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Asthma is a chronic infammatory disturbance of the airways in which many cells and cellular elements are involved. Wheezing,
breathlessness, chest tightness, and coughing, especially at night or in the early morning, are typical symptoms of asthma. At present,
inhaled corticosteroid (ICS) and long-acting β-agonists (LABAs) are standard treatments for regular management. Oral corticosteroids
(OCSs) were recommended for controlling asthma exacerbation but only for a short-term treatment because of the side efects on
organs. Biologic therapies have achieved exciting and notable efects in clinical treatment but are not applicable for all phenotypes of
asthma. At present, some new approaches are under exploration to lessen side efects and improve curative efects. Studies have revealed
that bonemarrowmesenchymal stem cells (BMMSCs) hold various curative efects in asthma andmay beneft in the long termwith high
safety. Extracellular vesicles (EVs) enriched in body fuid were characterized as subcomponents of extracellular vesicles and delivered
carriers combined with geneticmessages in vivo.Te therapeutic potential of exosomes has become a research hotspot inmany diseases.
BMMSC-derived exosomes were considered as the dominant part of BMMSCs in cell-to-cell communications and playing curative
efects. Points also hold that BMMSC-Exo could interfere with airway infammation and airway remolding in asthma viamodulating the
immune response, regulating gene expression, adjusting the phenotype of macrophage, etc. However, BMMSC-Exo still lacked more
clinical trials for evaluating the efects on asthma, and the technology of extraction and purifcation still needs to be improved for wide
use. Tis review aims to draw the relationship among asthma, BMMSC, and exosome, which may provide innovate ideas for treatment
of asthma, and arouse attention about the curative potential of BMMSC-Exo.

1. Introduction

Asthma is a heterogeneous disease with various pathogenesis
and clinical features, infuenced by epigenetic regulation and
environmental efects. Meanwhile, asthma has some similar
symptoms, including wheezing, dyspnea, chest tightness,
and cough [1]. Tere are approximately 300 million asthma
patients worldwide, and the prevalence of asthma is still
growing, which poses a substantial burden to society, es-
pecially in low-income countries [2]. In China, with the
development of urbanization and industry, the number of

asthma patients has been increasing fast over the past decade
[3]. Asthma can originally occur at any age, even in the
elderly [4]. Interestingly, asthma is more common in boys
than girls, while the morbidity of asthma in adult women is
much higher than that in adult men [5].

According to the research that aims to identify asthma
phenotypes, the Severe Asthma Research Program (SARP)
in the United States found fve phenotypes of asthma: (1)
mild early-onset allergic disease, (2) moderate early-onset
allergic disease, (3) late-onset eosinophilic nonallergic dis-
ease, (4) severe early-onset eosinophilic allergic disease, and
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(5) late-onset nonallergic neutrophilic severe asthma with
fxed airfow obstruction [6]. Five groups of severe asthma
were identifed via SARP based on the onset age, allergen
stimulation, lung function, medical treatment, healthcare,
and comorbidities [7]. Allergic asthma was the most com-
mon type of asthma. Besides, four distinct subtypes of
asthma were proposed that were based on the infammatory
cell count in induced sputum: eosinophilic asthma
(eosinophils> 1.9%–3%), mixed eosinophilic and neutro-
philic asthma, neutrophilic asthma (neutrophils> 61% and
total cell count greater than 10 million cells/g), and pau-
cigranulocytic asthma (neutrophils and eosinophils both
within normal range) [8]. Te endotypes of severe asthma
were usually categorized as type 2 high severe asthma, type 2
low severe asthma, and mixed [9].

Clinical history and examination are basic and in-
dispensable ways for diagnosis. Lung function testing, allergy
testing, and themeasurement of exhaled nitric oxide levels are
commonly used in clinical diagnosis [10]. Besides, peak ex-
piratory fow rate (PEFR) can show diurnal variable airway
obstruction to help diagnose and monitor asthma. Pre- and
post-bronchodilator spirometry play an important role in
assessing reversibility. It was considered that the forced ex-
piratory volume in 1 second (FEV1) increasing over 12% and
200mL can be a hint of asthma, while increasing over 400mL
will be strong evidence of asthma [11]. A 3-year prospective
analysis revealed the asthma exacerbation was highly relevant
to the rapid decline of lung function despite regular therapy
with ICS, and variable FEV1 seemed more common in the
elderly and in people who have higher levels of FENO [12].
Asthma in child could make substantial adverse infuence
both in physic and mental, asthma also may cause approx-
imately 13.8 million absent school days in USA in 2013;
besides, children with severe asthma had about twice costs in
medical care than those with wild or moderate asthmatic
children in long-term life [13]. A large-scale historical pro-
spective study in Japan found that severe and uncontrolled
asthma adult patients had more medical and economic
burdens than severe and controlled asthma patients and
moderate asthma patients; thus, well management of asthma
patients and fnding appropriate treatment in the clinic
seemed extremely essential [14].

2. Advances in Research on Asthma

2.1. Te Pathology of Asthma. Airway infammation was
considered as an important part in asthma progression.Tere
is heterogeneity in airway infammation in asthma, in which
subtypes could be identifed via the eosinophil (EOS) and
neutrophil (NE) proportions [15]. Mast cells and eosinophils
combined with IgE (immune globulin E) were considered to
initiate infammation in allergic asthma [16]. EOS also could
activate the expression of several proinfammatory cytokines,
chemokine, growth factors, and lipid mediators to break lung
homeostasis, and induce airway infammation in asthma; and
the imbalanced levels of distinct subtypes of EOS may pro-
mote the asthma progress, which provides a novel in-
dividualized treating approach for asthma [17]. EOS also
could regulate immune response in asthma,modulateT2 cell

and M2 macrophage polarization, promote ILC2 accumu-
lation, and upregulate the expression of IL-5 and IL-13 which
mainly induced airway remodeling [18–20]. Neutrophils were
identifed to release certain nuclear proteins and serine
proteases which participate in the formation of neutrophil
extracellular traps (NETs), and NETs may activate the
infammasome in monocytes or macrophages to upregulate
the expression of several infammation cytokines [21].

Te nuclear factor kappa-B (NF-κB) signaling pathway was
commonly regarded as a basic initiator and regulator in airway
infammation; proinfammatory factors, viruses, drugs, ciga-
rette smoke, activators of protein kinase C (PKC), and many
other stimulations could act as initiators in NF-κB activation.
Along with ubiquitination of phosphorylated inhibitory κB
proteins (IκBs) and proteasome-dependent proteolysis, NF-κB
transposition to the nucleus to promote infammation [22]. In
the cellular and mouse model of asthma, lipopolysaccharide
(LPS) could combine with toll-like receptor 4 (TLR4) to ac-
tivate myeloid diferentiation primary response 88 (MyD88),
and the nuclear transposition of NF-κB happened then. Be-
sides, high mobility group box 1 (HMGB1) secreted by some
injury cells or immune cells in asthma could promote the
activation of TLR4, inhibited by heat shock factor 1 (HSF1),
when bound with HMGB1 promotor [23, 24]. In TH2-
associated asthma, NF-κB was found to be targeted by
TLR4 to promote asthma exacerbation [25]. NF-κB acted as an
important mediator in immune-infammatory responses and
also could be activated by angiotensin II to enhance the ex-
pression of TNF-α, CD40, IL-6, etc. [26].

Notably, airway remodeling was a key consequence of
chronic airway infammation, which promotes airway
hyperresponsiveness (AHR) and lung function limitation [27].
While some researches hold that airway remodeling and airway
infammation seemed to evolve in parallel; airway remodeling
also could be regulated by some changes of structural cells and
infammatory factors [28]. Airway epithelial damage, mucous
gland hyperplasia, subepithelial basement membrane de-
position of collagen, and ASMC proliferation are considered as
some of themain remodeling changes [29]. Pavan et al. pointed
that airway smoothmuscle (ASM) accumulation was related to
inducing contractile phenotype, and the increasement of
laminin α4 and α5 inASMmay promote the expression of EOS
andASMmass [30]. Besides, epithelium damage also played an
essential role in airway remodeling, with promoting mucus
hypersecretion, inducing subepithelial fbrosis, and worsening
airway shortening [31].

Complex signaling pathways and factors were involved
in airway remodeling. It was revealed that transforming
growth factor-β1 (TGF-β1) and signal transducers and
activators of transcription (STAT) 3 were stimulated by
the NF-κB pathway in inducing airway infammation and
could be inhibited by interleukin (IL-37) in alleviating
airway smooth muscle cell (ASMC) proliferation [32].
TGF-β1 mainly derives bronchial epithelial cells and
eosinophils, upregulating the expression of fbroblasts,
regulatory T cells, and CD8+ T cells and inhibiting
diferentiation of TH1 and TH2 cells so as to aggravate
airway hyperresponsiveness and infammation in asthma
[33]. Indeed, the TGF-β family owns three isoforms as
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TGF-β 1, 2, 3; studies have conveyed that TGF-β2 was as
important as TGF-β1 in regulating airway infammation and
promoting subepithelial collagen deposition in asthma [34].
Te progress of airway remolding was also enhanced by wnt/
β-catenin signaling pathway, in which wnt/β-catenin may
mediate the p38 MAPK signaling pathway via c-Myc and
cyclin D1 as two target factors [35]. Wu et al. revelated that
the lack of phosphatase and tensin homologue deleted on
chromosome ten (PTEN) could promote the ASMC pro-
liferation and migration, and induce airway remodeling in
asthma; the inhibition of the TNF-α stimulation and the
cluster of diferentiation 38 (CD38)-mediated Ca2+/cyclic
AMP response-element binding protein (CREB) signaling
mediated by PTEN may act as the potential molecular
mechanism in that [36] (Figure 1).

2.2. SomeNovel Treatments of Asthma. At present, there are
varied treatments for asthma. According to the GINA and
the Bronchial Asthma Guidelines, ICS was recommended
as a frst-line drug in treating asthma. Using ICS rationally,
combined with monitoring peak fow, is regarded as helpful
in asthma control [37]. ICS makes an active efect in
controlling asthma symptoms to reduce infammation and
airway hyperresponsiveness [38]. As the stepwise ap-
proaches for adult asthma patients management advised,
regular low-dose ICS and SABA as-needed were preferred
for mild asthma, ICS-formoterol were recommended for
moderate asthma patients based on numerous clinical
evidences, and severe asthma patients were recommended
ICS-LABA plus LAMA or OCS [39], while the LABA
should be avoided for use as monotherapy [40]. OCS was
essential for uncontrolled severe asthma patients and
asthma exacerbations, while OCS exposure increased the
risk of OCS-related complications at the same time and
infuenced many organs such as bone, muscle, skin, and so
on [41].

At present, biologic therapy expressed signifcant efect
in asthma management and glucocorticoid-sparing. Oma-
lizumab, a humanized monoclonal antibody against IgE,
could inhibit T2 infammation and reduce eosinophil
counts in blood which expressed active function in ado-
lescent [42]. In addition, a clinical study of omalizumab in
Japan proved that omalizumab obviously reduced allergic
asthma recurrence and exacerbation, contributed to the
severe allergic asthmamanagement, and the old with asthma
also benefts a lot; while the specifc efect and application of
omalizumab in nonallergic asthma or other types of asthma
are not clear at present [29].

Benralizumab (IgG1-kappa humanized monoclonal
antibody against IL-5Rα), dupilumab (IgG4 human
monoclonal antibody against IL-4Rα), mepolizumab
(IgG1-kappa humanized monoclonal antibody against IL-
5), and reslizumab (IgG4-kappa human monoclonal an-
tibody against IL-5) have been used in asthma patients and
proved to play active and hopeful treating efects in some
asthma patients; while the efcacy is not very certain
because of the asthma heterogeneity and may be infu-
enced by baseline asthma severity, lung function,

exacerbation history, and asthma duration, and in-
dividualized precision treatment may be mainly deman-
ded [43–45]. Mepolizumab, reslizumab, and
benralizumab were three monoclonal antibodies that
focused on reducing the expression of EOS. One clinical
trial found the lung function and life quality showed no
signifcant diference, while the EOS was obviously re-
duced by the use of mepolizumab [46]. Notably, more
points insisted that the use of anti-EOS antibodies could
help reduce the risk of severe exacerbations, decrease the
dose of OCS, improve lung function, and long-term life
quality [47]. However, those biologic therapies mostly
focused on inhibiting type-2 airway infammation in
asthma, while the patients without a T2-high endotype
did not get much beneft from those biologic therapies
[48]. Interestingly, tezepelumab, a novel therapy, is
a human monoclonal antibody (IgG2λ) that could spe-
cifcally bind to thymic stromal lymphopoietin (TSLP). In
the phase IIb PATHWAY study lasting for 52 weeks,
tezepelumab was well tolerated, reduced the asthma ex-
acerbation by about 55–83% when compared to the pla-
cebo group, decreased the expression of multiple T2
infammatory mediators, and showed more treatment
efects with less correlation to baseline T2 biomarker
profles in severe asthma [49].

As comorbid asthma-panic disorder (PD) occurs at
a high rate in the population, it was reported that cognitive
behavior psychophysiological therapy (CBPT) and music
and relaxation therapy (MRT) both showed advantages in
obviously reducing respiration rate, blood pressure, heart
rate, and anxiety to help improve asthma control, in which
CBPT was superior to MRT in improving the adherence to
ICS [50]. Furthermore, group cognitive behavioral therapy
(GCBT) might modulate the autonomic nervous system and
supplementary motor area (SMA) to adjust breathing, en-
courage asthmatic patients to overcome their worry and
panic, and recover abnormal functional connectivity (FC)
for better symptom control [51].

TCM, which was characterized as an individualized and
multiplex meridian intervention, expressed promising ef-
fects in improving pulmonary function and alleviating
asthma [52]. A survey conducted by the American Academy
of Allergy, Asthma, and Immunology found that more than
50% of patient members received traditional Chinese
medicine (TCM) treatments; additionally, ASHMI, a herbal
medicine, was approved by the Food and Drug Adminis-
tration for clinical evaluation [53]. In the mouse models of
asthma, scorpio and centipede (SC), as two kinds of insect,
Chinese medicine not only showed anti-infammatory ef-
fects in treating asthma but also played an important role in
modulating the expression of exosomal microRNAs (miR-
NAs) in asthma through regulating some key signal path-
ways in asthma such as Wnt and MAPK pathways [54].
Yingying et al. found that the TCM herbs helps in tonifying
Qi and kidney, and replenishing spleen could reduce the
number of asthma attacks, improve clinical symptoms, and
lessen airway resistance in asthmatic children aged 2 to
5 years old [55]. Summer acupoint application treatment
(SAAT) was also widely used in clinics for its signifcant
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curative efect and low cost. A report showed that SAATcan
stimulate a function-specifc point to decrease cellular in-
fammation and the frequency of asthma exacerbations [56].
However, the clinical research on TCM with satisfactory
curative efect is inadequate, and the mechanisms remain
unclear, so more eforts should be made for its clinical
application worldwide.

3. Exosomes and Their Specific
Effects in Asthma

3.1. Te Biology of Exosome. EVs were regarded as secreted
membrane-enclosed vesicles which own bilayer-enclosed
lipid [57]. Exosomes belong to the collection of EVs, and
their formation began with the microautophagy of late
endosomes [58]. When the endosome fnished sprouting
inward, multivesicular bodies (MVBs), which contained
nanovesicles, were triggered to move to the plasma mem-
brane and fuse with it; and after the fusion, the nanovesicles
in the MVBs were released and were renamed to exosomes
(30–150 nm in diameter) [59, 60]. Besides, LBPA (or bis(-
monoacylglycero)phosphate) was found to be enriched in
late endosomes, which plays a vital role in promoting the
formation of exosomes [61].

Exosomes exist in most body fuids with some certain
proteins and nucleic acids included. It is observed that the
morphology of exosomes is various when derived from
diferent bodily fuids, indicating the functions of exosomes
may also be diverse [62]. Te study on urinary tract in-
fections (UTIs) demonstrated that urinary exosomes could
load certain molecules to attract bacteria and act as vehicles
for antimicrobial molecules [63]. In the study of in-
fammatory bowel disease (IBD), stool-derived EVs were

identifed as playing an important role in balancing the
immune homeostasis in the gut and may become novel
biomarkers and targets for treating IBD [64].

In addition, exosomes were characterized as carrying
rich cargos, such as proteins, RNAs, lipids, and so on, and
those cargos can be transferred into cells nearby to infuence
the cells’ functions [65]. For instance, AF-derived exosomes
(AF-Exos) were considered loaded with abundant growth
factors. Due to these features, AF-Exos expressed special
abilities in restoring injured testicular tissue and inhibiting
cell apoptosis to increase regeneration in the rat model [66].
Besides, some of the proinfammatory proteins were iden-
tifed to be encountered in respiratory exosomes, such as
LCN2, S100A12, Serpin A, APOA4, and so on, which may
infuence the oxidative damage and modulate the in-
fammatory progress [67]. Exosome-derived Multiple Al-
logeneic Protein Paracrine Signaling (Exo-d-MAPPS) was
extracted from placental tissues by MSC-Exo, which could
promote lung repair and regeneration, deliver anti-
infammatory factors, and expand immunosuppressive
cells in lung for improving lung function and alleviating
infammation [68]. In chronic obstructive pulmonary dis-
ease (COPD) patients, miR-21 were investigated to be
overexpressed in exosome derived from bronchial epithelial
cells and could be transferred from bronchial epithelial cells
to bronchial fbroblast cells in inducing myofbroblast dif-
ferentiation [69]. Furthermore, Gupta et al. pointed out that
airway epithelial-derived exosomal cargo may directly target
recipient cells and impact protein expression, modulate
mucus hypersecretion, and infuence airway remodeling in
chronic lung disease [70]. In the model of acute lung injury,
human endothelial progenitor cells (EPCs) were proven to
transfer miR-126 into lung epithelial cells to enhance the

IgE
Mast cell

Injured airway epithelium in asthma

Figure 1: Molecular pathological mechanisms of asthma.
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expression of tight junction proteins and target HMGB1 and
VCAM1 expression to reduce infammatory cytokines and
lung epithelial dysfunction [71].

3.2. Exosome inAsthma. Te expression of exosomes can be
detected diferently in the bronchoalveolar lavage fuid
(BALF) of asthma patients [72]. Exosomes may have the
potential to regulate the progress of asthma. Indeed, most
of the key cells in the progression of asthma, such as mast
cells, eosinophils, dendritic cells (DCs), T cells, and so on,
were identifed to release exosomes, showing diferent
functions and infuencing the communications between
cells [73].

As a result of the diferent sources of exosomes,
exosomes always vary in function. Hough et al. found that
several lipids of EVs in BALF, such as ceramide, sphin-
gomyelin, and leukotrienes, expressed obviously diferent
patterns between asthma patients and healthy subjects,
and those changes may promote the infammatory
progress in asthma [74]. In addition, certain surface
molecules on MHC-classII-selected exosomes, such as
CD36, were identifed as upregulated in asthma patients to
take part in airway infammation, while the BALF exo-
somes were also considered to enhance the expression of
leukotrienes B4 (LTB4) and LTA4H to induce asthma
infammation [72]. Besides, the B cell-derived exosome
may produce allergen-derived peptides and activate
allergen-specifc T cells directly in allergic diseases [75].
Rat alveolar macrophages could secret exosomes which
contained high levels of miR-21-5p and transferred miR-
21-5p to tracheal epithelial cells to induce EMT and
promote remodeling progression via activating TGF-
β/Smad signaling pathway [76]. Te release of
neutrophils-derived exosomes could increase ASM pro-
liferation and extracellular matrix remodeling in asthma
[77]. In addition, eosinophil-derived exosomes may ac-
celerate cell apoptosis of small airway epithelial cells
(SAECs), enhance proinfammatory gene expression, such
as TNF, CCL26, and POSTN, and trigger the MAPK
cascade to promote bronchial smooth muscle cells
(BSMCs) proliferation [78].

However, exosomes also showed notable benefcial ef-
fects. In the treatment of scorpio and centipede (SC) in
asthma, BALF-derived exosomal miR-98-5p and miR-
10a-5p were found to increase and evolve in reducing AHR,
airway infammation, and regulating Wnt and MAPK
pathways [54]. In addition, M2 macrophage exosomes could
obviously suppress the expression of proinfammatory
factors such as IL-1 and transfer miR-30b-5p to modulate
airway epithelial cell pyroptosis for treating [79]. MSC-
exosomes could increase the ratio of IMs in the lung and
promote the production of IL-10 to combat ovalbumin
(OVA)-induced allergic asthma [80].

Interestingly, some functional MVBs have been found to
secrete exosomes from eosinophils of asthmatic patients, in
which exosomes may act as a biomarker in asthma [81].
Vázquez-Mera et al. recently proved fve T cell-specifc
miRNAs: miR-21-5p, miR-126-3p, miR-146a-5p, and

miR-215-5p, which were recommended with high conf-
dence to act as noninvasive biomarkers in clinical use for
identifying the phenotype, endotype, and severity of
asthma [82].

4. Bone Marrow Mesenchymal Stem Cells-
Derived Exosome (Table 1)

4.1. Bone Marrow Mesenchymal Stem Cells and Asthma.
Nowadays, cell-based therapy seems to become a study spot
and may become a novel treating approach. Mesenchymal
stem cells (MSCs) are considered to have the capacity for
self-renewal and exist in adipose tissue, umbilical cord
blood, bone marrow, and so on [83]. BMMSC was isolated
from bone marrow, which was widely used for its abundant
source and easy availability, showing therapeutic potential in
many immune and infammatory diseases, such as COVID-
19, acute refractory graft-vs-host disease (GVHD), chronic
obstructive pulmonary disease (COPD), and asthma [84].
BMMSCs hold the potential to diferentiate into airway
epithelial cells to ease ciliated cell loss in asthma [85]. As
BMMSCs lack major histocompatibility complex (MHC)
class II to escape immune surveillance, it is highly possible
that these cells were able to transfer activity in diferent
environment; for example, the upregulated proin-
fammatory cytokines promote BMMSCs to secrete anti-
infammatory factors [86]. BMMSCs were also proved to
express many cytokine receptors, such as stromal cell-
derived factor-1 (SDF-1) and C-X-C chemokine receptor
type 4 (CXCR4), to help migration into infammatory
sites [87].

Interestingly, Nemeth et al. pointed that IL-4 and IL-13
may bind to the IL-4 receptor on BMMSCs and to stimulate
the TGF-β production and STAT6 pathway, and the se-
cretion of TGF-β reduced the expression of IL-4 and IL-13 in
turn; Treg cells also could be activated by BMMSCs and then
to alleviate airway infammation and hyperresponsiveness
[88]. Systemic administration of human BMMSCs ormurine
BMMSCs both showed efective curative efects in mixed
T2/T17 allergic asthma by improving the activity of
antigen-specifc CD4 T lymphocyte and alleviating airway
infammation and airway hyperresponsiveness [89]. Some
trials also proved the safety of BMMSCs. A clinical trial of
ischemic cardiomyopathy (ICM) (NCT01087996) expressed
that transendocardial injection of allogeneic and autologous
BMMSCs both showed certain curative efects without acute
immunogenic reaction [90]. A phase I clinical trial
(NCT02013700) of BMSCs-based treatment in idiopathic
pulmonary fbrosis (IPF) conveyed that the injection ad-
ministration of 2×108 18 cells/infusion seems safe, while 21
adverse events were reported, such as the common cold and
bronchitis, and two MSC-treated patients died because of
IPF progression [91].

4.2. BMMSC-Exosome Could Regulate the Pathological Pro-
cess in Asthma. Further studies identifed that the anti-
infammatory efects of MSC may be mainly mediated by
MSC-derived soluble factors, such as EVs, and MSC-EVs
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may be more efective than the cells themselves [92]. In the
experiments of repairing damaged neurons by MSCs, MSCs
can be detected in mouse brain parenchyma for just a little,
BMMSCs-derived exosomes were then considered as the
critical role in treatment [93]. In the model of acute lung
injury, it was clearly observed that systemic administration
of MSCs was efective in decreasing infammation and
repairing lung injury while the distributed levels were below
5% at the 2nd postinjury day, which further proved the
ability of BMMSCs to secrete paracrine cytokines [94].
Besides, BMMSC-derived exosomes could not only inhibit
infammatory progress but also downregulate cell apoptosis
in lung injury via decreasing the expression of NF-κB and
HMGB1 [95].

Lung interstitial macrophages (IMs) widely exist
throughout the lung, especially in the alveolar septa [96]. In
the progression of asthma, lung IMs may be tightly related to
TLR4/MyD88 pathway to produce IL-10 for anti-
infammation and to regulate T2- and T17-mediated in-
fammation [97]. Macrophages consist of about 70% of all
immune cells in the lung; the two diferent phenotypes of
macrophage function were diferent: the expression of clas-
sically activated (M1) was upregulated in asthma, which was
closely related to proinfammatory cytokines in promoting
infammation, and the alternatively activated (M2) pheno-
types had the opposite efect [98]. After intranasal injection of
BMMSC-derived exosomes, the distribution ratio of IMs
increased obviously in the lung and was expressed as dose-
dependent; meanwhile, the expression of IL-10 was increased
to help alleviate infammation [80]. MSC-derived exosome
also be proved to decrease infammatory factors and trans-
form macrophage into M2 phenotype in mouse model of
asthma [99]. Dong et al. pointed out that MSC-Exo may
modulate the NF-κB and PI3K/AKT signaling pathway and
inhibit the expression of tumor necrosis factor receptor-
associated factor 1 (TRAF1) to promote M2 macrophage
polarization and improve airway hyperresponsiveness in
severe, steroid-resistant asthma (SSRA) [100].

In addition, systemic administration of human BMMSCs
either mouse BMMSCs-derived exosomes was efective in
alleviating T2/T17-mediated airway infammation, airway
hyperresponsive, altering the phenotype of antigen-specifc
CD4 T cells in improving asthma [92]. BMMSC-Exo also
played a certain role in upregulating the proliferation of Treg
cells along with promoting functions in improving immune
disorders, which may be modulated by CD14+ monocytes
and CD19+ B cells; IL-10 and TGF-β1, as critical anti-
infammatory cytokines, also increased obviously com-
pared with the model group [101]. It was acknowledged that
Foxp3 was able to bind with the promoter of TGF-β1 to
decrease T cell expression in asthma, and Foxp3 was also
expressed by tolerogenic DCs in the lung [102]. In-
terestingly, it was proved that MSC-derived exosome played
an important role in driving immature and mature DCs to
diferentiate into tolerogenic DCs, along with the higher
levels of crucial and common anti-infammatory cytokines,
such as TGF-β1, IL-10, and the decrease of IL-6 [103]. In the
model of allergic asthma rat, injecting BMMSCs-exosome
could downregulate the expression of T2 cytokines,
inhibiting goblet cells proliferation and collagen deposition
to reduce airway remodeling; and the Wnt/β-catenin
pathway were considered as the main targeting signaling
pathway [104]. Te study about immune cells proliferation
diferentiation revealed that BMMSC-exosomes could
suppress the functions of diferent immune cells, especially
the B-lymphocytes, and the expression of mRNA showed
signifcant diferent, which changed cells communications,
cellular movements in the follows [105] (Figure 2).

5. Conclusion

Asthma is a common chronic respiratory disease with
complex pathogenesis, multiple pathological types, and
clinical phenotypes that infuenced all age groups and causes
a high burden on health care. Existing treatments beneft
a lot despites some limitations. Exosome could carry with

Asthma patient Oral or nasal cavity Inhale

exosome

Intravenous
injection Loaded with cargo

cargo

Extraction of exosome from
supernatant

Bone marrow mesenchymal
stem cells stem cells

Can differentiate into limited cell types,
includes unipotent stem cells

(liver, skin)

Figure 2: Purifed exosomes which are derived from bone marrow mesenchymal stem cells, express various functions in treating asthma.
Intravenous or inhalation administration both seem feasible methods for delivering exosomes, and the cargo carried by the exosomes could
have important efects in treatment.
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various proteins and RNAs and to modulate the cell-to-cell
communications, infuence biological process via delivering
the contained cargo. BMMSC-derived exosomes caught
researchers’ eyes for their high safety, accurate targeting
ability, high efciency, and lack of side efects. Some ex-
periments have found the potential of BMMSC-derived
exosomes in modulating immune response, regulating
macrophage polarization, inhibiting the expression of in-
fammatory factors and signaling pathways, and then
inhibiting airway infammation and remodeling in asthma.
However, there are still some problems remained, such as
limited economical and efective methods to industrially
isolate and produce exosome, inadequate clinical evaluations
in patients as most curative efect evaluations were limited in
animal models. In conclusion, BMMSC-derived exosomes
do hold various therapeutic potentials. It is highly possible to
make full use of BMMSC-exosomes to beneft asthma
patients.

Abbreviations

ICS: Inhaled corticosteroid
LABA: Long-acting β-agonists
OCS: Oral corticosteroid
BMMSC: Bone marrow mesenchymal stem cell
EVs: Extracellular vesicles
SARP: Severe asthma research program
PEFR: Peak expiratory fow rate
FEV1: Forced expiratory volume in 1 second
EOS: Eosinophil
NE: Neutrophil
IgE: Immune globulin E
NETs: Neutrophil extracellular traps
PKC: Protein kinase C
NF-κB: Nuclear factor kappa-B
IκB: Inhibitory κB proteins
LPS: Lipopolysaccharide
TLR4: Toll-like receptor 4
MyD88: Myeloid diferentiation primary response 88
HMGB1: High mobility group box 1
HSF1: Heat shock factor 1
AHR: Airway hyperresponsiveness
TGF-β1: Transforming growth factor-β1
STAT: Signal transducers and activators of transcription
IL: Interleukin
ASMC: Airway smooth muscle cell
PTEN: Phosphatase and tensin homologue deleted on

chromosome ten
CD38: Cluster of diferentiation 38
CREB: Cyclic AMP response-element binding protein
TSLP: Tymic stromal lymphopoietin
PD: Panic disorder
MRT: Music and relaxation therapy
GCBT: Group cognitive behavioral therapy
SMA: Supplementary motor area
FC: Functional connectivity
TCM: Traditional Chinese medicine
SC: Scorpio and centipede
SAAT: Summer acupoint application treatment

MVBs: Multivesicular bodies
UTIs: Urinary tract infections
IBD: Infammatory bowel disease
BALF: Bronchoalveolar lavage fuid
DCs: Dendritic cells
LTB4: Leukotrienes B4
HDM: House dust mite
miRNA: microRNA
MSCs: Mesenchymal stem cells
GVHD: Acute refractory graft-vs-host-disease
COPD: Chronic obstructive pulmonary disease
EPCs: Endothelial progenitor cells
SAEC: Small airway epithelial cells
OVA: Ovalbumin
MHC: Major histocompatibility complex
SDF-1: Stromal cell-derived factor-1
CXCR4: C-X-C chemokine receptor type 4
IPF: Idiopathic pulmonary fbrosis
IMs: Interstitial macrophages
TRAF1: Tumor necrosis factor receptor-associated

factor 1
SSRA: Steroid-resistant asthma.

Data Availability

Not applicable.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

Jia-Ying Yuan performed the visualization and wrote the
original draft. Xiang-Yun Wang review and revised the
manuscript. Zhi-Ying Tong reviewed and edited the man-
uscript. Yu-Chao Dong conceptualized the study, reviewed
and edited the manuscript, and administered the project.
Jia-Yi Zhao conceptualized the study and administered the
project. Yi Zhang conceptualized the study, administered the
study, and reviewed and edited the manuscript. Yan Shang
acquired the funding, performed the visualization, and
wrote the original draft. Jia-Ying Yuan and Xiang-Yun
Wang contributed equally this work.

Acknowledgments

Tis work was sponsored by the National Natural Science
Foundation of China (82170033), Natural Science Foun-
dation of Shanghai (21ZR1479200), and Shanghai Changhai
Hospital Scientifc Research Fund (2019SLZ002 and
2019YXK018).

References

[1] S. R. Tyler and S. Bunyavanich, “Leveraging -omics for
asthma endotyping,” Te Journal of Allergy and Clinical
Immunology, vol. 144, no. 1, pp. 13–23, 2019.

[2] R. K. Ramakrishnan, S. Al Heialy, and Q. Hamid, “Role of
IL-17 in asthma pathogenesis and its implications for the

8 Canadian Respiratory Journal



clinic,” Expert Review of Respiratory Medicine, vol. 13, no. 11,
pp. 1057–1068, 2019.

[3] J. Bai, J. Zhao, K. L. Shen et al., “Current trends of the
prevalence of childhood asthma in three Chinese cities:
a multicenter epidemiological survey,” Biomedical and En-
vironmental Sciences, vol. 23, no. 6, pp. 453–457, 2010.

[4] A. Nanda and A. N. Wasan, “Asthma in adults,” Medical
Clinics of North America, vol. 104, no. 1, pp. 95–108, 2020.

[5] Y. Y. Han, Q. Yan, G. Yang, W. Chen, E. Forno, and
J. C. Celedon, “Serum free testosterone and asthma, asthma
hospitalisations and lung function in British adults,”Torax,
vol. 75, no. 10, pp. 849–854, 2020.

[6] R. Kaur and G. Chupp, “Phenotypes and endotypes of adult
asthma: moving toward precision medicine,” Te Journal of
Allergy and Clinical Immunology, vol. 144, no. 1, pp. 1–12,
2019.

[7] N. Schoettler and M. E. Strek, “Recent advances in severe
asthma: from phenotypes to personalized medicine,” Chest,
vol. 157, no. 3, pp. 516–528, 2020 Mar.

[8] D. Robinson, M. Humbert, R. Buhl et al., “Revisiting Type 2-
high and Type 2-low airway infammation in asthma: current
knowledge and therapeutic implications,” Clinical and Ex-
perimental Allergy, vol. 47, no. 2, pp. 161–175, 2017.

[9] Z. Diamant, S. Vijverberg, K. Alving et al., “Toward clinically
applicable biomarkers for asthma: an EAACI position pa-
per,” Allergy, vol. 74, no. 10, pp. 1835–1851, 2019.

[10] M. Lommatzsch and J. C. Virchow, “Severe asthma: def-
nition, diagnosis and treatment,” Dtsch Aerzteblatt Online,
vol. 12, 2014.

[11] T. L. Jones, D. M. Neville, and A. J. Chauhan, “Diagnosis and
treatment of severe asthma: a phenotype-based approach,”
Clinical Medicine, vol. 18, no. Suppl 2, pp. s36–s40, 2018.

[12] K. Matsunaga, T. Ichikawa, A. Oka et al., “Changes in forced
expiratory volume in 1 second over time in patients with
controlled asthma at baseline,” Respiratory Medicine,
vol. 108, no. 7, pp. 976–982, 2014.

[13] M. W. Pijnenburg and L. Fleming, “Advances in un-
derstanding and reducing the burden of severe asthma in
children,” Te Lancet Respiratory Medicine, vol. 8, no. 10,
pp. 1032–1044, 2020.

[14] H. Nagase, M. Adachi, K. Matsunaga et al., “Prevalence,
disease burden, and treatment reality of patients with severe,
uncontrolled asthma in Japan,” Allergology International,
vol. 69, no. 1, pp. 53–60, 2020.

[15] J. L. Simpson, R. Scott, M. J. Boyle, and P. G. Gibson,
“Infammatory subtypes in asthma: assessment and identi-
fcation using induced sputum,” Respirology, vol. 11, no. 1,
pp. 54–61, 2006.

[16] B. Nordlund, C. Lundholm, V. Ullemar, H. M. Van,
A. K. Ortqvist, and C. Almqvist, “Te STOPPA twin study
explains the exhaled nitric oxide and asthma link by genetics
and sensitization,” Twin Research and Human Genetics,
vol. 20, no. 4, pp. 330–337, 2017.

[17] A. Januskevicius, E. Jurkeviciute, I. Janulaityte,
V. Kalinauskaite-Zukauske, S. Miliauskas, and
K. Malakauskas, “Blood eosinophils subtypes and their
survivability in asthma patients,” Cells, vol. 9, no. 5, p. 1248,
2020.

[18] J. J. Lee, D. Dimina, M. P. Macias et al., “Defning a link with
asthma in mice congenitally defcient in eosinophils,” Sci-
ence, vol. 305, no. 5691, pp. 1773–1776, 2004.

[19] M. T. Bozza, L. Lintomen, J. Z. Kitoko, C. N. Paiva, and
P. C. Olsen, “Te role of MIF on eosinophil biology and

eosinophilic infammation,” Clinical Reviews in Allergy and
Immunology, vol. 58, no. 1, pp. 15–24, 2020.

[20] H. Hammad and B. N. Lambrecht, “Barrier epithelial cells
and the control of type 2 immunity,” Immunity, vol. 43, no. 1,
pp. 29–40, 2015.

[21] M. E. Lachowicz-Scroggins, E. M. Dunican, A. R. Charbit
et al., “Extracellular DNA, neutrophil extracellular traps, and
infammasome activation in severe asthma,” American
Journal of Respiratory and Critical Care Medicine, vol. 199,
no. 9, pp. 1076–1085, 2019.

[22] V. Mishra, J. Banga, and P. Silveyra, “Oxidative stress and
cellular pathways of asthma and infammation: therapeutic
strategies and pharmacological targets,” Pharmacology &
Terapeutics, vol. 181, pp. 169–182, 2018.

[23] L. Shang, L. Wang, X. Shi et al., “HMGB1 was negatively
regulated by HSF1 and mediated the TLR4/MyD88/NF-κB
signal pathway in asthma,” Life Sciences, vol. 241, Article ID
117120, 2020.

[24] J. Shang, W. Liu, C. Yin, H. Chu, and M. Zhang, “Cucur-
bitacin E ameliorates lipopolysaccharide-evoked injury, in-
fammation and MUC5AC expression in bronchial epithelial
cells by restraining the HMGB1-TLR4-NF-κB signaling,”
Molecular Immunology, vol. 114, pp. 571–577, 2019.

[25] B. Ma, S. S. Athari, E. Mehrabi-Nasab, and L. Zhao, “PI3K/
AKT/mTOR and TLR4/MyD88/NF-κB signaling inhibitors
attenuate pathological mechanisms of allergic asthma,” In-
fammation, vol. 44, no. 5, pp. 1895–1907, 2021.

[26] Z. Wu, E. Mehrabi Nasab, P. Arora, and S. S. Athari, “Study
efect of probiotics and prebiotics on treatment of OVA-LPS-
induced of allergic asthma infammation and pneumonia by
regulating the TLR4/NF-kB signaling pathway,” Journal of
Translational Medicine, vol. 20, no. 1, p. 130, 2022.

[27] C. Bergeron and L. P. Boulet, “Structural changes in airway
diseases,” Chest, vol. 129, no. 4, pp. 1068–1087, 2006.

[28] L. P. Boulet, “Airway remodeling in asthma: update on
mechanisms and therapeutic approaches,” Current Opinion
in Pulmonary Medicine, vol. 24, no. 1, pp. 56–62, 2018.

[29] M. Adachi, M. Kozawa, H. Yoshisue et al., “Real-world safety
and efcacy of omalizumab in patients with severe allergic
asthma: a long-termpost-marketing study in Japan,” Re-
spiratory Medicine, vol. 141, pp. 56–63, 2018.

[30] P. Prabhala, D. B. Wright, P. Robbe et al., “Laminin α4
contributes to airway remodeling and infammation in
asthma,” American Journal of Physiology - Lung Cellular and
Molecular Physiology, vol. 317, no. 6, pp. L768–L777, 2019
Dec 1.

[31] Y. S. Prakash, A. J. Halayko, R. Gosens, R. A. Panettieri,
B. Camoretti-Mercado, and R. B. Penn, “An ofcial Amer-
ican thoracic society research statement: current challenges
facing research and therapeutic advances in airway
remodeling,” American Journal of Respiratory and Critical
Care Medicine, vol. 195, no. 2, pp. e4–e19, 2017.

[32] N. Huang, K. Liu, J. Liu et al., “Interleukin-37 alleviates
airway infammation and remodeling in asthma via inhib-
iting the activation of NF-κB and STAT3 signalings,” In-
ternational Immunopharmacology, vol. 55, pp. 198–204,
2018.

[33] A. Saito, M. Horie, and T. Nagase, “TGF-Β signaling in lung
health and disease,” International Journal of Molecular Sci-
ences, vol. 19, no. 8, p. 2460, 2018.

[34] S. E. Bottoms, J. E. Howell, A. K. Reinhardt et al., “Tgf-β
isoform specifc regulation of airway infammation and
remodelling in a murine model of asthma,” PLoS One,
C. Feghali-Bostwick, Ed., vol. 5, no. 3, Article ID e9674, 2010.

Canadian Respiratory Journal 9



[35] X. X. Jia, T. T. Zhu, Y. Huang, X. X. Zeng, H. Zhang, and
W. Zhang, “Wnt/β-catenin signaling pathway regulates
asthma airway remodeling by infuencing the expression of
c-Myc and cyclin D1 via the p38 MAPK-dependent path-
way,” Experimental and Terapeutic Medicine, vol. 18, no. 5,
pp. 3431–3438, 2019.

[36] Y. Wu, Y. Lu, F. Zou et al., “PTEN participates in airway
remodeling of asthma by regulating CD38/Ca2+/CREB
signaling,” Aging, vol. 12, no. 16, pp. 16326–16340, 2020.

[37] N. Su, J. Lin, P. Chen et al., “Evaluation of asthma control and
patient’s perception of asthma: fndings and analysis of
a nationwide questionnaire-based survey in China,” Journal
of Asthma, vol. 50, no. 8, pp. 861–870, 2013.

[38] J. K. Mukker, R. S. P. Singh, and H. Derendorf, “Ciclesonide:
a pro-soft drug approach for mitigation of side efects of
inhaled corticosteroids,” Journal of Pharmaceutical Sciences,
vol. 105, no. 9, pp. 2509–2514, 2016.

[39] M. M. Cloutier, A. E. Dixon, J. A. Krishnan, R. F. Lemanske,
W. Pace, and M. Schatz, “Managing asthma in adolescents
and adults: 2020 asthma guideline update from the national
asthma education and prevention Program,” JAMA, vol. 324,
no. 22, p. 2301, 2020.

[40] W. W. Busse, E. D. Bateman, A. L. Caplan et al., “Combined
analysis of asthma safety trials of long-actingβ 2 -agonists,”
New England Journal of Medicine, vol. 378, no. 26,
pp. 2497–2505, 2018.

[41] T. Volmer, T. Efenberger, C. Trautner, and R. Buhl,
“Consequences of long-term oral corticosteroid therapy and
its side-efects in severe asthma in adults: a focused review of
the impact data in the literature,” European Respiratory
Journal, vol. 52, no. 4, Article ID 1800703, 2018.

[42] W. W. Busse, M. Humbert, T. Haselkorn et al., “Efect of
omalizumab on lung function and eosinophil levels in ad-
olescents with moderate-to-severe allergic asthma,” Annals
of Allergy, Asthma, & Immunology, vol. 124, no. 2,
pp. 190–196, 2020.

[43] I. Agache, J. Beltran, C. Akdis et al., “Efcacy and safety of
treatment with biologicals (benralizumab, dupilumab,
mepolizumab, omalizumab and reslizumab) for severe eo-
sinophilic asthma. A systematic review for the EAACI
Guidelines recommendations on the use of biologicals in
severe asthma,” Allergy, vol. 75, no. 5, pp. 1023–1042, 2020.

[44] I. Agache, C. A. Akdis, M. Akdis et al., “EAACI biologicals
guidelines—recommendations for severe asthma,” Allergy,
vol. 76, no. 1, pp. 14–44, 2021.

[45] I. Agache, Y. Song, C. Rocha et al., “Efcacy and safety of
treatment with dupilumab for severe asthma: a systematic
review of the EAACI guidelines—recommendations on the
use of biologicals in severe asthma,” Allergy, vol. 75, no. 5,
pp. 1058–1068, 2020.

[46] P. Flood-Page, C. Swenson, I. Faiferman et al., “A study to
evaluate safety and efcacy of mepolizumab in patients with
moderate persistent asthma,” American Journal of Re-
spiratory and Critical Care Medicine, vol. 176, no. 11,
pp. 1062–1071, 2007.

[47] E. A. Jacobsen, D. J. Jackson, E. Hefer et al., “Eosinophil
knockout humans: uncovering the role of eosinophils
through eosinophil-directed biological therapies,” Annual
Review of Immunology, vol. 39, no. 1, pp. 719–757, 2021.

[48] J. V. Fahy, “Type 2 infammation in asthma — present in
most, absent in many,” Nature Reviews Immunology, vol. 15,
no. 1, pp. 57–65, 2015.

[49] J. Corren, T. Pham, E. Garcia Gil et al., “Baseline type 2
biomarker levels and response to tezepelumab in severe
asthma,” Allergy, vol. 77, no. 6, pp. 1786–1796, 2022.

[50] J. M. Feldman, L. Matte, A. Interian et al., “Psychological
treatment of comorbid asthma and panic disorder in Latino
adults: results from a randomized controlled trial,” Behav-
iour Research and Terapy, vol. 87, pp. 142–154, 2016.

[51] Y. Zhang, K. Ma, Y. Yang et al., “Predicting response to
group cognitive behavioral therapy in asthma by a small
number of abnormal resting-state functional connections,”
Frontiers in Neuroscience, vol. 14, Article ID 575771, 2020.

[52] M. H. Wang, C. Chen, M. L. Yeh, and J. G. Lin, “Using
traditional Chinese medicine to relieve asthma symptoms:
a systematic review and meta-analysis,” Te American
Journal of Chinese Medicine, vol. 47, no. 08, pp. 1659–1674,
2019.

[53] H. H. L. Chan, “Traditional Chinese medicine (TCM) and
allergic diseases,” Current Allergy and Asthma Reports,
vol. 20, no. 11, p. 67, 2020.

[54] B. Tang, Y. Wu, H. Fang, Y. Wu, and K. Shi, “Small RNA
sequencing reveals exosomal miRNAs involved in the
treatment of asthma by scorpio and centipede,” BioMed
Research International, vol. 2020, pp. 1–12, 2020.

[55] G. Yingying, W.Wenge, Z. Junhong, B. Shuying, L. Hongxia,
and L. Meijiao, “Efects of Traditional Chinese Medicine
herbs for tonifying Qi and kidney, and replenishing spleen
on intermittent asthma in children aged 2 to 5 years old,”
Journal of Traditional Chinese Medicine, vol. 36, no. 1,
pp. 32–38, 2016.

[56] X. Wu, J. Peng, G. Li, W. Zhang, G. Liu, and B. Liu, “Efcacy
evaluation of summer acupoint application treatment on
asthma patients: a two-yearfollow-up clinical study,” Journal
of Traditional Chinese Medicine, vol. 35, no. 1, pp. 21–27,
2015.
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