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Abstract
Emission of air pollutants, long-term tobacco use 
and advanced age can cause a variety of pulmo-
nary diseases, which are associated with high 
mortality rates and pose a serious threat to hu-
man health. Recent studies have found that mes-
enchymal stem cells (MSCs) can independently 
migrate to the injured site, repair damaged tis-
sues and participate in the regulation of systemic 
inflammation and immune response. These prop-
erties make the use of MSCs a promising thera-
peutic approach for the treatment of pulmonary 
disease, resulting in remarkable future clinical 
prospects. Exosomes are a type of extracellular 
vesicles which can participate in various phys-
iological activities by regulating intercellular 
communication. Exosomes released into the ex-
tracellular space can also affect the host immune 
system. MSC-derived exosomes carry bioactive 
molecules such as proteins, lipids, mRNAs and 
microRNAs, which have higher safety profile 
and therapeutic potential compared to cell-based 
therapies. In this review, we summarize and dis-
cuss the preclinical and clinical studies conduct-
ed in recent years and the mechanisms of action 
of MSC-derived exosomes in the treatment of 
pulmonary diseases. 

Introduction

Emission of air pollutants, long-term tobacco use, 
and advanced age can cause a series of pulmonary 

diseases, which are associated with high mortality 
rates and pose a serious threat to human health. Pul-
monary diseases can result from the involvement 
of the lung parenchyma, respiratory airways, and/
or blood vessels. Accumulating evidence from pre-
clinical and clinical studies indicates that mesen-
chymal stem cells (MSCs) play a crucial role in the 
repair of lung injury in several pulmonary diseases 
(such as acute lung injury and respiratory distress 
syndrome) by virtue of their ability to secrete para-
crine agents that exert anti-inflammatory and im-
munomodulatory effects1-4. In addition, MSCs can 
improve lung damage through their ability to dif-
ferentiate into pulmonary epithelial and endothelial 
cells3. Exosomes are a type of extracellular vesicles 
containing a lipid bilayer membrane, which partic-
ipate in the transmission of information between 
cells.  In recent years, many studies have shown 
that exosomes carry a variety of bioactive mole-
cules and act as the main media for the function 
of MSCs 5.  MSC-derived exosomes (MSCs-Ex) 
have biological functions similar to those of MSCs, 
even though they are potentially superior to MSCs 
in terms of clinical applications and storage. The 
potential therapeutic value of MSCs-Ex has been 
widely discussed and investigated by researchers 
during the last years.

Mesenchymal stem cells (MSCs)
MSCs are non-hematopoietic multipotent stem 
cells with high capacity of self-renewal, expansion 
and differentiation potential, which originate from 
the embryonic mesoderm6. MSCs secrete a com-
plex set of bioactive molecules and exhibit immu-
nomodulatory, anti-inflammatory and antimicro-

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License

https://creativecommons.org/licenses/by-nc-sa/4.0/


2 X.-Y. Wang, T. Zhang, H.-Z. Wang

Clinical applications of MSCs-Ex 
in pulmonary diseases

Acute lung injury (ALI)
Acute lung injury (ALI) is a disorder of acute in-
flammation that leads to the disruption of the al-
veolar-capillary barrier, resulting in the accumula-
tion of protein-rich alveolar fluid and inflammatory 
cells in the alveolar space. ALI can be caused by 
a number of insults, such as sepsis, pneumonia, 
trauma and drug toxicity. Inflammation plays an 
important role in the pathogenesis of many pulmo-
nary diseases. MSCs-Ex can reduce ALI in mice by 
regulating inflammatory responses22. MiR-21-5p is 
an anti-apoptotic miRNA carried by MSCs-Ex that 
can reverse oxidative stress-induced cell death. It 
has been shown that intratracheal administration 
of MSCs-Ex or miR-21-5p agomir can inhibit M1 
polarization of alveolar macrophages, decrease 
alveolar macrophage secretion of high mobility 
group box 1 (HMGB1) protein, interleukin (IL)- 8, 
IL-1β, IL-6, IL-17 and tumor necrosis factor-al-
pha (TNF-a), and significantly reduce lung injury 
caused by pulmonary edema and ischemia/reperfu-
sion23. At the same time, in a mouse model of ALI 
Moon et al24 also confirmed that exosomes derived 
from pulmonary epithelial cells can activate mac-
rophages to reduce pulmonary injury. However, 
exosomes can also induce inflammation and aggra-
vate the development of the disease. Indeed, Yuan 
et al25 used the mouse model of acute septic lung 
injury induced by lipopolysaccharide to investigate 
the role of exosomes in the inflammatory response. 
This study indicated that bronchoalveolar lavage 
fluid exosomes from mice that were treated with li-
popolysaccharide showed higher expression levels 
of miR-155 and miR-146a, which could induce the 
expression of pro-inflammatory cytokines. There-
fore, targeting the abovementioned miRNAs may 
represent a novel tool for the treatment of ALI.

Activation and inhibition of multiple signaling 
pathways are involved in ALI pathophysiology. Tar-
geted regulation of signaling pathways in ALI may 
provide a novel therapeutic approach for the treatment 
of ALI and respiratory distress syndrome.  Studies 
have shown that serum amyloid A3 (SAA3) is high-
ly expressed in ALI and confirmed that SAA3 is the 
target gene of miR-30b-3p26. In an ALI mouse model, 
overexpression of miR-30b-3p in MSCs-Ex has been 
shown to confer protective effects on type II alveolar 
epithelial cells, thus alleviating the disease26. Alveolar 

bial properties; these cells have shown promising 
results for repairing damaged tissues in several 
degenerative diseases (including pulmonary dis-
eases), both in animal and human studies7, 8. In a 
rat model of ischemia/reperfusion lung injury, hy-
poxia-preconditioned rat MSCs have been shown 
to reduce the degree of ischemia/reperfusion lung 
injury through anti-inflammatory, anti-oxidant 
and anti-apoptotic actions9. In a study conducted 
on a novel bleomycin-induced pulmonary fibro-
sis model established in humanized mice, human 
MSCs were able to attenuate pulmonary fibrosis 
and improve lung function by inhibiting bleomy-
cin-induced T cell infiltration and production of 
pro-inflammatory cytokines in the lungs10. This 
study also showed that the MSC-induced alle-
viation of pulmonary fibrosis was mediated by 
the programmed cell death protein 1 (PD-1)/pro-
grammed death-ligand 1 pathway, suggesting this 
pathway as a potential novel target for the treat-
ment of pulmonary fibrosis10.

MSC-derived exosomes (MSCs-Ex)
Exosomes are extracellular vesicles secreted from 
different cell types, with a size ranging from 40 to 
100 nm11,12. Exosomes can affect cell function and 
behavior by paracrine or autocrine actions; exosomes 
mediate signal transduction mainly through their di-
rect contact with the cell membrane. MSC-derived 
exosomes (MSCs-Ex) contain a variety of bioactive 
molecules, such as proteins, cytokines, mRNA and 
non-coding RNAs, which can be delivered from 
cell to cell to regulate the biological function and 
behavior of distant target cells and tissues. Interest-
ingly, MSCs-Ex can also downregulate inflamma-
tory pathways, thus mediating the anti-inflamma-
tory properties of MSCs13-16. Exosomes are being 
increasingly regarded as biomarkers and prognostic 
factors for several diseases, including pulmonary 
diseases17-19.  As reported by Levänen et al20, exo-
somes isolated from the bronchoalveolar lavage flu-
id of asthmatic patients contain a specific exosomal 
microRNA (miRNA) profile, which is significantly 
different from that observed in the control group and 
can be regarded as an early biomarker for diagno-
sis of asthma. Several exosome surface proteins are 
transmembrane proteins, such as CD9, CD81 and 
CD63, and can be used for detection and isolation 
of circulating exosomes; also, changes in the expres-
sion of such proteins can also indicate the emergence 
of some diseases21. 
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Chronic obstructive pulmonary disease 
(COPD)
Chronic obstructive pulmonary disease (COPD) 
is a poorly reversible lung disease and represents 
one of the major causes of morbidity and mortality 
on a global scale32. COPD is characterized by per-
sistent limitation of expiratory airflow, defects in 
tissue repair, chronic inflammation of the airways 
and abnormal lung inflammatory response to tox-
ic particles or gases (e.g., cigarette smoke)33. Sev-
eral factors may be involved in the occurrence, 
progression and exacerbation of COPD, such as 
chronic inflammation, air pollution, and differ-
ent types of viruses34. Mi-RNAs carried by exo-
somes are also considered to be involved in the 
pathogenesis of COPD35. In fact, a typical feature 
of lung tissue remodeling in patients with COPD 
is the activation of bronchial myofibroblasts and 
smooth muscle hypertrophy and hyperplasia36. 
Exposure of bronchial epithelial cells to cigarette 
smoke can disrupt the bronchial epithelial barrier 
and the balance between epithelial cells and fibro-
blasts, thus inducing changes in exosome compo-
sition and airway remodeling. In COPD, hypoxia 
inducible factor-1α (HIF-1α) promotes the differ-
entiation of airway fibroblasts into myofibroblasts 
by regulating the expression of fibrogenic gene 
α-SMA to HIF-1α response elements in the pro-
moter. Importantly, exosomes may downregulate 
transforming growth factor-β (TGF-β) signaling 
pathway37 (which is involved in fibroblast differ-
entiation) and alleviate COPD38.

Asthma

Asthma is a chronic inflammatory disorder of the 
airways characterized by the involvement of a va-
riety of cells, especially mast cells, eosinophils and 
T lymphocytes. Airway hyperresponsiveness, de-
fined as augmented sensitivity and reactivity of the 
airways to several types of stimuli, is one of the 
hallmarks of asthma and correlates with the dis-
ease severity. Du et al39 revealed that MSCs-Ex up-
regulate IL-10 and TGF-β1 from peripheral blood 
mononuclear cells, thus promoting the prolifera-
tion and immunosuppressive ability of regulatory 
T cells. In addition, antigen presenting cell-depen-
dent pathway has proven to be a possible mecha-
nism involved in the MSCs-Ex-mediated regula-
tion, thus elucidating the key role of exosomes in 
the immune regulation of MSCs and suggesting a 
therapeutic potential of MSCs-Ex in asthma. 

progenitor type II cell-derived exosome miR-371b-
5p appears to serve as a niche signaling to augment 
alveolar progenitor type II cell survival/proliferation 
and promote the re-epithelialization of injured alveo-
li27. At the molecular level, exosome miR-371b-5p can 
orchestrate PI3K/Akt signaling by using PTEN as a 
direct target, thus promoting the survival and prolif-
eration of alveolar progenitor type II cells27.

Pulmonary arterial hypertension (PAH)
Pulmonary arterial hypertension (PAH) is a type 
of pulmonary hypertension that primarily affects 
the pulmonary vasculature. In PAH, endothelial 
dysfunction and vascular remodeling progressively 
obstruct small pulmonary arteries28. PAH is defined 
as a resting mean pulmonary artery pressure ≥ 25 
mmHg. This disease can lead to severe hypoxia, in-
creased pulmonary vascular resistance and pulmo-
nary pressures, increased right ventricular afterload, 
right heart failure, and eventually death. Causes of 
PAH include pulmonary vascular disease, left heart 
disease, lung disease or hypoxia, chronic thrombo-
embolic disease, and a variety of other disorders such 
as sarcoidosis and hemolytic anemias29. Pulmonary 
inflammatory responses induced by hypoxia consist 
of augmented macrophage activation and increase 
in pro-inflammatory mediators. Intravenous deliv-
ery of mesenchymal stromal cell-derived exosomes 
(MEX) has been shown to inhibit vascular remodel-
ing and hypoxic pulmonary hypertension in a mu-
rine model of hypoxic pulmonary hypertension, thus 
providing novel insights into the clinical applicabil-
ity of exosome-based strategies for the treatment of 
PAH30. In particular, MEX were able to suppress the 
hypoxic activation of the transcription factor signal 
transducer and activator of transcription 3 (STAT3), 
as well as the upregulation of the miR-17 superfam-
ily of miRNA clusters; while they increased pulmo-
nary levels of miR-204, a miRNA enriched in distal 
pulmonary arterioles which is commonly down-
regulated in human PAH and experimental models 
of the diseas 30.  On the other hand, another study 
showed a novel mechanism of exosomes-regulated 
PAH, which potentially offers a new therapeutic tool 
for the treatment of this disease31. This study showed 
that the expression of 15-lipoxygenase-2 is upregu-
lated in exosomes secreted from pulmonary artery 
endothelial cells (PAECs) under hypoxia, resulting 
in the subsequent activation of STAT3 signaling 
pathway and a marked increase in PAECs prolifera-
tion and migration31. 
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Bronchopulmonary dysplasia (BPD)
Bronchopulmonary dysplasia (BPD) is a chronic lung 
disease which mostly occurs in premature infants who 
required oxygen therapy and mechanical ventilation 
for acute respiratory distress. BPD causes persistent 
respiratory distress and hypoxia, which can be accom-
panied by brain injury, PAH and other concomitant 
symptoms40,41. Hyperoxia-exposed BPD mice showed 
pulmonary inflammation with alveolar-capillary leak-
age, increased chord length and alveolar simplifica-
tion, which was improved by treatment with MSCs-
Ex42. In a neonatal murine model of BPD exposed to 
hyperoxia, treatment with purified exosomes derived 
from human umbilical cord or human bone marrow 
MSCs significantly improved lung morphology and 
pulmonary development, increased the macrophage 
phenotypic switch towards the anti-inflammatory M2 
phenotype, reduced pulmonary fibrosis, and improved 
pulmonary vascular remodeling43.

Conclusions

Pulmonary diseases pose a serious threat to human 
health. Most of the available treatments cannot achieve 
the desired effect at present. Therefore, several research-
ers focused on the potential therapeutic role of MSCs-
Ex in pulmonary diseases, such as ALI, BPD, COPD, 
PAH and asthma. However, there are still many aspects 
that need to be clarified, such as the purity and yield 
of exosome extraction, the unclear mechanisms of ac-
tion of MSCs-Ex, and whether the bioactive molecules 
carried by MSCs-Ex (e.g., proteins, lipids, mRNAs and 
miRNAs) can cause harm rather than benefit in dif-
ferent pulmonary diseases.  Despite these limitations, 
MSCs-Ex warrant further investigation due to their po-
tential therapeutic value and the promising prospects for 
their application in the treatment of pulmonary diseases.
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