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Abstract: Asthma is a chronic inflammatory disease of the airways that involves multiple cells, including 
inflammatory cells, structural cells, and cellular components. Glucocorticoids and beta-receptor agonists are 
still the first choices for asthma treatment. However, the asthma symptoms may still be poorly controlled in 
some patients after an optimal treatment. Mesenchymal stem cells (MSCs) are characterized by the potential 
for multi-directional differentiation and can exert immunomodulatory and anti-inflammatory effects. Its 
role in treating asthma has increasingly been recognized in recent years. In this review article, we sought to 
summarize the recent advances in the therapeutic effects of MSCs on several types of asthma and explain the 
relevant mechanisms. Articles on asthma treatment with MSCs as of January 2020 were searched in PubMed, 
Google Scholar, and Web of Science databases. It was found that MSCs have therapeutic effects on allergic 
asthma, non-allergic asthma and occupational asthma; gene-modified or pretreated MSCs improves the 
therapeutic effects of MSCs in asthma; MSC-derived conditioned medium or extracellular vesicles possess 
the considerable curative effect as MSC on asthma; and MSCs exert their therapeutic effects on asthma by 
restoring Th1/Th2 balance, reversing Th17/Tregs imbalance, inhibiting DC maturation, and promoting the 
switch of M1 to M2 and repairing epithelial injury. Thus, MSCs may be a promising treatment for asthma.
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Introduction

Asthma (or bronchial asthma) is a clinically common and 
heterogeneous disease, with airway inflammation, hyper-
responsiveness, and remodeling as its main pathological 
features. Its typical clinical manifestations include 
wheezing, shortness of breath, chest tightness, and cough, 
which can be accompanied by expiratory airflow limitation 
(1,2). There are 300 million people affected by asthma 
worldwide. The prevalence rate of asthma ranges from 
1–18%, and the mortality is rising annually (3). With the 

accelerated global industrialization and environmental 
pollution, over 400 million people may live with asthma 
by 2025, posing a severe threat to public health (4). At 
present, anti-inflammatory drugs (e.g., glucocorticoids) and 
bronchodilators (e.g., β-adrenoreceptor agonists) remain 
the first choice to treat asthma (5,6). However, the asthma 
symptoms are still poorly controlled after an optimal 
treatment in 5% to 10% of asthma patients. The cost of 
refractory asthma therapy contributes to approximately 
50% of all of asthma, placing a significant financial burden 
on individuals, families, and society (7). Therefore, new 
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treatment strategies and directions are essential for the 
treatment and management of asthma patients.

Mesenchymal stem cells (MSCs) are adult stem 
cells that express stem cell markers, including CD105, 
CD73, CD90, CD44, and CD29, and are negative for 
hematopoietic antigens including CD45, CD34, CD14, 
and CD11b. They can differentiate into osteocytes, 
chondrocytes, and adipocytes (8,9). Many studies have 
shown that MSCs are endowed with remarkable anti-
inflammatory and immunoregulatory properties and have 
the potential to repair the damaged tissues; thus, they can 
treat numerous diseases such as hematological disease, 
organ transplantation, diabetes, graft-versus-host disease, 
inflammatory diseases, as well as neurological, bone and 
cartilage, cardiovascular, and autoimmune diseases and so 
on (10). During recent years, there have been many reports 
regarding MSC therapies for asthma in the laboratory. But 
until now there is not clinical study of MSC-based therapies 
for asthma.

This article aims to review the roles and mechanisms 
of MSCs in the treatment of asthma, including the 
therapeutic effect of MSC from different sources on 
asthma; the therapeutic effect of MSC on different 
asthma; the therapeutic effect of modified MSCs on 
asthma; the underlying mechanisms MSC exerting 
the therapeutic effect of asthma. We focused on the 
therapeutic effects of MSC on asthma and the difficulties 
of applying MSC in the clinical treatment of asthma. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-6389).

Methods

Articles on asthma treatment with MSCs as of January 
2020 were searched in PubMed, Google Scholar, and Web 
of Science databases. The subject terms used included 
“Mesenchymal stem cells and asthma,” “Mesenchymal stem 
cells and airway inflammation,” and “Mesenchymal stem 
cells and airway remodeling,” as the retrieved articles were 
further analyzed. 

Discussion

Therapeutic effects of MSCs on asthma

Asthma is a heterogeneous disease (1). Its specific types 
include allergic and non-allergic asthma, occupational 

asthma, exercise-induced asthma, and cough-variant 
asthma (11). It can also be divided into eosinophil or 
neutrophil types according to inflammatory cell types by 
immunopathogenesis (12). Among them, allergic asthma 
is mostly manifested as eosinophil infiltration, while 
neutrophil infiltration often features non-allergic asthma 
and can quickly progress into severe refractory asthma. In 
animal models of asthma, ovalbumin (OVA), dust mites, 
or cockroach extracts (CREs) typically is used to induce 
allergic asthma. Meanwhile, non-allergic asthma is induced 
by coadministration of OVA with lipopolysaccharide (LPS) 
or polyinosinic:polycytidylic acid (poly I:C) (13). Table 1 
summarizes the therapeutic effects of MSCs from various 
sources on several types of asthma.

Therapeutic effects of MSCs on allergic asthma

Allergic asthma includes acute or chronic asthma. 
Acute asthma is mainly manifested as airway hyper-
responsiveness (AHR) and airway inflammation, whereas 
airway remodeling often accompanies chronic asthma (4). 
Acute asthmatic mouse induced by OVA or dust mites 
are characterized with AHR, increase of white blood cell 
(WBC; especially eosinophils and lymphocytes) infiltration, 
enhancement of Th2 cytokines levels [including interleukin 
4 (IL-4), IL-5, and IL-13] in bronchial alveolar lavage fluid 
(BALF) and elevation of immunoglobulin G1 (IgG1) and 
IgE in serum (32) Bone marrow-derived MSCs (BMSCs), 
adipose-derived MSCs (ADMSCs), human umbilical cord 
blood-derived MSCs (hUMSCs), and human placenta-
derived MSCs (hPMSCs) can alleviate AHR and inhibit 
increase of immune cells numbers and Th2 cytokines 
levels in mouse models of acute asthma to varying 
degrees (16-18,24,26,27,29). Besides AHR and airway 
inflammation, airway remodeling including thickening of 
the subepithelial basement membrane and airway smooth 
muscles layer, hyperplasia of goblet cells, subepithelial 
fibrosis, and collagen deposition can also be found in OVA- 
or dust mite-induced chronic asthma models. BMSCs, 
compact bone-derived MSCs (CBMSCs), ADMSCs, and 
mesenchymoangioblast-derived MSCs (MCA-MSCs) 
can suppress AHR, airway inflammation, and airway 
remodeling to varying degrees (14,15,17,22,23,30). Abreu  
et al. compared the therapeutic effects of MSCs from 
various sources and found BMSCs, ADMSCs, and lung-
derived MSCs (LMSCs) were differentially effective 
at reducing airway inflammation and remodeling and 
improving lung function. BMSCs remarkably produced 
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Table 1 Therapeutic effects of MSCs on asthma in murine models

Type of MSCs Asthma model Therapeutic effects References

BMSCs A mouse model of OVA-induced 
chronic asthma

Decreased the thickness of the basement membrane and smooth 
muscle layers and alleviated goblet cell hypertrophy. 
Inhibited eosinophil infiltration, airway inflammation, goblet cell 
hyperplasia, and subepithelial fibrosis, reduced IL-4, IgE, and IgG1 
levels, and increased the IL-12 level and the number of CD4+ 
CD25+ regulatory T cells

(14,15)

BMSCs A mouse model of OVA-induced 
acute asthma

Inhibited inflammatory cell infiltration, mast cell degranulation, and 
AHR Inhibited airway inflammation and leukocyte infiltration

(16,17)

BMSCs A mouse model of dust mite-induced 
acute asthma

Inhibited methacholine-induced AHR and airway inflammation (18)

BMSCs A rate model of TDI-induced severe 
asthma

Reduce the number of eosinophils, neutrophils, and goblet cells in 
BALF and inhibited AHR and collagen deposition

(19)

BMSCs A mouse model of ragweed-induced 
severe asthma

Inhibit eosinophil infiltration and excessive mucus secretion and 
reduced the BALF levels of Th2 cytokines (IL-4, IL-5, and IL-13) 
and serum levels of Th2 immunoglobulins (IgG1 and IgE)

(20)

BMSCs A mouse model of AHE-induced 
neutrophilic asthma

Alleviated AHR, suppressed the increase of neutrophils in BALF, 
and inhibited the release of Th17 cytokine

(21)

CBMSCs A mouse model of OVA-induced 
chronic asthma

Reduced the thickness of the epithelium, the smooth muscle layer, 
and basement membrane and inhibited the hyperplasia of goblet 
cells

(22)

mADMSCs A mouse model of dust mite-induced 
chronic asthma

Reduced the number of total white blood cells and eosinophils and 
the serum IgE level and inhibited AHR and mucus secretion

(23)

mADMSCs A mouse model of OVA-induced 
acute asthma

Inhibited AHR and airway inflammation (24)

hADMSCs A mouse model of ammonium 
persulfate-induced occupational 
asthma

Reduce neutrophil inflammation and total IgE production, inhibited 
lymphoplasma cell infiltration in the lungs and AHR, and alleviated 
smooth muscle hyperplasia and hypertrophy around bronchioles

(25)

hPMSCs A mouse model of OVA-induced 
acute asthma

Inhibited the infiltration of eosinophils and lymphocytes in the lungs
Inhibited AHR and mucus secretion and reduced the number of 
white blood cells, the levels of IL-4, IL-5, and IL-13, and the levels 
of IgG1 and IgE in BALF

(26,27)

hPMSCs A mouse model of OVA- and Poly I:C-
induced neutrophilic asthma

Reduced the number of neutrophils and macrophages and the 
content of IL-5 and CXCL15 in BALF

(28)

hPMSCs A rat model of OVA-induced acute 
asthma

Improve AHR and inflammation by regulating the Th17/Treg balance 
in rats with asthma

(29)

MCA-MSCs A mouse model of OVA-induced 
chronic asthma

Inhibited goblet cell metaplasia and AHR, reduced the number 
of subepithelial myofibroblasts and collagen deposition and 
decreased TGF-β expression in airway

(30)

iPSC-MSCs A mouse model of OVA- and LPS-
induced neutrophilic asthma

Decreased number of neutrophils in BALF and the number of Th17 
and Th2 cells in lungs, lowered the levels of sIL-17A and p-STAT3 
and increased the number of Th1 cells in lungs

(31)

AHE, Aspergillus fumigatus hyphal extract; AHR, airway hyper-responsiveness; BALF, bronchoalveolar lavage fluid; BMSCs, bone marrow-
derived MSCs; CBMSCs, compact bone-derived MSCs; hADMSCs, human adipose tissue-derived MSCs; hPMSCs, human placenta-
derived MSCs; hUMSCs, human umbilical cord blood-derived MSCs; iPSC-MSCs, human induced pluripotent stem cell-derived MSCs; 
LPS, lipopolysaccharide; mADMSCs, mouse adipose tissue-derived MSCs; OVA, ovalbumin; Poly I:C, polyinosinic-polycytidylic acid; TDI, 
toluene diisocyanate. 
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more significant reductions in collagen fiber content in 
the lung parenchyma, eosinophil infiltration, and levels of  
IL-4, IL-13, transforming growth factor (TGF)-β, and 
vascular endothelial growth factor (VEGF) in lung 
homogenates and increased IL-10 and interferon (IFN)-γ in 
lung tissue compared to AD-MSCs and LMSCs (33).

Therapeutic effects of MSCs on non-allergic asthma

Non-allergic asthma is mostly manifested as neutrophils 
infiltration in lung, increased Th17 cytokines, airway 
epithelial injury, airway remodeling, and glucocorticoid 
resistance. In a mouse model of asthma induced by 
Aspergillus fumigatus hyphal extract (AHE), Lathrop et al. 
found increased AHR and neutrophil infiltration, along 
with significantly increased IL-4, IL-17a, IL-12 (p40), 
keratinocytes (KC), and CC chemokine ligand 5 (CCL5) 
and IL-3 in BALF. Tail-vein injection of BMSCs could 
significantly inhibit AHE-induced AHR and neutrophil 
infiltration and reduce Th17 cytokines (21). In another 
study, hUMSCs significantly suppressed the OVA- and 
polyinosinic:polycytidylic acid (Poly I:C)-induced increase 
in numbers of neutrophils and macrophages in BALF 
and the production of IL-5 and CXCL15 (28). Fang  
et al. showed human-induced pluripotent stem cell (iPSC)-
derived MSCs (iPSC-MSCs) significantly reduced the 
OVA- and LPS-induced increase in counts of neutrophils, 
Th17, and Th2 cells in the lung tissues and the increase of 
sIL-17A and p-STAT3 levels and increased numbers of Th1 
cells in the lungs (31).

Therapeutic effects of MSCs on other asthma types

Occupational asthma (OA) is characterized by airway 
inflammation and AHR, which leads to progressive airway 
remodeling and a decline in lung function. hADMSCs 
could significantly suppress the infiltration of neutrophils 
and lymphoplasmocytes, the increase of AHR, and 
the increase of IgE content in the lungs of mice with 
occupational asthma induced by ammonium persulfate; 
also, it could reduce the proliferation and hypertrophy of 
smooth muscle cells around the bronchioles (25). Also, 
in toluene diisocyanate (TDI) or ragweed-induced severe 
asthma models, BMSCs significantly lowered numbers of 
eosinophils and neutrophils and the levels of IL-4, IL-5, 
and IL-13 in BALF; also, it reduced the serum IgG1 and 
IgE levels and numbers of goblet cells and suppressed AHR 

and collagen deposition (19,20).

Therapeutic effects of gene-modified or -pretreated MSCs 
on asthma

The roles of genetic modification of MSCs therapies 
for asthma have increasingly been recognized in recent 
years. Miro1, a mitochondrial Rho-GTPase, regulates 
intercellular mitochondrial movement. Compared with 
unmodified BMSCs, overexpression of Miro1 in MSC leads 
to enhanced mitochondrial transfer and rescue of epithelial 
injury and further inhibits AHR and airway remodeling in 
mouse models of acute asthma induced by CRE, dust mite 
extract, or OVA (34). Erythropoietin (EPO) has antioxidant, 
antiapoptotic, and anti-inflammatory effects and can inhibit 
the synthesis of IL-4 and IL-5. In the OVA-induced chronic 
asthma mouse models, MSCs over-expressing EPO (EPO-
MSCs) showed a more potently suppressive effect on local 
asthmatic airway inflammation and the level of IL-4, IL-5, 
and IL-13 in lung tissue than MSCs. The numbers of goblet 
cells, the thicknesses of the smooth muscle layer, collagen 
density, counts of proliferating cell nuclear antigen-positive 
(PCNA+) MSC, and von Willebrand factor positive (vWF+) 
vessels were also significantly inhibited by EPO-MSCs (35).

More evidence has shown that exposure of MSCs to a 
specific inflammatory stimulus or pretreatment can enhance 
their immunomodulatory effects. Eicosapentaenoic acid 
(EPA) is an omega-3 fatty acid with immunomodulatory 
properties and can inhibit the inflammatory response 
of human asthmatic alveolar macrophages in vitro (36). 
Compared with untreated BMSCs, BMSCs pretreated 
with EPA better-inhibited bronchoconstriction, airway 
remodeling, airway inflammation, excessive mucus secretion, 
hyperplasia of the thymus, lymph nodes, and bone marrow, 
increased the IL-10 level in BALF and numbers of M2 
macrophages in the lungs. These differences were observed 
in a mouse model of allergic asthma induced by house dust 
mite (HDM) extract, showing a better therapeutic effect. 
Cobalt chloride (CoCl2) is a hypoxia-mimetic compound 
that induces biochemical and molecular responses like 
those observed under hypoxic conditions. Compared with 
untreated hUMSCs, CoCl2-treated hUMSCs could further 
suppress the airway inflammation in OVA-induced acute 
asthma mouse models (37). In another study, compared with 
unstimulated BMSCs, BMSCs stimulated by asthma serum 
could further lower the levels of IL-4, IL-13, and eosinophil 
chemokines in BALF, decrease the WBC counts in BALF, 
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bone marrow, and lymph nodes, increase IL-10 level in 
BALF and improve lung function (38).

Therapeutic effects of MSC-derived conditioned medium 
(MSC-CM) and extracellular vesicles (MSC-EV) on 
asthma

Both MSC-CM and MSC-EV have immunomodulatory 
activities like MSCs and may be useful for treating asthma. 
Cruz et al. showed that either MSC-CM or MSC-EV was 
equally potent as MSCs in mitigating AHR and Th2/Th17-
mediated allergic lung inflammation in mouse models of 
AHE-induced severe refractory asthma (39). Keyhanmanesh 
et al. also found that repeated administration of MSC-CM 
reduced lung pathological injuries in OVA-induced acute 
asthmatic rat models (40).

Therapeutic effects of the combinations of MSCs with other 
drugs on asthma

The combined use of MSCs and other drugs can improve 
the pathological characteristics of asthma to a greater extent. 
Compared with MSCs alone, the combined administration 
of MSCs with the anti-fibrotic drug, serelaxin (RLN), can 
further reverse the peribronchial inflammation, collagen 
deposition, subepithelial fibrosis, and AHR in the OVA-
induced chronic asthma mouse models (41).

The molecular mechanisms of MSCs in treating 
asthma

Mechanisms of MSC migration 

Lung lesions can trigger the release of various chemokines, 
which can induce the migration and colonization of 
vascular MSCs towards the damaged sites and then 
exert an immunomodulatory effect and improve asthma  
symptoms (42). Transforming growth factor-beta 1 
(TGF-β1) is a multifunctional cytokine that plays critical 
roles in cell growth/differentiation and immune regulation. 
It can recruit MSCs to participate in tissue repair and 
remodeling at injured sites (43). In vitro experiments 
have shown that CRE-stimulated human epithelial cell-
conditioned medium can induce the migration of BMSCs. 
TGF-β1 neutralizing antibody significantly inhibited the 
migration of BMSCs. In the CRE-induced chronic asthma 
mouse models, the migration of green fluorescent protein 
(GFP)-labeled BMSCs from the blood and bone marrow 

towards the airway was increased, and TGF-β1 neutralizing 
antibody could inhibit the CRE-induced recruitment 
of MSCs (43). Also, either using BMSCs isolated from 
TGF-β1 knockout mice or the injection of the TGF-β1 
antibody followed by BMSCs administration could not 
inhibit the inflammatory response in a ragweed-induced 
mouse asthma model (20).

Aryl hydrocarbon receptor (AhR), a receptor for many 
common environmental pollutants, can sense environmental 
and microbial pollution. In a CRE-induced acute asthma 
mouse model, compared with wild-type (WT) mice, 
AhR-deficient (AhR−/−) mice showed enhanced lung 
inflammation. After the MSCs labeled with GFP were 
intravenously injected, it was found the cockroach allergen-
challenged AhR (−/−) mice displayed less migration of 
MSCs to the lungs compared with WT mice. Therefore, 
AhR affects lung inflammation in asthmatic mice by 
mediating the migration of BMSCs (44).

CXC motif chemokine receptor type 4 (CXCR4) can 
recruit MSCs towards the liver and pancreatic islets. In the 
OVA-induced acute allergic asthma models, the expression 
of CXCR4 on the surface of BMSCs was increased in the 
asthma group, and the expression of CXCR4 ligand SDF-
1 was increased in the asthmatic lung tissue, compared with 
the control group. The knockdown of CXCR4 in BMSCs 
blocked the migration of BMSCs to the lungs of asthmatic 
mice (16).

Mechanisms of MSCs in the treatment of airway 
inflammation and airway remodeling in asthma models

The excessive production of helper T lymphocyte type 2 
(Th2) and Th17 cytokines promotes the eosinophil- and 
neutrophil-mediated airway inflammation, respectively (45). 
Excessive maturation of dendritic cells (DC) can further 
activate Th2 cells (46). The switch of macrophages into the 
M1 type can also aggravate the inflammatory response (47).  
Apoptosis and injury of epithelial cells is a major contributor 
to airway remodeling (48).

Regulatory effect of MSCs on T cells
Th2 dominance caused by Th1/Th2 imbalance is the 
primary immunological mechanism in the pathogenesis 
of eosinophilic asthma (26). Th1, differentiated from Th0 
cells, mainly secretes IFN-γ, IL-12 and other cytokines 
that regulate normal immune function (17); however, the 
cytokines (e.g., IL-4, IL-5, and IL-13) secreted by Th2 can 
cause the increase of inflammatory cells and AHR and are 
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involved in the pathogenesis of asthma (16,23,26,43). Many 
studies have proved MSCs exert their therapeutic effect on 
asthma mainly by restoring Th1/Th2 balance, although 
the specific mechanism remains unclear. Goodwin found 
BSMCs could reduce Th2 cytokines and increase Th1 
cytokines in BALF of asthmatic mice but did not inhibit the 
elevated Th2 cytokines in asthmatic mice lacking the IFN-γ 
receptor. BMSCs rely on the IFN-γ pathway to promote 
the conversion of antigen-specific CD4 T lymphocytes 
towards Th1 and thus inhibit Th2-mediated allergic airway 
inflammation (17).

The imbalance between Th17 and regulatory T cells 
(Tregs) is an important mechanism that mediates the 
recruitment of neutrophils to the lungs and takes part in 
airway inflammation (31). Th17 cells induce asthma by 
secreting inflammatory factors, including IL-17A, IL-17F, 
IL-6, and tumor necrosis factor-α (TNF-α) (21). Tregs 
are a subgroup of CD4+ Th cells that secrete IL-10 and 
support the immune balance. When external allergens 
stimulate the body, the Th17/Treg balance is broken, 
and the IL-17A secretion increases, which inhibits the 
production of IL-10. Meanwhile, the massive secretion 
of IL-8 induced neutrophils to migrate to the airway and 
release inflammatory mediators, which aggravate airway 
inflammation (29). Lathrop et al. found that BMSCs 
injected via the tail vein could inhibit AHE-induced AHR 
and neutrophil infiltration, possibly by reducing Th17-
mediated airway inflammation (21). In mouse models of 
steroid-resistant asthma, iPSC-MSCs exerted a therapeutic 
effect on neutrophilic asthma by reducing the Th17 cell 
count and Th17 cytokines (31).

According to Kang et al., compared with the asthma 
group, numbers of CD4+CD25+Foxp3+ Tregs was 
significantly increased in the lung lymph nodes after 
huMSCs treatment, suggesting that huMSCs reduces 
OVA-induced allergic airway inflammation, which may be 
mediated by Treg cells (27). Also, after hPMSCs treatment, 
the levels of IL-10 and forkhead box P3 (Foxp3) in lymph, 
peripheral blood, and lung tissue samples were markedly 
increased, whereas the level of RAR-related orphan receptor 
gamma (RORgammat) was decreased. These results suggest 
that hPMSCs may improve AHR and inflammation by 
regulating the Th17/Treg balance in rats with asthma (29). 
Dai et al. found ADMSCs could inhibit the increase of IL-
17 and RORgamma mRNA levels in asthmatic lungs and 
increase the proportion of CD4+CD25+Foxp3+ Tregs in 
the spleen, thus attenuating OVA-induced AHR and airway 
inflammation (24).

Regulatory effect of MSCs on DCs
DC plays a vital role in maintaining the body’s immune 
response and tolerance and is involved early in pathogenesis 
of asthma (32). DCs are significantly increased in asthmatic 
patients, and they are often in an over-mature state. BMSCs 
inhibit the migration of DCs from lungs to mediastinal 
lymph nodes and suppress their maturation, reducing 
the release of Th2 cytokines in the nodules. Also, DCs 
treated with BMSCs have a lower ability to activate naïve 
and effector Th2 cells, along with decreased production 
of chemokine ligand 17 (CCL17). Thus, BMSCs play a 
therapeutic effect on asthma by inhibiting the excessive 
maturation and increase of DCs (47).

Regulatory effect of MSCs on macrophages
Macrophage polarization plays a vital  role in the 
pathogenesis of asthma. In mouse models of CRE-induced 
acute asthma, BMSCs promoted the switch of macrophage 
phenotypes from proinflammatory M1 to anti-inflammatory 
M2. The M1 markers, including IL-6, IL-1β, and nitric 
oxide synthase (NOS2) mRNA levels, were remarkably 
decreased, while the mRNA levels of M2 markers, including 
arginase 1 (Arg-1), FIZZ1, and YM-1 were significantly 
increased. In an in vitro experiment, BMSCs inhibited the 
expressions of M1 inflammatory factors, increased the 
expressions of M2 anti-inflammatory factors, and promoted 
the switch of macrophages to M2; thus, it exerted a therapeutic 
effect on asthma (49). Song et al. also found that human 
BMSCs mediated the polarization of alveolar macrophages 
through TGF-β signaling, thus alleviating experimental 
asthma (46). In an acute mouse model of HDM (Derf)-
induced asthma, MSCs were labeled with PKH26 
fluorescent marker before intravenous injection, and then 
macrophages phagocyted in vivo the injected MSCs. Only 
PKH26+ macrophages expressed M2 phenotype, while the 
innate PKH26− macrophages expressed the M1 phenotype. 
It was found MSCs attenuated asthma by being phagocyted 
by lung macrophages, which acquire an M2 suppressive 
phenotype (18).

Regulatory effect of MSCs on epithelial cells
Airway epithelial cell injury plays a vital role in activating 
airway inflammation in allergic asthma. MSCs can 
differentiate into multiple cellular lineages. In particular, 
it can promote the repair of airway epithelium and restore 
its structure and integrity (50). In an in vitro experiment, 
porcine BMSCs cultured in BEpiCM containing fibroblast 
growth factor and prostaglandin E2 for 5 or 10 days 
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showed the highest expressions of epithelial markers 
including cytokeratin 7 (CK7), CK8, and epithelial cell 
adhesion molecules (EpCAM) and functional marker 
mucin 1 (MUC1). Thus, porcine BMSCs demonstrate a 
commitment to the epithelial lineage and may facilitate 
the repair of denuded airway epithelium (50). In another 
study, the human bronchial epithelial cell line BEAS-2B 
was induced to undergo apoptosis with a hypoxia mimic 
of CoCl2 damage. Treatment of iPSC-MSCs significantly 
decreased apoptosis of BEAS-2B cells, and there was a high 
miR-21 expression in injured BEAS-2B cells after MSC 
treatment. Moreover, the protective effect of MSCs on the 
injured BEAS-2B cells was reversed after the transfection of 
the miR-21 inhibitor. Thus, iPSC-MSCs protect bronchial 
epithelial cells from hypoxia-induced injury via miR-21 (51).  
The increased transfer of mitochondria from BMSCs to 
epithelial cells can promote the repair of epithelial injury 
and reduce AHR and remodeling. Overexpression of 
Miro1 in BSMCs can further enhance epithelial repair to 
improve asthma via promoting mitochondria transfer, and 
this therapeutical effect is not associated with their non-
specific paracrine effects (34). Yao et al. found that iPSC-
MSC transplantation significantly reduced T helper 2 
cytokines, attenuated the mitochondrial dysfunction of 
epithelial cells, and alleviated asthma inflammation in mice. 
The primary mechanisms included the tunneling nanotubes 
(TNTs) formed between iPSC-MSCs and epithelial cells, 
which enhanced mitochondrial transfer from iPSC-MSCs 
to epithelial cells via TNTs and promoted the repair of 
epithelial injury. In particular, connexin 43 (CX43) plays 
a critical role in regulating TNT formation by mediating 
mitochondrial transfer between iPSC-MSCs and epithelial 
cells (52). 

Challenges and controversies in MSC-based treatment

Although the therapeutic effect of MSCs on asthma has 
been verified in animal models, challenges and controversies 
in MSC-based clinical treatment persist. First, MSCs need 
to be cultured in vitro for clinical studies and basic research; 
however, in vitro culture will affect the regeneration, 
proliferation, and differentiation of MSCs. Second, MSCs 
from various sources have different therapeutic effects on 
asthma, and different routes of administration will also 
affect the efficacy. Therefore, it is urgent to set up the 
standard operating procedures for the harvest, culture, and 
delivery of MSCs. The storage and management of MSCs 
are also challenging. MSC-CM and MSC-EV on asthma 

have been proved to have the same therapeutic effects as 
MSCs in the treatment of asthma. MSCs have an excellent 
inhibitory effect on airway inflammation in asthma, but its 
inhibitory effect on airway remodeling is not obvious in 
chronic asthma. In recent years, pretreatment, or genetic 
modifications of MSCs and combinations of MSCs with 
other drugs have become new research directions. At 
present, the primary mechanism via which MSCs exert 
its therapeutic effects is by regulating the immune cells, 
especially T cells, and its repairing effects on epithelial cells 
have also been revealed. The specific molecular mechanism 
of MSCs for asthma therapy is needed to further study.

Conclusions

Currently, corticosteroids and long-acting β-agonists are 
main drugs for asthma therapy. But for refractory asthma 
and steroid-resistant neutrophilic asthma, drugs can’t 
control the asthma symptom well. Several studies indicated 
that MSCs suppressed neutrophil-dominant airway 
inflammation in a murine model of asthma. MSCs might 
fill the gap in this aspect. With a deeper understanding 
of the mechanism of MSCs in the next few years, it will 
help enhance the therapeutic effect of MSCs on asthma 
in clinical trials and reduce the incidence and mortality of 
severe refractory asthma. The MSC extracellular vesicles 
and conditioned medium are easily maintained for quality 
control and storage; as potentially suitable substitutes for 
MSCs in future cell-free-based therapeutic approaches, 
they may help accelerate the use of MSCs in the clinical 
treatment of asthma.
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