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Human placenta mesenchymal stem cells suppress airway
inflammation in asthmatic rats by modulating Notch signaling
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Abstract. Neurogenic locus notch homolog protein (Notch)
signaling mediates intracellular communication and may
regulate cell fate decisions, including cell proliferation,
differentiation, and apoptosis. Mesenchymal stem cells
(MSCs) possess immunomodulatory properties and the
potential for use in stem cell replacement treatments. The aim
of the present study was to evaluate the therapeutic effects
of human placenta-deviated MSCs (hPMSCs) in asthma and
to investigate the mechanisms of Notch signaling mediated
by transplanted MSCs. A Sprague-Dawley rat ovalbumin
(OVA)-sensitized acute asthma model was established and
challenged. MSCs derived from human placenta (hPMSCs)
were transplanted into the asthmatic rats. Transplantation
resulted in reduced Notch-1, Notch-2 and jagged-1, and
increased Notch-3, Notch-4 and delta-like ligand (delta)-4
expression in lung, blood, and lymph samples. Notch-1,
Notch-2, and jagged-1 expression in OVA-treated rats
was significantly decreased compared with controls and
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hPMSC-treated rats; however, Notch-3, Notch-4 and delta-4
expression was significantly increased. Serum interferon-vy
significantly increased after hPMSCs transplantation,
whereas interleukin-4 and immunoglobulin E decreased. In
OVA-treated rats, Notch-1, Notch-2 and jagged-1 levels were
increased in the lymph compared with the blood, although
Notch-4 and delta-4 levels were decreased. Peribronchial
infiltration of cells and goblet cell hyperplasia were markedly
decreased in the OVA + hPMSCs group compared with
those in the OVA-treated and control groups. Alterations
in Notch signaling pathway expression were accompanied
by decreased inflammatory cell infiltration, goblet cell
hyperplasia and mucus production in lung tissues. The results
of the present study are consistent with hPMSC suppression
of asthma symptoms and inflammation by regulating the
Notch signaling pathway in the rat asthma model.

Introduction

Asthma symptoms frequently include airway obstruction,
airway hyperreactivity (AHR), and airway inflammation.
Allergic asthma is a chronic inflammatory dysfunction
exacerbated by eosinophiliaand T-helpertype 2 (Th2) cell acti-
vation. Traditional asthma therapies, including corticosteroids
and antihistamines, have limitations and side effects (1,2).
Persistent inflammation does not reverse chronic airway
remodeling and can lead to tissue damage. Neurogenic locus
notch homolog protein (Notch) signaling is a well-conserved
pathway involved in the development of immune cells, and
dendritic cells (DCs) and T cells express Notch receptors and
ligands. Notch signaling is involved in T-cell activation and
proliferation, as reported by Rutz et al (3), who demonstrated
that delta-like ligand (delta)-1 and jagged-1 inhibited T-cell
activation, whereas delta-4 promoted T-cell proliferation. In
mice and humans, differentiation of forkhead box protein
P3 (FoxP3)-positive regulatory T cells (Tregs) from naive
CD4* T cells followed transforming growth factor-f1 signal
activation of the Notch pathway (4,5). Mesenchymal stem
cells (MSCs) are self-renewing and multipotential (6,7), and
due to their unique immunological characteristics, including
immunoregulatory activity and low immunogenicity, MSCs
are attractive tools for regenerative medicine (8,9). MSCs
may regulate T-cell proliferation, inhibit B-cell prolifera-
tion (10,11) and affect the regulation of immune responses
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by DCs (12) by inducing Treg formation from naive CD4* T
cells (13,14). MSCs are able to expand anti-specific Tregs to
prevent autoimmunity (15,16) and have been demonstrated to
directly or indirectly induce Tregs in the regulation of DCs.
MSC-induced Tregs have an important immunosuppressive
effect on allergic asthma (17). The involvement of the Notch
pathway in the MSC modulation of the adaptive immune
response in asthma is not completely understood. The objec-
tive of the present study was to investigate the importance
of placenta-derived MSCs (hPMSCs) in the modulation
of the Notch signaling pathway in asthma and to increase
understanding of the crosstalk between Notch signaling and
MSC modulation of adaptive immune responses. MSCs can
regulate the immune system through cytokine production
and the Notch pathway, leading to reduced inflammation.
Thus, MSC-based therapies may be effective in the treatment
of asthma.

Materials and methods

Animal model. A total of 60 Wistar male rats (185+12.5 g)
were obtained at 6-8 weeks of age from the Shandong Lukang
Record Pharmaceutical Co., Ltd. (Jining, China) and were
maintained in a specific pathogen-free facility with a 12 h
light/dark cycle at the Medicine and Pharmacy Research
Center of Binzhou Medical University (Yantai, China). Rats
were housed at 18-26°C and 40-70% relative humidity with
free access to food and water. All animal experimentation and
procedures were approved by the Institutional Animal Care
and Use Committee of Binzhou Medical University.

The asthma rat model was established as previously
described (18). Rats were sensitized by intraperitoneal
injection of sterile ovalbumin (OVA; 1 mg in 1 ml saline;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) with
200 mg aluminum hydroxide as an adjuvant, on days 1
and 8. Following sensitization, the rats were nebulized daily
with 1% OVA (w/v) solution for 30 min in a 30x24x50-cm
chamber between days 15 and 21. A control group received
intraperitoneal injections of saline on days 1 and 8, and was
exposed to aerosolized saline on the provocation days. Rats
in the OVA + hPMSC group received 1x10° hPMSCs/kg
bodyweight suspended in 1 ml sterile Dulbecco's PBS via tail
vein injections, prior to the final OVA challenge. Rats were
sacrificed via cervical dislocation 24 h subsequent to treat-
ment. The protocol is illustrated in Fig. 1.

Isolation and culture of hPMSCs. hPMSCs were derived from
full-term placentas subsequent obtaining informed consent
from the donors, with the approval of the Institutional Ethics
Committee. The cells were cultured in L-Dulbecco's modi-
fied Eagle's medium (Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA), with 10% fetal bovine serum (Hyclone; GE
Healthcare Life Sciences) and 100 U/ml each of penicillin
and streptomycin. Cells were cultured at 37°C in a humidified
atmosphere with 5% CO,. The immunophenotype of hPMSCs
[cluster of differentiation (CD73, CD90, CD105, CD45 and
human leukocyte antigen-antigen D related) were determined
by flow cytometry at the third culture passage. Neurogenic,
osteogenic, and adipose differentiation were promoted to iden-
tify pluripotent hPMSCs.

5337

Lung histology. Rats were anaesthetized with an intraperi-
toneal injection of 4% chloral hydrate (300-350 mg/kg) and
sacrificed via cervical dislocation; lungs were harvested,
perfused with PBS, and fixed in 10% neutral buffered formalin
overnight. Lung tissue was embedded for light microscopy
(x200) for the evaluation of inflammatory cell infiltration.
Bronchoalveolar lavage fluid (BALF) was collected by cannu-
lation of the trachea and flushing of the left lung bronchus
three times with normal saline. The supernatant was discarded
following centrifugation at 500 x g for 10 min at 25°C. The
total cell, eosinophil, lymphocyte, macrophage and neutrophil
counts were obtained following Wright's staining for ~1-2 min
at room temperature. All the obtained cells were counted by
a pathological image analysis system (Image-Pro Plus 6.0;
Media Cybernetics, Inc., Rockville, MD, USA).

ELISA analysis. Interleukin (IL)-4 (cat. no. R4000), interferon
(IFN)-y (cat. no. DY585) and immunoglobulin (Ig)E (cat.
no. DY6900) levels were assayed using commercially available
ELISA kits purchased from R&D Systems, Inc. (Minneapolis,
MN, USA).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR) analysis. Total RNA was extracted from lung
samples and MNCs using TRIzol reagent (Thermo Fisher
Scientific, Inc.), dissolved in diethyl pyrocarbonate in double
distilled water and stored at -80°C. cDNA was synthesized
using a Revert Aid First-Strand cDNA Synthesis kit (Thermo
Fisher Scientific, Inc.) and subsequently amplified. gPCR was
performed using the TransStart Tip Green qPCR SuperMix
(TransGen Biotech Co., Ltd., Beijing, China) on the Real-Time
PCR Detection system (iQS5; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The PCR conditions were DNA dena-
turation at 94°C for 30 sec, followed by 40 cycles at 94°C for
5 sec, 60°C for 30 sec and 72°C for 1 min. All experiments
were performed according to the manufacturer's protocol. The
gene-specific primers were as follows: Notch-1 forward, AAC
TCACCAGAGCAGCCTACA; Notch-1 reverse, CCACAT
TCCAGCACACTCAA; Notch-2 forward, TGGAGGCAG
GAGGAAAGAC; Notch-2 reverse, GATGGGCAAAGGTCA
GTAGG:; Notch-3 forward, CGGCTTGATTTCCCATACC;
Notch-3 reverse, ACACCCAGGACGAAGATGAC; jagged-1
forward, AGTAAACGGGATGGGAACAG:; jagged-1 reverse,
CAGCAGAGGAACCAGGAAAT; delta-4 forward, GCC
CAGACTCCATCCTTACA; delta-4 reverse, GCTCCTGCT
AAATGCCAGAC; and GAPDH forward, ACAGCAACA
GGGTGGTGGAC; GAPDH reverse, TTTGAGGGTGCA
GCGAACTT. PCR results were quantified using the 2-44¢4
method (19).

Western blot analysis. Lung tissue was homogenized and
lysed with radioimmunoprecipitation assay buffer (Beyotime
Institute of Biotechnology, Haimen, China) and the superna-
tant was collected following centrifugation at 12,000 x g for
5 min at 4°C. Protein was quantified using a bicinchoninic
acid (BCA) assay with the Pierce BCA Protein Assay kit
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol; 50 ug aliquots of protein were loaded and
electrophoresed on a 10% SDS-PAGE gel, and transferred
onto polyvinylidene fluoride membranes. Following blocking
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Figure 1. Experimental protocol and groupings. OVA, ovalbumin

for 2 h in 5% non-fat milk at room temperature, membranes
were incubated with primary antibodies overnight at
4°C, rinsed, and incubated for 1 h with the corresponding
secondary antibodies at room temperature for 1 h. Blots were
visualized with diaminobenzidine and read with a Clinx
GenoSens1600 electrophoresis gel imaging analyzer (Clinx
Science Instruments Co., Ltd., Shanghai, China). The bands
were semi-quantified using ImageJ 1.51 software (National
Institutes of Health, Bethesda, MD, USA). Primary antibodies
included anti-Notch-1 (1:500; cat. no. 3447; Cell Signaling
Technology, Inc., Danvers, MA, USA), Notch-2 (1:50; 5732;
Cell Signaling Technology, Inc.), Notch-3 (1:500; 2889; Cell
Signaling Technology, Inc.), jagged-1 (1:50; ab7771; Abcam,
Cambridge, UK) and delta-4 (1:500; ab183523; Abcam).
Horseradish peroxidase-conjugated secondary antibodies
were obtained from Wuhan Sanying Biotechnology (1:500;
SA00001-15; Wuhan, China).

Statistical analysis. Statistical calculations were performed
using SPSS 18.0 (SSPS, Inc., Chicago, IL, USA). Results are
presented as the mean + standard deviation. When applicable,
one-way analysis of variance and Holm-Sidak tests were used
to determine significance. P<0.05 was considered to indicate a
statistically significant difference.

Results

hPMSCs engraftment results in a significant reduction in
inflammatory cells in BALF and lung tissue. The cells in the
BALF collected from controls, OVA- and hPMSC-treated
rats were counted on a hemocytometer. The total number of
cells and the number of eosinophils were both significantly
greater in the OVA group compared with the OVA + hPMSCs
and control groups; these counts were also greater in the
OVA + hPMSCs group in the OVA group (Fig. 2). Histological
evaluation revealed inflammatory alterations in the bronchial
tissue of rats in the OVA group, including inflammatory
cell infiltration of the trachea, and surrounding perivascular
tissue and subepithelial smooth muscle, along with luminal
narrowing. The asthma model was thus successfully estab-
lished. The inflammatory alterations were significantly
reduced in the OVA + hPMSCs group compared with the OVA
group. Inflammatory cell infiltration and goblet cell hyper-
plasia were reduced, mucus secretion was downregulated, and
airway smooth muscle proliferation was attenuated. Only slight
luminal narrowing was apparent, and only occasional alveolar
inflammatory cells were observed (Fig. 3). hPMSCs were thus
demonstrated to alleviate the development of asthma, reducing
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OVA-induced bronchial airway inflammation, cell infiltration
and mucin production.

Effect of hPMSC transplantation on cytokine levels in rats
with asthma. Serum cytokines were measured by ELISA.
A high IgE level indicates a recent allergic attack. The IgE
concentrations were significantly higher in the OVA group
compared with the control and OVA + hPMSCs groups.
The injection of hPMSCs was associated with a significant
decrease in IgE in rats challenged with OVA (Fig. 2B). The
IL-4 level was higher in the OVA group compared with the
control group, although the IFN-vy level was lower. In the
OVA + hPMSCs group, IL-4 was decreased and IFN-y was
increased compared with rats in the OVA group (Fig. 2C
and D; P<0.05). The results indicated that hPMSCs inhibited
Th2 cytokine secretion and IgE production in rats with
OVA-induced asthma.

hPMSC administration alters Notch signaling in lung tissue.
The involvement of Notch signaling in asthma and the effects
of hPMSCs on Notch signaling were investigated via assess-
ment of Notch-1, Notch-2, Notch-3, delta-4 and jagged-1
expression in lung tissue (Fig. 4). The gene expression of
Notch-1, Notch-2 and jagged-1 was significantly higher in
the OVA group compared with the control group (P<0.05);
however, it was significantly lower in the OVA + hPMSCs
group compared with the OVA group (Fig. 4A, B and D;
P<0.05). Notch-3 and delta-4 expression exhibited the oppo-
site trend, with significantly decreased expression in the
OVA group compared with the control and OVA + hPMSCs
groups (Fig. 4C and E; P<0.05). hPMSC transplantation thus
increased Notch-3 and delta-4 expression in the lung tissues of
rats treated with OVA + hPMSCs. No significant differences
were observed in the expression of Notch receptors and ligands
in the control and OVA + hPMSCs groups (Fig. 4C and E). In
order to investigate the effects of hPMSCs on Notch signaling
responses, protein expression in lung tissue was assayed by
western blotting. Consistent with the qPCR results, Notch-1,
Notch-2 and jagged-1 protein expression increased in the OVA
group compared with the control group (P<0.05); Notch-3
and delta-4 expression was reduced. The results demonstrated
that the administration of hPMSCs decreased the expression
of Notch-1, Notch-2, and Jagged-1 and increased Notch-3 and
Delta-4 protein expression compared with the expression in
the OVA group (Fig. 5). Collectively, the results demonstrated
that the Notch pathway had an important role in the lung
pathogenesis of asthma and that hPMSCs exerted various
effects on Notch receptors and ligands.
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Figure 2. hPMSCs inhibit inflammatory cell infiltration and allergic airway inflammation. (A) Total cells and eosinophils in BAL fluid. Data are presented
as percentages of the total cells counted. n=10/group. (B) Total and OVA-specific serum IgE, analyzed by ELISA. (C) Serum IL-4, analyzed by ELISA.
(D) Serum IFN-v, analyzed by ELISA. "P<0.05 vs. control group; “P<0.05 vs. OVA group. n=10/group. BAL, bronchoalveolar lavage; OVA, ovalbumin; IgE,
immunoglobulin E; IL-4, interleukin-4; IFN-y, interferon-y; hPMSCs, human placenta mesenchymal stem cells.

PMSCs

Figure 3. Representative photomicrographs exhibiting histological evidence of inflammation for the asthma model for each experimental condition. Original
magnification, x200. Hematoxylin and eosin staining revealed improved lung histopathology in asthmatic rats treated with hPMSCs. OVA, ovalbumin;

hPMSCs, human placenta mesenchymal stem cells.

Effect of hPMSCs on Notch signal expression in peripheral
blood and lymph. In order to examine the effects of hPMSCs
on Notch signaling, Notch-1, Notch-2, Notch-3, delta-4 and
jagged-1 gene expression was assayed in peripheral blood and
lymph (Fig. 6). Notch-1, Notch-2 and jagged-1 expression was
significantly increased in the OVA group compared with the
control group (P<0.05); hPMSC administration significantly
increased Notch-1, Notch-2 and jagged-1 expression in the
OVA + hPMSCs group (P<0.05; Fig. 6A, B and D). A similar
trend was observed in lymph from the OVA group, with

significantly increased Notch-1, Notch-2 and jagged-1 expres-
sion compared with the control and OVA + hPMSCs group
(P<0.05). Notch-1, Notch-2 and jagged-1 gene expression was
significantly reduced in the OVA + hPMSCs group compared
with the OVA group. The results demonstrated that Notch-3
and delta-4 expression in blood and lymph was decreased in the
OVA group compared with the control group (P<0.05; Fig. 6C
and E), and was increased by hPMSC transplantation (P<0.05).

In the OVA group, Notch-1, Notch-2 and jagged-1 gene
expression was increased in the lymph compared with the
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Figure 4. hPMSC engraftment alters the gene expression levels of Notch proteins and ligands in peripheral blood and lymph samples. Notch and ligand
expression was assessed by quantitative polymerase chain reaction analysis of lung tissue of control, OVA group and OVA + hPMSCs group rats. (A) Notch-1;
(B) Notch-2; (C) Notch-3; (D) jagged-1; (E) A4. 'P<0.05 vs. control group; “P<0.05 vs. OVA group. n=10/group. OVA, ovalbumin; hPMSCs, human placenta
mesenchymal stem cells; Notch, neurogenic locus notch homolog protein; A4, delta-like ligand 4.
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Figure 5. Effects of hPMSC administration on the protein and gene expression
levels of Notch proteins and ligands in the lungs of asthmatic rats. Western
blot analysis of Notch and ligand protein expression exhibited decreases
in Notch-1, Notch-2 and jagged-1 in OVA + hPMSCs rats compared with
OVA-induced rats. Notch-3 and A4 expression was increased compared with
OVA-induced rats. n=10/group. OVA, ovalbumin; hPMSCs, human placenta
mesenchymal stem cells; Notch, neurogenic locus notch homolog protein;
A4, delta-like ligand 4.

blood (P<0.05). Meanwhile, Notch-3 and delta-4 expression
was decreased (P<0.05; Fig. 6). The results confirmed a
greater imbalance in Notch signaling in the lymph compared
with the blood, which is consistent with a severe imbalance

in T cells, and Notch receptor and ligand expression in the
present asthma model.

Discussion

The present study demonstrated that hPMSCs modulated a
regulatory environment in a rat model of asthma via the Notch
signaling pathway. Previous studies demonstrated that MSCs
have important therapeutic potential in a number of clinical
disorders, including asthma (7). Placental-MSCs are similar
to bone marrow-derived MSCs in morphology and function,
although they exert stronger immune inhibitory effects on
T cells (20,21).

A number of studies have used transplanted human MSCs
to treat different diseases, and have used them in a variety of
animal models, including mice (22), rats (23) and rabbits (24).
The findings from these previous studies and those of the
present study demonstrate that human MSCs are able to
survive and function following transplantation. Yun er al (22)
and Chan et al (25) used the method of tail vein injection to
transplant MSCs into animals. MSCs may be distributed to
the brain and lung through the blood circulation, and the effect
of treatment is the same as that when transplanted directly
into the location of the lesion. The majority of studies have
demonstrated that the primary function of MSCs is an immu-
nosuppressive function, which regulates the immune balance.

The results of the present study demonstrated that hPMSCs
decreased the number of lung inflammatory cells and the IgE
serum concentration in OVA-sensitized rats. A significant
reduction in the number of eosinophils in the BALF and
decreased serum IL-4 added to the evidence that hPMSCs
alleviated the asthmatic symptoms and suppressed airway
inflammation. The Notch signaling pathway is evolutionarily



LI et al: hPMSCs MODULATE Notch SIGNALING IN ASTHMATIC RATS

5341

A O3 Peripheral blood B O Peripheral blood  (C O3 Peripheral blood
5 257 . Lymph . Lymph _ B ymph
> * 5 4.01 G 1.5
2 20 . > 2
< =¥ - * <
E 151 - x : E 101 E
- o *
S ¢ 2.0 # S
g 1.01 3 # S
P = @ 051 .
£ 051 R £
: E ]
0.0 : : ' © 0.0 T T T 0.0 ' r .
Control OVA OVA+hPMSCs Control OVA OVA+hPMSCs Control OVA  OVA+hPMSCs
D O Peripheral blood E 3 Peripheral blood
%; 2.5 5 I Lymph 1.5 - Bl Lymph
—_— * E
< 201 ) 2
= <
£ 451 # ¥ z 101 *o#
2 E
8 1.0 4 3
= o 0.5 * *
] =
é 0-5 “ ‘&i ﬁ i
m© ©
] o
€ 00 . T 0.0 g

Control OVA OVA+hPMSCs

Control OVA OVA+hPMSCs

Figure 6. Notch and ligand expression in the lymph and peripheral blood of control, OVA and OVA + hPMSCs group rats. (A) Notch-1; (B) Notch-2;
(C) Notch-3; (D) jagged-1; (E) A4. hPMSC-treated rats exhibited significant decreases in Notch-1, Notch-2 and jagged-1 expression in the lymph compared
with OVA-induced rats. Notch-3 and A4 expression was increased in hPMSC-treated rats vs. OVA-induced rats. Data are presented as the mean + standard
deviation. "P<0.05 vs. control group; "P<0.05 vs. OVA group. n=10/group. OVA, ovalbumin; hPMSCs, human placenta mesenchymal stem cells; Notch,

neurogenic locus notch homolog protein; A4, delta-like ligand 4.

conserved, and interactions between Notch receptors and
ligands regulate cellular differentiation, proliferation and
apoptosis. The Notch pathway is involved in a number of
diseases, including asthma (26). The Notch pathway has
been associated with T-cell development, differentiation
and activation, and serves a key role in the induction of Th2
differentiation (27,28).

Notch expression was observed in the lung tissue and
lung T cells in a BALB/c mouse model of asthma, in which
Th2 polarization and Th1/Th2 disturbances in asthma patho-
genesis were associated with the Notch pathway (29-31).
Guo et al (32) demonstrated Notch-1 expression in lungs and
lung T cells of BALB/C mice. The introduction of an activated
allele of Notch-1 into CD4" T cells has been demonstrated to
activate IL-4 expression and Th2 cell responses (33). In the
present study, significant increases were observed in Notch-1
and Notch-2 expression in the lung tissue, blood and lymph of
rats with OVA-induced asthma, and serum IL-4 mRNA was
increased. Following hPMSC administration, Notch-1 and
Notch-2 expression decreased and IFN-vy increased. Previous
studies have demonstrated that Notch-1 and Notch-2 interact
with jagged-1/2 to induce Th2-cell differentiation following
treatment with Th2-cell stimuli (34-36). Notch-1 and Notch-2
were analyzed in a mouse asthma model, and the effect of
Notch-1 was stronger compared with that of Notch-2 (37).

In the present study, a difference was not observed between
Notch-1 and Notch-2 expression. The results confirmed
a role for Notch signaling in asthma pathogenesis, and that
hPMSCs may inhibit Th2 polarization by blocking Notch
signaling, which may attenuate the excessive production of

Th2 cytokines. Previous reports have suggested that CD4*
T-cell subsets, including Th17 cells and Treg cells, may serve
key roles in asthma (38-41). Notch-3 signaling and cell-to-cell
contact facilitates Treg-cell expansion. MSCs were demon-
strated to decrease cell infiltration and lung pathology via
regulation of the Treg-cell population in a previous model of
allergic asthma (17). In the present study, Notch-3 expression
was observed in the lung tissue, blood and lymph in all three
study groups.

Previous research demonstrated that the percentages of
CD4* CD25* Foxp3* Tregs were significantly decreased in
the serum of OVA group rats compared with those in the
control group and hPMSC-treated rats. The administration of
hPMSCs markedly increased the percentages of CD4* CD25*
Foxp3*Tregsinthe serumand lymph. The Th17/Tregrebalance
was induced by hPMSC administration. The mechanism may
be mediated by Treg regulation, partly involving increased
IL-10 levels and Foxp3/RORyt (42). These previous results
suggested that Notch-3 signaling may be involved in the
development of asthma by regulating the generation and
the expansion of Treg cells through hPMSC administration.
Notch receptors and ligands are involved in the regulation
of immune cells and tissue microenvironments (26). In the
present study, jagged-1 and delta-4 mRNA were detected
in the lungs, serum and lymph of the control group, OVA
group and hPMSC-treated group, and Jagged-1 expression
was increased in the rats with OVA-induced asthma.
Treatment with hPMSCs decreased the jagged-1 response
to OVA challenge. Delta-4 expression decreased in the rats
with OVA-induced asthma compared with the control group
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and the OVA+hPMSCs group. Jagged-1 was required for the
expansion of CD4* CD25* FoxP3* regulatory T cells following
treatment with MSCs (43). Rutz et al (3) demonstrated that
delta-1 and jagged-1 served important roles in the inhibition
of T-cell activation, whereas delta-4 expression enhanced
T-cell proliferation. These results provide an insight into
the involvement of Notch signaling in the crosstalk between
immune cells and hPMSCs in asthma.

In conclusion, the results of the present study demonstrated
that hPMSCs may reduce airway inflammation via inhibition
of Notch-1, Notch-2 and jagged-1 expression, and promotion
of Notch-3 and delta-4 expression. The effect of hPMSC
administration in alleviating airway hyper-responsiveness and
inflammation may be mediated by Notch regulation, partly
involving reduced IL-4 and IgE levels and increased IFN-y.
hPMSCs may be a feasible agent for treating asthma in the
future. The present findings add to the understanding of the
biological significance of hPMSCs in mediating the Notch
pathway in asthma pathogenesis.
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