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Abstract. Studies on extracellular vesicles have increased in 
recent years. The multi‑dimensional nature of their roles in 
cellular homeostasis, cell‑to‑cell and tissue‑to‑tissue commu‑
nication at the level of the organism, as well as their actions on 
the holobiome (intra‑/interspecies interaction), have garnered 
the interest of a large number of researchers. Exosomes are 
one of the most researched classes of extracellular vesicles 
because they are carriers of targeted protein and DNA/RNA 
loads. Their multi‑functional cargo have been indicated to 
regulate a vast number of biological pathways in target cells. 
However, the mechanisms governing these interactions have 
not yet been fully determined. Endocrinology, by definition, 
focuses on homeostatic, and cell‑to‑cell and tissue‑to‑tissue 
communication mechanisms. Therefore exosomes should be 
included in this research topic. Exosomes have previously been 
associated with a number of endocrine disorders, including 

obesity, type 2 diabetes mellitus, disorders of the reproductive 
system and cancer. Furthermore, their biogenesis, composition 
and function have been associated with viruses, an entirely 
different domain of life. The profound roles of exosomes in 
homeostasis, stress and several pathological conditions, in 
conjunction with their selective and cell‑specific composi‑
tion/function, allude to their use as promising circulating 
clinical biomarkers of systemic stress and specific pathologic 
states, and as biocompatible vehicles of therapeutic cargo. 
The current review provides information on exosomes and 
discusses their endocrine implications.

Contents

1. Introduction
2. An in‑depth view of exosomes
3. Cell‑to‑cell interactions and the microenvironment
4. Biological processes
5. Disorders of the endocrine system and exosomes
6. Exosome‑based personalized medical applications
7. Conclusion

1. Introduction

Exosomes are small lipid bilayer‑surrounded extracellular 
vesicles released from cells into the extracellular space or 
biological fluids (1,2). The biological fluids exosomes are 
found in abundance in include blood, saliva, milk, urine, 
semen, and bile juice (3). These vesicles are carriers of active 
or non‑autonomous function biomolecules, such as proteins, 
lipids, DNA, mRNA and non‑coding regulatory RNA. 
Exosomal markers include microRNAs like miR‑21 and 
miR‑141, plus various proteins that belong in functional groups 
such as tetraspanins (CD9, CD63 and CD81), heat shock 
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proteins (Hsp70, Hsp73 and Hsp90) and membrane trans‑
porters (GTPases) (4). Exosomes, via their cargo or surface 
composition, are signals/mediators of systemic homeostasis 
and stress for specific cell‑to‑cell or tissue‑to‑tissue commu‑
nication (5). They are an integral part of the later phase of the 
cellular stress response, i.e. the stress‑induced senescence‑like 
phenotype, as well as the senescence‑associated secretory 
phenotype. Because of their expanding roles in the endocrine 
regulation of homeostasis and stress, and their involvement in 
human pathophysiology, exosomes are now the epicenter of a 
new field, termed ‘exosomics’ (3).

Extracellular vesicles (EVs) comprise a large spectrum of 
lipid bilayer‑covered micro‑particles; based on their size‑range, 
they can be broadly classified into three distinct classes: 
microvesicles (MVs), exosomes and apoptotic bodies (ABs) 
(Fig. 1) (6). Microvesicles have a diameter ranging from 
100 nm to 1 µm and are released by cell membrane budding. 
Exosomes have a diameter in the range of 30‑120 nm. They 
are derived by a targeted mechanism from the cell endocytic 
compartment and are formed and stored within the intracel‑
lular multivesicular bodies (MVBs). Lastly, apoptotic bodies 
have a diameter from 50 nm to 5 µm, the latter a dimension 
similar to that of platelets (2‑3 µm). They originate from the 
blebbing of dying cells (1,7,8).

Exosomes have been heavily researched in the past few 
years. Numerous technologies have been developed both for 
the isolation and characterization of these vesicles (4). Exosome 
isolation methods include differential centrifugation, density 
gradient centrifugation, size exclusion chromatography, 
ultrafiltration, polymer‑based precipitation, immunological 
separation and isolation by sieving (4). The characterization 
technologies used for exosomes make use of biophysical 
methods, such as optical particle tracking that measures from 
10 nm to 2 µm, molecular methods, such as Raman spectrom‑
etry that provides the chemical structure of the exosomes, 
and microfluidic methods that make use of immunoisolation 
and targeted protein analysis of circulating exosomes (4,9). 
Exosomes appear to have major roles in both the physiology 
and pathophysiology of multicellular organisms (10). When 
they are released under physiological conditions, exosomes 
are essential for proper immune system function, while under 
pathological circumstances, they potentiate cellular stress and 
damage (11). Some of the diseases associated with exosomes 
are the cardiometabolic and neurodegenerative disorders and 
cancer (11). Finally, exosomes have a significant role in viral 
infections (12). Virus‑infected cells release exosomes that 
contain a variety of viral and host cellular factors that can 
modify recipient host cell responses (12).

The research on exosomes is expanding the traditional 
view on endocrine and neuroendocrine signaling mechanisms. 
Traditionally, endocrine mechanisms include specialized 
groups of cells, the glands, their molecular mediators, which 
are secreted in the general circulation, i.e., the hormones and 
the distant target tissues of the latter (13). Hormones are unique 
chemical messengers that can be recognized by specific recep‑
tors in their target tissues (13). As exosomes carry bioactive 
molecules from donor cells and express surface proteins that 
allow them to transfer their contents into their target cells, they 
themselves or their cargo may function as ‘hormones’. They 
can, thus, participate as such in an autocrine, i.e., local signals 

between the same type of cells, paracrine, i.e., local signals 
between different types of cells, or endocrine, i.e., distant 
signals between any type of cell reaching their target cells via 
the systemic or local circulation (14,15).

Therefore, taking into consideration the involvement of 
exosomes in current endocrine research, we suggest that they 
can provide useful information and lead to a large number 
of potential clinical applications. Some of these applications 
include their use as biomarkers and as a novel method of 
message or drug delivery (16).

2. An in‑depth view of exosomes

Biogenesis. The classification of EVs is mainly based on 
the mechanisms of their biogenesis. Exosome biogenesis 
begins within the endosomal system, apoptotic bodies are 
released by cells undergoing programmed death, i.e. apop‑
tosis, while microvesicles are derived directly from plasma 
membrane blebbing (17). Early endosomes grow into late 
endosomes by acidification, changes in their protein content, 
and increased ability to fuse with other membranes. Late 
endosomes then form multivesicular bodies (MVBs) through 
reverse budding, during which the endosomal membrane 
invaginates to form intraluminal vesicles (ILVs) (18). 
Multivesicular bodies transport molecules that have been 
marked by mono‑ubiquitination or by tetraspanins. The 
endosomal sorting complexes required for transport 
(ESCRT) mediate one of the main mechanisms of incorpo‑
ration of molecules into ILVs (19). MVBs may then follow 
different pathways: i) directed to lysosomes for content 
degradation; ii) transported to the plasma membrane to fuse 
with it and release the ILVs outside the cell as exosomes; iii) 
directed to the plasma membrane to present antigen‑loaded 
major histocompatibility complex (MHC) class II molecules; 
and iv) recycled (18‑20).

It appears that different types of cells may be under 
conditions and/or exposed to factors that promote the release 
of some MVBs as exosomes. Apart from sorting through 
the aforementioned ESCRT, another possible mechanism is 
one in which cargo is sorted to specific lipid‑raft‑enriched 
microdomains that are associated with ILVs destined for 
exosome release (20). This possibility is supported by the fact 
that post‑translational modifications, such as N‑glycosylation, 
direct proteins to specific microdomains on the limiting 
membrane of late endosomes to sort into ILVs also destined 
for exosome release (20).

Multivesicular bodies' transport within the cell and 
towards the cell membrane is based on interactions with 
actin and microtubes of the cytoskeleton (21). Many proteins 
partake in MVB fusion with the plasma membrane and subse‑
quent exosome release. Specifically, the GTPase family of 
Rab proteins appears to be of high importance in regulating 
vesicle tethering and fusion (22). This protein family action 
on exosome release seems to be cell‑specific. Different cells 
possibly use different Rab proteins to regulate exosome 
release in response to membrane fusion (21). Another group 
of proteins that may have an important role in membrane 
fusion and exosome secretion are the SNAP receptor proteins 
(SNARE), which are regulators of vesicle docking and 
fusion (22). The involvement of these proteins in the release of 
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the final exosomes in response to membrane fusion is through 
the formation of a SNARE complex composed of proteins 
containing three‑fourth coiled‑coil helices (21).

3. Cell‑to‑cell interactions and the microenvironment

As already mentioned, the role of exosomes as generic or 
specific carriers of signals and regulatory molecules through 
a pathway of intercellular vesicle traffic is one of the main 
reasons for the explosion of exosome research (23). After their 
release, a number of set events characterize exosome function. 
First, they undergo a change in their environment, as they 
move from the cytoplasm and cell surface to the extracellular 
fluid. Subsequently, exosomes interact with the plasma and 
endocytic membranes of target cells. Last, the ensuing fusions 
between exosomes and cell membranes complete the exosome 
signaling pathway (24).

All EVs showcase a number of common attributes. On 
release, some extracellular vesicles cannot remain intact, their 
membranes break down, and their bioactive cargo is expelled 
into the extracellular space. The released contents‑which may 
include bioactive molecules, such as interleukin‑1β, growth 
factors, and tissue factors‑bind their corresponding recep‑
tors in adjacent cells and activate rapid responses (25). Most 
EVs, though, maintain their structure and, therefore, survive 
in the extracellular fluid, even for long periods of time (24). 
Extracellular vesicles that persist in biological fluids may 
promote degradation of the extracellular matrix by their 

transmembrane proteases, an important mechanism for the 
circulation of macrophages and for tissue invasion by cancer 
cells (25). After their release, EVs can accumulate in the 
extracellular spaces close to intercellular junctions, moving 
between and through cells so they may leave the initial fluid 
and move to adjacent areas or tissues (24). Later on, these 
extracellular vesicles do not interact generally with any type of 
cell, but rather showcase a preference for specifically targeted 
cells (25). The mechanisms that dictate this ability of EVs are 
still under research.

A few mechanisms have been proposed specifically 
for exosome‑mediated cell‑to‑cell interaction: i) exosome 
membrane proteins may interact with their corresponding 
membrane receptors on target cells, activating intracellular 
signaling; ii) exosome membrane proteins may be cleaved 
by proteases, and the resultant soluble fragments may act as 
ligands that bind to cell surface receptors; or iii) exosomes may 
be internalized by their target cells, releasing their cargo and 
activating downstream events within the receiving cells (26).

In the last‑mentioned mechanism, exosome cargo delivery 
is responsible for the transport of genetic information between 
cells (27). Specifically, the RNA cargo of exosomes, including 
both mRNAs and noncoding (nc) RNAs, seems to be of high 
importance. This RNA appears to be functional in target 
cells and can modulate gene activity and/or protein produc‑
tion (28). Particularly, microRNAs, a class of regulatory 
small endogenous non‑coding RNAs, have been thoroughly 
researched for their possible clinical applications (29‑31).

Figure 1. Biogenesis and classification of extracellular vesicles. AB, apoptotic bodies; MVBs, multivesicular bodies; MVs, microvesicles; ILVs, intraluminal 
vesicles.



VLACHAKIS et al:  EXOSOMES AND THE ENDOCRINE SYSTEM4

4. Biological processes

Exosome function and heterogeneity depend on the cell of 
origin and the conditions at the time of exosome generation 
in the originating tissues or cells (32). Exosomes partake in 
a wide number of biological processes, beyond inter‑cellular 
communication. Some of these processes include angiogen‑
esis, antigen presentation, inflammation, cellular homeostasis, 
apoptosis, and cell differentiation (32).

Angiogenesis. Angiogenesis is a process in which new blood 
vessels arise from preexisting vasculature (33). Microcirculation 
is vital for tissue homeostasis by regulating the supply of 
oxygen and nutrients and removing products of cellular metab‑
olism. As exosomes can carry several biomolecules to target 
cells and alter their phenotype, it is not surprising that they can 
be carriers of pro‑ or anti‑angiogenic signaling molecules (34). 
Exosomes derived by mesenchymal stem cells (MSC‑derived 
exosomes) may carry microRNAs with angiogenic effect, such 
as miR‑21 which activates the ACT and ERK pathways of the 
recipient cell and promotes vascular endothelial growth factor 
(VEGF), a signaling molecule which promotes the growth of 
new blood vessels (35). On the other hand, platelet‑derived 
exosomes from human septic patients contain the p22phox and 
gp91phox subunits of the NADPH oxidase, which is associated 
with endothelial cell apoptosis and dysfunction, thus show‑
casing anti‑angiogenic effects (34). A pathological condition 
that exploits exosome role in angiogenesis is cancer. Cancer 
cells are in need of a constant supply of nutrients, oxygen, and 
growth factors. Angiogenesis provides new blood vessels that 
can supply cancer cells with the requirements mentioned above 
for survival. These blood vessels can promote tumor growth 
and metastasis formation. Exosomes seem to be mediators of 
such mechanisms because tumor cell‑derived exosomes seem 
to promote angiogenesis (34).

Immunity. Exosomes secreted by antigen‑presenting cells 
(APCs), such as dendritic cells (DCs), carry molecules involved 
in antigen presentation, for instance, MHC class I and II 
molecules and molecules involved in T‑cell stimulation, such 
as CD86 (36). Particularly, antigens internalized by DCs and 
other professional APCs are processed into peptides and are 
incorporated into MHC class I (peptide‑bound MHC I/pMHCI) 
or MHC class II (peptide‑bound MHCII/pMHCII) molecules, 
which can later be transported to the extracellular space in 
extracellular vesicles such as exosomes (37). MHC class II 
molecules that are found on antigen‑presenting cells‑derived 
exosomes can stimulate CD4+ T‑cells (36). Specifically, in the 
case of DC‑derived exosomes, antigen‑specific pMHCII found 
on the surface of the mentioned exosomes can activate the 
T‑cell antigen receptor on the CD4+ T‑cells and either stimulate 
them to proliferate directly or indirectly through the help of 
additional DCs. The need for additional DCs is dependent on 
the abundance of co‑stimulatory molecules expressed in the 
exosome membrane (37). CD4+ T‑cells have an important role 
in adaptive immunity, where they mediate immune responses 
through the secretion of specific cytokines (38). MHC class I 
molecules found on APC‑derived exosomes could potentially 
activate CD8+ T‑cells (36). Indeed, it has been shown that 
DC‑derived exosome feature functional pMHCI molecules and 

can activate CD8+ T‑cell clones either alone or when incubated 
with DCs that express allogeneic MHC class I molecules (39). 
Naïve CD8+ T‑cells can react to pathogens through expansion 
and differentiation into cytotoxic effector cells that can wander 
to all corners of the body to clear infections (40).

Inflammation. Exosome cargo has been shown to alter 
recipient cell functions, including changes in inflammatory 
responses (41). The above, along with the fact that different 
immune cells, such as macrophages, can both produce 
exosomes and receive mentioned vesicles, implies an impor‑
tant role for exosomes in inflammation (41). Exosomes have 
been associated with a number of pro‑inflammatory cytokines, 
such as tumor necrosis factor‑alpha (TNF‑α), interleukin‑1 
beta (IL‑1β) and interleukin‑6 (IL‑6), while they have also 
been associated with microRNAs showcasing anti‑inflam‑
matory actin such as miR‑155 and miR‑146a (41). Moreover, 
exosomes have also been associated with inflammation‑related 
molecules, like small heat shock proteins (HSPs) (42). Some 
of these proteins are induced in response to stressful events, 
while others are expressed at a constant rate (42).

Apoptosis. The secretion of exosomes plays an essential role 
in maintaining cellular homeostasis of exosome‑secreting 
cells (43). It is speculated that EVs may remove harmful 
cytoplasmic DNA from cells. The accumulation of such DNA 
causes activation of the cytoplasmic DNA‑sensing machinery 
that promotes the innate immune response. This accumula‑
tion could lead to activation of reactive oxygen species 
(ROS)‑dependent DNA damage response, resulting in cell 
cycle arrest and/or apoptosis in physiological human cells (43).

Apoptosis is an evolutionarily conserved mechanism of 
programmed cell death in multicellular organisms (44). These 
organisms need to tightly regulate their number of cells, which 
is achieved, among other mechanisms, through coupling of 
cell division and apoptosis control (45). Under normal circum‑
stances, apoptosis helps maintain homeostasis by eliminating 
unwanted cells as a response to particular molecular signals. 
Apoptotic mechanisms are mainly characterized by condensa‑
tion of chromatin material, DNA fragmentation in the nucleus, 
and cell shrinkage (46). Exosomes can induce cell cycle arrest 
and apoptosis in specific cells (32). A pathological condition 
making use of this exosomal ability includes exosomes derived 
from liver metastases of colorectal cancer. These exosomes 
can inhibit cell proliferation and induce T‑cell apoptosis by 
carrying the Fas ligand (32). Moreover, apoptotic cells them‑
selves release exosomes with specific attributes (47), through 
which they communicate with neighboring cells. These apop‑
totic cell‑derived‑exosomes seem to regulate inflammation and 
immune response (47,48). Specifically, apoptotic cell‑derived 
exosomes produced from endothelial cells carry ncRNAs, 
which can stimulate retinoic acid‑inducible gene I‑like recep‑
tors (RIG‑I‑like receptors) and toll‑like receptors (TLRs) to 
promote inflammation, while apoptotic cell‑derived exosomes 
produced from thymocytes induces TGFβ in macrophages and 
suppresses immune response (48).

Differentiation. Cell differentiation is a vital process in multicel‑
lular organisms and is involved in several biological functions, 
such as development, growth and reproduction (49). Exosomes, 
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as significant mediators of intercellular communication, have 
been implied to participate in stem cell differentiation (50). 
A prime example is exosomes derived from cells cultured 
under osteogenic conditions (osteogenic exosomes), which 
can be endocytosed by human marrow‑derived stromal cells 
(HMSCs) and lead to cell differentiation. Specifically, osteo‑
genic exosomes lead to an increase in the expression levels 
of growth factors bone morphogenetic protein 9 (BMP9) and 
transforming growth factor β1 (TGFβ1), which have been 
described as good inducers of osteogenic differentiation of 
MSCs (50).

Stress. Living organisms have to cope with various challenges 
during their lifespan. In order to cope with such challenges, 
living organisms are programmed to maintain an inner 
biological equilibrium, between an abiotic (chemical/physical) 
environment and the holobiome of all interacting life species. 
This inner equilibrium or homeostasis is vital for proper 
organism function (51). Unforeseen internal or external 
stimuli, the stressors, can threaten homeostasis, and the state of 
threatened, or perceived as such, homeostasis is called stress. 
Exposure to stressors induces a highly adaptive and integrated 
response system, the stress system, whose main goal is the 
re‑establishment of homeostasis (51,52). Precise communi‑
cation among organs and cells is essential in maintaining 
homeostasis and responding to stressors. A system that 
includes precise communication mechanisms affiliated with 
the maintenance of homeostasis is the endocrine system (53). 
Exosomes are important mediators of inter‑cellular commu‑
nication and, therefore, partake in mechanisms related to 
homeostasis. These vesicles may act as important components 
of a complex endocrine system that provides endocrine, 
paracrine and autocrine signals (54).

Exosomes have a role in stress physiology (55). Supporting 
this concept is the fact that exosomes ubiquitously express 
membrane proteins that are associated with stress, like Hsp72, 
which also exert pro‑inflammatory effects (56). It has been 
demonstrated that exposure to acute stressors in the absence 
of injury, inflammation, or disease can alter exosome compo‑
sition to boost innate immunity (55). Such alterations may 
include changes in both exosome membrane proteins and the 
vesicular microRNA cargo.

These circulating stress‑modified exosomes may have 
an immunomodulatory role (55). Evidence shows that in the 
absence of stress or pathology, exosomes generally downregu‑
late immune processes. This may be due to their microRNA 
cargo, which includes molecules, such as mir‑126, that exert 
anti‑inflammatory effects (56). Stress exposure, on the other 
hand, increases the Hsp72 content and reduces the microRNA 
cargo of blood‑borne exosomes, changing their role from 
immunosuppressive to immunostimulatory (56).

Cell‑to‑virus interaction. As mentioned above, exosomes have 
an essential role in viral pathogenesis and immunity (12). 
Under physiological conditions, exosomes can stimulate 
immune cells and present viral antigens in response to viral 
infection (12). In pathological conditions, viral infection alters 
the composition of exosomes and their functions (57). Viruses 
appear to co‑opt exosome communication through a number of 
mechanisms that promote viral propagation. In the case of the 

hepatitis C virus (HCV), the viral genome can enter ILVs and 
be secreted later within exosomes, which, thus, act as infec‑
tious particles (58). In the case of other viruses, such as the 
Epstein‑Barr virus (EBV), exosomes may carry viral proteins 
that promote infectivity (59). Furthermore, in EBV infections, 
exosomes derived from infected cells may carry host proteins 
that modulate the immune response and boost infectivity (60). 
Another mechanism used by the human immunodeficiency 
virus (HIV) involves the incorporation of viral nucleic acid 
in exosomes, which can improve and sustain the production 
of the HIV in infected cells (59). Last, exosomes derived 
from viruses, such as the herpes simplex virus 1 (HSV1), may 
carry microRNAs that eliminate production of host proteins 
associated with anti‑viral responses (59).

An intriguing observation on the connection between 
exosomes and viruses is that they display a number of similari‑
ties in their formation, architecture and molecular mechanisms 
of action, including the biogenesis and transportation of 
functional nucleic acids and proteins (12). In regards to biogen‑
esis, enveloped viruses, like HIV, make use of the ESCRT 
machinery to facilitate viral budding (61). Furthermore, as 
exosomes and viruses can deliver active biomolecules from 
one cell to another, they both have been implicated in playing 
a major role in evolution (62).

On the topic of evolution, exosomes may contain proteins 
encoded by endogenous retroviruses (ERVs), which are genetic 
remnants of ancient retroviral infections (23). None of the 
human endogenous retroviruses are truly functional, but some 
of the proteins they encode have evolved to execute physi‑
ological functions, while aberrant expression of such proteins 
has been associated with various diseases (23). Moreover, 
the presence of functional genetic material in exosomes 
and viruses, indicates that they may function as potential 
mediators of horizontal gene transfer, not only between cells 
of the same organism but also across different species (63). 
All of the above similarities provide an incentive to further 
research the connection between exosomes and viruses, both 
in an evolutionary and molecular manner.

5. Disorders of the endocrine system and exosomes

Dysregulation of the endocrine system has been associated 
with a large number of pathological conditions. Some of these 
include obesity, type 2 diabetes mellitus (T2DM), disorders of 
the reproductive system, and various forms of cancer, such as 
breast, testicular, and ovarian cancer (64). Exosomes have been 
implicated in many of these and other pathological conditions.

Obesity is a chronic disorder characterized by excessive 
accumulation of body fat that increases health risks (65). 
Exosomes have a role in obesity and its metabolic complica‑
tions through their action as mediators of communication 
between adipose tissue, skeletal muscle, liver and immune 
cells (66). Studies have shown that adipose‑derived exosome 
microRNAs are differentially expressed between lean and 
obese individuals (66). Furthermore, research in animal 
models of obesity indicates that treatment of lean mice with 
exosomes containing obesity‑associated microRNA mimics, 
induces central obesity and hepatic steatosis (67). A suggested 
mechanism via which obesity leads to health complications 
is through the induction of inflammation in major organs, 
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including adipose tissue and tissues of the cardiovascular 
system (66). Exosomes may play a role in these mechanisms, 
as they have both pro‑inflammatory and anti‑inflammatory 
properties (55,56).

Type 2 diabetes mellitus is a metabolic disease that 
has been associated with both obesity and presence of 
exosomes (68). This disease is characterized by hypergly‑
cemia, insulin resistance, and insulin deficiency (69). T2DM is 
associated with the metabolic syndrome, a condition related to 
obesity and characterized by insulin resistance, dyslipidemia, 
hypertension and blood hypercoagulability (70). Exosomes 
released from obesity‑related adipose tissue contain different 
microRNA cargo compared to those secreted by healthy 
adipose tissue and seem to significantly decrease insulin 
sensitivity and glucose uptake (71). The mechanisms via 
which these abnormal exosomes influence T2DM may include 
activation of inflammation, downregulation of glucose trans‑
porter type 4, and disruption of insulin receptor signaling (72).

Exosomes have also been implicated in a number of 
reproduction‑related pathologies, like endometriosis and the 
polycystic ovary syndrome (PCOS) (73). Endometriosis is 
a gynecological disorder characterized by the presence of 
tissue that resembles the endometrium outside the uterine 
cavity (74). In this condition, studies implicate stromal 
endometrial‑derived exosomes, which modulate the immune 
surveillance response, and allow ectopic endometrial tissue 
to attach to peritoneal surfaces. This ectopic endometrial 
tissue may continue to release exosomes that help it evade the 
immune system and survive (75).

Polycystic ovary syndrome is a common gynecological 
metabolic and reproductive disorder associated with menstrual 
dysfunction, androgen excess and decreased fertility (76). 
Exosomes derived from human follicular fluid display differ‑
ences in their microRNA cargo between PCOS patients and 
controls (77). Bioinformatic analyses indicate that these differ‑
ences may result in alterations in amino acid biosynthesis and 
metabolism (77).

An increase in exosome release and alterations in their 
composition may promote cancer progression and metas‑
tases (78). Specifically, exosomes released from tumor cells 
seem to have an essential role in cancer. These exosomes 
induce oncogenesis, reprogram stromal cells, modulate the 
immune system, and, as already mentioned above, promote 
angiogenesis (79). Particularly, tumor‑derived exosomes can 
carry oncogenic and anti‑apoptotic molecules among cells, 
promoting oncogenesis (79). Additionally, tumor‑derived 
exosomes play an essential role in transforming normal stromal 
cells to cancer‑associated fibroblasts through transforming 
growth factor beta (TGFβ) signaling (80). Cancer‑associated 
fibroblasts are key regulators of the tumor microenvironment 
and can modulate cancer metastases, immune system func‑
tion, production of growth factors, and angiogenesis (81). Last, 
tumor‑derived exosomes can act directly on immune cells to 
produce immunosuppression (80).

6. Exosome‑based personalized medical applications

Precision medicine's goal is to provide the appropriate 
treatment to the fitting patient at the right time. In precision 
medicine, molecular factors may be used to provide precise 

diagnosis and, thus, lead to a more accurate treatment (82). 
Exosomes can be considered such factors with some of their 
potential applications, including their use as biomarkers or 
therapeutic biomolecule carriers (83). Biomarkers are cellular, 
biochemical, or molecular parameters that can be objectively 
measured to serve as accurate indicators of a biological 
state (84).

The key attribute exosomes showcase that can be exploited 
in therapeutic applications is that their origin dictates their 
cargo and role in cell signaling (85,86). Levels of exosome 
population subgroups can reflect many aspects of cell‑to‑cell 
communication, such as the state of cellular homeostasis, the 
targeted pathway and tissue, and the dynamics of the extra‑
cellular environment. Furthermore, exosome cargo contains 
a mixture of active signals and non‑autonomous genetic 
information protected by the lipid bilayer of the vesicle. 
Finally, exosomes are highly stable and, thus, can regulate 
the stress response at a systemic level by storing and trans‑
ferring enriched amounts of regulatory information, as well 
as markers of stress, while retaining a cell‑ and state‑type of 
specificity for low abundant proteins and RNAs (86), which 
is related to their cell of origin and the function(s) that they 
mediate.

Exosomes can be used as therapeutic agents due to 
their exceptional biocompatibility and bio‑specificity, both 
as vehicles and as cargo, especially when combined with 
patient‑derived embryonic stem cells (hESCs) (87). A prime 
example of ESC‑derived exosomes showcasing therapeutic 
abilities analogous to their cell of origin is that of mesenchymal 
stem cell derived exosomes (88). MSC‑derived exosomes can 
be used in tissue injury repair and can reduce the inherent 
health risks related to administering viable cells (88). On 
the other hand, exosomes can be modified to deliver drugs 
and vaccines. A prime example is loading exosomes with 
anticancer agents, an approach that has been shown to have 
therapeutic effects in animal models (89). Last, it should be 
mentioned that the diverse abilities of exosomes should be 
taken into consideration when they are used as therapeutic 
agents, as they may have adverse effects on a patient's physi‑
ological mechanisms, including those of the immune system, 
intermediary metabolism, and others (90).

7. Conclusion

Exosomes have a vital and largely unknown role in 
inter‑cellular signaling. These vesicles seem to partake in a 
large number of biological functions, while they have also been 
associated with several diseases. It is, therefore, not surprising 
that there has been a high interest in exosome research over 
the recent years. Endocrinology encompasses most branches 
of biology and medicine and we can now add exosomes as 
endocrine cell‑to‑cell communication components. Thus, 
exosomal endocrinology represents yet another aspect of 
endocrinology, an essential field of research that may help 
improve understanding, prognosis, diagnosis, and treatment of 
many diseases.
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