in colorectal 
cancer. Frontiers in Pharmacology. 
2022;13

[46] Kahlert C, Melo SA, 
Protopopov A, Tang J, Seth S, Koch M, 
et al. Identification of double-stranded 
genomic DNA spanning all chromosomes 
with mutated KRAS and p53 DNA 



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

17

in the serum exosomes of patients 
with pancreatic cancer. The Journal 
of Biological Chemistry. 14 Feb 
2014;289(7):3869-3875. DOI: 10.1074/
jbc.C113.532267. Epub 2014 Jan 7. PMID: 
24398677; PMCID: PMC3924256

[47] Kalluri R, LeBleu VS. Discovery 
of double-stranded genomic DNA in 
circulating exosomes. Cold Spring 
Harbor Laboratory of Quantitative 
Biology. 2016;81:275-280

[48] Emerging role of exosome-derived 
long non-coding RNAs in tumor 
microenvironment - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/29678180/

[49] Distinct RNA profiles in subpopulations 
of extracellular vesicles: apoptotic bodies, 
microvesicles and exosomes - PubMed. 
Available from: https://pubmed.ncbi.nlm.
nih.gov/24223256/

[50] Characterization of human 
plasma-derived exosomal RNAs by 
deep sequencing - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/23663360/

[51] Deep sequencing of RNA from 
immune cell-derived vesicles uncovers 
the selective incorporation of small 
non-coding RNA biotypes with potential 
regulatory functions - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/22821563/

[52] Li CCY et al. Glioma microvesicles 
carry selectively packaged coding and 
non-coding RNAs which alter gene 
expression in recipient cells. RNA 
Biology. 2013;10:1333-1344

[53] Batagov AO, Kurochkin IV. Exosomes 
secreted by human cells transport largely 
mRNA fragments that are enriched in the 
3’-untranslated regions. Biology Direct. 
2013;8:12

[54] Vickers KC, Palmisano BT, 
Shoucri BM, Shamburek RD, Remaley AT. 
MicroRNAs are transported in plasma 
and delivered to recipient cells by high-
density lipoproteins. Nature Cell Biology. 
2011;13:423-433

[55] Bolukbasi MF et al. miR-1289 and 
‘Zipcode’-like sequence enrich mRNAs 
in microvesicles. Molecular Therapy. 
Nucleic acids. 2012;1:e10

[56] Villarroya-Beltri C et al. Sumoylated 
hnRNPA2B1 controls the sorting 
of miRNAs into exosomes through 
binding to specific motifs. Nature 
Communications. 2013;4:2980

[57] Koppers-Lalic D et al. Nontemplated 
nucleotide additions distinguish the small 
RNA composition in cells from exosomes. 
Cell Reports. 2014;8:1649-1658

[58] Kosaka N et al. Secretory 
mechanisms and intercellular transfer 
of microRNAs in living cells. The 
Journal of Biological Chemistry. 
2010;285:17442-17452

[59] Gibbings DJ, Ciaudo C, 
Erhardt M, Voinnet O. Multivesicular 
bodies associate with components of 
miRNA effector complexes and modulate 
miRNA activity. Nature Cell Biology. 
2009;11:1143-1149

[60] Li L et al. Argonaute 2 complexes 
selectively protect the circulating 
microRNAs in cell-secreted 
microvesicles. PLoS One. 2012;7:e46957

[61] Robbins PD, Morelli AE. Regulation 
of immune responses by extracellular 
vesicles. Nature Reviews. Immunology. 
2014;14:195-208

[62] Abels ER, Breakefield XO. 
Introduction to extracellular vesicles: 
Biogenesis, RNA cargo selection, 
content, release, and uptake. Cellular 



Exosomes - Recent Advances from Bench to Bedside

18

and Molecular Neurobiology. 
2016;36:301-312

[63] Gupta S, Knowlton AA. HSP60 
trafficking in adult cardiac myocytes: Role 
of the exosomal pathway. American Journal 
of Physiology. Heart and Circulatory 
Physiology. 2007;292:H3052-H3056

[64] Théry C, Zitvogel L, Amigorena S. 
Exosomes: Composition, biogenesis and 
function. Nature Reviews. Immunology. 
2002;2:569-579

[65] Goler-Baron V, Assaraf YG. Structure 
and function of ABCG2-rich extracellular 
vesicles mediating multidrug 
resistance. PLoS One. 2011;6(1):e16007. 
DOI: 10.1371/journal.pone.0016007

[66] Gong J et al. Microparticle drug 
sequestration provides a parallel 
pathway in the acquisition of cancer 
drug resistance. European Journal of 
Pharmacology. 2013;721:116-125

[67] Selective transfer of exosomes 
from oligodendrocytes to microglia by 
macropinocytosis - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/21242314/

[68] Bicalho B, Holovati JL, Acker JP. 
Phospholipidomics reveals differences 
in glycerophosphoserine profiles of 
hypothermically stored red blood 
cells and microvesicles. Biochimica et 
Biophysica Acta. 2013;1828:317-326

[69] Zaborowski MP, Balaj L, 
Breakefield XO, Lai CP. Extracellular 
vesicles: Composition, biological 
relevance, and methods of study. 
Bioscience. 2015;65:783-797

[70] Clinical applications of 
metabolomics in oncology: A review 
- PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/19147747/

[71] Rockel JS, Kapoor M. The 
metabolome and osteoarthritis: 

Possible contributions to symptoms and 
pathology. Metabolites. 2018;8:92

[72] Metabolomics biomarkers for 
detection of colorectal neoplasms: A 
systematic review - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/30060469/

[73] Mast cell- and dendritic cell-derived 
exosomes display a specific lipid 
composition and an unusual membrane 
organization - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/14965343/

[74] Distinct lipid compositions of two 
types of human prostasomes - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/23404715/

[75] Enabling metabolomics based 
biomarker discovery studies using 
molecular phenotyping of exosome-like 
vesicles - PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/26974972/

[76] High-performance chemical isotope 
labeling liquid chromatography mass 
spectrometry for exosome metabolomics 
- PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/29920066/

[77] Metabolic alterations in urine 
extracellular vesicles are associated 
to prostate cancer pathogenesis and 
progression - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/29760869/

[78] Zhang Y, Liu Y, Liu H, Tang WH. 
Exosomes: Biogenesis, biologic function 
and clinical potential. Cell & Bioscience. 
2019;9:19

[79] Zebrowska A, Skowronek A,  
Wojakowska A, Widlak P, 
Pietrowska M. Metabolome of exosomes: 
Focus on vesicles released by cancer 
cells and present in human body fluids. 



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

19

International Journal of Molecular 
Sciences. 2019;20:3461

[80] Laulagnier K et al. Mast cell- and 
dendritic cell-derived exosomes display 
a specific lipid composition and an 
unusual membrane organization. The 
Biochemical Journal. 2004;380:161-171

[81] Vlassov AV, Magdaleno S, 
Setterquist R, Conrad R. Exosomes: 
Current knowledge of their composition, 
biological functions, and diagnostic and 
therapeutic potentials. Biochimica et 
Biophysica Acta. 2012;1820:940-948

[82] Romancino DP et al. Identification 
and characterization of the nano-sized 
vesicles released by muscle cells. FEBS 
Letters. 2013;587:1379-1384

[83] Yáñez-Mó M et al. Biological 
properties of extracellular vesicles and 
their physiological functions. J. Extracell. 
Vesicles. 2015;4:27066

[84] Wu G et al. Altered microRNA 
expression profiles of extracellular 
vesicles in nasal mucus from patients 
with allergic rhinitis. Allergy Asthma 
Immunol. Res. 2015;7:449-457

[85] Saunderson SC, Dunn AC, 
Crocker PR, McLellan AD. CD169 
mediates the capture of exosomes 
in spleen and lymph node. Blood. 
2014;123:208-216

[86] Zitvogel L et al. Eradication of 
established murine tumors using a 
novel cell-free vaccine: Dendritic cell-
derived exosomes. Nature Medicine. 
1998;4:594-600

[87] Théry C et al. Proteomic analysis 
of dendritic cell-derived exosomes: 
A secreted subcellular compartment 
distinct from apoptotic vesicles. Journal 
of immunology (Baltimore, Md.). 
2001;1950(166):7309-7318

[88] Karlsson M et al. ‘Tolerosomes’ are 
produced by intestinal epithelial cells. 
European Journal of Immunology. 
2001;31:2892-2900

[89] Raposo G, Nijman HW, Stoorvogel W, 
Liejendekker R, Harding CV, Melief CJ, 
et al. B lymphocytes secrete antigen-
presenting vesicles. The Journal 
of Experimental Medicine. 1 Mar 
1996;183:1161-1172. DOI: 10.1084/
jem.183.3.1161. PMID: 8642258; PMCID: 
PMC2192324

[90] Hunter MP et al. Detection of 
microRNA expression in human 
peripheral blood microvesicles. PLoS 
One. 2008;3:e3694

[91] Valadi H et al. Exosome-mediated 
transfer of mRNAs and microRNAs is a 
novel mechanism of genetic exchange 
between cells. Nature Cell Biology. 
2007;9:654-659

[92] Amzallag N et al. TSAP6 facilitates 
the secretion of translationally controlled 
tumor protein/histamine-releasing 
factor via a nonclassical pathway. 
The Journal of Biological Chemistry. 
2004;279:46104-46112

[93] Fevrier B et al. Cells release prions in 
association with exosomes. Proceedings 
of the National Academy of Sciences 
of the United States of America. 
2004;101:9683-9688

[94] Robertson C et al. Cellular prion 
protein is released on exosomes 
from activated platelets. Blood. 
2006;107:3907-3911

[95] Nguyen DG, Booth A, Gould SJ, 
Hildreth JEK. Evidence that HIV budding 
in primary macrophages occurs 
through the exosome release pathway. 
The Journal of Biological Chemistry. 
2003;278:52347-52354

[96] Li Y et al. Circular RNA is enriched 
and stable in exosomes: A promising 



Exosomes - Recent Advances from Bench to Bedside

20

biomarker for cancer diagnosis. Cell 
Research. 2015;25:981-984

[97] György B et al. Membrane 
vesicles, current state-of-the-art: 
Emerging role of extracellular vesicles. 
Cellular and Molecular Life Sciences. 
2011;68:2667-2688

[98] Isolation of biologically-active 
exosomes from human plasma - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/24952243/

[99] Théry C, Amigorena S, Raposo G, 
Clayton A. Isolation and characterization 
of exosomes from cell culture supernatants 
and biological fluids. Current Protocols 
in Cell Biology. 2006. Chapter 3:Unit 3.22. 
DOI: 10.1002/0471143030.cb0322s30. 
PMID: 18228490

[100] Qu L et al. Exosome-transmitted 
lncARSR promotes sunitinib resistance 
in renal cancer by acting as a competing 
endogenous RNA. Cancer Cell. 
2016;29:653-668

[101] Song J et al. PBMC and exosome-
derived Hotair is a critical regulator and 
potent marker for rheumatoid arthritis. 
Clinical and Experimental Medicine. 
2015;15:121-126

[102] Kalra H et al. Comparative proteomics 
evaluation of plasma exosome isolation 
techniques and assessment of the stability 
of exosomes in normal human blood 
plasma. Proteomics. 2013;13:3354-3364

[103] Properzi F, Logozzi M, Fais S. 
Exosomes: The future of biomarkers 
in medicine. Biomarkers in Medicine. 
2013;7:769-778

[104] Mathivanan S, Ji H, Simpson RJ. 
Exosomes: Extracellular organelles 
important in intercellular 
communication. Journal of Proteomics. 
2010;73:1907-1920

[105] Batrakova EV, Kim MS. Using 
exosomes, naturally-equipped 
nanocarriers, for drug delivery. Journal 
of Controlled Release. 2015;219:396-405

[106] Isola AL, Chen S. Exosomes: The 
messengers of health and disease. 
Current Neuropharmacology. 2017;15:157

[107] Trypanosoma cruzi immune evasion 
mediated by host cell-derived microvesicles 
- PubMed. Available from: https://pubmed.
ncbi.nlm.nih.gov/22262654/

[108] The role of exosomes in the 
processing of proteins associated with 
neurodegenerative diseases – SpringerLink. 
Available from: https://link.springer.com/
article/10.1007/s00249-007-0246-z.

[109] Exosomes in the pathogenesis, 
diagnostics and therapeutics of liver 
diseases - ScienceDirect. Available from: 
https://www.sciencedirect.com/science/
article/pii/S0168827813002079

[110] Li I, Nabet BY. Exosomes in the 
tumor microenvironment as mediators 
of cancer therapy resistance. Molecular 
Cancer. 2019;18:32

[111] Qu JL, Qu XJ, Zhao MF, Teng YE, 
Zhang Y, Hou KZ, et al. Gastric cancer 
exosomes promote tumour cell 
proliferation through PI3K/Akt and 
MAPK/ERK activation. Dig. Liver Dis. 
Dec 2009;41(12):875-880. DOI: 10.1016/j.
dld.2009.04.006. Epub 2009 May 26. 
PMID: 19473897

[112] Friedl P, Alexander S. Cancer 
invasion and the microenvironment: 
Plasticity and reciprocity. Cell. 
2011;147:992-1009

[113] Hallmarks of cancer: The next 
generation - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/21376230/

[114] Tian W, Liu S, Li B. Potential role of 
exosomes in cancer metastasis. BioMed 
Research International. 2019;2019:1-12



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

21

[115] Paget’s ‘seed and soil’ theory of 
cancer metastasis: An idea whose 
time has come - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/30339548/

[116] Peinado H et al. Pre-metastatic 
niches: Organ-specific homes for 
metastases. Nature Reviews. Cancer. 
2017;17:302-317

[117] Steeg PS. Targeting metastasis. 
Nature Reviews. Cancer. 2016;16:201-218

[118] The multiple roles of exosomes 
in metastasis - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/28031234/

[119] Exosomes released from breast 
cancer carcinomas stimulate cell 
movement - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/25798887/

[120] Frontiers — Functions and 
therapeutic roles of exosomes in cancer. 
Available from: https://www.frontiersin.
org/articles/10.3389/fonc.2014.00127/full

[121] Exosome-mediated transfer of 
miR-10b promotes cell invasion in breast 
cancer - PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/25428807/

[122] Molecular principles of metastasis: 
A hallmark of cancer revisited – Signal 
transduction and targeted therapy. 
Available from: https://www.nature.com/
articles/s41392-020-0134-x

[123] The role of exosomes in cancer 
metastasis - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/28215970/

[124] Tumour exosome integrins 
determine organotropic metastasis 
- PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/26524530/.

[125] Mu W, Rana S, Zöller M. Host matrix 
modulation by tumor exosomes promotes 
motility and invasiveness. Neoplasia 
(New York, N.Y.). 2013;15:875-887

[126] Fabbri, M. et al. MicroRNAs 
bind to toll-like receptors to induce 
prometastatic inflammatory response. 
Proceedings of the National Academy of 
Sciences of the United States of America 
109, E2110–E2116 (2012). Available from: 
https://www.google.com/search?q=Fabb
ri%2C+M.+et+al.+MicroRNAs+bind+to
+Toll-like+receptors+to+induce+prome
tastatic+inflammatory+response.+Proc.
+Natl+Acad.+Sci.+USA+109%2C+E2110
%E2%80%93E2116+(2012)&oq=Fabbri
%2C+M.+et+al.+MicroRNAs+bind+to+T
oll-like+receptors+to+induce+prometast
atic+inflammatory+response.+Proc.+Na
tl+Acad.+Sci.+USA+109%2C+E2110%E2
%80%93E2116+(2012)&aqs=chrome..69i
57.803j0j7&sourceid=chrome&ie=UTF-8

[127] Olejarz W, Kubiak-Tomaszewska G, 
Chrzanowska A, Lorenc T. Exosomes in 
angiogenesis and anti-angiogenic therapy 
in cancers. International Journal of 
Molecular Sciences. 2020;21:5840

[128] Communication in tiny packages: 
Exosomes as means of tumor-stroma 
communication - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/31926290/

[129] Zhao Z. Mechanisms of lncRNA/
microRNA interactions Available from:. 
https://scholar.google.com/scholar_look
up?title=Mechanisms+of+lncRNA/micr
oRNA+interactions+in+angiogenesis&a
uthor=Zhao,+Z.&author=Sun,+W.&au
thor=Guo,+Z.&author=Zhang,+J.&aut
hor=Yu,+H.&author=Liu,+B.&publicat
ion_year=2020&journal=Life+Sci.&volu
me=254&pages=116900&doi=10.1016/j.
lfs.2019.116900

[130] Whiteside TL. Tumor-derived 
exosomes and their role in cancer 



Exosomes - Recent Advances from Bench to Bedside

22

progression. Advances in Clinical 
Chemistry. 2016;74:103-141

[131] Internalization of Exosomes through 
Receptor-Mediated Endocytosis – 
Molecular Cancer Research – American 
Association for Cancer Research. Available 
from: https://aacrjournals.org/mcr/
article/17/2/337/90046/Internalization-of-
Exosomes-through-Receptor

[132] Schiera G, Di Liegro CM, Di 
Liegro I. Extracellular membrane 
vesicles as vehicles for brain cell-to-cell 
interactions in physiological as well 
as pathological conditions. BioMed 
Research International. 2015;2015:152926

[133] Sharples RA, Vella LJ, Nisbet RM, 
Naylor R, Perez K, Barnham KJ, et al. 
Inhibition of gamma-secretase causes 
increased secretion of amyloid precursor 
protein C-terminal fragments in 
association with exosomes. FASEB J. May 
2008;22(5):1469-1478. DOI: 10.1096/
fj.07-9357com. Epub 2008 Jan 2. PMID: 
18171695

[134] Yuyama K, Sun H, Mitsutake S, 
Igarashi Y. Sphingolipid-modulated 
exosome secretion promotes clearance 
of amyloid-β by microglia. Journal 
of Biological Chemistry. 30 Mar 
2012;287(14):10977-10989. DOI: 10.1074/
jbc.M111.324616. Epub 2012 Feb 2. 
PMID: 22303002; PMCID: PMC3322859

[135] Vandendriessche C, 
Bruggeman A, Van Cauwenberghe C, 
Vandenbroucke RE. Extracellular vesicles 
in Alzheimer’s and Parkinson’s disease: 
Small entities with large consequences. 
Cell. 2020;9:2485

[136] Familial Alzheimer’s disease 
mutations at position 22 of the amyloid 
β-peptide sequence differentially affect 
synaptic loss, tau phosphorylation and 
neuronal cell death in an ex vivo system. 
PLoS One

[137] Frontiers – The Role of Microglia 
in the Spread of Tau: Relevance for 
Tauopathies. Available from: https://
www.frontiersin.org/articles/10.3389/
fncel.2018.00172/full

[138] Depletion of microglia and 
inhibition of exosome synthesis halt 
tau propagation - PMC. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4694577/

[139] Cell biology and pathophysiology 
of α-synuclein. Available from: http://
perspectivesinmedicine.cshlp.org/
content/8/3/a024091

[140] Alvarez-Erviti L, Seow Y,  
Schapira AH, Gardiner C,  
Sargent IL, Wood MJ, Cooper JM.  
Lysosomal dysfunction increases 
exosome-mediated alpha-synuclein 
release and transmission. Neurobiol Dis. 
Jun 2011;42(3):360-367. DOI: 10.1016/j.
nbd.2011.01.029. Epub 2011 Feb 18. 
PMID: 21303699; PMCID: PMC3107939

[141] Desplats. Inclusion formation and 
neuronal cell death. Available from: 
https://scholar.google.com/scholar_look
up?journal=Proc+Natl+Acad+Sci+U+S+
A&title=Inclusion+formation+and+ne
uronal+cell+death+through+neuron-to-
neuron+transmission+of+alpha-synuclei-
n&author=P+Desplats&author=HJ+Lee
&author=EJ+Bae&author=C+Patrick&
author=E+Rockenstein&volume=106&
publication_year=2009&pages=13010-
13015&pmid=19651612&

[142] Hansen C et al. α-Synuclein 
propagates from mouse brain to grafted 
dopaminergic neurons and seeds 
aggregation in cultured human cells. 
The Journal of Clinical Investigation. 
2011;121:715-725

[143] Fan RZ, Guo M, Luo S, 
Cui M, Tieu K. Exosome release and 
neuropathology induced by α-synuclein: 



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

23

New insights into protective mechanisms 
of Drp1 inhibition. Acta Neuropathologica 
Communications. 2019;7:184

[144] Guo M et al. Microglial exosomes 
facilitate α-synuclein transmission in 
Parkinson’s disease. Brain: A Journal of 
Neurology. 2020;143:1476-1497

[145] Harischandra DS et al. Manganese 
promotes the aggregation and prion-
like cell-to-cell exosomal transmission 
of α-synuclein. Science Signaling. 
2019;12:eaau4543

[146] McMillan KJ et al. Loss of 
MicroRNA-7 regulation leads to 
α-synuclein accumulation and 
dopaminergic neuronal loss in vivo. 
Molecular Therapy. 2017;25:2404-2414

[147] Chen Y et al. MicroRNA-4639 is 
a regulator of DJ-1 expression and a 
potential early diagnostic marker for 
Parkinson’s disease. Frontiers in Aging 
Neuroscience. 2017;9:232

[148] (PDF) Glomerular endothelial 
derived vesicles mediate podocyte 
dysfunction: A potential role for miRNA. 
Available from: https://www.researchgate.
net/publication/340218215_Glomerular_
endothelial_derived_vesicles_mediate_
podocyte_dysfunction_A_potential_role_
for_miRNA

[149] Urinary extracellular vesicles as 
biomarkers of kidney disease: From 
diagnostics to therapeutics - PMC. 
Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC7277956/

[150] Reduced urinary release of AQP1- 
and AQP2-bearing extracellular vesicles 
in patients with advanced chronic kidney 
disease - Oshikawa-Hori - 2021 -  
Physiological Reports - Wiley Online 
Library. Available from: https://
physoc.onlinelibrary.wiley.com/doi/
full/10.14814/phy2.15005

[151] Hill N et al. Glomerular endothelial 
derived vesicles mediate podocyte 
dysfunction: A potential role for miRNA. 
PLoS One. 2020;15:e0224852

[152] Grange C, Bussolati B. Extracellular 
vesicles in kidney disease. Nature 
Reviews. Nephrology. 2022;18:499-513

[153] Sonoda H et al. miRNA profiling 
of urinary exosomes to assess the 
progression of acute kidney injury. 
Scientific Reports. 2019;9:4692

[154] Panich T et al. Urinary exosomal 
activating transcriptional factor 3 as 
the early diagnostic biomarker for 
sepsis-induced acute kidney injury. BMC 
Nephrology. 2017;18:10

[155] da Silva Novaes A, Borges FT, 
Maquigussa E, Varela VA, Dias MVS, 
Boim MA. Influence of high glucose 
on mesangial cell-derived exosome 
composition, secretion and cell 
communication. Sci Rep. 18 Apr 
2019;9(1):6270. DOI: 10.1038/s41598-
019-42746-1. Erratum in: Sci Rep. 2020 
Jan 29;10(1):1730. PMID: 31000742; 
PMCID: PMC6472340

[156] Clinical verification of a novel 
urinary microRNA panal: 133b, −342 
and −30 as biomarkers for diabetic 
nephropathy identified by bioinformatics 
analysis - PubMed. Available from: 
https://pubmed.ncbi.nlm.nih.
gov/27470555/

[157] Prabu P et al. MicroRNAs from 
urinary extracellular vesicles are non-
invasive early biomarkers of diabetic 
nephropathy in type 2 diabetes patients 
with the ‘Asian Indian phenotype’. 
Diabetes & Metabolism. 2019;45:276-285

[158] Salih M et al. Proteomics of urinary 
vesicles links plakins and complement 
to polycystic kidney disease. Journal of 
the American Society of Nephrology. 
2016;27:3079-3092



Exosomes - Recent Advances from Bench to Bedside

24

[159] Bruschi M et al. Proteomic analysis 
of urinary microvesicles and exosomes 
in medullary sponge kidney disease and 
autosomal dominant polycystic kidney 
disease. Clinical Journal of the American 
Society of Nephrology. 2019;14:834-843

[160] Mazzariol M, Camussi G, 
Brizzi MF. Extracellular vesicles tune 
the immune system in renal disease: A 
focus on systemic lupus erythematosus, 
antiphospholipid syndrome, thrombotic 
microangiopathy and ANCA-Vasculitis. 
International Journal of Molecular 
Sciences. 2021;22:4194

[161] Salomon C et al. A gestational 
profile of placental exosomes in maternal 
plasma and their effects on endothelial 
cell migration. PLoS One. 2014;9:e98667

[162] Liu Q, Piao H, Wang Y, 
Zheng D, Wang W. Circulating exosomes 
in cardiovascular disease: Novel carriers 
of biological information. Biomedicine & 
Pharmacotherapy. 2021;135:111148

[163] Cardiac myocyte exosomes: 
stability, HSP60, and proteomics -  
PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/23376832/

[164] Zhang X et al. Exosomes in cancer: 
Small particle, big player. Journal of 
Hematology & Oncology. 2015;8:83

[165] Bellin G et al. Exosome in 
cardiovascular diseases: A complex world 
full of hope. Cell. 2019;8:166

[166] Rezaie J et al. Cardioprotective 
role of extracellular vesicles: A highlight 
on exosome beneficial effects in 
cardiovascular diseases. Journal of 
Cellular Physiology. 2019;234:21732-21745

[167] Interstitial fibrosis and growth 
factors - PubMed. Available from: 
https://pubmed.ncbi.nlm.nih.
gov/10931794/

[168] Stem cell-derived exosomes, 
autophagy, extracellular matrix turnover, 
and miRNAs in cardiac regeneration 
during stem cell therapy - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/27807762/

[169] Exosomes secreted by cardiosphere-
derived cells reduce scarring, attenuate 
adverse remodelling, and improve 
function in acute and chronic porcine 
myocardial infarction - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/28158410/

[170] Kanninen KM, Bister N, 
Koistinaho J, Malm T. Exosomes as new 
diagnostic tools in CNS diseases. Biochim 
Biophys Acta. Mar 2016;1862(3):403-
410. DOI: 10.1016/j.bbadis.2015.09.020. 
Epub 2015 Oct 20. PMID: 26432482

[171] Beach: Exosomes: An overview of 
biogenesis, composition. Available from: 
https://scholar.google.com/scholar_look
up?journal=J+Ovarian+Res&title=Exos
omes:+an+overview+of+biogenesis,+co
mposition+and+role+in+ovarian+cancer
&author=A+Beach&author=HG+Zhang
&author=MZ+Ratajczak&author=SS+Ka
kar&volume=7&publication_year=2014
&pages=14&pmid=24460816&

[172] Li M et al. Analysis of the RNA 
content of the exosomes derived 
from blood serum and urine and its 
potential as biomarkers. Philosophical 
Transactions of the Royal Society of 
London. Series B, Biological Sciences. 
2014;369:20130502

[173] The Complete Exosome 
Workflow Solution: From Isolation to 
Characterization of RNA Cargo - PMC. 
Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3800616/

[174] Potential use of exosomes as 
diagnostic biomarkers and in targeted 
drug delivery: Progress in clinical and 



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

25

preclinical applications - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/33988964/

[175] The proteomic analysis of breast cell 
line exosomes reveals disease patterns 
and potential biomarkers - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/32782317/

[176] Moon P-G et al. Fibronectin on 
circulating extracellular vesicles as a 
liquid biopsy to detect breast cancer. 
Oncotarget. 2016;7:40189-40199

[177] Sandfeld-Paulsen B et al. Exosomal 
proteins as diagnostic biomarkers in lung 
cancer. Journal of Thoracic Oncology: 
Official Publication of the International 
Association for the Study of Lung 
Cancer. 2016;11:1701-1710

[178] Glypican-1 identifies cancer 
exosomes and detects early pancreatic 
cancer - PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/26106858/

[179] Exosomes in cancer development, 
metastasis, and drug resistance: A 
comprehensive review - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/23709120/

[180] Leng B et al. Plasma exosomal 
prion protein levels are correlated 
with cognitive decline in PD patients. 
Neuroscience Letters. 2020;723:134866

[181] Frontiers – Increased DJ-1 and 
α-synuclein in plasma neural-derived 
exosomes as potential markers 
for Parkinsons disease. Available 
from: https://www.frontiersin.org/
articles/10.3389/fnagi.2018.00438/full

[182] Oxidized DJ-1 levels in urine 
samples as a putative biomarker for 
Parkinson’s Disease - PMC. Available 
from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC5985070/

[183] Quantification of brain-derived 
extracellular vesicles in plasma as a 
biomarker to diagnose Parkinson’s and 
related diseases - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/30502924/

[184] Kitamura Y et al. Proteomic 
profiling of exosomal proteins for blood-
based biomarkers in Parkinson’s disease. 
Neuroscience. 2018;392:121-128

[185] Goetzl EJ et al. Altered lysosomal 
proteins in neural-derived plasma 
exosomes in preclinical Alzheimer 
disease. Neurology. 2015;85:40-47

[186] Agliardi C. SNAP-25 in serum is 
carried by exosomes. Available from: 
https://scholar.google.com/scholar_loo
kup?journal=Mol.+Neurobiol.&title=S
NAP-25+in+Serum+Is+Carried+by+Exos
omes+of+Neuronal+Origin+and+ 
Is+a+Potential+Biomarker+of 
+Alzheimer%E2%80%99s+Disease 
.&author=C.+Agliardi&author= 
F.+R.+Guerini&author=M.+Zanz
ottera&author=A.+Bianchi&auth
or=R.+Nemni&volume=56&pub
lication_year=2019&pages=5792-
5798&pmid=30680692&doi=10.1007/
s12035-019-1501-x&

[187] Chanteloup G. Exosomal HSP70 for 
monitoring of frontotempor Available 
from: https://scholar.google.com/
scholar_lookup?journal=J.+Alzheimers
+Dis.&title=Exosomal+HSP70+for+Mo
nitoring+of+Frontotemporal+Dementia
+and+Alzheimer%E2%80%99s+Diseas
e:+Clinical+and+FDG-PET+Correlation
.&author=G.+Chanteloup&author=M.
+Cordonnier&author=T.+Moreno-Ram
os&author=V.+Pytel&author=J.+Ma
tias-Guiu&volume=71&publication_
year=2019&pages=1263-1269&pmid= 
31498123&doi=10.3233/JAD-190545&

[188] Thongboonkerd V. Roles for 
exosome in various kidney diseases and 



Exosomes - Recent Advances from Bench to Bedside

26

disorders. Frontiers in Pharmacology. 
2020;10:1655

[189] Ståhl A, Johansson K, Mossberg M, 
Kahn R, Karpman D. Exosomes and 
microvesicles in normal physiology, 
pathophysiology, and renal diseases. 
Pediatric Nephrology (Berlin, Germany). 
2019;34:11-30

[190] Exosomal Fetuin-A identified by 
proteomics: A novel urinary biomarker 
for detecting acute kidney injury - PMC. 
Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC2277342/

[191] Urinary Excretion of Kidney 
Aquaporins as Possible Diagnostic 
Biomarker of Diabetic Nephropathy - 
PMC. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC5299189/

[192] Zhang Y et al. Harnessing the 
therapeutic potential of extracellular 
vesicles for cancer treatment. Seminars in 
Cancer Biology. 2021;74:92-104

[193] Plasma exosome microRNAs are 
indicative of breast cancer – Breast 
Cancer Research – Full Text. Available 
from: https://breast-cancer-research.
biomedcentral.com/articles/10.1186/
s13058-016-0753-x

[194] Zhai LY, et al. In Situ detection 
of plasma exosomal microrna-1246 
for breast cancer diagnostics by a Au 
nanoflare probe. ACS Applied Materials 
& Interfaces. 2018;10:39478-39486

[195] Exosomal miRNA profile as 
complementary tool in the diagnostic 
and prediction of treatment response 
in localized breast cancer under 
neoadjuvant chemotherapy - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/30728048/

[196] Yoshikawa M et al. Exosome-
encapsulated microRNA-223-3p as a 
minimally invasive biomarker for the 

early detection of invasive breast cancer. 
Oncology Letters. 2018;15:9584-9592

[197] Ni Q, Stevic I, Pan C, et al. Different 
signatures of miR-16, miR-30b and 
miR-93 in exosomes from breast 
cancer and DCIS patients. Scientific 
Reports. 2018;8:12974. Available from: 
https://www.nature.com/articles/
s41598-018-31108-y

[198] Stevic I, Müller V, Weber K, et al. 
Specific microRNA signatures in exosomes 
of triple-negative and HER2-positive 
breast cancer patients undergoing 
neoadjuvant therapy within the GeparSixto 
trial. BMC Medicine. 2018;16:179. DOI: 
10.1186/s12916-018-1163-y

[199] Cazzoli R et al. microRNAs 
derived from circulating exosomes as 
noninvasive biomarkers for screening 
and diagnosing lung cancer. Journal 
of Thoracic Oncology: Official 
Publication of the International 
Association for the Study of Lung 
Cancer. 2013;8:1156-1162

[200] Jin X et al. Evaluation of tumor-
derived exosomal miRNA as potential 
diagnostic biomarkers for early-stage 
non-small cell lung cancer using 
next-generation sequencing. Clinical 
Cancer Research : An Official Journal 
of the American Association for Cancer 
Research. 2017;23:5311-5319

[201] Exosome-derived microRNA: 
Efficacy in Cancer - PMC. Available 
from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC8460558/

[202] Liu W, Chen S, Liu B. Diagnostic 
and prognostic values of serum 
exosomal microRNA-21 in children with 
hepatoblastoma: A Chinese population-
based study. Pediatric Surgery 
International. 2016;32:1059-1065

[203] Jiao C, Jiao X, Zhu A, Ge J, Xu X. 
Exosomal miR-34s panel as potential 



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

27

novel diagnostic and prognostic 
biomarker in patients with 
hepatoblastoma. Journal of Pediatric 
Surgery. 2017;52:618-624

[204] Lai X et al. A microRNA signature 
in circulating exosomes is superior 
to exosomal glypican-1 levels for 
diagnosing pancreatic cancer. Cancer 
Letters. 2017;393:86-93

[205] Cheng L et al. Prognostic serum 
miRNA biomarkers associated with 
Alzheimer’s disease shows concordance 
with neuropsychological and 
neuroimaging assessment. Molecular 
Psychiatry. 2015;20:1188-1196

[206] Manna I, De Benedittis S, 
Quattrone A, Maisano D, Iaccino E, 
Quattrone A. Exosomal miRNAs as 
potential diagnostic biomarkers in 
Alzheimer’s disease. Pharmaceuticals 
(Basel). 2020;13(9):243. DOI: 10.3390/
ph13090243. PMID: 32932746; PMCID: 
PMC7559720

[207] McKeever PM et al. MicroRNA 
expression levels are altered in 
the cerebrospinal fluid of patients 
with young-onset Alzheimers 
disease. Molecular Neurobiology. 
2018;55:8826-8841

[208] Altered microRNA profiles in 
cerebrospinal fluid exosome in Parkinson 
disease and Alzheimer disease - PMC. 
Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4741914/

[209] Dos Santos MCT et al. miRNA-
based signatures in cerebrospinal fluid 
as potential diagnostic tools for early 
stage Parkinson’s disease. Oncotarget. 
2018;9:17455-17465

[210] Margis R, Margis R, Rieder CRM. 
Identification of blood microRNAs 
associated to Parkinsonĭs disease. Journal 
of Biotechnology. 2011;152:96-101

[211] Ramaswamy P, Yadav R, Pal PK, 
Christopher R. Clinical application of 
circulating MicroRNAs in Parkinson’s 
disease: The challenges and opportunities 
as diagnostic biomarker. Annals of Indian 
Academy of Neurology. 2020;23:84

[212] The extracellular miRNA fingerprint 
of kidney disease: A narrative review -  
Miguel - ExRNA. Available from: 
https://exrna.amegroups.com/article/
view/64320/html

[213] Circulating miR-210 predicts 
survival in critically ill patients with 
acute kidney injury - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/21700819/

[214] JCI Insight - The negative feedback 
loop of NF-κB/miR-376b/NFKBIZ in 
septic acute kidney injury. Available 
from: https://insight.jci.org/articles/
view/142272

[215] Fan PC, Chen CC, Peng CC, 
et al. A circulating miRNA signature 
for early diagnosis of acute kidney 
injury following acute myocardial 
infarction. Journal of Translational 
Medicine. 2019;17:139. DOI: 10.1186/
s12967-019-1890-7

[216] Aguado-Fraile E, Ramos E, 
Conde E, Rodríguez M, Martín-Gómez L, 
Lietor A, et al. A pilot study identifying 
a set of microRNAs as precise diagnostic 
biomarkers of acute kidney injury. PLoS 
One. 2015;10(6):e0127175. DOI: 10.1371/
journal.pone.0127175 

[217] miR-192 Mediates TGF-β/Smad3-
Driven Renal Fibrosis - PMC. Available 
from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC2938591/

[218] Barutta F, Tricarico M, Corbelli A, 
et al. Urinary exosomal microRNAs in 
incipient diabetic nephropathy. PLoS 
One. 2013;8:e73798 Available from: 



Exosomes - Recent Advances from Bench to Bedside

28

https://www.google.com/search?q=.Bar
utta+F%2C+Tricarico+M%2C+Corbelli
+A%2C+et+al.+Urinary+exosomal+micr
oRNAs+in+incipient+diabetic+nephrop
athy.+PLoS+One+2013%3B8%3Ae73798.
&oq=.Barutta+F%2C+Tricarico+M%2C+
Corbelli+A%2C+et+al.+Urinary+exosom
al+microRNAs+in+incipient+diabetic+n
ephropathy.+PLoS+One+2013%3B8%3Ae
73798.&aqs=chrome..69i57.554j0j4&sour
ceid=chrome&ie=UTF-8

[219] The expression of miR-192 and its 
significance in diabetic nephropathy 
patients with different urine albumin 
creatinine ratio - PMC. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4736386/

[220] miRNAs in urine extracellular 
vesicles as predictors of early-stage 
diabetic nephropathy - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/26942205/

[221] Serum miR-21 may be a potential 
diagnostic biomarker for diabetic 
nephropathy - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/26575121/

[222] Zang J, Maxwell AP, Simpson DA, 
et al. Differential expression of urinary 
exosomal MicroRNAs miR-21-5p 
and miR-30b-5p in individuals with 
diabetic kidney disease. Scientific 
Reports. 2019;9:10900. DOI: 10.1038/
s41598-019-47504-x

[223] Han Q , Zhang Y, Jiao T, et al. 
Urinary sediment microRNAs can be 
used as potential noninvasive biomarkers 
for diagnosis, reflecting the severity 
and prognosis of diabetic nephropathy. 
Nutrition & Diabetes. 2021;11:24. 
DOI: 10.1038/s41387-021-00166-z

[224] MicroRNA-135a is involved in 
podocyte injury in a transient receptor 
potential channel 1-dependent 

manner. Available from: https://www.
spandidos-publications.com/10.3892/
ijmm.2017.3152

[225] Delić D et al. Urinary exosomal 
miRNA signature in type II diabetic 
nephropathy patients. PLoS One. 
2016;11:e0150154

[226] Eissa S, Matboli M, Aboushahba R, 
Bekhet MM, Soliman Y. Urinary exosomal 
microRNA panel unravels novel 
biomarkers for diagnosis of type 2 diabetic 
kidney disease. Journal of Diabetes and its 
Complications. 2016;30:1585-1592

[227] Urinary exosomal MiRNA-4534 as a 
novel diagnostic biomarker for diabetic 
kidney disease - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/32982978/

[228] Atala A. Re: Circulating miR-
103a-3p contributes to angiotensin 
II-induced renal inflammation and 
fibrosis via a SNRK/NF-κB/p65 
regulatory axis. The Journal of Urology. 
2020;203:34-35

[229] Serum microRNA profiles in 
patients with autosomal dominant 
polycystic kidney disease show 
systematic dysregulation partially 
reversible by hemodialysis - PubMed. 
Available from: https://pubmed.ncbi.
nlm.nih.gov/34900055/

[230] Serum micro-RNA profiles in 
patients with autosomal dominant 
polycystic kidney disease according 
to hypertension and renal function 
- PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/28558802/

[231] Fan J, Ren M, He Y. Diagnostic and 
Therapeutic Properties of Exosomes in 
Cardiac Fibrosis. Frontiers in Cell and 
Development Biology. 4 Jul 2022;10:931082. 
DOI: 10.3389/fcell.2022.931082. PMID: 
35859903; PMCID: PMC9289295



Exosomes: The Surreptitious Intercellular Messengers in the Body
DOI: http://dx.doi.org/10.5772/intechopen.110779

29

[232] Wang L, Liu J, Xu B, Liu Y-L, Liu Z. 
Reduced exosome miR-425 and miR-744 
in the plasma represents the progression 
of fibrosis and heart failure. The 
Kaohsiung Journal of Medical Sciences. 
2018;34:626-633

[233] Li J et al. Mir-30d regulates cardiac 
remodeling by intracellular and paracrine 
signaling. Circulation Research. 
2021;128:e1-e23

[234] Cheng Y et al. A translational study 
of circulating cell-free microRNA-1 
in acute myocardial infarction. 
Clinical Science (London, England). 
2010;1979(119):87-95

[235] D’Alessandra Y et al. 
Circulating microRNAs are new and 
sensitive biomarkers of myocardial 
infarction. European Heart Journal. 
2010;31:2765-2773

[236] Widera C et al. Diagnostic and 
prognostic impact of six circulating 
microRNAs in acute coronary syndrome. 
Journal of Molecular and Cellular 
Cardiology. 2011;51:872-875

[237] Olivieri F et al. Diagnostic potential 
of circulating miR-499-5p in elderly 
patients with acute non ST-elevation 
myocardial infarction. International 
Journal of Cardiology. 2013;167:531-536

[238] Diagnostic and prognostic value of 
miR-1 and miR-29b on adverse ventricular 
remodeling after acute myocardial 
infarction - The SITAGRAMI-miR analysis 
- PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/28663047/

[239] MicroRNA29: a mechanistic 
contributor and potential biomarker in 
atrial fibrillation - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/23459615/

[240] D’Alessandra Y, Carena MC, 
Spazzafumo L, Martinelli F, Bassetti B, 

Devanna P, et al. Diagnostic potential 
of plasmatic MicroRNA signatures in 
stable and unstable angina. PLoS One. 
2013;8(11):e80345. DOI: 10.1371/journal.
pone.0080345

[241] Fichtlscherer S et al. Circulating 
microRNAs in patients with coronary 
artery disease. Circulation Research. 
2010;107:677-684

[242] Wagner J et al. Characterization of 
levels and cellular transfer of circulating 
lipoprotein-bound microRNAs. 
Arteriosclerosis, Thrombosis, and 
Vascular Biology. 2013;33:1392-1400

[243] Chen X, Luo Q. Potential clinical 
applications of exosomes in the diagnosis, 
treatment, and prognosis of cardiovascular 
diseases: A narrative review. Annals of 
Translational Medicine. 2022;10:372-372

[244] Fang L, Ellims AH, Moore Xl, 
et al. Circulating microRNAs as 
biomarkers for diffuse myocardial 
fibrosis in patients with hypertrophic 
cardiomyopathy. Journal of Translational 
Medicine. 2015;13:314. DOI: 10.1186/
s12967-015-0672-0

[245] Roncarati R et al. Circulating 
miR-29a, among other up-regulated 
microRNAs, is the only biomarker for 
both hypertrophy and fibrosis in patients 
with hypertrophic cardiomyopathy. 
Journal of the American College of 
Cardiology. 2014;63:920-927

[246] Prognostic value of circulating 
microRNAs on heart failure-related 
morbidity and mortality in two large 
diverse cohorts of general heart 
failure patients - PubMed. Available 
from: https://pubmed.ncbi.nlm.nih.
gov/28949058/

[247] Serially measured circulating 
microRNAs and adverse clinical 
outcomes in patients with acute heart 



Exosomes - Recent Advances from Bench to Bedside

30

failure - PubMed. Available from: https://
pubmed.ncbi.nlm.nih.gov/28948688/

[248] Ovchinnikova ES et al. Signature of 
circulating microRNAs in patients with 
acute heart failure. European Journal of 
Heart Failure. 2016;18:414-423


