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Exosomes are nanosized vesicles and have recently been recognized as important players in cell-to-cell communication. Exosomes
contain differentmediators such as proteins, nucleic acids (DNA,mRNA,miRNAs, and other ncRNAs), and lipidmediators and can
shuttle their exosomal content to both neighboring and distal cells. Exosomes are very effective in orchestrating immune responses
in the airways and all cell types can contribute to the systemic exosome pool. Intracellular communication between the broad
range of cell types within the lung is crucial in disease emphasizing the importance of exosomes. In asthma, exosomes affect the
inflammatorymicroenvironmentwhich ultimately determines the development or alleviation of the pathological symptoms. Recent
studies in this area have provided insight into the underlying mechanisms of disease and led to interest in using exosomes as
potential novel therapeutic agents.

1. Introduction

Asthma is a heterogeneous syndrome involving inflamma-
tion and obstruction of the airways that affects 300 million
people worldwide [1, 2]. Limited knowledge of the disease
mechanisms is the greatest obstacle to the development
of novel treatments. Although two forms of asthma have
been traditionally defined in the clinic (T2 and non-T2),
this ignores the broad range of phenotypes that have been

described and the underlying pathophysiology of these phe-
notypes. As a result, asthma is increasingly recognized as
a syndrome rather than a single disease [3, 4]. The goal of
asthma research is to link asthma classification based on
phenotypes with pathophysiological mechanism and thereby
define asthma endotypes which will predict drug efficacy
[4]. Several asthma phenotypes have been described such
as allergic bronchopulmonary mycosis and severe late-onset
hypereosinophilic asthma [4, 5]; however, a small group of
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patients have asthma that is uncontrolled or only partially
controlled despite intensive treatment [6]. This form of
asthma is commonly referred to as severe asthma [7] which
is often associated with serious morbidity and even mortality
[6].

The emergence of biomarkers such as blood eosinophils
linked with T2-asthma targeted biologic therapies opens new
hopes for patients with severe asthma. However, further
research is required to understand the mechanisms underly-
ing pathophysiology of severe non-T2 asthma and to define
the optimal biological treatment. In addition to this it is
important to have readily accessible biomarkers that define
patient subsets to ensure that the correct drug is given to the
right patient at the right time.This is essential for the patients’
perspective and for the healthcare provider where the current
blunt measures such as blood eosinophils do not distinguish
differences in underlying pathophysiological processes.

Exosomes are small vesicles (30–100 nm in diameter)
that enable cell-to-cell communication by shuttling different
molecules such as nucleic acids (DNA, mRNA, and micro
(mi)RNAs), lipids, proteins such as heat shock 70-kDa pro-
tein (HSP)70, and specific cell surface markers reflecting the
exosome cell of origin.These would include CD9, CD63, and
CD81 if the exosome was endosomal in origin [8]. Exosomes
can, therefore, significantly affect target cell function result-
ing in the development of a pathological state [9].

Exosomes have been most extensively studied in associa-
tion with the pathogenesis of diverse diseases, such as cancer
[10, 11] and infectious disease [12–14] as well as in asthma
[15]. Exosome biology has provided us with fundamental
insights into the mechanisms of cellular crosstalk in asthma
and may also act as important biomarkers of the disease. In
this reviewwe summarize recent advances regarding the roles
of exosomes in the pathogenesis of severe asthma and discuss
their potential as biomarkers for targeted treatments.

2. Asthma Pathogenesis

Asthma is a complex disease whose underlying pathophys-
iology is not completely understood [16]. As a chronic
inflammatory airway disease, asthma involves many cells
from the innate and adaptive immune systems which act on
airway epithelial cells to trigger bronchial hyperreactivity and
airway remodeling in response to environmental stimuli such
as allergens, infections, or air pollutants [3, 17]. The main
features of allergic asthma are increases in the numbers and
activity of airway mast cells and eosinophils which are due to
the pathophysiological effects of proinflammatory cytokines
such as interleukin- (IL-) 4, IL-5, and IL-13 released by acti-
vated CD4+ T-cells (Th2 cells) in response to environmental
allergens [3]. In addition to lymphocytes and plasma cells, a
large number of eosinophils and neutrophils are observed in
the bronchial tissues and mucus of asthmatic airways [18].

During an asthma attack, airway provocation with aller-
gens triggers a rapid decrease in bronchial airflow with
an early immunoglobulin E- (IgE-) mediated reaction that
may be followed by a late-phase IgE-mediated decrease
in bronchial airflow for 4–8 hours [19]. Based on our
understanding of the pathophysiology of allergic asthma,

activated CD4 T-lymphocytes recruit leukocytes to the
airway from the bloodstream and the presence of these
stimulated leukocytes results in the secretion of inflammatory
mediators from eosinophils, mast cells, and lymphocytes
within the airway. The expression of Th2 cytokines from
activated T-lymphocytes also directs the switch from IgM
to IgE antibody production [20]. Mast cell activation and
degranulation are triggered following cross-linking of the
membrane bound high affinity IgE receptor (Fc𝜀RI) on mast
cells which causes them to release inflammatory lipid medi-
ators such as histamine and leukotrienes (LTs). In addition,
IL-5 directs the recruitment of eosinophils from the bone
marrow to the site of airway inflammation [21, 22]. Chronic
inflammation in the asthmatic airway leads to repeated
cycles of tissue injury and repair which results in structural
alterations and remodeling of the airways over time [23, 24]
(Figure 1).

3. Exosome Properties and Function

Exosomes are small 30–100 nmmembrane-enclosed vesicles.
They were discovered in 1983 and initially were described
as small vesicles that bud from reticulocytes during their
maturation and thought to function as the cell’s “garbage bin”
[8]. Further studies indicated that exosomes are released from
most mammalian cells and are found in nearly all biological
fluids [25]. Later studies determined the biological function
of exosomes [26, 27] and highlighted their involvement in
many pathological conditions such as cancer and neurode-
generative and infectious diseases as well as in immune-
modulatory processes [28, 29]. The watershed moment in
the study of exosomes came in 2007 with the finding that
exosomes contained more than 1200 mRNAs which were
translated into proteins following delivery to recipient cells
[29, 30]. The crucial importance of exosomes, therefore, lies
in their capacity to shuttle information between cells and
influence the function of recipient cells [12]. Exosomes have
also recently been implicated in cell homeostasis and the
removal of unwanted molecules [31].

Exosome-derived signaling molecules include proteins,
lipids, nucleic acids, and miRNAs whose packaging together
gives an advantage of simultaneous delivery of multiple com-
ponents to target cells [32]. An important feature of exosomes
is that they are highly stable in biological fluids [33]. In
addition, their content and composition resemble their cell of
origin and thesemay change according to the physiological or
pathological conditions the cell is exposed to [34]. Exosomes
may contain many bioactive agents including prostaglandins
and LTs, lipids, transmembrane receptors such as integrins
𝛽1 and 𝛽2, costimulatory molecules, membrane-localized
classes I and II major histocompatibility complexes (MHC),
signal transduction proteins, and nucleic acids (mRNA and
miRNAs) [12] (Figure 2).

Extensive investigations have elucidated the role of exo-
somes in intercellular communication and the regulation
of physiological functions and homeostasis as well as their
contribution to various pathological conditions [32]. It is
within this context thatwe review the function of exosomes in
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Figure 1:Thepathogenicity of asthma.The entry of allergens into the airway triggers theTh2 response through the antigen presenting cells and
induce the differentiation of näıve CD4+ T-cells into CD4+Th2 cells in the presence of IL-4, IL-5, and IL-13. Activated CD4 T-lymphocytes
recruit leukocytes to the airway from the bloodstreamwhich will follow with the secretion of inflammatory mediators from eosinophils, mast
cells, and lymphocytes within the airway. The expression ofTh2 cytokines directs the switch from IgM to IgE antibody production. Mast cell
activation and degranulation are triggered following cross-linking of the membrane bound high affinity IgE receptor on mast cells. Chronic
inflammation in the asthmatic airway leads to repeated cycles of tissue injury and repair which results in structural alterations and remodeling
of the airways over time.

the development of asthmawith particular reference to severe
disease.

4. Exosomes in Severe Asthma

The lung is a complex organ composed of a wide range of
immune and structural cells within the parenchyma and air-
way [35]. For optimal functioning, cell-cell communication
is essential and so exosomes are expected to play crucial
role in lung biology and function [36]. In relation to the
pathobiology of asthma, exosomes are released from the key
cells implicated in disease such as mast cells, eosinophils,
dendritic cells (DCs), T-cells, and bronchial epithelial cells.
These in turn can trigger the activation, or repression, of other
asthma-associated cells and enhance allergic responses [37].

DC-derived exosomes have costimulatory molecules on
their surfaces that can activate allergen-specificTh2 cells [33,
38]. In addition, eosinophil-derived exosomes have impor-
tant roles in the modulation of asthma and their numbers
are increased in asthmatic patients [39, 40]. Analysis of

exosomal miRNAs in patients with severe asthma compared
with healthy subjects showed an altered miRNA content.
The dysregulated miRNAs were involved in pathways related
to airway integrity as well as being correlated with some
clinical features such as eosinophil count or FEV1 [41]. In a
separate study, the differential exosomal miRNAs profile in
SA patients were associated with TGF-ß signaling pathway,
the ErbB signaling pathway, and focal adhesion [42].

BAL exosomes from asthmatic patients express the
epithelial marker mucin 1 on their surface indicating that
they are derived from bronchial epithelial cells [43]. They
were able to induce the production of CXCL-8 and LT C4 in
target bronchial epithelial cells [44].Whether this is a natural
autocrine effect of these exosomes or whether other cells are
the physiological target cell is unknown but BAL exosomal
miRNAs from asthmatics were involved in IL-13-mediated
events [45]. In a feedback manner, IL-13 promotes exosome
production by airway epithelial cells and these exosomes sub-
sequently enhance the proliferation of undifferentiated lung
macrophages [44]. Thus, both structural and effector cells
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Figure 2: Exosomes are small membrane-enclosed vesicles containing mRNA and miRNA, lipids, and a vast array of different proteins
depending on their cell of origin. Generally exosomes are enriched in some of generic proteins such as proteins involved in MVB formation,
tetraspanins, and membrane transports as well as a number of cytosolic proteins. In addition some compounds associated with specific
pathological condition have been identified in exosomes.

produce exosomes that modulate the chronic inflammatory
processes involved in asthma [15].

4.1. Exosomes from Immune Effector Cells. Inflammation
is the main pathogenic driver in asthma. Exosomes can
promote inflammation via regulating the function of immune
cells at the level of their recruitment, activation, or dif-
ferentiation. A broad range of cells in lung are involved
in asthmatic inflammation including airway epithelial cells
[46–48], eosinophils [39, 49], lymphocytes [32, 46, 50],
macrophages [46, 51], and DCs [48].

Eosinophils are multifunctional granulocytes that have
an important role in both allergy and asthma due to their
production, storage, and release of a range of inflammatory
mediators. These include chemokines, lipid mediators, and
cytotoxic granule proteins such asmajor basic protein (MBP),
eosinophil peroxidase (EPX), eosinophil cationic protein
(ECP), and eosinophil-derived neurotoxin (EDN), which
together result in several key features of asthma.

Eosinophils from asthma patients release a greater num-
ber of exosomes in comparison with those released from
cells of healthy subjects. These exosomes contain the main
eosinophilic proteins such as EPO, MBP, and ECP and may,
therefore, play a similar role in driving the progression of

asthma as their parent cell [39]. Eosinophil-derived exo-
somes isolated from asthmatics may have both autocrine
and paracrine functions as they increase in the production
of chemokines, reactive oxygen species (ROS), and nitric
oxide (NO) from target eosinophils as well as enhancing
eosinophil migration by upregulating the expression of adhe-
sion molecules such as intercellular adhesion molecule 1
(ICAM-1) and integrin 𝛼2 [49] which is a critical step in
asthma development [15].

Lymphocytes are key players in the inflammatory response
in allergy and asthma. B-lymphocytes produce antigen spe-
cific immunoglobulins E (IgE) following Th2 cell activation
and release of Th2 cytokines [52]. B-lymphocytes can also
trigger an asthmatic response by acting as an antigen pre-
setting cell (APC) without the involvement of IgE and T-
lymphocytes [53]. In addition, B-lymphocytes are involved
in the differentiation of näıve Th0-lymphocytes into Th1-
or Th2-lymphocytes by releasing IFN-𝛾 or IL-4, respectively
[54]. Finally, IL-10-producing B-cells or Breg (B regulatory)
downregulate inflammation in hyperresponsiveness airway
and suppress allergic inflammation by recruitment of natural
Treg (CD4+ CD25+ FoxP3+) cells to the lung [55].

B-cell-derived exosomes resemble their parent phenotype
and carryMHCclasses I and II and integrins𝛽1 and𝛽2 aswell
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as the costimulatory molecules CD40, CD80, and CD86. As
a result, they can specifically present antigenic peptides to T-
cells and induce T-cell responses [56]. B-cell exosomes also
contain HSP70 which is important in DC maturation [57].
B-cell-derived exosomes can also modulate the proliferation
and production of Th2 cytokines from T2 cells due to the
presence of exosomal antigens such as birch peptide (Bet v1)
to the same degree as observed upon direct contact between
B- and T-cells. This highlights the important roles of B-cell-
derived exosomes in asthmatic inflammation as they can
bypass the need for direct cell-to-cell contact [56].

Like other immune cells, T-lymphocytes can release
exosomes [58–60]. Cytotoxic CD8+ T-cells release granules
containing cytolysis mediators [60]. However, the bioactivity
and potential immune-regulatory effect of T-cell-derived
exosomes is not clear [61, 62]. Exosome released by T-cells is
a selective and highly regulated process since T-cell receptor
(TCR) activation, but not stimulation with mitogenic signals
such as phorbol esters, greatly increases exosome production
[58].

Exosomes released by activated CD4+ T-cells suppress
the cytotoxic responses and antitumor immunity by CD8+
T-lymphocytes. These activated T-cells release 5–100 nm
saucer-shaped exosomes that contain many proteins includ-
ing lysosomal-associated membrane protein 1 (LAMP-1) and
lymphocyte function associated antigen-1 (LFA-1) as well as
CD4+ T-cell markers such as CD4, TCR, CD25, and Fas
ligand [63]. Recent studies emphasize the importance of
lipids in mediating T-cell-derived exosome production and
function.These exosomes are enriched in sphingomyelin and
cholesterol [64] and ceramide, tetraspanins, and myelin and
lymphocyte (MAL) protein are important in T-cell exosome
biogenesis [61]. MAL is a 17 KDa hydrophobic proteolipid
located in the endoplasmic reticulum of T-cells and is
involved in T-cell signal transduction. MAL was initially
thought to be expressed only in T-cells but later was found
also in myelin-forming cells and in polarized epithelial cells
where it has a role in the apical transport of secretory proteins
[65]. Activated CD3+ T-cells also release biologically active
exosomes. These exosomes together with IL-2 triggered the
proliferation of autologous resting CD3+ T-cells and induced
a distinct cytokine profile [63].

In addition, several studies have shown that exosomes
originating fromother cell types canmodulateT-cell function
and subsequently affect the allergic asthmatic response [66–
68]. For example, exosomes originating from B-cells [15],
DCs [32], and epithelial-derived BALF exosomes [43] trigger
T2 cytokine production along with increased proliferation
and activation.

Mast cells are key immune cells in the development
of allergic reactions and Th2 responses [69]. Activation of
mast cells leads to the release of bioactive mediators such
as histamine, prostaglandins, and LTs which subsequently
trigger the allergic response. Mast cells also contribute to the
secretion of proinflammatory cytokines such as TNF-𝛼 and
IL-13 which drive the innate and adaptive immune responses
in asthma [70, 71].

Mast cells constitutively release exosomes which have
downstream effects on other immune cell types. For example,

mast cell-derived exosomes induce DCs to acquire costim-
ulatory MHC class II, CD80, CD86, and CD40 molecules
enabling them to have an antigen presenting capacity for T-
cells [72]. These exosomes can also modulate the activation
of B- and T-lymphocytes and stimulate the production of
cytokines such as IL-2, IL-12, and IFN-𝛾 by these cells [73].

Mast cell-derived exosomes can enable target cell signal-
ing from cell surface receptors upon contact with immune
effector cells. For example, mast cell-derived exosomes trig-
ger IgE production by B-cells in the absence of T-cells
through their CD40 surface ligand [74]. Moreover, exosomes
originating from bone marrow-derived mast cells (BMMCs)
contain CD63 and OX40L on their surface and so can ligate
withOX40 on the surface of T-cells and induceT-cell prolifer-
ation and differentiation of näıve T-cells toTh2 cells. BMMC-
derived exosomes modulate the airway inflammation and
remodeling responses seen in murine models of allergic
asthma [75]. Mast cell-derived exosomes carry Fc𝜀RI which
can bind to free IgE. This can result in decreased serum
levels of IgE and limit the effects of mast cell activation. This
indicates the potential of mast cell-derived exosomes as a
novel anti-IgE factor in controlling the pathogenesis of severe
asthma [75].

Lastly, mast cell-derived exosomes can also modulate T-
cell function by donation of their contents [76] and induce
the secretion of proinflammatory cytokines by human airway
smooth muscle cells (ASMCs) which leads to preservation of
asthmatic features [77].

Basophiles are a population of basophilic leukocytes and
are likemast cells in that they are granular and are involved in
allergic immune responses [78]. Basophiles comprise 0.5–1%
of circulating white blood cells; however, upon inflammatory
or chemotactic stimuli they increase in number and are
recruited to the site of infection, for example. As with
mast cells, basophils modulate the immune response by
affecting other immune effector cells. Basophils can induce
the proliferation and survival of näıve B-cells and direct their
differentiation into antibody-producing cells. The crosstalk
between these cells can be mediated via direct cell-to-cell
contact as well as through soluble mediators and exosomes
[79]. It was known for a long time that basophils release
granules that resemble exosomes [80]; however there is
limited evidence of exosome production by basophils [78].

Dendritic cells are specialized effector cells in the immune
system. Acting as antigen presenting cells (APC) they process
and present antigens to T-cells as well as having the capacity
to phagocytose dead cells and bacteria and thereby contribute
to innate immunity [81, 82]. Exosomes derived from DCs
resemble their parent’s morphology by possessing MHC
classes I and II molecules on their surface enabling them to
stimulate T-cell responses [66] or they may be captured by
other APCs to induce immune responses [66]. DC-derived
exosomes can present allergens and trigger the induction of
Th2 responses [83]. For example, exosomes released from
DCs obtained from subjects allergic to cat dander induce IL-
4 responses in peripheral blood mononuclear cells (PBMCs)
[38].

DC-derived exosomes contain HLA-DR, MHC, CD86,
and CD54 on their surface.The presence of the costimulatory
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molecule CD86 indicates the potential of these exosomes to
induce T-cell proliferation and differentiation whilst CD54
enables exosomes to interact with T-lymphocytes via LFA-1
[84]. These exosomes also contain enzymes that can convert
LT A4 to other LTs such as LTB4 and LTC4 [84].

These exosomes also contribute to the recruitment and
migration of granulocytes and leukocytes to the site of
inflammation. This process is mediated by metabolites of
arachidonic acid (5-keto eicosatetraenoic acid, KETE, and
LTB4) that are produced following transfer of exosome-
derived enzymes. These proinflammatory lipid metabolites
are important in triggering asthma pathogenesis [84].

4.2. Exosomes from the Lung Structural Cells. Exosomes
released from structural lung cells also contribute to fine-
tuning of the immune response in asthma viamanaging inter-
cellular communication [8]. Exosomes released by bronchial
fibroblasts can be taken up by bronchial epithelial cells.
Intriguingly, although the levels of transforming growth
factor- (TGF-) 𝛽2 in exosomes derived from severe asthmatic
fibroblasts were lower than that in exosomes derived from
healthy subjects, fibroblast-derived exosomes from severe
asthmatics induced increased proliferation of epithelial cells.
The level of TGF-𝛽2 in the fibroblast-derived exosomes was
significantly related to the level in the cell of origin which
controlled the exosome effect on bronchial epithelial cell
proliferation. Thus, modulation of fibroblast TGF-𝛽2 levels
by overexpression or knockdown had concomitant effects on
exosome levels of TGF-𝛽2 and on epithelial cell proliferation
[85].

The production of exosomes by lung cells and their
protein content was higher in a mouse model of asthma.
In this model IL-13 augmented the secretion of exosomes
by lung epithelial cells and these exosomes enhanced the
proliferation and differentiation of macrophages. Inhibition
of exosome production by GW4869 alleviated the induction
of asthmatic features in this model [44].

5. Exosomal miRNAs in Severe
Asthma Pathogenesis

Exosomes as important mediators of cell communication can
deliver miRNAs from one cell to a distinct target cell at a
neighboring or distal site and subsequently affect the function
of the target cell [86]. miRNAs modulate both innate and
adoptive immune response with miR-21, miR-146a, and miR-
155 being reported as key miRNAs in the asthmatic immune
response [87]. Each miRNA can target hundreds of genes; so
any changes in miRNAs level can influence many signaling
pathways and have profound effects on disease pathogenesis
[88].

In asthma, dysregulated miRNA expression has been
observed in many cells and compartments including airway
biopsies, lymphocytes, epithelial cells, and peripheral blood
[89]. For example, in a murine model of asthma upregulation
miR-21 was associated with altered IL-12 expression and a
heightened Th2 response [90, 91]. Overexpression of miR-
21 along with miR-126 was also detected in airway epithelial
cells of asthmatic patients [92]. Other dysregulated miRNAs

include miR-1248, miR-let7a, miR-570, miR-133a, and miR-
328 which are decreased in plasma of asthmatic patient
[93] whilst miR-221 was increased in ASMC from patients
with severe asthma and regulated ASM proliferation and the
secretion of proinflammatory mediators such as IL-6 [94].

Similarly, the exosomal miRNA content may also be
altered in pathological conditions. For example, an analysis of
BAL-derived exosomalmiRNAs in asthma reveals the altered
expression of 24 miRNAs in asthmatic patients compared to
healthy subjects which are implicated in the regulation of IL-
13-mediated functions [95]. In addition, CD8+ cells released
exosome like vesicles that contain miR-150 and are coated
with antigen specific antibody [87]. Internalization of these
vesicles by the T-cells leads to antigen specific tolerance in
mice [87].

Analysis of circulating exosomal miRNAs by next-
generation sequencing demonstrated upregulation of miR-
128, miR-140-3p, miR-196b-5p, and miR-486-5p in severe
asthma patients in comparison to healthy subjects. These
differentially expressed miRNAs were mostly involved in
ErbB signaling pathway and focal adhesion [42]. In another
study, the altered severe asthma exosomal miRNA content
was associated with airway epithelial cell integrity and feature
of asthma such as peripheral blood granulocyte counts [41].

6. The Therapeutic Potential of
Exosomes in Asthma

Exosomes can regulate homeostasis and vital immune func-
tions in the lungmicroenvironment. Exosomal contents have
recently been suggested as potential diagnostic biomarkers in
multiple diseases. In addition, as described above, exosomes
can act as traps to prevent immune activation. Mast cell-
derived exosomes possess FC𝜀R1 on their surface which can
bind free serum IgE and limit the effects ofmast cell activation
[75]. Furthermore, CD8+ cells releasemicrovesicles that con-
tain miR-150 which can suppress allergic contact dermatitis
(ACD) and induce an antigen specific tolerance in mice [87].

Mesenchymal stem cells (MSC) release exosomes with
the capacity to accelerate wound healing and lung tissue
regeneration and this may be of use in alleviating airway
remodeling in asthma [96]. These exosomes also have anti-
apoptotic and anti-inflammatory properties indicating that
they may be effective in other lung chronic inflammatory
conditions [97]. Clinical trials using exosome-based therapy
in acute respiratory distress syndrome (ARDS) are being
conducted [98]. In an animal model of ARDS, exosomes
derived from MSC reduce lung inflammation via induction
of keratinocyte growth factor (KGF) expression in the injured
alveolus and thereby improve the lung protein permeability
[99].

Immunotherapy for non-small-cell lung cancer (NSCLC)
using dexosomes is also undergoing clinical trials. Dexo-
somes are DC-derived exosomes that are loaded with tumor
antigen [100]. The data to date indicate that exosome therapy
is feasible and safe andmay represent an alternative approach
to traditional therapeutic methods in inflammatory diseases
such as asthma. Further studies are required to examine
the effect of exosomes on the different pathological features
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associated with patients with distinct phenotypes of severe
asthma.

7. Conclusion

In recent years, exosomes have emerged as an important
area in biomedical research. Exosomes play a key role in
local and distant intracellular communication and have been
implicated as having a crucial role in the regulation of normal
cellular function and increasingly in pathological conditions.
These nanovesicles are also being increasingly recognized
as potentially powerful tools for the prognosis, diagnosis,
monitoring, and treatment of patients in many therapeutic
areas.

Within the lung microenvironment cell-to-cell commu-
nication is of upmost importance. In asthma, exosomes can
regulate immune and inflammatory responses in a beneficial
and detrimental manner. The severity of asthma has been
linked with distinct exosomal pools and/or content which
have important roles in disease at least in primary cells and in
in vivomodels of disease. In addition, the unique constituents
of exosomes indicate their potential as biomarkers or as novel
therapeutic agents. However, there are still many unsolved
problems in the area including the selectively packaging of
exosomal content and themechanisms involved in the precise
delivery to target cells; these need to be elucidated.
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and J. O. Lötvall, “Exosome-mediated transfer of mRNAs and
microRNAs is a novel mechanism of genetic exchange between
cells,” Nature Cell Biology, vol. 9, no. 6, pp. 654–659, 2007.

[31] A. Takahashi, R. Okada, K. Nagao et al., “Exosomes maintain
cellular homeostasis by excreting harmful DNA from cells,”
Nature Communications, vol. 8, pp. 15287–15298, 2017.

[32] K. P. Hough, D. Chanda, S. R. Duncan, V. J. Thannickal, and
J. S. Deshane, “Exosomes in immunoregulation of chronic
lung diseases,” Allergy: European Journal of Allergy and Clinical
Immunology, vol. 72, no. 4, pp. 534–544, 2017.

[33] C. Admyre, E. Telemo, N. Almqvist et al., “Exosomes—
nanovesicles with possible roles in allergic inflammation,”
Allergy, vol. 63, no. 4, pp. 404–408, 2008.

[34] J. De Toro, L. Herschlik, C. Waldner, and C. Mongini, “Emerg-
ing roles of exosomes in normal and pathological conditions:
new insights for diagnosis and therapeutic applications,” Fron-
tiers in Immunology, vol. 6, pp. 203–218, 2015.

[35] Y. Fujita, N. Kosaka, J. Araya, K. Kuwano, and T.Ochiya, “Extra-
cellular vesicles in lung microenvironment and pathogenesis,”
Trends in Molecular Medicine, vol. 21, no. 9, pp. 533–542, 2015.

[36] N. T. Eissa, “The exosome in lung diseases: message in a bottle,”
The Journal of Allergy and Clinical Immunology, vol. 131, no. 3,
pp. 904-905, 2013.

[37] Y. Fujita, Y. Yoshioka, S. Ito, J. Araya, K. Kuwano, and T. Ochiya,
“Intercellular communication by extracellular vesicles and their
microRNAs in Asthma,” ClinicalTherapeutics, vol. 36, no. 6, pp.
873–881, 2014.

[38] C. Admyre, J. Grunewald, J. Thyberg et al., “Exosomes with
major histocompatibility complex class II and co-stimulatory
molecules are present in human BAL fluid,” European Respira-
tory Journal, vol. 22, no. 4, pp. 578–583, 2003.
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