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Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung disease and a major health burden
worldwide. Extracellular vesicles (EVs) are nanosized vesicles which possess a lipid bilayer structure that are secreted
by various cells. They contain a variety of bioactive substances, which can regulate various physiological and
pathological processes and are closely related to the development of diseases. Recently, EVs have emerged as a
novel tool for intercellular crosstalk, which plays an essential role in COPD development. This paper reviews the
role of EVs in the development of COPD and their potential clinical value, in order to provide a reference for further
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a
heterogeneous lung condition characterized by chronic
respiratory symptoms (dyspnea,cough, sputum produc-
tion) due to abnormalities of the airways (bronchitis,
bronchiolitis) and/or alveoli (emphysema) that cause per-
sistent, often progressive, airflow obstruction [1].COPD
is a major health burden across the world. According
to statistics provided by the World Health Organiza-
tion (WHO), COPD has emerged as the third leading
cause of mortality globally, accounting for approximately
3.23 million deaths in 2019 [2].A large cross-sectional
study conducted in China in 2018 by China Pulmonary
Health (CPH) revealed that the prevalence rate of COPD
among individuals aged 40 years and above was 13.7%,
which translates to a total of almost 100 million people
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[3]. This is a significant increase from the national COPD
prevalence rate of 8.2% for those aged 40 years and older,
as reported in 2007 [3].The prevalence of COPD may be
further affected by continued exposure to environmen-
tal pollution, while the number of smokers worldwide
remains high. Total COPD deaths are projected to rise
to 8.3 million in 2030 under baseline scenario [4]. And
because of the serious disease burden caused by repeated
acute exacerbations of the disease, end-stage patients
often lose their workforce, which makes the situation
of prevention and treatment of COPD still very serious.
Therefore, it is imperative to enhance the comprehension
of COPD pathogenesis and pinpoint novel therapeutic
targets. Extracellular vesicles (EVs) have emerged as a
novel tool for intercellular communication and involved
in maintaining normal lung homeostasis or responding
to pathological developments [5]. EVs have the potential
to serve as future novel biomarkers and therapeutics in
various diseases, making them valuable for clinical appli-
cation [6]. The aim of this review is to provide a concise
summary of the most recent research findings on the
pathological roles of EVs in the development of COPD,
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as well as to explore their potential applications as both
biomarkers and therapeutic interventions.

Extracellular vesicles

EVs are membrane-bound vesicles with a lipid bilayer
that are secreted by almost all types of cells [7]. EVs play
vital roles in the human body, serving as crucial media-
tors for intercellular communication [8]. Based on size,
biogenesis, and secretion mechanism, they are divided
into three categories: exosomes, microvesicles, and apop-
totic bodies (Fig. 1). Exosomes are a type of extracellu-
lar vesicle that range in size from 50 to 150 nm and are
released from intracellular vesicles [7]. They are formed
in multivesicular bodies (MVBs) before release [9].When
the MVB membrane fuses with the cell membrane of the
origin, the exosomes are collectively released from the
cells into the surrounding environment [9]. Exosomes are
rich in specific surface markers, particularly endosomal
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markers such as CD9, CD63, and CD81 from the tet-
raspanin protein family, TSG101 (tumor susceptibility
gene 101), and Alix [10]. Microvesicles are a type of extra-
cellular vesicle that range in size from 50 to 500 nm (up
to 1 um) and are larger than exosomes [11]. Microvesicles
are released from the cell membrane surface through a
process of budding [11].Thus, they tend to reflect the sur-
face composition of their parent cells and express cellular
markers of the latter [11]. Apoptotic bodies, released as
blebs of cells undergoing apoptosis, typically fall within
a larger size range of 1-4 pum [12]. Proteins from the
plasma membrane, cytosol, as well as fragmented nuclei
are present in apoptotic bodies [13]. Apoptotic vesicles
are a result of programmed cell death, so the extracellu-
lar vesicles involved in regulating intercellular communi-
cation mainly refer to exosomes and microvesicles. The
International Society of Extracellular Vesicles (ISEV) rec-
ommends using the term EVs as a general designation for
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Fig. 1 Depiction of EVs subtybes and biogenesis. Exosomes are a type of extracellular vesicle that range in size from 50 to 150 nm and are formed in
multivesicular bodies (MVBs) before release in living cell. Microvesicles are a type of extracellular vesicle that range in size from 50 to 500 nm (up to 1 um)
and are larger than exosomes. Microvesicles are released from the cell membrane surface through a process of budding in living cell. Apoptotic bodies,
released as blebs of cells undergoing apoptosis, typically fall within a larger size range of 1-4 um



Liu et al. Respiratory Research (2024) 25:84

all nanoparticles released by cells with a lipid bilayer [14].
Unless specifically indicated, the term EVs is used generi-
cally for particles in this review.

EVs in normal airway physiology

EVs have been demonstrated in a diverse range of bodily
fluids in the respiratory system, including saliva, spu-
tum and alveolar lavage fluid [15].Under normal pul-
monary physiological conditions, EVs play a crucial role
in maintaining pulmonary homeostasis by facilitating
intercellular communication within the human airway
[16]. A diverse array of cells, including lung epithelial
cells, endothelial cells, and various immune cells, are
capable of releasing EVs. EVs derived from airway epi-
thelial cells contain membrane mucins on their surface,
which are part of the mucociliary clearance system and
innate immunity [17]. These molecules play a crucial
role in protecting the respiratory tract from environ-
mental pathogens [17].EVs derived from alveolar macro-
phages contain suppressor of cytokine signaling protein
1 (SOCS1) and suppressor of cytokine signaling protein
3 (SOCS3), which regulate inflammatory and maintain
alveolar homeostasis [18].In addition, miR-223, an RNA
molecule enclosed in EVs secreted by alveolar macro-
phages, is tansferred to varied cells including lung epi-
thelial cells for the purpose of regulating the airway
microenvironment and modulating cellular homeostasis
[19]. All of these studies indicate that EVs released from
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lung cells during normal physiological conditions play a
crucial role in maintaining host defense and pulmonary
homeostasis. EVs serve as carriers for intercellular sig-
naling and are produced and eliminated in a dynamic
equilibrium under physiological conditions [16]. Once
external stimuli disturb the homeostasis, EVs can par-
ticipate in various pathological processes by modulating
their target cells [16].

The role of EVs in the pathogenesis Of COPD

The pathogenesis of COPD is complex, involving mech-
anisms such as inflammation, oxidative stress, and pro-
tease and anti-protease imbalance. Recent evidence
indicates that both autoimmune responses and microbial
changes in the lungs can have an impact on COPD [20].
Pathogenic mechanisms do not exist singularly and may
predominate in certain processes, but they typically coex-
ist and have a tendency to converge or cycle in order to
reinforce one another [21]. EVs may act as central media-
tors and contribute to all the mechanisms involved in
COPD pathophysiology (Fig. 2). We focused on review-
ing the role of EVs in the following mechanisms.

Inflammation

COPD is a complex disease, characterized by inflam-
mation of the airways, destruction of lung tissue, and
limited airflow due to changes in the airway structure
[22]. EVs act as transporters in the lung, transmitting
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Fig. 2 The Role of EVs in The Pathogenesis of COPD. EVs may act as central mediators and contribute to all the mechanisms in COPD pathophysiology
including inflammation, protease-anti-protease imbalance, oxidative stress, autoimmune response and cell senescence
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pro-inflammatory mediators or inflammatory substances
to other cells, thereby promoting the pathogenesis of
COPD [23-27]. A study revealed that patients with
COPD, whether in exacerbation or stable state, had sig-
nificantly higher levels of plasma exosomes compared
to non-smoking healthy individuals [28]. The exosomes
were found to be positively correlated with inflamma-
tory markers including C-reactive protein (CRP), sol-
uble tumor necrosis factor type I receptor (STNFR1),
and interleukin-6 (IL-6) [28]. This finding suggests that
exosomes may play a role in the inflammatory process
of COPD. Moon et al. demonstrated that the secretion
of CCN1-enriched exosomes was induced by cigarette
smoke extract (CSE) [23].CCN1, also known as CYR61
(cysteine rich 61), belongs to the CCN (CYR61/CTGEF/
NOV) family of proteins [29].1t is an early response gene
product that functions as a cysteine-rich extracellular
matrix protein involved in various cellular processes such
as proliferation, adhesion, migration, differentiation and
apoptosis [29]. Additionally, it has been found to be well
correlated with inflammatory indicators of disease [29].
CCNI1 enhanced IL-8 secretion through the Wnt signal-
ing pathway [24]. Furthermore, the increased secretion
of IL-8, in turn attracts inflammatory cells, particularly
neutrophils, to infiltrate the lung parenchyma [24]. A
study conducted by Martin et al. revealed that exposure
to PM2.5 resulted in the release of macrophage-derived
EVs, which subsequently induced a pro-inflammatory
phenotype in lung epithelial cells, leading to the secre-
tion of IL-6 and tumor necrosis factor-alpha (TNF«) [25].
Another research conducted by Cordazzo et al. revealed
that CSE triggered the release of EVs from monocytes,
which in turn stimulated the production of IL-8, mono-
cyte chemotactic protein-1 (MCP-1), and intercellular
adhesion molecule-1 (ICAM-1 or CD54) in bronchial
epithelial cells [26]. Feller discovered that smoking led to
an increase in the expression of Wnt5a and inflammatory
cytokines in both mouse models and human specimens
[27]. Additionally, EVs transported these factors to other
organs in patients with COPD [27].This could potentially
explain the systemic inflammatory response observed in
individuals with COPD.

One of the causes of exacerbations in COPD patients
are EVs derived from bacteria [30],which contribute to
disease progression by inducing inflammation. There is
evidence to suggest that bacteria have adapted to utilize
EVs as contributors to neutrophilic pulmonary inflam-
mation, which plays a role in the pathogenesis of COPD
[31, 32]. Kim et al. initially discovered that repeated inha-
lation of EVs derived from staphylococcus aureus can
trigger Th1l and Th17 cell responses, as well as a pulmo-
nary inflammatory response characterized by neutrophil
infiltration [31].The inflammatory response induced by
S. aureus EVs is primarily dependent on TLR2 signaling
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[31].In 2015, the same group discovered that EVs derived
from Escherichia coli can cause emphysema in an IL-17 A
dependent manner [32], which suggests a new target for
controlling COPD [32].

Airway fibrosis in COPD is usually considered to be the
result of long-term airway inflammation. Airway fibro-
sis, primarily caused by fibroblast differentiation into
myofibroblasts, is a direct consequence of the inflamma-
tory response triggered by exposure to inhaled cigarette
smoke and leads to the narrowing of small airways [33].
EV-miRNAs alterations could lead to airway fibrosis,
which are hallmark processes in COPD. Myofibroblasts
have been found to contribute to airway fibrosis by pro-
ducing extracellular matrix components, including col-
lagenous proteins and a-smooth muscle actin (a-SMA),
which give them strong contractile activity [34]. Fujita et
al. discovered that exposure to cigarette smoke extract
(CSE) can enhance the expression of exosomal miR-210
in bronchial epithelial cells [35]. This, in turn, promotes
the conversion of lung fibroblasts into myofibroblasts by
targeting autophagy-related 7 (ATG7) [35]. Insufficient
expression of ATG7 leads to decreased autophagy, result-
ing in myofibroblast differentiation in lung fibroblasts
[35].Another study also observed that CSE stimulated
bronchial epithelial cells to produce miR-21-contain-
ing exosomes. The exosomal miR-21 from CSE-treated
bronchial epithelial cells could promote myofibroblast
differentiation by targeting von Hippel-Lindau protein
(pVHL) [36].

Protease and anti-protease imbalance

Protease and anti-protease imbalance is one of the
important pathogenic mechanisms of COPD [37].Prote-
ases can cause damage to the lung parenchyma by break-
ing down the extracellular matrix, while anti-proteases
have the ability to protect it by binding with proteases
[38]. Under normal conditions, protease and anti-pro-
tease are in equilibrium. When the hydrolytic capacity
of protease exceeds the protective capacity of anti-pro-
tease, this balance is disrupted and lung parenchyma
damage occurs, ultimately leading to the development
of COPD [38].The main proteases and anti-proteases
involved in the pathogenesis of COPD include neutro-
phil elastase (NE), matrix metalloproteinase (MMP),
andal-antitrypsin [39]. o-1 antitrypsin, remains the
most significant contributor in the pulmonary inter-
stitium. EVs derived from innate immune cells, such as
PMNs(polymorphonuclears) and macrophages, exhibit
a strong capacity for direct proteolysis. Genschmer et
al. found that active neutrophil-derived EVs assisted NE
in bypassing the anti-protease protective barrier of the
lung and promote extracellular matrix destruction trig-
gering loss of alveolar units leading to emphysema [40].
Similarly, EVs are involved in the transportation of al
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antitrypsin. It has been estimated that approximately
1-5% of COPD patients suffer from a deficiency in this
protein [41]. Lockett et al. discovered that lung endothe-
lial cells transfer al-antitrypsin to alveolar epithelial cells
through EVs, while cigarette smoke hinders this process
by suppressing exosomal activity derived from endothe-
lial cells [42]. Recently, LI et al. identified that exposure
of macrophages to tobacco smoke extract (TSE) induced
the release of microvesicles with proteolytic activity [43].
Surprisingly, they found that smoke-induced macrophage
microvesicles carry significant gelatinolytic and colla-
genolytic activities, primarily attributed to MMP14 [43],
which is involved in the development of emphysema in
COPD. The above studies suggest that EVs are involved
in regulating the protease-anti-protease system mainly
through activation or transport of protease- and anti-
protease-related substances.

Oxidative stress

The imbalance between increased oxidative factors and
antioxidant defense mechanisms is referred to as oxida-
tive stress, which plays a crucial role in the development
of COPD [44]. Several studies have shown that patients
with COPD experience an increased oxidative load [45,
46]. The presence of reactive oxygen species (ROS) in the
airways is a major contributor to the development and
progression of COPD [47].When the balance between
ROS production and antioxidant responses is disrupted,
such as by exposure to PM2.5 or cigarette smoke, an
accumulation of ROS occurs, leading to oxidative stress
[48, 49].The role of EVs in oxidative stress was confirmed
by Qiu et al. [50]in a vitro study. A significantly higher
level of malondialdehyde, superoxide, and ROS increased
in cell with lymphocyte-derived microparticles(LMPs)
treatment, while simultaneously inhibiting the produc-
tion of the antioxidant glutathione [50]. Recent research
has shown that there is a close relationship between oxi-
dative stress and mitochondrial damage in COPD, with
the two factors interacting [51, 52]. Additionally, exo-
somes are involved in oxidative stress mainly by affecting
mitochondrial function. EVs mediate mitochondrial pro-
duction of reactive oxygen species in receptor T cells by
participating in mitochondrial transfer [53].Adipose mes-
enchymal stem cell-derived EVs improve macrophage
mitochondrial integrity and relieve mitochondrial reac-
tive oxygen stress in macrophages by transporting their
mitochondrial components to alveolar macrophages [54].
Thus, EVs ultimately contribute to COPD through mech-
anism induced by oxidative stress.

Autoimmune response

COPD is, to some extent, also considered an autoim-
mune disease [55]. Repeated exposure to cigarette smoke
or pathogens activates pattern recognition receptors,
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such as Toll-like receptors, which in turn activate epi-
thelial cells and innate immune cells like macrophages
and neutrophils [55]. This leads to the release of dam-
age-related molecules and subsequently the develop-
ment of an adaptive immune response in the lungs [55].
Autoantibodies, including anti-elastin antibodies [56],
anti-epithelial cell antibodies [57], and tobacco anti-
unique antibodies [58], can be detected in the circula-
tion of patients with COPD. Polymeric immunoglobulin
receptor-deficient mice develop a progressive COPD-like
phenotype spontaneously [59]. Pulmonary macrophages
are important immune effector cells that play a criti-
cal role in both innate and adaptive immune responses.
After brief stimulation of mouse macrophages with ATP,
MHC-II-containing EVs are released by the macrophages
that mediate antigen presentation and immune activation
[60], suggesting a potential role in autoimmune response.
Secondly, it has been found that lung macrophages can
transport miRNA233 via EVs to various respiratory
cells, including lung epithelial cells [19].Additionally,
miRNA233 is believed to play a crucial role in regulat-
ing the innate immune response in COPD [61]. In addi-
tion, phenotypic alterations in lung tissue macrophages
are associated with the development and progression of
COPD [62]. Wang et al. discovered that EVs originating
from airway epithelial cells induced by cigarette smoke
altered the phenotype of macrophages and promoted
polarization towards M1-type macrophages [63]. The
above studies suggest that EVs may participate in the
pathogenesis of COPD by transporting relevant immune
modulators and regulating relevant immune cells.

Cell senescence

There is no doubt that COPD is typically found in the
elderly and closely associated with aging. In healthy indi-
viduals, male forced expiratory volume in the 1st second
(FEV1) and forced vital capacity (FVC) reach their peak
around the age of 25 and then gradually decline as they
get older [64]. Cellular senescence is a state of irrevers-
ible growth arrest that can be triggered by either telo-
mere shortening or telomere-independent signals such
as DNA damage and oxidative stress [65]. Senescence is
characterized by changes in morphology and metabo-
lism, chromatin remodeling, altered gene expression,
and the emergence of a pro-inflammatory phenotype
known as senescence associated secretory phenotype
(SASP) [65].Abnormal cellular senescence in lung tissue
is one of the mechanisms involved in the pathogenesis
of COPD. Senescent cells, such as alveolar epithelial and
endothelial cells, accumulate in the lungs of patients with
COPD, resulting in small airway fibrosis and emphy-
sema [66]. Recent studies suggest that senescent cells in
the lungs contribute to age-related lung diseases, such
as COPD, by releasing SASP factors [67]. EVs released
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by senescent cells have the ability to transport factors
associated with senescence and regulate the phenotype
of recipient cells, similar to SASP factors. Thus, EVs
secreted by senescent cells are also considered a novel
SASP factor. A recent study discovered an increase of
EV-miR-21 expression in vitro senescent cells, which
potentially triggers the process of cellular aging in nearby
cells [68]. Additionally,levels of serum exosomal miR-21
was found to be over-expressed in COPD patients [36].
EVs participate in the transport of senescence-associated
miRNAs,transmitting cellular senescence which has been
further supported by evidence in idiopathic pulmonary
fibrosis [69]. Unfortunately, there is currently limited
reports regarding the correlation between EVs and cellu-
lar senescence in COPD. Further investigation is clearly
warranted to conduct additional research.

Biomarker potential of EVs in COPD

Biomarkers are clinical characteristics that reflect the
activity of a disease and fluctuate with its progression,
rendering them valuable for diagnosis, monitoring of
disease evolution, as well as assessment of therapeutic
response [70].EVs are promisingbiomarker candidates
due to the high stability of their phospholipid bilayers in
bodily fluids and their ability to encapsulate a variety of
disease-associated biomolecules. Circulating endothe-
lial microparticles(EMPs) are small membrane vesicles
released from endothelial cells in response to stimuli
such as inflammatory activation, apoptosis, or injury
[71]. They serve as novel biomarkers of endothelial acti-
vation and injury. The analysis of circulating EMPs is cur-
rently underway to assess endothelial damage in COPD
patients and its clinical correlations. A study has found
that the level of circulating EMPs increases in smokers
with emphysema, which could be useful for identifying

Table 1 Biomarker potential of EVs in COPD
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early development of the disease [72].Takahashi et al.
found that the stable COPD patients had considerably
higher levels of EMPs than the non-COPD volunteers
[73]. According to another study, CD31(+) EMPs were
found to be increased in mild COPD and emphysema;
CD62E (+) EMPs were elevated in severe COPD and
hyperinflation [74]. The study by Bazzan et al. showed
a higher number of alveolar macrophage-derived MVs
in the smokers with COPD compared to smokers with-
out COPD and to healthy individuals, which correlated
positively with the pack-years of smoking and inversely
with lung function expressed as FEV1% (Forced Expira-
tory Volume in the 1st second percent predicted, reduced
FEV1 indicated the degree of airway obstruction) [75].
These studies are listed in Table 1.

Some studies have demonstrated that alterations in the
circulating miRNA are the physiological responses to
COPD development [76]. Thus, circulating miRNAs have
the potential to serve as biomarkers for COPD. Emerging
evidence suggests that some exosomes contain cell-spe-
cific miRNA which have the potential to serve as bio-
markers [77-79]. A recent study using exosomal miRNA
profiling demonstrated that exosomal miR-122-5p was
downregulated among the COPD patients comparing to
normal non-smokers and smokers functionally serving as
a biomarker [79].Many of the concluded studies are listed
in Table 1.

The composition of protein in EVs is also linked to spe-
cific cellular functions, indicating that EV proteins have
the potential to serve as biomarkers. Koba et al. have
utilized next-generation proteomics to identify novel
biomarkers in serum EVs [80]. Among them, fibulin-3,
a pathogenic matricellular protein in elastic fibers, may
serve as a potential biomarker for COPD [80].This dis-
covery implies that circulating EVs protein cargo may

References Body Fluids Cohort Potential Biomarkers
[73] plasma stable COPD patients, CD144+ EMPs,
exacerbated COPD patients, CD31+4 EMPs,
healthy individuals CD62E+ EMPs
[74] plasma COPD CD314 EMPs,
control subjects CD62E+ EMPs
[75] BALF smokers with COPD, CD14+
smokers without COPD, Macrophage microparticles
nonsmokers
[771 plasma nonsmokers, upregulated
smoker, miR-22-3p, miR-99a-5p, miR-151a-5p, miR-320b, miR-320d;
COPD patients downregulated
miR-335-5p, miR-628-3p, MiR-887-5p, and miR-937-3p
[78] plasma COPD patients, miR-23a, miR-221, and miR-574
healthy individuals
[79] BALF and LungTissue healthy non-smokers, miR-122-5p
smokers,
patients with COPD or IPF
[80] serum patients with COPD, healthy controls fibulin-3
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serve as biomarkers for COPD. However, there is a dearth
of reports that focus on EV protein cargo as biomarkers,
and further investigation is required to address this issue.

Therapeutic potential of EVs in COPD

The efficacy of treatments for patients with COPD is
currently limited, as they can only alleviate symptoms
and prevent exacerbations to a certain extent, but can-
not halt the progression of COPD. Mesenchymal stromal
cells (MSCs) have been reported to be anti-inflamma-
tory and regenerative. Some studies have suggested that
MSC-derived EVs appear to possess the same functions,
indicating a novel target for COPD control. Maremanda
et al. report that MSCs and MSC-derived EVs protected
against cigarette-induced inflammation and mitochon-
drial dysfunction in a mouse model of COPD [81].
Ridzuan et al. discovered that the intratracheal adminis-
tration of human umbilical cord mesenchymal stem cell
(hUC-MSC)-derived EVs effectively alleviated inflamma-
tion in a rat model of cigarette exposure-induced COPD
[82].Song’s study revealed that EVs secreted by damaged
alveolar epithelial type II (AEC-II) cells can promote
the proliferation and migration of MSCs [83]. Addition-
ally, EVs secreted by AEC-II cells increased the expres-
sion levels of genes related to mitochondrial synthesis
and metastasis [83]. This finding provides a new idea for
treating COPD with MSCs. In addition to MSC-derived
EVs, other sources of EVs have also been shown to inter-
vene in COPD. Recent study has found that adipose stem
cell-derived EVs alleviate cigarette smoke-induced lung
inflammation and injury by inhibiting alveolar macro-
phage pyroptosis [84]. Although there is a lack of studies
on the use of these strategies for COPD treatment, some
EVs have already been investigatedfor cancer and trans-
plantation treatments in phase I and II trials [85-87].
Some issues still need to be addressed for future clinical
application of EVs for COPD treatment.Firstly,there is an
inherent issue in acquiring EVs due to the requirement of
large amounts of sample and the limitations of obtaining
fresh samples in a longitudinal study.Secondly,EVs can
be isolated and purified from cell culture supernatant
and biological fluids through many methods including
ultrafast centrifugation, density gradient centrifugation,
immunoaffinity capture,which have their advantages
and disadvantages [88—90].But there is no unified stan-
dard for EV isolation and characterisation.Additional
consideration is the safety behind EV as a novel biomedi-
cal products.Some studies suggest that EVs have certain
safety [91, 92], but no recognized safety evaluation sys-
tem has been established.
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Conclusion

In summary, various lung cells secrete EVs that play a
crucial pathogenic role in the development of COPD by
transporting miRNAs and proteins. The role of EVs in
the development of inflammation and protease imbal-
ance in COPD has been partially investigated, but fur-
ther research is necessary to explore other pathogenic
mechanisms. At the same time, EVs are expected to iden-
tify more precise biomarkers for COPD, as their phos-
pholipid bilayer packaging allows them to remain stable
in various biological fluids of the respiratory system.
Although the potential of EVs in treating COPD has been
explored in animal models, further research is necessary
to determine their clinical applicability. Nevertheless,
the outlook for future studies is promising. Some issues
related to exosome research require resolution, includ-
ing the clinical applicability of EV detection, isolation and
purification. Further research is urgently needed for clini-
cal application. By investigating the role of EVs in COPD
development, a deeper understanding of its pathogen-
esis can be gained and novel diagnostic and therapeutic
methods developed.

Abbreviations

COPD Chronic obstructive pulmonary disease
EVs Extracellular Vesicles

WHO World Health Organization

CPH China Pulmonary Health

MVBs Multivesicular bodies

TSG101 Tumor susceptibility gene 101

ISEV International Society of Extracellular Vesicles

SOCST Suppressor of cytokine signaling protein 1

SOCS3 Suppressor of cytokine signaling protein 3

CRP c-reactive protein

STNFR1 Soluble tumor necrosis factor type | receptor

IL-6 Interleukin-6

CSE Cigarette smoke extract

CYR61 Cysteine rich 61

TNFa Tumor necrosis factor-alpha

MCP-1 Monocyte chemotactic protein-1

ICAM-1 or CD54  Intercellular adhesion molecule-1

a-SMA a-smooth muscle actin

ATG7 Autophagy-related 7

Pvhl Von Hippel-Lindau protein

NE Neutrophil elastase

MMP Metalloproteinase

PMNs Polymorphonuclears

TSE Tobacco smoke extract

ROS Reactive oxygen species

LMPs Lymphocyte-derived microparticles

SASP Senescence associated secretory phenotype

EMPs Endothelial microparticles

BALF Broncho-alveolar lavage fluid

FVC Forced vital capacity

FEV1 Forced expiratory volume in the 1st second

FEV1% Forced expiratory volume in the 1st second percent
predicted

MSCs Mesenchymal stromal cells

hUC-MSC Human umbilical cord mesenchymal stem cell

AEC-I Alveolar epithelial type Il



Liu et al. Respiratory Research (2024) 25:84

Author contributions

Shasha Liu wrote the main manuscript text and prepared figures. Xiaowu Tan
and Sha Liu took part in drafting, revising or critically reviewing the article. All
authors reviewed the manuscript.

Funding

The study was funded by National Natural Science Foundation of China
(81900044, to Dr. S. Liu), Natural Science Foundation of Hunan Province
(20211140484, to Dr. S. Liu), Health research key project of Hunan Provincial
Health Commission (20201922, to Prof. X. Tan).

Data availability
Not applicable to this study.

Declarations

Ethical approval
Not applicable to this study.

Conflict of interest
The authors declare no conflict of interest.

Competing interests
The authors declare no competing interests.

Received: 6 November 2023 / Accepted: 3 February 2024
Published online: 08 February 2024

References

1. Global Strategy for the. Diagnosis, Management, and Prevention ofChronic
Obstructive Pulmonary Diseas (2023 REPORT) [https://www.goldcopd.
org/[J1.

2. Chronic obstructive pulmonary disease (COPD).
[https://www.who.int/news-room/fact-sheets/detail/
chronic-obstructive-pulmonary-disease-(copd)].

3. WangC XuJ,Yang L, XuY, Zhang X, Bai C, Kang J, Ran P, Shen H, Wen F, et al.
Prevalence and risk factors of chronic obstructive pulmonary disease in China
(the China Pulmonary Health [CPH] study): a national cross-sectional study.
Lancet (London England). 2018;391:1706-17.

4. Mathers CD, Loncar D. Projections of global mortality and burden of disease
from 2002 to 2030. PLoS Med. 2006;3:442.

5. LoCicero A, Stahl PD, Raposo G. Extracellular vesicles shuffling intercellular
messages: for good or for bad. Curr Opin Cell Biol. 2015;35:69-77.

6.  LenerT, Gimona M, Aigner L, Bérger V, Buzas E, Camussi G, Chaput N, Chat-
terjee D, Court FA, Del Portillo HA, et al. Applying extracellular vesicles based
therapeutics in clinical trials - an ISEV position paper. J Extracell Vesicles.
2015;4:30087.

7. Yanez-M& M, Siljander PRM, Andreu Z, Zavec AB, Borras FE, Buzas El, Buzas
K, Casal E, Cappello F, Carvalho J, et al. Biological properties of extracellular
vesicles and their physiological functions. J Extracell Vesicles. 2015;4:27066.

8. Kalluri R, LeBleu VS. The biology, function, and biomedical applications of
exosomes. Science 2020, 367.

9. Colombo M, Raposo G, Théry C. Biogenesis, secretion, and intercellular inter-
actions of exosomes and other extracellular vesicles. Annu Rev Cell Dev Biol.
2014;30:255-89.

10.  Aheget H, Mazini L, Martin F, Belgat B, Marchal JA, Benabdellah K. Exosomes:
their role in Pathogenesis, diagnosis and treatment of diseases. Cancers
(Basel) 2020, 13.

11. van Niel G, D’Angelo G, Raposo G. Shedding light on the cell biology of
extracellular vesicles. Nat Rev Mol Cell Biol. 2018;19:213-28.

12. Akers JC, Gonda D, Kim R, Carter BS, Chen CC. Biogenesis of extracellular
vesicles (EV): exosomes, microvesicles, retrovirus-like vesicles, and apoptotic
bodies. J Neurooncol. 2013;113:1-11.

13. Gyodrgy B, Szabd TG, Pésztoi M, Pal Z, Misjak P, Aradi B, LaszIo V, Péllinger E, Pap
E, Kittel A, et al. Membrane vesicles, current state-of-the-art: emerging role of
extracellular vesicles. Cell Mol Life Sci. 2011:68:2667-88.

14. Théry C, Witwer KW, Aikawa E, Alcaraz MJ, Anderson JD, Andriantsitohaina R,
Antoniou A, Arab T, Archer F, Atkin-Smith GK, et al. Minimal information for
studies of extracellular vesicles 2018 (MISEV2018): a position statement of the

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 8 of 10

International Society for Extracellular Vesicles and update of the MISEV2014
guidelines. J Extracell Vesicles. 2018;7:1535750.

Admyre C, Grunewald J, Thyberg J, Gripenbéck S, Tornling G, Eklund A,
Scheynius A, Gabrielsson S. Exosomes with major histocompatibility complex
class Il and co-stimulatory molecules are present in human BAL fluid. Eur
Respir J. 2003;22:578-83.

Fujita Y, Kosaka N, Araya J, Kuwano K, Ochiya T. Extracellular vesicles in lung
microenvironment and pathogenesis. Trends Mol Med. 2015;21:533-42.
Kesimer M, Scull M, Brighton B, DeMaria G, Burns K, O'Neal W, Pickles RJ,
Sheehan JK. Characterization of exosome-like vesicles released from human
tracheobronchial ciliated epithelium: a possible role in innate defense. Faseb
j. 2009;23:1858-68.

Bourdonnay E, Zastona Z, Penke LRK, Speth JM, Schneider DJ, Przybranowski
S, Swanson JA, Mancuso P, Freeman CM, Curtis JL, Peters-Golden M. Transcel-
lular delivery of vesicular SOCS proteins from macrophages to epithelial cells
blunts inflammatory signaling. J Exp Med. 2015;212:729-42.

Ismail N, Wang Y, Dakhlallah D, Moldovan L, Agarwal K, Batte K, Shah P, Wisler
J, Eubank TD, Tridandapani S, et al. Macrophage microvesicles induce macro-
phage differentiation and miR-223 transfer. Blood. 2013;121:984-95.

Hogg JC, Timens W. The pathology of chronic obstructive pulmonary disease.
Annu Rev Pathol. 2009;4:435-59.

Russell DW, Genschmer KR, Blalock JE. Extracellular vesicles as Central media-
tors of COPD Pathophysiology. Annu Rev Physiol 2021.

Rabe KF, Watz H. Chronic obstructive pulmonary disease. Lancet.
2017;389:1931-40.

Moon H-G, Kim S-H, Gao J, Quan T, Qin Z, Osorio JC, Rosas 10, Wu M,

Tesfaigzi Y, Jin Y. CCN1 secretion and cleavage regulate the lung epithelial
cell functions after cigarette smoke. Am J Physiol Lung Cell Mol Physiol.
2014;307:L326-37.

Moon H-G, Zheng Y, An CH, Kim Y-K, Jin Y. CCN1 secretion induced by ciga-
rette smoking extracts augments IL-8 release from bronchial epithelial cells.
PLoS ONE. 2013;8:e68199.

Martin PJ, Héliot A, Trémolet G, Landkocz Y, Dewaele D, Cazier F, Ledoux

F, Courcot D. Cellular response and extracellular vesicles characterization

of human macrophages exposed to fine atmospheric particulate matter.
Environ Pollut. 2019:254:112933.

Cordazzo C, Petrini S, Neri T, Lombardi S, Carmazzi Y, Pedrinelli R, Paggiaro P,
Celi A. Rapid shedding of proinflammatory microparticles by human mono-
nuclear cells exposed to cigarette smoke is dependent on Ca2 +mobilization.
Inflamm Research: Official J Eur Histamine Res Soc [et Al]. 2014;63:539-47.
Feller D, Kun J, Ruzsics |, Rapp J, Sarosi V, Kvell K, Helyes Z, Pongracz JE. Ciga-
rette smoke-Induced Pulmonary inflammation becomes systemic by circulat-
ing Extracellular vesicles containing Wnt5a and inflammatory cytokines. Front
Immunol. 2018;9:1724.

Tan DBA, Armitage J, Teo TH, Ong NE, Shin H, Moodley YP. Elevated levels of
circulating exosome in COPD patients are associated with systemic inflam-
mation. Respir Med. 2017;132:261-4.

Jun J-, Lau LF. Taking aim at the extracellular matrix: CCN proteins as emerg-
ing therapeutic targets. Nat Rev Drug Discovery. 2011;10:945-63.

Sethi S. Bacterial infection and the pathogenesis of COPD. Chest.
2000;117:2865-91.

Kim MR, Hong SW, Choi EB, Lee WH, Kim YS, Jeon SG, Jang MH, Gho YS, Kim
YK. Staphylococcus aureus-derived extracellular vesicles induce neutrophilic
pulmonary inflammation via both Th1 and Th17 cell responses. Allergy.
2012,67:1271-81.

Kim Y-S, Lee W-H, Choi E-J, Choi J-P, Heo YJ, Gho YS, Jee Y-K, Oh Y-M, Kim

Y-K. Extracellular vesicles derived from Gram-negative bacteria, such as
Escherichia coli, induce emphysema mainly via IL.-17A-mediated neutro-
philic inflammation. Journal of Immunology (Baltimore, Md: 1950) 2015,
194:3361-3368.

Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu L, Cherniack

RM, Rogers RM, Sciurba FC, Coxson HO, Paré PD. The nature of small-airway
obstruction in chronic obstructive pulmonary disease. N Engl J Med.
2004;350:2645-53.

Hinz B, Phan SH, Thannickal VJ, Prunotto M, Desmouliére A, Varga J, De Wever
O, Mareel M, Gabbiani G. Recent developments in myofibroblast biology:
paradigms for connective tissue remodeling. Am J Pathol. 2012;180:1340-55.
FujitaY, Araya J, Ito S, Kobayashi K, Kosaka N, Yoshioka Y, Kadota T, Hara H,
Kuwano K, Ochiya T. Suppression of autophagy by extracellular vesicles
promotes myofibroblast differentiation in COPD pathogenesis. J Extracell
Vesicles. 2015;4:28388.


https://www.goldcopd.org/
https://www.goldcopd.org/
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)

Liu et al. Respiratory Research

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

(2024) 25:84

Xu H, Ling M, Xue J, Dai X, Sun Q, Chen C, LiuY, Zhou L, Liu J, Luo F, et al.
Exosomal microRNA-21 derived from bronchial epithelial cells is involved in
aberrant epithelium-fibroblast cross-talk in COPD induced by cigarette smok-
ing. Theranostics. 2018;8:5419-33.

Stockley RA. Neutrophils and protease/antiprotease imbalance. Am J Respir
Crit Care Med. 1999;160:49-S52.

Wewers MD, Gadek JE. The protease theory of emphysema. Ann Intern Med.
1987,107:761-3.

Churg A, Zhou S, Wright JL. Series matrix metalloproteinases in lung

health and disease: Matrix metalloproteinases in COPD. Eur Respir J.
2012,39:197-209.

Genschmer KR, Russell DW, Lal C, Szul T, Bratcher PE, Noerager BD, Abdul
Roda M, Xu X, Rezonzew G, Viera L, et al. Activated PMN exosomes: patho-
genic entities causing Matrix Destruction and Disease in the lung. Cell.
2019;176:113-126e115.

Takei N, Suzuki M, Makita H, Konno S, Shimizu K, Kimura H, Kimura H,
Nishimura M. Serum Alpha-1 antitrypsin levels and the clinical course of
Chronic Obstructive Pulmonary Disease. Int J Chron Obstruct Pulmon Dis.
2019;14:2885-93.

Lockett AD, Brown MB, Santos-Falcon N, Rush NI, Oueini H, Oberle AJ, Bolanis
E, Fragoso MA, Petrusca DN, Serban KA, et al. Active trafficking of alpha 1
antitrypsin across the lung endothelium. PLoS ONE. 2014;9:¢93979.

Li C-J, LiuY, Chen Y, Yu D, Williams KJ, Liu M-L. Novel proteolytic microvesicles
released from human macrophages after exposure to tobacco smoke. Am J
Pathol. 2013;182:1552-62.

Repine JE, Bast A, Lankhorst I. Oxidative stress in chronic obstructive
pulmonary disease. Oxidative stress Study Group. Am J Respir Crit Care Med.
1997,156:341-57.

Ichinose M, Sugiura H, Yamagata S, Koarai A, Shirato K. Increase in reactive
nitrogen species production in chronic obstructive pulmonary disease
airways. Am J Respir Crit Care Med. 2000;162:701-6.

Igishi T, Hitsuda Y, Kato K, Sako T, Burioka N, Yasuda K, Sano H, Shigeoka Y,
Nakanishi H, Shimizu E. Elevated urinary 8-hydroxydeoxyguanosine, a bio-
marker of oxidative stress, and lack of association with antioxidant vitamins in
chronic obstructive pulmonary disease. Respirol (Carlton Vic). 2003;8:455-60.
Singh S, Verma SK, Kumar S, Ahmad MK, Nischal A, Singh SK, Dixit RK.
Evaluation of oxidative stress and antioxidant status in Chronic Obstructive
Pulmonary Disease. Scand J Immunol. 2017,85:130-7.

Deng X, Zhang F, Rui W, Long F, Wang L, Feng Z, Chen D, Ding W. PM2.5-
induced oxidative stress triggers autophagy in human lung epithelial A549
cells. Toxicol Vitro: Int J Published Association BIBRA. 2013,27:1762-70.

Cai B, Liu M, Li J, Xu D, Li J. Cigarette smoke extract amplifies NADPH oxidase-
dependent ROS production to inactivate PTEN by oxidation in BEAS-2B cells.
Food Chem Toxicology: Int J Published Br Industrial Biol Res Association.
2021;150:112050.

Qiu Q Xiong W, Yang C, Dai X, Dan X, Yang Z, Jiao Y, Xiang Y, Liu G, Hardy P.
Lymphocyte-derived microparticles induce apoptosis of airway epithelial
cells through activation of p38 MAPK and production of arachidonic acid.
Apoptosis: Int J Program Cell Death. 2014;19:1113-27.

Ng Kee Kwong F, Nicholson AG, Harrison CL, Hansbro PM, Adcock IM, Chung
KF. Is mitochondrial dysfunction a driving mechanism linking COPD to nons-
mall cell lung carcinoma? Eur Respir Rev 2017, 26.

Wiegman CH, Michaeloudes C, Haji G, Narang P, Clarke CJ, Russell KE, Bao W,
Pavlidis S, Barnes PJ, Kanerva J, et al. Oxidative stress-induced mitochondrial
dysfunction drives inflammation and airway smooth muscle remodeling in
patients with chronic obstructive pulmonary disease. J Allergy Clin Immunol.
2015;136:769-80.

Hough KP, Trevor JL, Strenkowski JG, Wang Y, Chacko BK, Tousif S, Chanda D,
Steele C, Antony VB, Dokland T, et al. Exosomal transfer of mitochondria from
airway myeloid-derived regulatory cells to T cells. Redox Biol. 2018;18:54-64.
Xia L, Zhang C, Lv N, Liang Z, Ma T, Cheng H, Xia Y, Shi L. AdMSC-derived
exosomes alleviate acute lung injury via transferring mitochondrial com-
ponent to improve homeostasis of alveolar macrophages. Theranostics.
2022;12:2928-47.

Brusselle GG, Joos GF, Bracke KR. New insights into the immunology

of chronic obstructive pulmonary disease. Lancet (London England).
2011,378:1015-26.

Lee S-H, Goswami S, Grudo A, Song L-Z, Bandi V, Goodnight-White S, Green
L, Hacken-Bitar J, Huh J, Bakaeen F, et al. Antielastin autoimmunity in tobacco
smoking-induced emphysema. Nat Med. 2007;13:567-9.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Page 9 of 10

Taraseviciene-Stewart L, Scerbavicius R, Choe K-H, Moore M, Sullivan A,
Nicolls MR, Fontenot AP, Tuder RM, Voelkel NF. An animal model of autoim-
mune emphysema. Am J Respir Crit Care Med. 2005;171:734-42.

Koethe SM, Kuhnmuench JR, Becker CG. Neutrophil priming by cigarette
smoke condensate and a tobacco anti-idiotypic antibody. Am J Pathol.
2000;157:1735-43.

Richmond BW, Brucker RM, Han W, Du R-H, Zhang Y, Cheng D-S, Gleaves

L, Abdolrasulnia R, Polosukhina D, Clark PE, et al. Airway bacteria drive a
progressive COPD-like phenotype in mice with polymeric immunoglobulin
receptor deficiency. Nat Commun. 2016;7:11240.

QuY, Ramachandra L, Mohr S, Franchi L, Harding CV, Nunez G, Dubyak GR.
P2X7 receptor-stimulated secretion of MHC class Il-containing exosomes
requires the ASC/NLRP3 inflammasome but is independent of caspase-1.
Journal of Immunology (Baltimore, Md: 1950) 2009, 182:5052-5062.

Roffel MP, Bracke KR, Heijink IH, Maes T. miR-223: a Key Regulator in the Innate
Immune Response in Asthma and COPD. Front Med (Lausanne). 2020;7:196.
Yamasaki K, Eeden SFV. Lung macrophage phenotypes and functional
responses: role in the pathogenesis of COPD. Int J Mol Sci 2018, 19.

Wang L, Chen Q, Yu Q, Xiao J, Zhao H. Cigarette smoke extract-treated airway
epithelial cells-derived exosomes promote M1 macrophage polariza-

tion in chronic obstructive pulmonary disease. Int Immunopharmacol.
2021;96:107700.

Bowdish DME. The aging lung: is Lung Health Good Health for older adults?
Chest. 2019;155:391-400.

Sun'Y, Coppé J-P, Lam EWF. Cellular Senescence: the Sought or the
unwanted? Trends Mol Med. 2018;24:871-85.

Tsuji T, Aoshiba K, Nagai A. Alveolar cell senescence in patients with pulmo-
nary emphysema. Am J Respir Crit Care Med. 2006;174:886-93.

Fujii S, Hara H, Araya J, Takasaka N, Kojima J, Ito S, Minagawa S, Yumino

Y, Ishikawa T, Numata T, et al. Insufficient autophagy promotes bronchial
epithelial cell senescence in chronic obstructive pulmonary disease. Oncoim-
munology. 2012;1:630-41.

Dellago H, Preschitz-Kammerhofer B, Terlecki-Zaniewicz L, Schreiner C, Forts-
chegger K, Chang MWF, Hackl M, Monteforte R, Kiihnel H, Schosserer M, et
al. High levels of oncomiR-21 contribute to the senescence-induced growth
arrest in normal human cells and its knock-down increases the replicative
lifespan. Aging Cell. 2013;12:446-58.

KadotaT, Fujita Y, Araya J, Watanabe N, Fujimoto S, Kawamoto H, Minagawa S,
Hara H, Ohtsuka T, Yamamoto Y, et al. Human bronchial epithelial cell-derived
extracellular vesicle therapy for pulmonary fibrosis via inhibition of TGF-B3-
WNT crosstalk. J Extracell Vesicles. 2021;10:¢12124.

Yoon HI, Sin DD. Biomarkers of therapeutic response in patients with chronic
obstructive pulmonary disease: a critical review of the literature. Drugs.
2011;71:1821-37.

Beyer C, Pisetsky DS. The role of microparticles in the pathogenesis of rheu-
matic diseases. Nat Rev Rheumatol. 2010;6:21-9.

Gordon C, Gudi K, Krause A, Sackrowitz R, Harvey BG, Strulovici-Barel Y,
Mezey JG, Crystal RG. Circulating endothelial microparticles as a measure

of early lung destruction in cigarette smokers. Am J Respir Crit Care Med.
2011;184:224-32.

Takahashi T, Kobayashi S, Fujino N, Suzuki T, Ota C, He M, Yamada M, Suzuki S,
Yanai M, Kurosawa S, et al. Increased circulating endothelial microparticles in
COPD patients: a potential biomarker for COPD exacerbation susceptibility.
Thorax. 2012;67:1067-74.

Thomashow MA, Shimbo D, Parikh MA, Hoffman EA, Vogel-Claussen J,
Hueper K, Fu J, Liu CY, Bluemke DA, Ventetuolo CE, et al. Endothelial mic-
roparticles in mild chronic obstructive pulmonary disease and emphysema.
The multi-ethnic study of Atherosclerosis Chronic Obstructive Pulmonary
Disease study. Am J Respir Crit Care Med. 2013;188:60-8.

Bazzan E, Radu CM, Tiné M, Neri T, Biondini D, Semenzato U, Casara A,
Balestro E, Simioni P, Celi A, et al. Microvesicles in bronchoalveolar lavage

as a potential biomarker of COPD. Am J Physiol Lung Cell Mol Physiol.
2021;320:L.241-1245.

Van Pottelberge GR, Mestdagh P, Bracke KR, Thas O, van Durme YMTA, Joos
GF, Vandesompele J, Brusselle GG. MicroRNA expression in induced sputum
of smokers and patients with chronic obstructive pulmonary disease. Am J
Respir Crit Care Med. 2011;183:898-906.

Sundar IK, Li D, Rahman I. Small RNA-sequence analysis of plasma-derived
extracellular vesicle miRNAs in smokers and patients with chronic obstruc-
tive pulmonary disease as circulating biomarkers. J Extracell Vesicles.
2019;8:1684816.



Liu et al. Respiratory Research

78.

79.

80.

82.

83.

84.

85.

(2024) 25:84

ShenY,Wang L, WuY,OuY, Lu H, Yao X. A novel diagnostic signature based
on three circulating exosomal mircoRNAs for chronic obstructive pulmonary
disease. Exp Ther Med. 2021;22:717.

Kaur G, Maremanda KP, Campos M, Chand HS, Li F, Hirani N, Haseeb MA, Li D,
Rahman I. Distinct exosomal miRNA profiles from BALF and Lung tissue of
COPD and IPF patients. Int J Mol Sci 2021, 22.

Koba T, Takeda Y, Narumi R, Shiromizu T, Nojima Y, Ito M, Kuroyama M, Futami
Y, Takimoto T, Matsuki T et al. Proteomics of serum extracellular vesicles
identifies a novel COPD biomarker, fibulin-3 from elastic fibres. ERJ Open Res
2021, 7.

Maremanda KP, Sundar IK, Rahman I. Protective role of mesenchymal stem
cells and mesenchymal stem cell-derived exosomes in cigarette smoke-
induced mitochondrial dysfunction in mice. Toxicol Appl Pharmacol.
2019;385:114788.

Ridzuan N, Zakaria N, Widera D, Sheard J, Morimoto M, Kiyokawa H, Mohd
Isa SA, Chatar Singh GK, Then KY, Ooi GC, Yahaya BH. Human umbilical cord
mesenchymal stem cell-derived extracellular vesicles ameliorate airway
inflammation in a rat model of chronic obstructive pulmonary disease
(COPD). Stem Cell Res Ther. 2021;12:54.

Song L, Peng J, Guo X. Exosomal INcRNA TCONS_00064356 derived from
injured alveolar epithelial type Il cells affects the biological characteristics of
mesenchymal stem cells. Life Sci. 2021;278:119568.

Zhu Z, Lian X, Su X, Wu W, Zeng Y, Chen X. Exosomes derived from adipose-
derived stem cells alleviate cigarette smoke-induced lung inflammation and
injury by inhibiting alveolar macrophages pyroptosis. Respir Res. 2022;23:5.
Kordelas L, Rebmann V, Ludwig AK, Radtke S, Ruesing J, Doeppner TR, Epple
M, Horn PA, Beelen DW, Giebel B. MSC-derived exosomes: a novel tool to
treat therapy-refractory graft-versus-host disease. Leukemia. 2014;28:970-3.

86.

87.

88.

89.

90.

91.

92.

Page 10 of 10

Morse MA, Garst J, Osada T, Khan S, Hobeika A, Clay TM, Valente N, Shreeniwas
R, Sutton MA, Delcayre A, et al. A phase | study of dexosome immunotherapy
in patients with advanced non-small cell lung cancer. J Translational Med.
2005;3:9.

Besse B, Charrier M, Lapierre V, Dansin E, Lantz O, Planchard D, Le Chevalier

T, Livartoski A, Barlesi F, Laplanche A, et al. Dendritic cell-derived exosomes
as maintenance immunotherapy after first line chemotherapy in NSCLC.
Oncoimmunology. 2016;5:¢1071008.

He M, Crow J, Roth M, Zeng Y, Godwin AK. Integrated immunoisolation and
protein analysis of circulating exosomes using microfluidic technology. Lab
Chip. 2014;14:3773-80.

Lobb RJ, Becker M, Wen SW, Wong CSF, Wiegmans AP, Leimgruber A, Moller
A. Optimized exosome isolation protocol for cell culture supernatant and
human plasma. J Extracell Vesicles. 2015;4:27031.

Sun B, Peng J,Wang S, Liu X, Zhang K, Zhang Z, Wang C, Jing X, Zhou C, Wang
Y. Applications of stem cell-derived exosomes in tissue engineering and
neurological diseases. Rev Neurosci. 2018,29:531-46.

Sun L, XuR, Sun X, Duan’, Han Y, Zhao'Y, Qian H, Zhu W, Xu W. Safety evalua-
tion of exosomes derived from human umbilical cord mesenchymal stromal
cell. Cytotherapy. 2016;18:413-22.

Munagala R, Aqil F, Jeyabalan J, Gupta RC. Bovine milk-derived exosomes for
drug delivery. Cancer Lett. 2016;371:48-61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The role of extracellular vesicles in COPD and potential clinical value
	﻿Abstract
	﻿Introduction
	﻿Extracellular vesicles
	﻿EVs in normal airway physiology
	﻿The role of EVs in the pathogenesis Of COPD
	﻿Inflammation
	﻿Protease and anti-protease imbalance
	﻿Oxidative stress
	﻿Autoimmune response
	﻿Cell senescence

	﻿Biomarker potential of EVs in COPD
	﻿Therapeutic potential of EVs in COPD
	﻿Conclusion
	﻿References


