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Abstract
Background: Allergic rhinitis (AR) is a common immune disease of the nasal mucosa character-
ized with immunoglobulin E (IgE)-mediated allergic inflammation after exposure to allergens in 
susceptible population. Previous reports have demonstrated that the bone marrow mesenchy-
mal stem cells (BMSCs) could reduce allergic inflammation. However, there is little knowledge 
about whether the culture supernatant of BMSCs (conditioned medium, CM) has similar anti- 
inflammatory potential in treating AR. 
Objective: The study aimed to evaluate the immunoregulatory effects of conditioned medium 
derived from BMSCs (BMSC-CM) on allergic inflammation in an AR mouse model.
Material and Methods: The AR murine model was induced by repeated sensitization and chal-
lenges with ovalbumin (OVA). Subsequently the allergic symptoms of AR mice, cytokine levels, 
the histopathological features of the nasal mucosa and T helper 1 (Th1) : T helper 2 (Th2) cells 
ratio were evaluated.
Results: Treatment with BMSC-CM was found as effective as BMSCs in reducing allergic symp-
toms and inhibiting eosinophilic infiltration in the nasal mucosa. After BMSC-CM or BMSCs 
administration, the OVA-specific IgE and interleukin 4 levels in serum decreased and interferon 
gamma level increased compared with AR mice treated with uncultured fresh medium. Flow 
cytometry analysis revealed a decrease in Th1:Th2 cells ratio after OVA-sensitization and the 
ratio was reversed by BMSC-CM and BMSCs treatments. Furthermore, the data revealed that 
BMSC-CM suppressed the production of signal transduction and activator of transcription 6 
(STAT6) at messenger RNA and protein levels in the nasal mucosa. 
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Introduction

Allergic rhinitis (AR) is a common chronic noninfectious 
inflammatory disorder characterized by allergic symptoms 
of the nasal mucosa, such as rhinorrhea, sneezing, itchi-
ness, and nasal congestion. AR is caused by the immuno-
globulin E (IgE)-mediated T helper 1 (Th1) and T helper 
2 (Th2) (Th1–Th2) immune imbalance, among which the 
superiority of Th2 immune response is recognized as the 
key factor.1 Large numbers of immune cytokines play an 
important role in inducing AR, and many signaling pathways 
are related to this process. Signal transducers and activa-
tors of transcription (STAT) are a family of proteins involved 
in the regulation of gene transcription and the activation 
of many immune inflammatory mediators.2 Previous studies 
have reported that STAT6 signaling pathway, a subtype of 
STAT, participates in the pathogenesis of AR. Interleukin 
4 (IL-4), one essential Th2-associated cytokine which leads 
to allergic inflammation, can regulate the differentiation of 
immature Th cells into Th2 cells through STAT6 signaling 
pathway.3,4 Furthermore, IL-4 inhibits Th1 cell responses 
by upregulating the transcription repressors of interferon 
gamma (IFN-γ), an important Th1-associated cytokine in 
balancing Th1:Th2 cells ratio.5 Therefore, recovering the 
Th1–Th2 immunological balance is required when consider-
ing treatment modalities of AR.

The bone marrow mesenchymal stem cells (BMSCs), 
multipotent progenitor cells derived from the bone mar-
row, have demonstrated their capabilities in various tissue 
repairs and regeneration.6,7 On the other hand, BMSCs have 
demonstrated potent immunomodulatory properties to miti-
gate allergic responses in airway conditions.8–10 For example, 
Zhao et al. reported that intravenous injection of BMSCs 
could effectively decrease allergic symptoms and reduce 
inflammatory parameters in an AR mouse model.11 However, 
the transplanted BMSCs usually have a short life span in vivo 
and their utilization rate is not high. Intravascular adminis-
tration of BMSCs may even cause vascular occlusion.12,13

Many researchers have identified that paracrine compo-
nents, including soluble factors and extracellular vesicles 
(EVs), secreted by BMSCs contribute to wound-healing and 
tissue-regeneration upon stem cell transplantation.14–16 The 
paracrine effects also include immunomodulatory and anti-
inflammatory properties, demonstrating unique potential in 
suppressing immunological responses and treating immune 
diseases.13 Compared with conventional stem cell-based 
therapies, the cell-free application can not only maintain 
the therapeutic effects of stem cells but also overcome the 
above shortcomings. Transplantation of the conditioned 
medium (CM) from BMSCs, which contains paracrine com-
ponents, may present considerable advantages over cells 
in terms of manufacturing, storage, safety, and potential of 
being a ready-to-access biological product.17–19

Conclusion: BMSC-CM could ameliorate allergic inflammation and regulate the balance of  
Th cells, and the underlying mechanism was closely related to STAT6 signaling pathway. The 
immunoregulatory effects of BMSCs could be achieved through paracrine function, and nasal 
dripping of BMSC-CM might be a novel approach for the treatment of AR.
© 2022 Codon Publications. Published by Codon Publications.

The aim of the present study was to explore whether 
conditioned medium derived from BMSCs (BMSC-CM) have 
immunomodulatory effects to alleviate allergic sympotoms 
in an AR mouse model. We hypothesized that BMSC-CM 
can reduce inflammatory response by regulating Th1–Th2 
immune imbalance through STAT6 signaling pathway, and 
this regulatory efficacy is achieved through paracrine 
mechanism of BMSCs.

Materials and Methods

Preparation of BMSC-CM

BALB/c mice were purchased from National Rodent Laboratory 
Animal Resources (Shanghai, China). All animal care and 
experimental procedures were ethically approved by Animal 
Care and Use Committee of Shanghai Tenth People’s Hospital 
(approval number: SHDSYY-2020-1581). The government and 
international animal experiment guidelines were strictly 
abided. BMSCs were isolated from the bone marrow of 4-week-
old male BALB/c mice and in vitro expanded as described pre-
viously.20 The characterization of BMSCs was confirmed by cell 
surface marker expression (CD19, CD45, CD90, and CD105) and 
multilineage (osteoblast and adipocyte) differentiation capa-
bilities. Cells were expanded in low-glucose Dulbecco’s modi-
fied Eagle’s medium (LG-DMEM; Gibco, Grand Island, NY, US) 
containing 10% fetal bovine serum (FBS; HyClone, Logan, 
UT, US), 100-U/mL penicillin, and 100-mg/mL streptomycin 
(both from Sigma-Aldrich, St. Louis, MO, US). When BMSCs of 
passage 2 grew to nearly 80% confluence, the medium was dis-
carded. Cells were washed thrice with phosphate-buffered 
saline (PBS) and further incubated in fresh LG-DMEM without 
serum. The culture supernatant was collected after 48 h, filte-
red through a 0.2-µm syringe filter, centrifuged at 3000 g for 
15 min to remove cell debris, and stored at -20°C before use. 
Meanwhile, BMSCs were trypsinized and counted by trypan 
blue staining. After labeled with 2-µM CellTracker CM-Dil 
(Invitrogen, Carlsbad, CA, US), 1.0 × 106 BMSCs were resuspen-
ded in 0.2-mL PBS. In all, 10 mL of supernatant from the same 
amount of cells was concentrated to approximately 50-fold to 
yield 0.2 mL of BMSC-CM using ultrafiltration method.21 The 
protein concentration of BMSC-CM was calculated using 
Bicinchoninic Acid (BCA) assay (BCA protein assay kit PC0020; 
Solarbio, Beijing, China) according to the manufacturer’s 
instructions. LG-DMEM kept for 48 h without culturing cells 
was similarly concentrated and used as a control conditioned 
medium (con-CM).

AR mouse model and intervention

A total of 20 healthy male 10-week-old BALB/c mice were 
used with minor modifications to establish the AR model 



BMSC-CM modulates the immune response in AR� 107

in paraffin, samples were cut into 4-µm cross sections and 
stained with hematoxylin and eosin (H&E) for histopatho-
logical evaluation. In order to assess the degree of aller-
gic inflammation, two blinded observers calculated the 
number of eosinophils in the nasal submucosa. The results 
were expressed as the number of eosinophils around the 
basal lamina calculated under a light microscope (mag-
nification ×200). Degree of allergic inflammation in the 
nasal mucosa was evaluated by observing epithelial injury, 
loss of cilia,  gland  hyperplasia, and vascular dilatation. 
The parameter  of each aspect  was  evaluated semi-quan-
titatively  (0 = no change, 1 = mild change, 2 = moderate 
change, and 3 = severe change; Table 1), and the inflam-
mation score was calculated by cumulative scores and 
compared statistically as reported previously.23,24 In the 
BMSCs group, CM-Dil-labelled BMSCs were transplanted 
through the tail vein, and the specimens were analyzed 
by fluorescence microscope (Leica Microsystems, Wetzlar, 
Germany). 

Flow cytometry for detecting Th1/Th2/Regulatory 
T (Treg) cells

The spleen tissue was dissociated, resuspended in cell was-
hing solution, and the lymphocyte suspension was adjusted 
to 1×106 cells/mL. Single-cell suspensions of lymphocytes 
(1×106 cells/well in 24-well culture plates) were cultured 
in RPMI 1640 medium (Gibco), and restimulated with OVA 
(100 ng/mL). After 3 days of culture, flow cytometry ana-
lysis was performed to identify Th1/Th2/Treg cells in the 
mouse spleen. Th1 cells were identified as CD4+IFN-γ+ lym-
phocytes; Th2 cells were identified as CD4+IL-4+ lympho-
cytes; and Treg cells were identified as CD4+CD25+FoxP3+ 
lymphocytes.

Then fluorescein isothiocyanate (FITC) anti-mouse CD4 
antibody (85-11-0041-81, eBioscience, San Diego, CA, US) was 
added and reacted at 4°C for 30 min in dark. After being fixed 
and permeabilized using a fix/perm solution (GAS-003; Caltag, 
Carlsbad, CA, US) according to the manufacturer’s instructions, 
the CD4+ T cells were stained with purified anti-phycoerythrin 
(PE) anti-mouse IL-4 antibody (85-12-7041-81, eBioscience) and 

as described previously.22 Briefly, 15 mice were first sen-
sitized intraperitoneally with 50 µg of ovalbumin (OVA; 
Sigma-Aldrich, St. Louis, MO, US) and 2.5 mg of aluminum 
hydroxide (Al(OH)3) in 200-µL PBS (n = 15) every other day 
for seven times. The mice were intranasally challenged from 
day 15 to day 19 by daily dropping with 100 µg of OVA in 
50-µL PBS to stimulate AR symptoms. From day 20 to day 
24, 15 AR mice were randomly divided into three groups for 
different treatments (5 mice in each group). BMSC-CM group: 
administrated intranasally with 0.2 mL of BMSC-CM; BMSCs 
group: transfused with 1.0 × 106 labeled BMSCs (0.2 mL) via 
the tail vein; and con-CM group: administrated intranasally 
with 0.2 mL of con-CM. Meanwhile, the other five mice sen-
sitized and challenged with PBS (n = 5) were also administra-
ted intranasally with 0.2 mL of BMSC-CM as a control group 
(Figure 1). The intervention was performed once a day for 5 
consecutive days. After the final intervention on day 24, the 
frequencies of sneezing and nasal scratching for each mouse 
were measured during a 15-min period.

Determination of OVA-specific IgE, IL-4, and IFN-γ 
in serum

The mice were sacrificed and samples of the vein blood, 
nasal mucosa, and spleen were harvested 24 h after the 
final intervention (day 25). Part of the nasal mucosa was 
taken from the front of the inferior turbinate and the ante-
rior segment of the nasal septum, and immediately placed 
in liquid nitrogen for evaluation of STAT6 signaling pathway. 
The posterior part of the mouse head was prepared for his-
topathological evaluation. The levels of OVA-specific IgE, 
IL-4, and IFN-γ in serum were determined by enzyme linked 
immunosorbent assay (ELISA; Yifeibiotech, Shanghai, China) 
according to the manufacturer’s instructions. 

Histopathological analysis of nasal mucosa

The posterior part of the mouse head was fixed in 4% parafor-
maldehyde and decalcified in 10% ethylenediaminetetraacetic 
acid (EDTA; pH 7.0) for 6–8 weeks. After being embedded 

Table 1  Degree of allergic inflammation in the nasal mucosa.

Epithelial injury Loss of cilia Gland hyperplasia Vascular dilatation

0
(No change)

Integral epithelial 
structure 

No damage or 
shedding of the 
cilia

No glandular hyperplasia No vasodilation

1
(Mild change)

Slight damage to 
epithelial cells, still 
continuous structure

Mild damage to 
cilia 

Mild hyperplasia of 
mucous glands

Mild dilation of 
submucosal vessels

2
(Moderate 
change)

Moderate damage to 
epithelial cells, partial 
discontinuous structure

Damage to the 
cilia, visible 
shedding

Mucous gland 
hyperplasia with a 
small amount of mucus 
secretion

Moderate dilation to 
submucosal vessels with 
interstitial edema

3
(Severe change)

Obvious damage 
to epithelial cells, 
disordered structure

Massive shedding 
of the cilia

Obvious mucous gland 
hyperplasia with a 
large amount of mucus 
secretion

Obvious dilation of 
submucosal vessels with 
severe interstitial edema

http://www.liankebio.com/brand-eBioscience.html
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For Western blot analysis, the nasal mucosa of each 
group was homogenized in protein lysis buffer (PBS contai-
ning 0.1% Triton X-100), and BCA protein assay kit (PC0020; 
Solarbio) was used to detect protein concentration quan-
titatively. Equal amount of protein was separated by 
sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to nitrocellulose filter. 
The membranes were blocked with 1% bovine serum albu-
min (BSA), washed and then probed with a 1:1000 diluted 
anti-STAT6 antibody (ab32520; Abcam, Cambridge, UK) at 
room temperature. After three additional washings, the 
membranes were incubated with horseradish peroxidase– 
conjugated secondary antibody (1:5000, IRDye 800CW; 
LI-COR Biosciences, Lincoln, NE, US) for 1 h at room tempe-
rature. Immunoreactive bands were visualized by Odyssey 
CLx Imager Dual-color infrared imaging system (LI-COR 
Biosciences). GAPDH (BA2913; Boster Preston, CA, US) was 
detected as internal control.25

Statistical analysis

Data obtained from three independent experiments 
were expressed as mean ± standard error of mean (SEM). 
Statistical analysis was assessed by ANOVA using the SPSS 
software package version 19.0, with statistical significance 
set at P < 0.05.

Results

Immunophenotypic and differentiation 
characterization of BMSCs

The BMSC cultures were analyzed for expression of cell-
surface markers. BMSCs were positive for CD90 and CD105 
and negative for CD19 and CD45 (Figures 1A–D). In order 

PE anti-mouse IFN-γ antibody (85-12-7311-82, eBioscience), and 
incubated at 4°C for 30 min in dark; finally washed with pre-
cold PBS to remove unbound antibody. 

Treg cells were stained with FITC anti-mouse CD4 anti-
body and allophycocyanin (APC) anti-mouse CD25 antibody 
(85-17-0251-81, eBioscience) and fixed and permeabilized 
using a fix/perm solution. The cells were incubated with PE 
anti-mouse FoxP3 antibody (85-12-5773-82, eBioscience). 
Flow cytometric analysis was performed on an BD LSR II 
flow cytometry system (Becton, Dickinson and Company, 
Lake Franklin, NJ, US).

Messenger RNA (mRNA) and protein expression 
measurement for STAT6 signaling pathway

Quantitative real-time polymerase chain reaction (PCR) 
was performed to determine the expression level of STAT6 
mRNA in the mouse nasal mucosa. The total RNA was 
isolated using TrizolTM reagent (Invitrogen) following the 
manufacturer’s instructions. Complementary DNA (cDNA) 
was synthesized using a cDNA synthesis kit (SuperRT 
cDNA Synthesis Kit; CoWin Biosciences, Jiangsu, China) 
and subjected to PCR assay (7300 Real-time PCR System; 
Applied Biosystems, Foster City, CA, US). The PCR primer 
sequences of mouse genes of STAT6 signaling pathway and 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) are 
listed in Table 2.

Table 2  Primers of STAT6 and GAPDH.

Gene Primer sequence

STAT6-F GAGCTACTGGTCAGATCGGC
STAT6-R CTCTGGAGTAGGAAGGGGCT
GAPDH-F GGTGAAGGTCGGTGTGAACG
GAPDH-R CTCGCTCCTGGAAGATGGTG

Figure 1  Analysis of surface markers and differentiation capacity of BMSCs. BMSCs were positive for (A) CD90 and (B) CD105, and 
negative for (C) CD19 and (D) CD45. Osteogenic differentiation of BMSCs was verified by the formation of (E) calcified nodule (Von 
Kossa staining, original magnification ×40). (F) Adipogenic differentiation was revealed by positive staining of Oil Red (original 
magnification ×200).
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to examine the multilineage capacity of BMSCs, cells were 
differentiated as osteogenic and adipogenic lineages using 
lineage-specific induction factors. Osteogenic differentia-
tion of BMSCs was verified by the formation of calcified 
nodule (Von Kossa staining; Figure 1E). Adipogenic differen-
tiation was revealed by positive staining of Oil Red (Figure 1F).

A total of 0.2-mL BMSC-CM was administered intrana-
sally to each mouse; it was obtained from 1.0 × 106 BMSCs 
after concentration. The protein concentration of BMSC-CM 
was 1414.23 ± 336.07 µg/mL. 

Treatment with BMSC-CM alleviated nasal allergic 
symptoms in AR mice

Mice were sensitized on days 1, 3, 5, 7, 9, 11, and 13 by 
intraperitoneal injection of OVA + Al(OH)3, and challenged 
by intranasal dropping with OVA from day 15 to day 19 
(Figure 2A). Compared to the control group (mice sen-
sitized and challenged with PBS), the frequency of both 
sneezing and nasal scratching was dramatically increased 
in OVA-induced mice, confirming the successful establish-
ment of AR model. After different interventions for the 
next 5 days, the incidence of sneezing (Figure 2B) and 
nasal scratching (Figure 2C) was significantly decreased in 

both BMSC-CM and BMSCs groups compared to the con-CM 
group, indicating that both BMSCs and BMSC-CM treatments 
could relieve nasal symptoms in AR mice.

Detection of OVA-specific IgE, IL-4, and IFN-γ 
levels in mouse serum

According to ELISA measurement, the levels of OVA-specific 
IgE and IL-4 (Th2-associated cytokine) in murine serum 
were highest in the con-CM group, and decreased signi-
ficantly after treatment with BMSC-CM or BMSCs (Figures 
3A and B). Regarding the serum IFN-γ (Th1-associated cyto-
kine) level, it was lower in mice sensitized with OVA than 
in the control group (Figure 3C). Statistically no difference 
was found between BMSC-CM and BMSCs groups, but both 
groups had higher values than values of the con-CM group. 
These results implied that BMSC-CM and BMSCs treatments 
restored Th1–Th2 immune balance in AR.

Histological analysis of nasal mucosa 

The cross section of murine nasal cavity was observed with 
H&E staining after sample decalcification. It was found 

Figure 2  (A) Timeline of the AR mouse model and different intervention groups. The AR symptoms were evaluated on day 24.  
(B) Number of sneezing per 15 min for each group. (C) Number of nasal scratching per 15 min for each group (*P < 0.05; **P < 0.01; and 
***P < 0.001). BMSC-CM group: administrated intranasally with BMSC-CM; BMSCs group: transfused with 1.0 × 106 BMSCs through 
the tail vein; con-CM group: administrated intranasally with con-CM; control group: mice sensitized and challenged with PBS, 
administrated intranasally with BMSC-CM.
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BMSCs migrated to the nasal mucosa with allergic inflam-
mation (Figure 4D).

Changes of Th1/Th2/Treg cell proportions in the 
spleen

In order to further investigate the immunomodulatory 
effects of BMSC-CM on Th cell phenotype, changes in Th1/
Th2/Treg cells in single-cell suspensions of the spleen lym-
phocytes (restimulated with OVA) were measured using 
flow cytometric analysis. The Th1:Th2 ratio was higher in 
the control group than in the AR groups after OVA sensitiza-
tion, which established increased proportion of Th2 cells. 

that histological score of the nasal mucosa was higher in 
the OVA-induced groups than in the control group, and the 
extent of inflammatory cell infiltration in the submucosa 
tissue also increased accordingly (Figure 4A). Both eosino-
phil infiltration and inflammation scores were significantly 
increased in the nasal mucosa of AR mice. When treated 
with BMSC-CM or BMSCs, they decreased to over 50%, sug-
gesting that both BMSC-CM and BMSCs treatments could 
reduce allergic inflammation of the nasal mucosa caused 
by OVA induction (Figures 4B and C).

For the BMSC-treated mice, 1.0 × 106 CM-Dil-labeled 
BMSC (0.2 mL) was transplanted through the tail vein eve-
ryday for 5 days. Cells with red fluorescence were detected 
under fluorescence microscope, confirming that labeled 

Figure 4  (A) Histological observation of the nasal mucosa tissue. In the con-CM group, hematoxylin and eosin (H&E) staining 
revealed high number of eosinophil infiltration and increased epithelial injury, cilia damage, gland hyperplasia, and vascular 
dilatation compared to the control group. When treated with BMSC-CM or BMSCs, histological changes in the nasal mucosa 
improved significantly. (B) Numbers of eosinophils around the basal lamina were counted. (C) Inflammatory scores of each group 
were compared. (D) Migration of CM-Dil-labeled BMSCs (red marker) in the nasal mocosa was observed under fluorescence 
microscope (*P < 0.05; **P < 0.01; and ***P < 0.001).

Figure 3  Detection of (A) OVA-specific IgE, (B) IL-4, and (C) IFN-γ levels in mouse serum. After treatment with BMSCs-CM or 
BMSCs, the levels of OVA-specific IgE and IL-4 decreased significantly compared to the con-CM group, with increased IFN-γ level  
(*P < 0.05; **P < 0.01; and ***P < 0.001).
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compared to the con-CM group (Figures 5 and 6), indicating 
that both treatments were able to regulate the balance of 
Th cells and modulate the generation of Treg cells in AR 
mice. 

The proportions of Th1 and Treg cells were significantly 
elevated whereas the proportion of Th2 cells decreased 
after treatment with BMSCs-CM or BMSCs. An increased 
Th1:Th2 ratio was observed in BMSC-CM and BMSCs groups 

Figure 5  Flow cytometric analysis of Th1/Th2 cell changes in single-cell suspensions of spleen lymphocytes (restimulated with 
OVA) for each group. An increased Th1:Th2 ratio was observed in BMSC-CM and BMSCs groups compared to the con-CM group, 
indicating that both treatments were able to regulate the balance of Th cells in AR mice. (A) Th1 (CD4+IFN-γ+) cells. (B) Th2 
(CD4+IL-4+) cells (*P < 0.05; **P < 0.01; and ***P < 0.001).

Figure 6  Regulation of Treg cell (CD4+CD25+FoxP3+) proliferation by different treatments. After treatment with BMSCs-CM or 
BMSCs, the proportion of Treg cells was significantly elevated, indicating that both treatments could modulate the generation of 
Treg cells in AR mice. (A) Flow cytometric analysis. (B) Statistical comparison (*P < 0.05; **P < 0.01; and ***P < 0.001).
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Th2-associated cytokines, including IL-4, IL-5, and IL-13, are 
involved in delayed type-1 hypersensitivity mediated by 
IgE and contribute to the recruitment of eosinophil cells, 
which can start and maintain inflammation responses and 
further lead to a series of allergic symptoms.30–32 IL-4 is the 
main immunoregulatory cytokine secreted by activated 
Th2 cells in allergic reponses. It is also a vital cellular cyto-
kine in the Janus kinase-signal transducer and activator of 
transcription (JAK/STAT) protein pathway. IL-4 is phospho-
rylated by binding to the JAK family receptors and initiates 
STAT phosphorylation. The IL-4 receptor site is remodeled 
and demethylated by the activation of STAT6 signaling 
pathway and antigen stimulation; it then promotes IgE pro-
duction and enhances Th2 cells differentiation. On the con-
trary, IFN-γ, the principal Th1 effector cytokine, triggers 
the production of macrophages and inhibits Th2 cells proli-
feration. Th1 and Th2 cytokines are mutually antagonistic, 
and selective suppression of Th2 responses may alleviate 
allergic symptoms.33–35

In this study, we demonstrated the Th1–Th2 immune 
imbalance and Treg cell immunodeficiency in an AR mouse 
model, as confirmed by increased OVA-specific IgE, IL-4, 
and STAT6 levels in serum and eosinophil infiltration in the 
nasal mucosa. The OVA-specific IgE level was reduced and 
the symptoms of AR were alleviated in mice after treat-
ment with BMSC-CM. Furthermore, the pathological obser-
vation of the nasal mucosa demonstrated that eosinophil 
infiltration, loss of cilia, and interstitial edema were ame-
liorated, indicating the ability of conditioned medium to 
suppress allergic airway inflammation. The detailed mole-
cular mechanism was further identified by ELISA, flow cyto-
metry, and proteomics analysis. Our results demonstrated 
that BMSC-CM could significantly reduce OVA-specific IgE, 
IL-4, and STAT6 formation and increase IFN-γ level in AR 
mice. By down-regulating the STAT6 signaling pathway, the 
over-activation of Th2 cells was inhibited whereas the pro-
portion of Th1 cells was recovered.

Although many studies have reported the immunomo-
dulatory effects of BMSCs in alleviating allergic symptoms, 
there are few reports about the immunosuppresive effects 
of BMSC-CM in treating AR. In this study, both BMSC-CM and 

Changes of STAT6 signaling pathway in the nasal 
mucosa

In order to evaluate the role of STAT6 signaling pathway in 
BMSC-CM administration on allergic inflammation, changes 
in the expression of STAT6 mRNA and protein in the nasal 
mucosa were measured using real-time PCR and Western 
blot analysis. As shown in Figure 7, the highest expres-
sion levels of both STAT6 mRNA and protein were found in 
con-CM group, followed by BMSCs, BMSC-CM, and control 
groups, suggesting that conditioned medium derived from 
the stem cells could suppress expression of STAT6 signaling 
pathway under allergic inflammation conditions. No signif-
icant difference was found between BMSC-CM and BMSCs 
groups (P > 0.05).

Discussion

As a global health problem, AR has affected over 10–20% 
of adults and 20–40% of children globally.26 Present treat-
ments, including medical drugs, immunotherapy, intranasal 
irrigation, and surgery, have specific limitations, such as 
high recurrence rate and adverse drug effects. Therefore, 
it is imperative to explore new treatment options for AR. 

The BMSCs are multipotent adult stem cells deri-
ved from the bone marrow. In addtion to their capability 
of tissue regeneration and wound healing, BMSCs also 
demonstrate the effects of anti-inflammation and immu-
nomodulation in treating airway allergic diseases, such as 
asthma and AR.27,28 However, transplantation of BMSCs is 
expensive and time-consuming, and the cells usually have 
a shorter in vivo life span. Recently, conditioned medium 
containing the paracrine factors secreted by BMSCs is 
reported to have immunomodulatory effects similar to the 
stem cells.29 In the present study, we found that BMSC-CM 
could modulate immune response and suppress Th2 cyto-
kine production through STAT6 signal pathway in an AR 
murine model.

The immune imbalance of Th1–Th2 and immunodefici-
ency of Treg cells are the major factors of AR pathogenesis. 

Figure 7  Measurement of (A) STAT6 mRNA and (B and C) protein expression levels in the nasal mucosa (*P < 0.05; **P < 0.01; 
and ***P < 0.001). The data suggested that conditioned medium derived from the stem cells could suppress expression of STAT6 
signaling pathway under allergic inflammation conditions.
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participated and carried out the experiment. All authors 
read and approved the final manuscript.
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