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Abstract
Purpose  To investigate the immunomodulatory effects and potential mechanisms of human nasal mucosa-derived mesen-
chymal stem cells(hNMSCs) on mouse allergic rhinitis, and to compare them with human umbilical cord-derived mesenchy-
mal stem cells (hUCMSCs).
Method  hNMSCs and hUCMSCs were isolated and cultured for identification from human nasal mucosa and umbilical cord 
tissues. A co-culture system of LPS-stimulated RAW264.7 cells/mouse peritoneal macrophages and MSCs was employed.
Changes in inflammatory factors in RAW264.7 cells and the culture medium as well as the expression of NF-κB signaling 
pathway in RAW264.7 cells were detected. Forty-eight BALB/c mice were randomly divided into control, OVA, hNMSCs, 
and hUCMSCs groups. An allergic rhinitis (AR) model was established through ovalbumin (OVA) stimulation and treated 
with hNMSCs and hUCMSCs. Subsequent assessments included related symptoms, biological changes, and the expression 
of the NF-κB signaling pathway in the nasal mucosa of mice.
Results  MSCs can be successfully isolated from human nasal mucosa. Both hNMSCs and hUCMSCs interventions sig-
nificantly reverseed the inflammation induced by LPS and suppressed the upregulation of the NF-κB signaling pathway in 
RAW264.7 cells. Treatment with hNMSCs and hUCMSCs alleviated mouse allergic symptoms, reduced levels of total IgE, 
OVA-specific IgE and IgG1 in mouse serum, TH2-type cytokines and chemokines in mouse nasal mucosa, and TH2-type 
cytokines in mouse spleen culture medium, while also inhibiting the expression of the NF-κB signaling pathway in the nasal 
mucosa of mice. moreover, the hNMSCs group showed a more significant reduction in OVA-specific IgG1 in serum and IL-4 
expression levels in mouse spleen culture medium compared to the hUCMSCs group.
Conclusion  Our findings suggest that hNMSCs can ameliorate allergic rhinitis in mice, with a certain advantage in anti-
inflammatory effects compared to hUCMSCs. The NF-κB pathway is likely involved in the anti-inflammatory regulation 
process by hNMSCs.Therefore, hNMSCs might represent a novel therapeutic approach for allergic rhinitis.
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Abbreviations
hNMSCs	� Human nasal mucosa-derived mesenchymal 

stem cells
hUCMSCs	� Human umbilical cord-derived mesenchymal 

stem cells
AR	� Allergic rhinitis
OVA	� Ovalbumin

Introduction

Allergic rhinitis is an inflammatory nasal mucosa disease 
mediated by immunoglobulin E (IgE) following exposure 
to allergens [1]. The immunological basis of AR lies in the 
imbalance of immune equilibrium between Th1 and Th2 
cells, with the disease primarily driven by a dominant Th2 
cell immune response [2]. This involves the release of vari-
ous inflammatory mediators and cytokines (such as IL-4, 
IL-5, IL-13), among which IL-4 is a characteristic factor 
mainly causing Type I hypersensitivity reactions [3]. Con-
sequently, this leads to various clinical symptoms such as 
sporadic sneezing, runny nose, itching in the nose, and 
nasal congestion, sometimes along with symptoms in the 
eyes [4, 5].Allergic rhinitis is among the most prevalent 
chronic conditions in high-income countries, whereas it is 
less common in low and middle-income nations, although 
the prevalence there is gradually increasing. Currently, the 
prevalence of AR in children is estimated to be between 5% 
and 15%, and between 10% and 40% in adults [6].The main 
current treatments for AR include education, allergen avoid-
ance, pharmacotherapy, and allergen Immunotherapy (AIT) 
[7]. However, pharmacotherapy can only control symptoms 
and is unable to reverse the state of immune imbalance in 
patients [8].While Allergen Immunotherapy shows signifi-
cant effects in desensitizing patients and preventing disease 
progression, factors such as lengthy treatment periods, low 
patient adherence, and the absence of long-term efficacy 
studies on large samples restrict its extensive clinical use.
Furthermore, Allergen Immunotherapy is specific to certain 
allergens rather than being universally applicable, hence it 
has certain limitations in its application [9] .Due to these 
reasons, there is an urgent need to investigate more effective 
therapeutic strategies for AR.

Mesenchymal stem cells (MSCs) are multipotent stem 
cells derived from the mesodermal layer, They can be easily 
isolated from various sources and possess self-renewal and 
multidirectional differentiation potentials [9]. MSCs have 
recently gained significant attention in allergic rhinitis (AR) 
research. Studies show that MSCs derived from adipose tis-
sue, bone marrow, umbilical cord, and tonsils (regardless 
of allogeneic or xenogeneic human sources) significantly 
alleviate allergy symptoms and inflammation markers in 

AR mouse models, This includes a decrease in nasal mucosa 
eosinophil infiltration, Th2 cytokines (IL-4, IL-5, IL-13), 
and ovalbumin-specific IgE secretion.Moreover, they do 
not cause cross-species graft-versus-host disease [10].The 
immunomodulatory function of mesenchymal stem cells 
is likely mediated by the release of soluble factors and 
direct cell-to-cell contact [11].However, the effectiveness 
of hNMSCs sourced from treatment-targeted tissues in AR 
has not been documented. Therefore, we investigated the 
anti-inflammatory potential and underlying mechanisms of 
hNMSCs using an LPS-induced macrophage inflammatory 
model and an OVA-induced mouse allergic rhinitis model, 
and compared them with hUCMSCs.

NF-κB is a central mediator of the inflammatory response 
[12].Normally, NF-κB is restrained by IκBα and kept in a 
resting state; however, when the inflammatory receptor sys-
tem is activated, IκBα degrades, leading to NF-κB activation 
[13].It has been shown that the NF-κB pathway is activated 
in ovalbumin (OVA)-induced AR models, and that inhibit-
ing NF-κB can significantly alleviate OVA-induced allergic 
rhinitis [14, 15].Previous research has seldom investigated 
the impact of mesenchymal stem cells on the NF-κB inflam-
mation-related signaling pathway. Consequently, our study 
focuses on assessing the effects of hNMSCs and hUCMSCs 
on this pathway in both LPS-induced macrophage inflam-
mation and OVA-induced mouse allergic rhinitis models.

Materials and methods

Experimental animals and cells

The BALB/c mice(aged 8–12 weeks, weight 15–20 g, male/
female = 1:1) used in this experiment were provided by the 
Animal Center of Shandong University and were housed in 
the animal facility of the Otolaryngology Research Institute 
at Shandong Provincial ENT Hospital. The breeding envi-
ronment was maintained at a temperature of 22.5 ± 2.5℃ 
and a humidity of 50 ± 10%.All animal experiments were 
conducted in accordance with guidelines related to animal 
experimentation.The nasal mucosa was obtained from the 
rhinology Department of Shandong Provincial Eye and 
ENT Hospital, collected during surgeries from patients with 
maxillary sinus cysts, deviated nasal septum with bubble-
like middle turbinates, and middle turbinates excised dur-
ing skull base surgeries, specifically from patients free of 
sinusitis, allergic rhinitis, or other inflammatory condi-
tions. Umbilical cords were sourced from the Obstetrics 
Department of the Shandong Provincial Eye and ENT 
Hospital.These were collected from healthy full-term 
infants under aseptic conditions. The mothers had no his-
tory of infectious or genetic diseases, and the infants had no 
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congenital disorders. This study was approved by the Hos-
pital Ethics Committee, with the ethical approval number 
XYK20211206.Adequate quantities of mesenchymal stem 
cells were obtained and cultured from the collected human 
nasal mucosa and umbilical cords, and were preserved in 
liquid nitrogen for future use.We confirm that informed 
consent has been obtained from all participants and/or their 
legal guardians.

Isolation and culture of hNMSCs and hUCMSCs

Nasal mucosa and umbilical cords of healthy full-term 
infants were collected under aseptic conditions in the hospi-
tal’s operating room. The collected tissues were repeatedly 
rinsed with PBS containing antibiotics to remove residual 
blood.For nasal mucosa tissues, PBS was discarded and 
Dispase II(Sigma-Aldrich, Zwijndrecht, The Netherlands) 
was added. The tissue was gently minced using ophthalmic 
scissors, gently inverted to mix with the Dispase II solu-
tion, and then left in a 4 °C refrigerator overnight for diges-
tion. The next day, the original liquid was discarded, and the 
tissue pieces were repeatedly washed with DMEM culture 
medium to terminate digestion. The selected tissue chunks 
were placed in T25 culture flasks, spaced appropriately, 
and cultured in 3 ml of medium for 3–5 days. After 3 days, 
the medium was replaced with mesenchymal stem cell cul-
ture medium (STEMCELL Technologies, Vancouver, BC, 
Canada ) until sufficient cells had proliferated for subcul-
turing.For umbilical cord tissues, the blood remaining in 
the umbilical veins and arteries was squeezed out, and the 
cords were cut into approximately 3–4 cm segments. The 
surface membranes, arteries, and veins were removed using 
ophthalmic scissors and tweezers. The remaining Wharton’s 
jelly was transferred into 1.5 ml EP tubes, gently minced 
with ophthalmic scissors, and the tissue chunks were then 
placed in T75 culture flasks.They were spaced appropriately 
and cultured in 10  ml of DMEM/F−12 culture medium 
(GIBCO, CA, USA) containing 10% FBS (GIBCO, CA, 
US) and penicillin-streptomycin (GIBCO, CA, USA) for 
3–5 days. After 5 days, the medium was changed until suffi-
cient cells proliferated for subculturing.Subsequent experi-
ments utilized cells from the fourth passage.

Immunophenotyping analysis

Select P4 generation hNMSCs and hUCMSCs with a conflu-
ence over 80%.Add 5 µl of FITC-labeled CD90, HLA-DR; 
APC-labeled CD73, CD105; and PE-labeled CD34, CD45 
to each tube(antibodies were purchased from BioGems, 
USA, ).Establish negative and isotype controls, and incu-
bate in darkness for 15 min.Analyze the positive expression 
rate of surface antigens using flow cytometry.

Multilineage differentiation of hNMSCs and 
hUCMSCs

Mesenchymal stem cells from P3 were used for all differen-
tiation processes.For adipogenic differentiation, cells were 
cultured in complete adipogenesis medium (STEMCELL 
Technologies, Seattle, WA, USA), with medium changed 
every 3 days.After 18–21 days of differentiation, cells were 
fixed and stained with Oil Red O solutionn (beyotime, 
Shanghai, China).

For osteogenic induction, cells were cultivated in com-
plete osteogenic differentiation culture medium (STEM-
CELL Technologies, Seattle, WA, USA).The medium 
was changed every 3–4 days until bone matrix formation 
(approximately 10–15 days).Osteogenic differentiation was 
observed through Alizarin Red staining(Cyagen, Guang-
zhou, China).

For chondrogenic differentiation, 0.5 × 10^6 MSCs 
were centrifuged at 300 g for 5–10 min to form a cell pel-
let.The pellet was cultured in 15 mL polypropylene tubes 
with complete MesenCult™-ACF Chondrogenic Differen-
tiation Medium STEMCELL Technologies, Seattle, WA, 
USA), with the medium being replaced every 3 days.On 
day 21, when chondrocyte formation reached complete dif-
ferentiation, the pellet was fixed in 4% paraformaldehyde 
for 30 min. Subsequently, 4 μm sections were prepared for 
Alcian Blue-Nuclear Fast Red staining (beyotime, Shang-
hai, China).

Co-culture protocol

RAW264.7 cells were seeded at 8 × 10^5 cells/well in the 
lower chamber of a transwell permeable support (Corning 
Inc., Corning, NY, USA).MSCs were seeded at 8 × 10^4 
cells/well in the upper chamber (0.4  μm pore size mem-
brane).The co-culture of cells used 1640 medium(GIBCO, 
CA, US), with the lower chamber containing 2.5 millili-
ters and the upper chamber containing 1.5 milliliters.After 
24 h of co-cultivation, except for the control group where 
the medium in the lower chamber was replaced with 1640 
medium, the medium in the lower chambers of the other 
groups was replaced with 5 µg/ml LPS (Sigma-Aldrich, St. 
Louis, MO, USA) containing medium. After 6  h of incu-
bation, the culture supernatant and macrophages were col-
lected and stored at−80 °C for further experiments.

Establishment of the mouse AR model

Mice were sensitized using ovalbumin (OVA) (Sigma-
Aldrich, St. Louis, MO, USA ) and aluminum hydroxide 
(Sigma-Aldrich, St. Louis, MO, USA ). This sensitiza-
tion occurred on days 0, 7, and 14 through intraperitoneal 
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the basal layer, counted under an optical microscope (mag-
nification ×400).

Measurement of serum total IgE, OVA-specific IgE, 
and IgG1

Blood samples were obtained by the orbital blood collection 
method 24 h after the last OVA challenge.The levels of total 
IgE (neobioscience, Shenzhen, China7), OVA-specific IgE 
(Chondrex, Redmond, WA, USA), and IgG1 (Chondrex, 
Redmond, WA, USA) in mouse serum were strictly mea-
sured according to the ELISA kit instructions.

Expression of cytokines in the spleen and 
inflammatory factors in macrophage culture 
medium

24  h after the last OVA attack, the mouse spleen was 
removed, thoroughly ground, and lysed in red blood cell 
lysis solution (eBioscience, San Diego, CA, USA). The 
resulting cells were then cultured in a 1640 medium con-
taining 1% penicillin-streptomycin, 10% FBS, and 100ng/
ml OVA at a final concentration of 2 × 105/ml in a 96-well 
plate.After 48  h of culture, the cell culture medium was 
collected, and the concentrations of IL−4 (R&D Systems 
Inc., Minneapolis, MN, USA), IL−5 ((R&D Systems Inc., 
Minneapolis, MN, USA), IL−13 ((R&D Systems Inc., Min-
neapolis, MN, USA) in the spleen cell culture medium, 
and IL−6 (DAKEWE Biotech ,, Shenzhen, China), TNF-α 
(Thermo Fisher Scientific, Waltham, MA, USA) in the mac-
rophage culture medium were measured strictly according 
to the ELISA kit instructions.

Real-time quantitative PCR

Total RNA was extracted from nasal mucosa tissue and mac-
rophages using the AG RNAex pro reagent kit (Accurate 

injection of 250 µl PBS containing 25 µg OVA emulsified 
in 2 mg aluminum hydroxide. followed by tail vein injection 
of mesenchymal stem cells on day 18, continued for 3 days. 
Starting from day 21, each mouse was administered 20 µl 
of 3% OVA nasally (10 µl per nostril) daily for 10 days. All 
mice were sacrificed 24 h following the final nasal adminis-
tration, and materials were gathered for further experimen-
tation.Forty-eight mice were randomly divided into four 
groups: control, OVA, hNMSCs, and hUCMSCs, with 12 
mice in each group. In the control group, mice underwent 
sensitization, nasal administration, and treatment all using 
PBS. In the OVA group, mice were sensitized with OVA and 
aluminum hydroxide and challenged with OVA, but instead 
of MSC injection, PBS was injected.In the hNMSCs and 
hUCMSCs groups, mice were first sensitized with OVA and 
aluminum hydroxide. They were then administered 1*106 
hNMSCs or hUCMSCs suspended in 200 µL PBS via tail 
vein injection, followed by an OVA challenge.(Fig. 1).

Documentation of nasal allergic symptoms and 
tissue preparation

Following the final OVA challenge on day 30, the frequency 
of sneezing and nose rubbing in mice within a 15-minute 
period was recorded by two blinded observers.

Nasal mucosa histological analysis

The anterior portion of the mouse head was fixed in 4% para-
formaldehyde and subsequently decalcified in 0.5 M EDTA 
(Solarbio, Beijing, China) for a duration of 10 days. The 
samples were then embedded in paraffin, cut into 4 μm cross 
sections, and stained with hematoxylin and eosin (H&E) for 
histopathological evaluation.To assess the extent of allergic 
inflammation, the number of eosinophils in the submucosa 
of the nasal mucosa was counted by two blinded observers.
Results were expressed as the number of eosinophils around 

Fig. 1  Allergic Rhinitis Model in Mice.Mice were sensitized on days 
0, 7, and 14 with intraperitoneal injections of OVA and aluminum 
hydroxide.from days 18 to 20, The hNMSCs and hUCMSCs groups 
received tail vein injections of 1*106 mesenchymal stem cells sus-

pended in 200 µL of PBS, while the control and OVA groups received 
tail vein injections of 200 µL of PBS.From the 21st to the 30th day, 
each mouse received a nasal drip of 3% OVA daily at a consistent time.
All mice were euthanized 24 h after the last nasal administration
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The membrane was then washed three times with 1×TBST, 
followed by the addition of appropriately diluted second-
ary antibodies, and incubated at room temperature for 1 h. 
After washing the membrane three more times, it was devel-
oped using the Omni-ECL™ Femto Light Chemilumines-
cence Kit (epizyme Biotechnology, Shanghai, China) and 
the sample images were captured and saved using a gel 
imaging system (Alpha Innotech, San Leandro, CA, USA). 
The grayscale values of the bands were then analyzed using 
Image-Pro software.

Statistical analysis

The data obtained from the experiment were analyzed using 
GraphPad Prism version 9.4 (GraphPad Software, San 
Diego, USA), with results presented as mean ± standard 
deviation (SD). Comparisons between groups were made 
using one-way ANOVA, and data with a P-value of less than 
0.05 were considered statistically significant.

Results

Surface Antigen expression of hNMSCs and 
hUCMSCs

Surface antigen expression of P4 hNMSCs and hUCMSCs 
was analyzed using flow cytometry (Fig.  2). The results 
showed that the positive expression rates of surface anti-
gens CD73, CD90, and CD105 in the fourth-generation 
hNMSCs were 99.6%, 100%, and 99.7% respectively, 
while CD34, CD45, and HLA-DR all having a 0% posi-
tive expression rate.In the fourth-generation hUCMSCs, the 
positive expression rates for surface antigens CD73, CD90, 
and CD105 were 99.5%, 100%, and 99.5% respectively, 
while for CD34, CD45, and HLA-DR were 0%, 0.028%, 
and 0.01% respectively.

Induced differentiation results of hNMSCs and 
hUCMSCs

To assess the multilineage differentiation potential of 
hNMSCs and hUCMSCs, we stained the cells post adipo-
genic, osteogenic, and chondrogenic induction using spe-
cific culture media.Oil Red O staining revealed red lipid 
droplets within the cells (Fig. 3a, d). Alizarin Red staining 
dyed the calcified deposits synthesized by cells red (Fig. 3b, 
e). Acidic polysaccharides in cartilage tissue were distinctly 
blue after Alcian Blue-Hematoxylin staining (Fig. 3c, f).

Biotechnology, Guangzhou, China). Subsequently, cDNA 
synthesis was performed using the PrimerScriptTM RT 
reagent kit (TaKaRa, Dalian, China).Real-time PCR was 
conducted using the Mastercycler ep realplex system.The 
relative expression levels were calculated using the com-
parative 2−ΔΔCt method (Table 1).

Western blot analysis

Harvested cells and mouse nasal mucosa tissues were fully 
lysed in RIPA buffer containing protease inhibitor (Sigma-
Aldrich, St. Louis, MO, USA) and phosphatase inhibitor 
(MCE, NJ, USA, HY-K0021).Protein concentration in the 
extracted samples was measured using the BCA Protein 
Assay Kit beyotime, Shanghai, China). Samples containing 
30  µg of denatured protein were separated by 10% SDS-
PAGE and then transferred to a 0.22 μm PDVF membrane. 
The PVDF membrane was soaked in 5% skim milk and incu-
bated at room temperature on a shaker for 1 h and 30 min.
The membrane was then incubated overnight with primary 
antibodies at 4℃.The primary antibodies included: NF-κB 
p65 (D14E12) XP® Rabbit mAb (1:1000, Cell Signaling 
Technology, Inc., Danvers, MA, USA ), Phospho-NF-κB 
p65 (Ser536) (93H1) Rabbit mAb (1:800, Cell Signaling 
Technology, Inc., Danvers, MA, USA ), and Mouse Anti-β 
actin mAb (OriGene Technologies, Inc., Beijing, China ). 

Table 1  Primer sequences
Gene Forward Sequence (5’−3’) Reverse Sequence 

(5’−3’)
GAPDH ​T​G​T​G​T​C​C​G​T​C​G​T​G​G​A​T​C​

T​G​A
​T​T​G​C​T​G​T​T​G​A​A​
G​T​C​G​C​A​G​G​A​G

IL−4 ​G​G​T​C​T​C​A​A​C​C​C​C​C​A​G​C​T​
A​G​T

​G​C​C​G​A​T​G​A​T​C​T​C​
T​C​T​C​A​A​G​T​G​A​T

IL−5 ​G​C​A​A​T​G​A​G​A​C​G​A​T​G​A​G​G​
C​T​T​C

​G​C​C​C​C​T​G​A​A​A​G​
A​T​T​T​C​T​C​C​A​A​T​G

IL−6 ​C​T​G​C​A​A​G​A​G​A​C​T​T​C​C​A​T​
C​C​A​G

​A​G​T​G​G​T​A​T​A​G​A​C​
A​G​G​T​C​T​G​T​T​G​G

IL−13 ​T​G​A​G​C​A​A​C​A​T​C​A​C​A​C​A​A​
G​A​C​C

​G​G​C​C​T​T​G​C​G​G​T​T​
A​C​A​G​A​G​G

CCL11 ​A​G​C​T​A​G​T​C​G​G​G​A​G​A​G​C​C​
T​A​C

​A​A​G​G​A​A​G​T​G​A​C​
C​G​T​G​A​G​C​A​G

CCL24 ​T​C​T​T​G​C​T​G​C​A​C​G​T​C​C​T​T​T​
A​T​T

​G​C​A​T​C​C​A​G​T​T​T​T​
T​G​T​A​T​G​T​G​C​C

Cxcl1 ​C​C​C​A​A​A​C​C​G​A​A​G​T​C​A​T​A​
G​C​C​A

​C​T​C​C​G​T​T​A​C​T​T​G​
G​G​G​A​C​A​C​C

Cxcl2 ​C​C​A​A​C​C​A​C​C​A​G​G​C​T​A​C​A​
G​G

​G​C​G​T​C​A​C​A​C​T​C​
A​A​G​C​T​C​T​G

TNF-α ​C​A​G​G​C​G​G​T​G​C​C​T​A​T​G​T​C​T​C ​C​G​A​T​C​A​C​C​C​C​G​
A​A​G​T​T​C​A​G​T​A​G

iNOS ​A​C​C​A​G​A​G​G​A​C​C​C​A​G​A​G​A​
C​A​A

​C​C​T​G​G​C​C​A​G​A​T​
G​T​T​C​C​T​C​T​A

VCAM1 ​C​T​T​T​A​T​G​T​C​A​A​C​G​T​T​G​C​C​
C​C​C

​A​A​A​T​G​C​C​G​G​A​A​
T​C​G​T​C​C​C​T​T

TSLP ​G​G​A​G​C​C​T​C​T​T​C​A​T​C​C​T​G​
C​A​A

​T​C​C​G​G​G​C​A​A​A​T​
G​T​T​T​T​G​T​C​G
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the hUCMSCs group (P < 0.001), and the downward trend 
of TNF-α was also more evident in the hNMSCs group 
(Fig. 4b).

MSCs inhibit the up-regulation of the NF-κB p65 
pathway in LPS-stimulated RAW264.7 cells

In exploring the function of the NF-κB pathway in the MSCs 
response to LPS-induced macrophage inflammation, we uti-
lized protein blotting to validate changes in protein levels 
in LPS-stimulated RAW264.7 cells (Fig.  4c).The results 
showed that LPS stimulation significantly increased the 
levels of phosphorylated p65 proteins in RAW264.7 cells 
(P < 0.001), and MSCs intervention significantly reduced 
the levels of phosphorylated p65 proteins.(Specifically, in 
the hNMSCs group, P < 0.001; in the hUCMSCs group, 
P < 0.0001) (Fig. 4d).

MSCs exhibit anti-inflammatory effects in the LPS-
stimulated RAW 264.7 cell model

To explore the anti-inflammatory effects of MSCs, we 
measured the expression of IL-6, TNF-α, and iNOS in 
LPS-induced RAW264.7 cells.The results indicated that 
IL-6, TNF-α, and iNOS were significantly upregulated in 
macrophages under LPS stimulation (all P < 0.001), while 
MSCs significantly reduced the expression levels of IL-6, 
TNF-α, and iNOS mRNA in macrophages(Specifically, in 
the hNMSCs group, P < 0.001, P < 0.01, P < 0.001; in the 
hUCMSCs group, all were P < 0.05).And this downward 
trend was more pronounced in the hNMSCs group (Fig. 4a).
Compared to the control group, IL-6 and TNF-α in the cell 
culture medium of the LPS group significantly increased 
(all P < 0.001), while the increase in IL-6 and TNF-α pro-
tein levels in the hNMSCs and hUCMSCs groups was effec-
tively reversed (all P < 0.0001).Interestingly, the reduction 
of IL-6 was more pronounced in the hNMSCs group than in 

Fig. 3  Induced Differentiation Results of hNMSCs and hUCMSCs. a, d show adipogenesis induced with Oil Red O staining (× 200). d, e show 
osteogenesis induced with Alizarin Red staining (× 200). c, f show chondrogenesis induced with Alcian Blue-Hematoxylin staining (× 100)

 

Fig. 2  Surface Antigen Expression of MSCs.Surface antigens of the fourth-generation hNMSCs and hUCMSCs were analyzed using flow cytom-
etry. The orange peaks peaks represent the experimental antibodies. The black represent the isotype control antibodies
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cells were seen in the nasal mucosa of the AR group mice 
.MSC intervention reduced the damage to the nasal mucosa 
(Fig.  5a) and significantly decreased the infiltration of 
eosinophils (all P < 0.0001) (Fig. 5d). The data indicate that 
both hNMSCs and hUCMSCs can improve symptoms of 
allergic rhinitis, with no statistical difference between them.

MSCs suppress allergic inflammation in mice

Measurement of total serum IgE, OVA-specific IgE, and 
IgG1 levels in mice showed that these were higher in the 
OVA group than in the control group (all P < 0.0001).The 
hNMSCs and hUCMSCs groups exhibited significantly 
reduced levels of total IgE, OVA-specific IgE, and IgG1 
compared to the OVA group (P < 0.01, P < 0.001, and 
P < 0.0001 respectively).The decrease in OVA-specific IgG1 
was more pronounced in the hNMSCs group compared to 

MSCs suppress symptoms and nasal mucosal 
inflammation in allergic mice

To study the therapeutic effect of hNMSCs on mouse AR 
and compare it with hUCMSCs, the frequency of sneezing 
and nose scratching was counted within 15 min after the last 
OVA nasal provocation.Compared to non-sensitized mice, 
OVA-sensitized mice exhibited allergic rhinitis symptoms, 
with a significant increase in sneezing and nose scratching 
frequency (all P < 0.0001).However, compared to the group 
treated with OVA, treatment with hNMSCs and hUCMSCs 
significantly reduced the frequency of sneezing and nose 
scratching (all P < 0.0001), with no statistical difference 
between the two groups (Fig. 5b, c).The effect of MSCs on 
histological changes in nasal mucosa was evaluated using 
H&E stainin. Notable alterations including epithelial dam-
age, mucosal shedding, and infiltration of inflammatory 

Fig. 4  MSCs Reduce the Expression Levels of IL-6, TNF-α, and iNOS, 
and the NF-κB Pathway in LPS-Induced RAW264.7 Cells.Macro-
phages were co-cultured with MSCs and treated with 5 µg/mL LPS for 
24 h.Except for the control group, the other three experimental groups 
were all treated with LPS.a: The gene expressions of IL-6, TNF-α, 
and iNOS were measured using real-time qPCR .b: Protein levels of 

IL-6 and TNF-α in RAW264.7 cells were assessed using ELISA kits.c: 
Representative immunoblot images of protein samples.d: Expression 
levels of NF-κB (P-p65 and p65) in whole cell lysates were deter-
mined by protein blotting. Data shown as mean ± standard deviation 
(SD).*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001
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levels in the spleen supernatant of the OVA group compared 
to the control group (all P < 0.0001).After hNMSCs and 
hUCMSCs intervention, there was a significant reduction 
in the levels of IL-4, IL-5, and IL-13 (all P < 0.0001), par-
ticularly IL-4, which decreased more in the hNMSCs group 
compared to the hUCMSCs group (P < 0.05), and no sta-
tistical differences in IL-5 and IL-13 between the groups 
(Fig. 6c).

MSCs reduce levels of chemokines and pro-
inflammatory factors

Further investigations were conducted on the expression 
levels of eosinophil chemokines(CCL11, CCL24) and neu-
trophil chemokines (CXCL1, CXCL2), VCAM-1, TNF-α, 
iNOS, and TSLP in mouse nasal mucosa.Compared to the 
control group, levels of CCL11, CCL24, CXCL1, CXCL2, 
and VCAM-1 were significantly elevated in the OVA group 
(P < 0.0001, P < 0.001, P < 0.0001, P < 0.001, P < 0.001) 

the hUCMSCs group(P < 0.0001), with no significant sta-
tistical difference in total serum IgE and OVA-specific IgE 
between the groups (Fig. 6a).

To further investigate the immunomodulatory effects of 
hNMSCs and hUCMSCs on T cell phenotypes, we mea-
sured the mRNA expression levels of Th2 cell cytokines 
(IL-4, IL-5, and IL-13) in mouse nasal mucosa.In com-
parison with the control group, the OVA group showed 
significantly increased mRNA expression of IL-4, IL-5, 
and IL-13 (P < 0.0001; P < 0.01; P < 0.0001 respectively).
After treatment with hNMSCs and hUCMSCs, the mRNA 
expression levels of IL-4, IL-5, and IL-13 significantly 
decreased (P < 0.0001; P < 0.05; P < 0.001 respecively).
Although there was no statistical difference between the two 
MSC treatment groups, the decrease in IL-4 was more pro-
nounced in the hNMSCs group compared to the hUCMSCs 
group (Fig. 6b).

In parallel with the changes in nasal mucosal cytokines, 
we observed a significant increase in IL-4, IL-5, and IL-13 

Fig. 5  intravenous Administration of MSCs Alleviates Nasal Mucosal 
Inflammation and Allergic Symptoms in Mice with Allergic Rhinitis. 
(a) Histological observation of mouse nasal mucosal tissue (N = 4)
(magnification Χ400). (b) Frequency of sneezing(n = 12 in each 

group). (c) Incidence of nose rubbing(n = 12 in each group). (d) Count 
of eosinophils in the basal layer of mouse nasal mucosa(n = 4 in each 
group).*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001

 

1 3

1826



The function and mechanism of Human nasal mucosa-derived mesenchymal stem cells in allergic rhinitis in…

no statistically significant differences in the above indices 
between the hNMSCs and hUCMSCs groups (Fig. 7b).

MSCs inhibit the expression of NF-κB pathway in 
nasal mucosa of mice with allergic rhinitis

To explore the role of the NF-κB pathway in MSCs counter-
acting OVA-induced allergic rhinitis in mice, we employed 
Western blotting to validate the changes in nasal mucosal 
protein levels among different groups (Fig. 8a). Consistent 
with cell experiments, the phosphorylated p65 protein levels 
in the nasal mucosa of the OVA group were significantly 
elevated compared to the blank group (P < 0.001). How-
ever, MSCs intervention not only significantly reduced the 

(Fig.  7a).In the hNMSCs and hUCMSCs groups, levels 
of CCL11, CCL24, CXCL1, CXCL2, and VCAM-1 sig-
nificantly decreased(For the hNMSCs group, P < 0.001, 
P < 0.01, P < 0.0001, P < 0.001, P < 0.001 and for the hUC-
MSCs group, P < 0.0001, P < 0.01, P < 0.001, P < 0.001, 
P < 0.01). The expression levels of TNF-α, iNOS, and 
TSLP in the nasal mucosa of mice were significantly 
upregulated in the OVA group compared to the blank con-
trol group(P < 0.001, P < 0.01, P < 0.01 respectively).After 
intervention by hNMSCs and hUCMSCs, there was a signif-
icant reduction in these levels.(Specifically, in the hNMSCs 
group P < 0.01, P < 0.05, P < 0.01 and the hUCMSCs group 
P < 0.01, P < 0.01, P < 0.05),It was also found that there are 

Fig. 6  MSCs Treatment Reduces Immunoglobulins and Inflammatory 
Cytokines. (a) Levels of total IgE, OVA-specific IgE, and IgG1(n = 8 
in each group). (b) Expression levels of cytokines IL-4, 5, 13 in 

nasal mucosa (n = 4 in each group). (c) Levels of cytokines IL-4, 5, 
13 in spleen supernatant (n = 8 in each group). *P < 0.05; **P < 0.01; 
***P < 0.001; ****P < 0.0001
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Fig. 8  MSCs Inhibit the Expres-
sion of the NF-κB Pathway in 
Mouse Nasal Mucosa. (a) Rep-
resentative immunoblot images 
of mouse nasal mucosa protein 
samples(n = 3 in each group). 
(b) Evaluation of NF-κB (P-p65 
and p65) expression levels in 
protein extracts of mouse nasal 
mucosa via protein blotting.
Data shown as mean ± standard 
deviation (SD)(n = 3 in each 
group).*P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.0001

 

Fig. 7  MSCs Reduce Levels of Chemokines and Pro-inflammatory 
Factors. (a) Expression levels of eosinophil chemokines (CCL11, 
CCL24), neutrophil chemokines (CXCL1, CXCL2), and VCAM-1 

in nasal mucosa(n = 4 in each group). (b) Expression level of TNF-
α, iNOS, TSLP in nasal mucosa(n = 4 in each group).*P < 0.05; 
**P < 0.01; ***P < 0.001; ****P < 0.0001
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and IgE antibodies. [16] Additionally, they indirectly affect 
allergic reactions by regulating the activity of other immune 
cells, such as Th2 cells [17]. Therefore, in our experiments, 
we first used the LPS-stimulated RAW 264.7 cell model and 
co-cultured mesenchymal stem cells with macrophages to 
predict the anti-inflammatory effects of MSCs in allergic 
rhinitis and their potential mechanisms.MSCs can induce 
changes in macrophage phenotype, thereby alleviating 
inflammation, and can be used as a treatment strategy for 
sepsis [18, 19]. Consistent with these findings, our results 
indicate that hNMSCs and hUCMSCs significantly inhib-
ited the upregulation of IL-6, TNF-α, and iNOS mRNA lev-
els in LPS-stimulated macrophages, as well as the levels of 
IL-6 and TNF-α proteins in the culture medium.This vali-
dates the anti-inflammatory capabilities of both hNMSCs 
and hUCMSCs in an in vitro environment.Interestingly, the 
level of IL-6 protein in the culture medium was more sig-
nificantly downregulated in the hNMSCs group compared 
to the hUCMSCs group. Although the differences in several 
other indicators between the two groups were not statisti-
cally significant, the downward trend was more apparent 
in the hNMSCs group compared to the hUCMSCs group. 
Overall, hNMSCs exhibited a more significant anti-inflam-
matory ability in an in vitro environment.

To investigate the effects of hNMSCs on mouse AR and 
to compare the in vivo anti-inflammatory capabilities of 
hNMSCs with hUCMSCs, we further developed a mouse 
AR model and intervened by injecting hNMSCs and hUC-
MSCs via the tail vein.The results showed that both hNMSCs 
and hUCMSCs had a significant inhibitory effect on allergic 
inflammation, including improving nasal symptoms in mice 
and reducing eosinophil infiltration in the nasal mucosa, 
while also significantly lowering the levels of total IgE, and 
OVA-specific IgE and IgG1 in serum, Concurrently, there 
was a decrease in the levels of TH2 cytokines IL-4, 5, 13 
locally in the nasal cavity and systemically.This is consis-
tent with other studies on AR or asthma models [20–22]. 

By comparing the results between the two groups, we 
found that hNMSCs had a stronger inhibitory effect on the 
secretion of IgG1 and IL-4 in AR mice than hUCMSCs.
The consistency in their alterations could be attributed to 
IL-4 being a Th2 type cytokine, which can drive mouse IgE 
and IgG1 (allergen-specific IgE Ab in humans) to bind with 
FcγRIIB and FcγRIII on mast cells (in humans, it binds with 
FcεRI molecules), thus further facilitating the synthesis and 
release of mouse Th2 cytokines [23]. In other aspects, the 
two types of MSCs showed nearly identical anti-inflamma-
tory capabilities.

Additionally, our findings indicate that hNMSCs and 
hUCMSCs can decrease the levels of eosinophilic cytokines 
CCL11, CCL24 in the mouse nasal mucosa.and the mRNA 
levels of vascular cell adhesion molecule-1 (VCAM-1), as 

level of phosphorylated p65 protein (all P < 0.001) but also 
significantly decreased the level of p65 protein (all P < 0.05) 
in mouse nasal mucosa. No statistical differences were 
observed in the alterations of these pathways between the 
hNMSCs and hUCMSCs groups (Fig. 8b).

Discussion

Mesenchymal stem cells have been extracted from tis-
sues including bone marrow (BM), placenta, fat, umbilical 
cord, and tonsils.There are slight variations in morphol-
ogy and immune phenotypes among mesenchymal stem 
cells from various sources. The ideal source of MSCs may 
vary depending on the target disease or purpose [10]. This 
raises a pivotal question: Do MSCs isolated from the nasal 
mucosa, corresponding to the tissue of interest in respira-
tory diseases, offer enhanced specificity and affinity towards 
respiratory tissues? Consequently, could they potentially 
be more efficacious in treating respiratory ailments such 
as allergic rhinitis? Moreover, compared to MSCs derived 
from other sources, might they display superior capabilities 
in reconstructing and repairing damaged nasal mucosal tis-
sue? Presently, this area remains underexplored. Address-
ing this gap, our research team has successfully isolated 
and cultured mesenchymal stem cells from human nasal 
mucosa. This advancement enables us to delve into their 
specific role and mechanism in the context of mouse allergic 
rhinitis, particularly in comparison with human umbilical 
cord MSCs (hUCMSCs).

Our research findings reveal that human nasal mucosa 
mesenchymal stem cells (hNMSCs) display characteris-
tics consistent with other types of mesenchymal stem cells. 
These include a fibroblast-like morphology and the ability 
to adhere to plastic surfaces. In terms of surface antigen 
expression, hNMSCs show high positive rates with 99.6% 
for CD73, 100% for CD90, and 99.7% for CD105, while 
they exhibit 0% expression for hematopoietic markers 
CD34, CD45, and HLA-DR. Furthermore, under standard 
in vitro differentiation conditions, hNMSCs demonstrate 
the capacity to differentiate into osteoblasts, adipocytes, and 
chondrocytes, confirming their multipotency.

As far as we are aware, this is the inaugural study 
employing hNMSCs in a mouse AR model.and compares 
the anti-inflammatory effects of hNMSCs with hUCMSCs.
Macrophages play a crucial role in the onset and progres-
sion of allergic rhinitis through various mechanisms. In the 
early stages of allergic rhinitis, macrophages significantly 
influence the production of IL-4 and class switching of 
immunoglobulins in B cells. Specifically, in the nasal-asso-
ciated lymphoid tissue (NALT) and submandibular lymph 
nodes, macrophages are key cells in the production of IL-4 
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resulting in decreased levels of pro-inflammatory cytokines 
such as IL-1β and TNF-α [33]. This effect is further sup-
ported by the activation of the STAT3 pathway, which pro-
motes M2 macrophage polarization marked by increased 
IL-10 and Arg-1 expression, indirectly contributing to 
NF-κB inhibition [34]. Additionally, soluble factors like 
TGF-β secreted by MSCs activate the Akt/FoxO1 pathway, 
which also facilitates an anti-inflammatory macrophage 
phenotype and further inhibits NF-κB activity [35, 36].

Intriguingly, although hNMSCs show some superiority 
over hUCMSCs in anti-inflammatory abilities, there is no 
statistically significant difference in their inhibition of the 
NF-κB signaling pathway. Hence, we speculate that other 
yet undiscovered pathways and mechanisms play a role in 
this process.

Conclusion

Similar to hUCMSCs, hNMSCs can ameliorate inflamma-
tion in macrophages triggered by LPS and OVA-induced 
allergic rhinitis in mice, NF-κB pathway might be involved 
in the inflammatory regulation process of hNMSCs. Com-
pared to hUCMSCs, hNMSCs exhibit stronger anti-inflam-
matory effects in an in vitro environment. In vivo, hNMSCs 
exert a stronger inhibitory effect than hUCMSCs on the 
secretion of OVA-specific IgG1 and IL-4 in AR mice. while 
in other aspects, both showed nearly the same anti-inflam-
matory capabilities.Hence, hNMSCs might represent a 
novel therapeutic approach for allergic rhinitis.
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well as neutrophilic cytokines CXCL-1, CXCL-2.This also 
explains how mesenchymal stem cell treatment reduces 
eosinophil infiltration in the nasal mucosa of mice .and indi-
cates that MSCs also impact the migration of neutrophils 
.Moreover, we observed a significant increase in TNF-α, 
iNOS, TSLP in the nasal mucosa of the AR group mice 
relative to the control group.TNF-α is recognized as a pro-
inflammatory cytokine, its essential for the generation of 
TH2 type cytokines like IL-4 and is also necessary for the 
homing of TH2 cells to sites of allergic inflammation [24]. 
Simultaneously, TNF-α is capable of inducing the expres-
sion of iNOS in resting cells and initiating TSLP produc-
tion [25, 26]. The high expression of iNOS, producing a 
large amount of NO, inhibits the expression of TH1 cells 
and IFN-γ.thus enhancing the activation of TH2 cells and 
allergic inflammation [27]. TSLP successfully detects both 
exogenous and endogenous danger signals, and serves as an 
alarm by activating its downstream receptors and exacer-
bating allergic inflammation [28]. Interestingly, MSCs are 
capable of suppressing the upregulation of TNF-α, iNOS, 
TSLP mRNA in the nasal mucosa of mice.thereby alleviat-
ing the inflammatory response in the nasal mucosa of mice.

The mechanism of MSCs’ immunoregulatory action is 
complex and current studies confirm its association with 
cell-cell contact, extracellular vesicles (EV), and soluble 
factors [29]. Phospho-NFкB p65 has been shown to be over-
expressed in the upper and lower airway cells of diseased 
mice. Natural products, such as Saikosaponin A (SSA) and 
Piper nigrum fruit extract, significantly alleviate AR symp-
toms and histopathological changes by inhibiting the acti-
vation of NF-κB p65 [30–32]. These findings propose that 
NF-κB p65 might play a crucial role in the pathogenesis 
of allergic rhinitis.Therefore, we investigated the NF-κB 
p65 pathway in the nasal mucosa of mice.to further analyze 
the anti-allergic mechanism of MSCs .In our experiments, 
whether it was in vitro with LPS-stimulated macrophages 
or in the nasal mucosa of mice stimulated with OVA, the 
expression of Phospho-NFкB p65 increased, indicating the 
activation of the NF-κB p65 signaling pathway.However, 
in cell experiments, the intervention of hNMSCs and hUC-
MSCs reduced the levels of NF-κB p65 in macrophages. 
Although the results were not statistically significant, the 
levels of Phospho-NFκB p65 were significantly reduced. 
In animal experiments, hNMSCs and hUCMSCs treat-
ment significantly reduced the levels of both NF-κB p65 
and Phospho-NFκB p65.suggesting that MSCs may play an 
anti-inflammatory role via the NF-κB signaling pathway to 
a certain extent.

The inhibition of NF-κB in the MSC and macrophage 
co-culture system is driven by several possible mechanisms. 
MSC-conditioned medium (MSC-CM) reduces NF-κB 
p65 nuclear translocation in LPS-stimulated macrophages, 
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