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Chapter

Effectiveness of Exosomes in the 
Immune Cascade
Gözde Atila Uslu and Hamit Uslu

Abstract

In order to treat and/or control a disease or prevent its occurrence, first of all, 
physiological pathways must be understood very well. In the previous 10 years, there 
has been a lot of interest in the function of exosomes in intercellular communication, 
particularly in studies on cancer and neurodegenerative disorders. This has led to 
plenty of research in this area. Exosomes are tiny transmembrane vesicles that are 
produced by endocytosis and are found in a variety of bodily fluids, including blood, 
saliva, cerebrospinal fluid, and breast milk. They are also released by a variety of 
tissues. Exosomes have a varied composition depending on where they come from, 
but they are often rich in cytosolic and cell surface proteins, lipids, DNA, and RNA. 
In recent years, the interactions between exosomes and the immune system have been 
frequently studied. However, despite all the researches, the physiological purposes of 
exosomes are still largely unclear.
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1. Introduction

Exosomes; although it was first defined as microparticles released from neoplastic 
cell lines, it was later determined that these structures were secreted by almost all 
cells in the body, and it was concluded that it would be more accurate to call them 
membrane-bound extracellular vesicles produced with endosomal division [1, 2]. It 
is stated that these microvesicles have an average diameter range of 40–160 nm and 
are formed by endocytic cellular pathways consisting of three different stages that 
have been identified so far. First stage; It is stated that is the invagination of the cell 
membrane from endocytic vesicles and leads to the formation of an early-shorting 
endosome (ESE), after which either novo formation occurs or can directly fuse with 
a pre-existing ESE, moreover golgi apparatus and the endoplasmic reticulum partici-
pate in this process. In the second stage, it is stated that ESEs can mature into late-
shorting endosomes (LSEs) and multivesicular bodies are formed by accumulation of 
intraluminal vesicles in these bodies. In the third stage, it has been determined that 
multivesicular bodies can undergo proteosomal degradation, function as a temporary 
storage area (for major histocompatibility complex (MHC) class II), or combine with 
the plasma membrane to release exosomes (Figure 1) [3–7]. Exosomes can enter cells 
directly by different mechanisms or can be produced by cells by the process of endo-
cytosis as mentioned above. It has been determined that exosome production, release, 
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and uptake may change with oxidative stress, radiation, inhibiting a proton pump, 
altering cellular pH decrease in membrane cholesterol and increase in intracellular 
calcium level [8–11]. Numerous proteins, including the tetraspanins CD63, CD81, and 
CD9, TSG101, Alix, and HSP70, have been discovered to be present in exosomes. In 
addition, cell type-specific proteins may vary due to their endosomal origin, but they 
also have conserved proteins identified in almost all exosomes (hsc70, tetraspanin, 
CD63) [3]. It has been reported that exosomes also have lipid bilayer, which is mostly 
composed of phosphatidylcholine (PC), ganglioside GM3, phosphatidyl ethanol-
amine (PE), sphingomyelin (SM), and cholesterol [12]. Exosomes contain a wide 
variety of RNAs; some of these have been shown to be mRNA, miRNA, rRNA, tRNA, 
lncRNA, piRNA, snRNA, and small nucleolar RNA [13].

Although the functions of exosomes are not entirely understood and are still the 
subject of debate, they are involved in remodeling the extracellular matrix, homeosta-
sis and adaptation of plasma membranous glycoprotein models, signal transduction 
between cells, immunity, tissue homeostasis, and many aspects of human health and 
disease which including cancer and neurodegenerative diseases have stated that have 
important functions [14–17]. They may have a role in the spread of prions throughout 
the body and the exchange of membranes between cells in infectious neurodegen-
erative illnesses, also known as prion diseases [18]. In their study on the synaptic 
physiology of neurons, Chivet et al. [19] found that the lipids, proteins, and RNAs in 
the exosomes released by neurons in response to synaptic activity can directly alter 
signal transmission and protein expression in recipient cells and play a crucial role 
in information transfer between synapses. It has been emphasized that intercellular 
communication has a very important role in vascular remodeling, and although direct 
intercellular contact or paracrine effects are focused on in this process, recently, 
it may be effective in this process in extracellular vesicles. When the effectiveness 
of exosomes in the neovascularization process was investigated, it was shown that 
they can act with the Notch signaling pathway, which is one of the cell interaction 
mechanisms, and an increase in blood vessel frequency and bifurcation number [20]. 
In order to treat and/or control a disease or prevent its occurrence, the physiological 
pathways must first be understood very well. Exosomes can also have an impact on the 
immune system by directly contacting the cell’s plasma membrane during this process 

Figure 1. 
Exosome biogenesis.
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and then inducing intracellular signal cascades. The immune system plays a signifi-
cant role in the emergence and development of disease pathophysiology as well as the 
emergence of acute and chronic complications.

2. Exosomes and T cells

In the case of contact with foreign antigens, such as in the case of infection, 
several days are needed for the formation of the immune responses, which we call 
cell-mediated or cellular immunity, by the effector T cells. For this reason, this type 
of immunity is also called delayed-type immune response. Antigen presenting cells 
(APC) such as macrophages, dendritic cells, and B cells are needed in this process. 
These constructs process antigenic constructs and antigen processing and presenta-
tion is performed with MHC class I or MHC class II. The term human leukocyte 
antigen (HLA) can also be used instead of MHC proteins in humans. AHS binary sig-
naling is triggered by the binding of the intracellular adhesion molecule (ICAM) on 
the ASH surface and the lymphocyte function-associated antigen 1 (LFA-1) on T cells. 
This process can be opened as follows: (1) Recognition of the antigen by the T cell 
receptor and its co-receptor (CD8 molecules on cytotoxic T cells and CD4 molecules 
on helper T cells are called co-receptors). (2) The binding of the B7 protein in ASH 
and the CD28 protein on the T cells leads to rapid proliferation, clonal expansion, 
and differentiation in T cells [21]. In addition, suppression mediated by regulatory T 
(Treg) cells had found to be effective in making the immune system tolerant to most 
autoantigens and preventing host damage [22]. As mentioned above, a large number 
of extracellular and intracellular signals are needed to initiate the rapid proliferation, 
differentiation, and migration of T cells to peripheral infection sites (Figure 2).

Exosomes, which have been determined to be secreted by almost all cells in the 
body, are also secreted from various hematopoietic cell types such as reticulocytes, B 
lymphocytes, platelets, T lymphocytes, and dendritic cells. It is known that exosomes 
secreted from dendritic cells contain proteins such as MHC class I and II and CD86 
(provide necessary signals for T cell activation and survival) and these structures 

Figure 2. 
T cell activation.



Exosomes - Recent Advances from Bench to Bedside

4

are effective in T cell stimulation. Exosome production may occur in peripheral tis-
sues, after dendritic cells have traveled to lymph nodes, or in both cases, according to 
reports, but there is currently insufficient evidence to make a firm determination [23]. 
Exosomes that are loaded with specific peptides or antigens serve as vehicles for antigen 
presentation and can activate T cells (CD4+ and CD8+) also in the lack of dendridic 
cell. It has been established that exosomes have a positive impact on the immune system 
through various activities such as antigen presentation, stimulation, suppression, and 
tolerance of immunity [24]. It is also mentioned that some exosomes can express che-
mokine sequences like CCL2-5, CCL7, CCL20, CCL28, CXCL1-2, and CXCL16 because 
they can start other leukocytes like T cells from migrating to the infection sites [25, 26]. 
It is known that dendritic cell-T cell interactions cause an increase in calcium mobiliza-
tion and Interleukin-2 and Interferon-gamma levels, resulting in T-cell activation. 
In addition, it is emphasized that co-stimulatory molecules such as CD86 strengthen 
intercellular interactions and T-cell functional activation in this process [27]. Zitvogel 
et al. [28] found that tumor peptide-pulsed dendritic cells-derived exosomes could 
eradicate or suppress the growth of tumors in a T-cell-dependent manner.

While it has been reported that synoviocyte-produced microparticles in inflam-
matory conditions like rheumatoid arthritis may exacerbate cartilage damage by 
increasing the synthesis of inflammatory mediators and cartilage-degrading enzymes 
[29, 30], other studies have suggested that T cell-stimulated TRAIL- and FasL-
containing microvesicules produced in the synovium may also be helpful in prevent-
ing autoimmune damage in rheumatoid diseases [31]. In fact, exosomes originating 
from immunosuppressive dendritic cells have been shown to be more efficient 
and safe than modified dendritic cells in the therapies of autoimmune disorders 
like rheumatoid arthritis [32]. However, there are studies showing that exosomes 
produced from cancer cells could disturb the functions of T and B cells, monocytes/
macrophages, NK cells and dendritic cells [33–35]. Exosomes synthesized from other 
cells could affect T cell functions, and the T-cells themselves too synthesize exosomes. 
It has been shown that these exosomes have a lipid bilayer and contain structures 
such as CD2, CD3/TCR, CD4, CD8, CD11c, CD25, CD69, LFA-1, CXCR4, FasL [36]. 
Tregs are subtypes of T cells, and it has been determined that the expression of 
CD73 by these cells shows a suppressive effect by converting extracellular adenosine 
5-monophosphate to adenosine, in the same way that exosomes secreted from these 
cells also contain CD73 and exerting a suppressive effect with same pathway [37]. It 
is stated that exosomes derived from Tregs have a suppressive role in acute rejection 
and inhibit the proliferation of T cells, therefore exosomes released from Tregs may 
be a good alternative to prevent transplant rejection [38]. In another study, it is stated 
that the antigen-specific CD41 T-cell exosome (expressing CD4, TCR, LFA-1, CD25, 
and Fas ligand) may act as an immunosuppressant in the transplant rejection and 
treatment of autoimmune diseases [39]. Scientists have demonstrated that exosomes 
isolated from CD3+ T cells stimulated with IL-2 interact with and promote prolifera-
tion in resting autologous T cells [40]. It has been emphasized that high-level regula-
tion of the miR-765/PLP2 axis of CD45RO-CD8+ T cell-derived exosomes can limit 
the cancer-supporting effects of estrogen on uterine corpus endometrial cancer [41].

3. Exosomes and natural killer (NK) cells

While NK cells were at first idea to be large granular lymphocytes with built-in 
cytotoxicity against tumor cells, they have since been identified as a distinct class of 
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lymphocytes with effector capabilities that enable them to produce cytokines in addi-
tion to their natural cytotoxicity [42]. Since it was not known at the time what strategies 
NK cells use to differentiate between normal and abnormal cells and thus participate in 
the defense mechanism, the missing self hypothesis was suggested. According to this 
theory, NK cells recognize and eliminate cells that do not express their MHC Class-1 
(MHC) molecules [43]. However, it is now known that NK cells have a large number 
of activating and inhibitory receptors that can combine MHC class-1 molecules, MHC 
class-1-like molecules and non-MHC related molecules [44]. Although not previously 
known, it is now well established that NK cells, in addition to their cytotoxic effector 
functions, can secrete cytokines and serve to control the immune system as regula-
tory lymphocytes that can interact with both innate and adaptive immune cells such 
as monocytes and macrophages, dendritic cells and T lymphocytes [45, 46]. Detailed 
studies have shown that conventional NK cells (cNK) are distributed in circulation in 
the blood, spleen, and bone marrow [47–49]. However, it has also been shown that NK 
cells can infiltrate tissues. They also have resident NK cells, defined as resident NK cells 
(trNK), in the lungs, skin, kidneys, lymph nodes, liver, intestines, and virgin uterus [47, 
49, 50]. In addition to the peritoneal region and placenta, NK cells are also present in 
peripheral circulation, where they account for 10–15% of all lymphocytes [51].

Defined as a subgroup of extracellular vesicles of endocytic origin [52–55], 
30–150 nm sized exosomes [53–57] are secreted by various cell types and are 
involved in complex physiological and pathological processes [58]. Exosomes can 
move far within the body and have been found in a variety of bodily secretions, 
including blood, saliva, cerebrospinal fluid, breast milk, urine, gastric juice, and 
semen [55]. Exosomes are produced by a wide variety of cell types, but it is known 
that exosomes released by cancer cells are specifically taken up by different immune 
cells, including Treg, dendritic cells, and NK cells, and are therefore successful in 
controlling their functions [59, 60]. Exosomes excreted by cancer cells are thought 
to help tumor cells escape immune surveillance in their microenvironment by stimu-
lating angiogenesis and metastasis, as well as inhibiting the function of immune 
cells (Figure 3) [61]. Despite all this information, how exosomes secreted from 
tumor cells affect the health of individuals with cancer has not been fully elucidated 
[60, 61]. Exosomes can carry many different molecules with the ability to stimulate 
the immune system depending on the cell of origin from which they are secreted.

In particular, exosomes secreted from dendritic cells have been shown to carry 
ligands that can activate NK cells and can also be loaded with antigen to activate 
invariant NKT (a subset of T cells with characteristics of NK cells and conventional 
T cells) cells and induce T and B cell responses that are specific to the antigen [62]. 
Several studies in the last decade have provided evidence supporting the important 
role of cancer-originate exosomes in regulating the cancer microenvironment [63, 64]. 
Exosomes released by human tumors like myeloid leukemia, cervical cancer, breast 
cancer, hepatoblastoma, T cell cancer, pancreatic cancer, and multiple myeloma 
that are dyed with PKH67 membrane have been shown to associate with, infiltrate, 
and be engulfed by NK cells [65–67]. Li et al. [60] showed that exosomes derived 
from genetically modified K562 cells secreting IL-15, IL-18, and 4-1BBL on their 
surface carry the proteins of these three molecules similar to the source cell, and that 
these exosomes can increase the activity of NK cells after 4 h of treatment and even 
strengthen their cytotoxicity on some tumor types. In contrast, they reported that 
prolonged treatment (48 h) may suppress the cytotoxicity of NK cells by inhibit-
ing the expression of activated receptors on NK cells. In mouse B16 melanoma, 
MC38 colon adenocarcinoma, and KLN205 squamous cell carcinoma cell lines, both 
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dendritic cells and exosomes secreted from dendritic cells can cause caspase activa-
tion and apoptosis, and exosomes released from dendritic cells can activate NK cells, 
according to research by Munich et al. [68]. In addition, TNF generated by exosomes 
of dendritic cells stimulates interferon gamma secretion by binding with NK cell TNF 
receptors. Jiang et al. [69] in NK92 and NK92-hIL-15 cell lines exposed to hypoxia 
for 48 h, they demonstrated that cytotoxicity was significantly increased and that 
hypoxia increased FasL, perforin, and granzyme B secretion. They revealed that 
exosomes produced from these NK cell lines under hypoxic conditions were effec-
tive in inhibiting both cell proliferation and migration while promoting apoptosis 
of breast cancer (MCF-7) and ovarian cancer (A2780) cells. However, this strategy, 
which encourages the overproduction of exosomes from NK cells as a consequence of 
NK cell hypoxia induction, might be a hopeful one for treating malignancy.

As a result, it is widely believed that exosomes produced by immune cells can 
strengthen immunity against cancer. In contrast, exosomes derived from cancer cells 
may decrease immunity and even alter the tumor microenvironment to promote self-
enhancement and metastasis [70].

4. Exosomes and mast cells

Paul Ehrlich discovered mast cells 145 years ago and named them “mastzellen,” 
meaning “nourishing cells,” because of their appearance [71]. CD34+ progenitor 

Figure 3. 
Some roles of cancer cell-derived exosomes.
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cells, which are mast cell precursors of hematopoietic stem cells (CD34−), are 
produced in the bone marrow during hematopoiesis and are introduced into the 
bloodstream [72]. These hematopoietic progenitor cells are thought to stay undif-
ferentiated in the circulation but mature into mast cells in the presence of different 
growth factors secreted from the microenvironment of the tissues where they must 
settle. C-kit ligand and stem cell proteins are a few of these [73]. Mature mast cells 
are not detected in circulation under normal circumstances. However, under the 
control of stem cell factor (SCF) and a number of mediators, CD34+ progenitor cells 
move to regions where they finish differentiating into mast cells [73, 74]. Mast cells 
are distributed in the skin and mucosal tissues such as the stomach, intestines, and 
respiratory tract, which are the entry points of antigens, as well as in the peritoneum 
and chest cavities, smooth muscle tissue, connective tissue surrounding hair follicles, 
the central nervous system, and all tissues with blood vessels except the retina [73, 
75–77]. Mast cells are mainly recognized for their role in allergy. They are also known 
to mediate vital symptoms such as skin blistering and flare reactions, bronchospasms 
in asthma, congestion and excessive mucus secretion in allergy-induced rhinitis and 
even systemic anaphylaxis [77, 78].

On the membrane of every mast cell, there is a high affinity IgE receptor called 
FcεRI. Due to its high affinity, IgE molecules can no longer detach after binding to the 
receptor and consequently mast cells are coated with IgE. This stimulation leads to the 
secretion of exosomes containing a large number of proinflammatory mediators (pro-
teases, chemokines, amines, and cytokines) that are stored and newly synthesized in 
mast cells [79, 80]. Of course, this extra vesicular composition varies according to the 
stimulation received by mast cells, but they frequently cause the secretion of numer-
ous cytokines, growth factors, and mitogens such as TNF-α, IL-1β, IL-2, IL-3, IL-4, 
IL-5, IL-6, IL-9, IL-10, IL-11, IL-11, IL-12, IL-13, IL-16, IL-33, EGF, FG2, GM-CSF, 
IF-γ, NGF, PDGF, SCF, FGF-β1, and VEGF (Figure 4) [80].

Mast cells contribute to the promotion of angiogenesis. Mast cells promote 
angiogenesis, or the bud-like growth of new blood vessels from old ones, by secret-
ing angiogenic factors like bFGF, VEGF, TGF-β, IL-8, and TNF-α. Mast cells also 
exude proteases that exude pro-angiogenic factors that bind to heparin and promote 
their release. However, there is also a proof that mast cells promote angiogenesis in 
the development of cancerous cells [73, 81]. Exosomes released by human mast cells 
have been shown by Ekström et al. [82] to be capable of RNA cell-to-cell transmis-
sion. They also showed that these exosomes have enough mRNA to equal 15% of the 
content of the source cell. Xiao et al. [83] also reported that exosomes containing 
KIT (labeled with PKH67), a cytokine receptor expressed mainly on the surface 
of hematopoietic stem cells, were secreted from a human mast cell line (HMC-1) 
and that these exosomes could be taken up by the lung epithelial cell line A549, and 
could also cause increased proliferation in recipient cancer cells by activation of 
the PI3K signaling pathway. Exosomes from human adipose-derived mesenchymal 
stem cells have been shown to effectively suppress atopic dermatitis in mice with the 
condition by lowering blood eosinophil counts, serum IgE levels, and the expression 
of the cytokines IL-4, IL-23, IL-31, and TNF- at the mRNA level [84]. However, in 
a model of cerebral malaria in C57BL/6 mice infected with Plasmodium berghei 
ANKA strain, it has been shown that intravenous administration of exosomes 
derived from mast cells to infected animals increases the incidence of the disease, 
exacerbates both liver and brain damage, contributes to disruption of the brain 
vascular endothelial structure, and increases the corruption of the blood-brain 
barrier (Figure 5) [85].
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Figure 5. 
Various cells’ released exosomes’ effects on the activation of mast cells.

Figure 4. 
Interactions of exosomes produced from mast cells with some other cells.
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5. Conclusion

In the literature reviews, it was observed that the activity of exosomes on the 
immune system has not been fully elucidated. Exosomes formed by other cells under 
normal physiological conditions and affecting cells in the immune system and exo-
somes expressed by cells that are effective in the immune system may have different 
activities. In addition, it has been determined that exosomes secreted under normal 
physiological conditions and exosomes secreted under pathological conditions have 
different routes of action (one of the main reasons for this difference is surface 
proteins), therefore, exosomes can exhibit immunomodulatory effects by showing 
both immunosuppressive and immunostimulatory effects depending on the current 
conditions.
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