
O R I G I N A L  R E S E A R C H

Ciliated Cells Express a Novel Pattern of 
Brain-Derived Neurotrophic Factor in Allergic 
Rhinitis
Li Fang1,2, Chun-Hao Li1,3, Qian Zhang 1,3, Tian-Jiao Jiang 1,3, Yuan Liu1,2, Feng-Po Shi1,3, 
Peng Yu1,3, Liang Yu1,3, Ai-Ping Chen1,3, Tao Li 1,3, Yu-Zhu Wan1,3, Li Shi 1,3

1Department of Otolaryngology-Head and Neck Surgery, Shandong Provincial ENT Hospital, Shandong University, Jinan, Shandong, People’s Republic 
of China; 2Department of Otolaryngology Head & Neck Surgery, The Second People’s Hospital of Shenzhen, Shenzhen, Guangdong, People’s Republic 
of China; 3Department of Allergy, Shandong Second Provincial General Hospital, Jinan, Shandong, People’s Republic of China

Correspondence: Tao Li; Yu-Zhu Wan, Department of Otolaryngology-Head and Neck Surgery, Shandong Provincial ENT Hospital, Shandong University, 
Duanxing West Road, Jinan, Shandong, 250033, People’s Republic of China, Tel +86 531 83086279; +86 531 83086280, Fax +86 531 87980304,  
Email ltwfmc@163.com; wanyuzhu001@126.com 

Background: Mounting research indicates that brain-derived neurotrophic factor (BDNF), has great potential to increase neuro- 
hyperresponsiveness and airway resistance in airway allergic disease. The expression level of BDNF has been found to be notably 
elevated in lung/nasal lavage (NAL) fluid. However, the expression and position of BDNF in ciliated cells with allergic rhinitis 
remains unclear.
Methods: Nasal mucosal cells were collected from patients with allergic rhinitis (AR) and mice which were performed under different 
allergen challenge time, then observed the expression and position of BDNF located in ciliated cells through the immunofluorescence 
staining. Nasal mucosa, serum and NAL fluid were collected also. The expression level of BDNF and IL-4/5/13 were detected by RT- 
PCR. The expressions of BDNF (in serum and NAL fluid), and total-IgE, ovalbumin sIgE (in serum) were detected by ELISA.
Results: We found that MFI of BDNF in AR group’s ciliated cells was obviously lower than that in the control group, and a negative 
correlation was discovered between MFI and VAS score. It can be roughly divided into 5 patterns according to its location in the 
cytoplasm of ciliated cells. In the mouse model, the expressions of BDNF in serum and NAL fluid increased temporarily after allergen 
stimulation. The MFI of BDNF in ciliated cells displayed an initial increase followed by a subsequent decrease.
Conclusion: Our study shows for the first time that, the expression and localization of BNDF were observed in the human nasal 
ciliated epithelial cells of allergic rhinitis, and the expression of level was less than the control group under the persistent state of 
allergy. BDNF expression in ciliated cells was transient increased after allergen stimulation and decreased to normal level after 24h in 
mouse model of allergic rhinitis. This might be the possible source of the transient increase of BNDF in serum and NAL fluid.
Keywords: allergic rhinitis, BDNF, ciliated cell, NAL fluid

Introduction
It has been reported that allergic rhinitis (AR) affects 20–30% population around the world,1 which disturbs people`s life 
severely and becomes a major medical burden and disability globally. It`s well known that AR is induced by type 2 
helper (Th2) cells, pushing B cells to secret specific immunoglobulin E (IgE) against inhaled allergen.2 With the infiltrate 
of inflammatory cells, and their secreted inflammatory cytokines like interleukin-4 (IL-4)/interleukin-5 (IL-5)/interleu-
kin-13 (IL-13), the immune microenvironment have changed,3 affecting the normal epithelium growth pattern, including 
epithelial barrier dysfunction, nasal sensitized, elevation of nasal mucous and also the dysfunction of nasal mucosa cilia 
cells.3–7 Worldwide researchers have reached a consensus that the function of ciliated cells is disturbed under AR. As 
found by Liu et al, ciliated cells in the epithelium became sticky integrated, dumping epithelium and even loss in AR 
patients,8 its mucociliary clearance time (MCCT) was much lower than the normal person,9 this phenomenon may 
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attribute to the development of AR. We observed the changes of ciliated cells in the nasal mucosa, but didn`t detect the 
deep reason for which factor-induced abnormality of ciliated cells. Some studies indicated that the expressions of FOXJ1/ 
DNAI1/DNALI1/DNAH9 were dropped in AR patients.10 Neurotrophins in nasal mucosa have an effect on the 
histopathology of AR, which include both brain-derived neurotrophic factor (BDNF) as well as nerve growth factor 
(NGF), being secreted by the nasal mucosa.11,12 Upregulated expressions of BDNF and NGF have a positive correlation 
with nasal symptoms,13 with product in the nasal mucosa, it could release at synapse and influence the sensitivity of nasal 
nerves.14 In our previous study, we found that the presence of BDNF gene variants elevated the likelihood of developing 
moderate-to-severe allergic rhinitis.15 Being produced and secreted by eosinophils, BDNF plays several functions in the 
nasal epithelium, such as affecting the pathogenesis of nasal polyps and influencing the polarization of macrophages in 
the nasal mucosa. BDNF also can be expressed in endothelial cells, inducing nitric oxide (NO) production, and 
promoting endothelial cell survival and proliferation.16 In nasal mucosa, BDNF can be expressed in the basal layer of 
nasal epithelial cells, which may contribute to its differentiation of progenitor/stem cells. Nonetheless, so far few studies 
focus on BDNF localization in the nasal mucosa, including ciliated cells, goblet cells, and basal cells.

In this study, we try to detect the specific location of BDNF in nasal epithelial cells and explore the expression pattern 
of BDNF in ciliated cells.

Materials and Methods
Patient Selection
All patient’s data were collected from Shandong Provincial ENT Hospital, China, from 2019-2021.Patients with 
symptoms of allergic rhinitis (AR) and at least one positive allergy test were included in AR group (n=45), while 
those without AR symptoms and positive results in all allergy tests were classified as the normal control (NC) group 
(n=24) (Supplemental Table 1). We collected blood serum, nasal swabs, nasal mucosa, nasal lavage fluid, as well as the 
visual analogue scale (VAS) of nasal and ocular symptoms, which included six contents: total score, sneezing, runny 
nose, itchy nose, blockage, and itchy eyes. To ensure accuracy of results, only patients who had not received intranasal 
steroid or antihistamine treatment for more than two weeks prior to sample collection were incorporated. And ruled out 
who had acute upper respiratory infection or nasal tumor. We obtained the written consent from all patients and local 
ethical committee.

Blood Samples
Immuno-CAP (Thermo Fisher Science, Sweden) was used to detected the usual allergen by the same professional physician. 
a-IgE (NC 19.90 (9.72–48.05); AR 165.00 (50.20–371.00)) had statistically difference in the two group (p<0.0001*). s-IgE 
included phadiatop: inhaled allergen; d1: house dust mite; d2: Dermatophagoides farina; ex1: animal fur dander; wx5: weed 
mix etc, under the same standard with the same reagents. Most patients were polysensitive (Supplemental Table 2).

Nasal Swabs and Cytospin
Nasal cytology was studied in eluates from nasal swabs obtained in the middle of inferior turbinate using disposable 
flocking nasal swabs. Each side of nasal cavity was scraped with a new swab, and two swabs were subsequently 
processed together. Cell precipitation was obtained after centrifugation, then fixed by 4% paraformaldehyde. Cell 
suspension was obtained by re-centrifugation. Slides were prepared from cytospin preparations at 800rpm for 5 minutes, 
then stored at −80°C for further research.

Nasal Lavage Fluid
Nasal lavage fluid were collected by spray method. 2.5 mL sterile saline solutions were slowly sprayed as a fine mist into 
each nostril using an electronic nasal spray device (AIDEFUER, Guiyang, China), which configured with liquid recovery. 
The diluted nasal secretions were collected, then centrifuged at 800rpm for 10 min immediately at 4 °C. The supernatant 
was divided and stored at-80°C for further research.
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Nasal Mucosal Tissue
For AR group, samples of nasal mucosal tissue were collected from the middle turbinate of patients undergoing 
endoscopic sinus surgery for nasal polyps or vidian neurectomy. For NC group, tissue was obtained from patients 
undergoing endoscopic surgery without nasal symptoms due to trauma, biopsy, or other reasons.

Immunofluorescence
Multiple immunofluorescences staining was performed on cytospin slides. After antigen retrieval and antigen blocking, 
all slides were co-stained by BDNF (1:400, anti-rabbit BDNF mAb, abcam ab108319), and α-Tubulin (1:500, anti-mouse 
α-tubulin mAb, abcam ab52866) to check the BDNF localization and expression of the ciliated cells. All primary 
antibodies were incubated in the dark at 4°C overnight, followed by PBS washing for 3 times at 5 minutes each. Slides 
were then incubated with fluorescence secondary antibody (1:500, abcam), stained with DAPI (P36931, Invitrogen), and 
viewed with a fluorescence microscope (Olympus, Japan). To enable quantitative comparison, the gain on the confocal 
system was maintained constant for all recordings during each experiment. The parameters were as follows: exciting light 
wavelength was 488nm, and laser intensity was 40mW. Five fields were randomly selected for each sample under a 400x 
microscope. Nasal ciliated columnar epithelial cells were observed, and cells of each type were counted respectively. 
Image-Pro Plus 6.0 analysis software (Media Cybernetics, USA) was used to measure the mean fluorescence intensity 
(MFI) of BDNF in all ciliated epithelial cells of each field.

Allergic Rhinitis Mouse Model
Animals
BALB/c mice (age 8–12 weeks, weight 15–20 g, male/female = 1/1) were purchased from Shandong University Animal 
Center (Jinan, China) and fed in a specific pathogen-free environment. The animal study was performed after the 
approval of Shandong Provincial ENT Hospital ethical committee. All animal surgery was conducted under general 
anesthesia to minimize suffering.

Allergic Sensitization and Airway Allergen Challenges
During the first stage, AR group mice were sensitized by utilizing 3 intraperitoneal injections of ovalbumin (OVA; 25ug 
per injection; Sigma, Munich, Germany) as well as aluminum hydroxide (250mg per injection; Sigma, Munich, 
Germany) on days 0, 7, and 14. In the second stage, mice were challenged once daily from day 21 to 30 by intranasal 
instillation of 20 μL of 1% OVA solution (1% OVA in sterile saline) into both nostrils using a micropipette. NC group 
mice were given the same operation and volume of sterile saline solution. NC group mice were immediately sacrificed, 
while those in AR group were sacrificed at 3, 6, 12, and 24 hours after the last challenge on day 30.

Assessment of Nasal Symptoms
Two independent observers counted the number of sneezes, nasal scratching events, and nasal secretion volume during 
the first 15 minutes following the final intranasal challenge of either OVA or saline.

Sample Collection
After the last challenge, all mice were given an intraperitoneal injection of 10% chloral hydrate sodium at a dose of 0.1g/kg to 
induce anesthesia. Blood specimens were obtained from the posterior ophthalmic artery of individual mice and centrifuged at 
1000×g for 10 min at 4°C. The obtained serum was stored at −80°C freezer for further analysis. Nasal lavage (NAL) fluid was 
collected as follows: all mice were placed in a supine position and immobilized on an anatomical plate, following which they 
underwent tracheotomy. A plastic cannula was then inserted through the dissected trachea into the nasopharynx and nasal cavity 
of the mouse and attached to a syringe. And about 500μL of NAL was drawn from the front nostril by using a miniature aspirator 
while the nasopharynx was flushed with sterile saline, then was centrifuged at 800rpm for 10 min at 4 °C. Finally, the supernatant 
was collected and stored at −80°C before analysis. Nasal mucosal tissues were sampled. The mice were decapitated, and their 
heads were bisected sagittal beside the nasal septum. One section of the nasal mucosal sample was promptly placed in RNAlater 
for RT-PCR. The remaining samples were lysed with dispase, cell slides were made using a cell centrifuge as described above for 
further research.
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ELISA for BDNF, Mouse Total Immunoglobulin E (aIgE) and Mouse Ovalbumin sIgE
BDNF was measured in NAL fluid of the patients and mice using the Quantikine total BDNF ELISA kit (R&D Systems, 
Minnesota, USA) according to the manufacturer’s instructions. The detection range was less than 80 pg/mL. Mouse total 
immunoglobulin E (a-IgE) and Mouse Ovalbumin special immunoglobulin E (s-IgE) were measured in serum of the mice 
using the Quantikine Mouse IgE ELISA kit (NEOBIOSCIENCE, CHINA) and Mouse Ovalbumin sIgE ELISA kit 
(MyBioSource, USA) based on the manufacturer’s instructions. The detection limit was also less than 80 pg/mL.

RNA Extraction and Real-Time PCR
In order to determine the mRNA expressions of IL-4/5/13 and BDNF levels, real-time quantitative PCR was conducted. All 
primers of the study were pre-designed (Shenggong company, Jinan, China), and the primer sequences are listed in 
Supplementary Table 3. Total RNA was extracted by Trizol (Invitrogen, USA) on the basis of the manufacturer’s instructions. 
Total RNA 1 µg was reverse transcribed into cDNA through the Prime-Script RT Reagent Reverse Kit (TaKaRa). Subsequently, 
1 μg of cDNA was utilized for PCR amplification of IL-4/5/13 and BDNF genes, together with GAPDH as an internal control, 
following the SYBR Premix Ex TaqII protocol provided by the manufacturer. The comparative 2−ΔΔCt method was used to 
calculate relative expression levels.

Statistical Analysis
Statistical analysis between the AR and NC groups was conducted using the paired Student’s t-test. ANOVA was 
performed for comparison among multiple groups of the mouse model.The GraphPad Prism 8.0.0 software was used for 
graph plotting. All p value of < 0.05 was considered significant and was indicated with asterisks: *Means p< 0.05, 
**Means p< 0.01,***Means p< 0.001 and ****Means p< 0.0001.

Results
Immunofluorescence Staining of BDNF in Epithelial Ciliated Cells of the Human Nasal 
Mucosa
First, the BDNF expression site in the nasal epithelial cells was detected, as shown in Figure 1A. The staining result of nasal 
brush cytospin slides indicated that BDNF was expressed in ciliated cells mostly. In addition, goblet cells and eosinophils 
cells also could secret BDNF, among which, eosinophils produced a large amount of BDNF, but goblet cells take a small part 
in the cytospin slides. Due to the limitation of cytospin slides, we also performed tissue section staining of BDNF in the AR 
and NC, the results revealed that BDNF could be expressed in the basal and top layer of nasal epithelium. Meanwhile, BDNF- 
specific staining displayed different localizations in the cytoplasm of ciliated cells, which were divided into five categories 
(type I-V) (Figure 1B and C). We classified BDNF as mainly expressed in the cytoplasm of ciliated cells at the nucleolar side, 
presenting a dense band, as type I, accounting for nearly half (46%) of the NC group, but in the AR group, type I only takes 
part in about 13%, the difference has a statistical significance. Cells with less aggregation area and homogenous staining in 
the cytoplasm were classified as type II, and homogenous staining in the cytoplasm without aggregation was classified as type 
III. Type II and type III accounted for 37% and 36% in AR group, but in NC group, these numbers respectively are 27% and 
17%. Some cells were mainly located in cilia rather than the cytoplasm (type IV), and the proportion of such cells in NC 
group (7%) was slightly higher than that in AR group (4%). A part of the cells showed few BDNF expressions (type V), and 
the proportion of these cells in AR group (10%) was higher than that in NC group (3%) (Figure 1D). In ciliated cells, the 
fluorescence intensity of BDNF in AR group was significantly lower than that in the NC group. Analyzing the MFI of BDNF 
in ciliated cells, the difference between the two groups was statistically significant (Figure 1E).

The VAS Scale Was Positively Correlated with NAL BDNF Concentration and 
Negatively Correlated with MFI of BDNF in Ciliated Cells
NAL was collected and detected by ELISA to evaluate the level of BDNF expression in the nasal cavity. The results revealed 
that BDNF had a greater concentration in the AR group and statistically differed from NC group (Figure 2A). Additionally, 
we gathered relevant symptom scores for each individual recruited. And there were statistical differences in the overall scale, 
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sneezing, runny nose, itchy nose, nasal blockage, and itchy eye scales between AR group and NC group (Figure 2B). To 
explore the relationship between BDNF and nasal symptoms, the correlation analysis was performed, and the result indicated 
that BDNF concentration in the nasal cavity had a positive correlation with the VAS scale (Figure 2C), but BDNF MFI in 
ciliated cells had a negative correlation with the VAS scale (Figure 2D). In the mucosa ciliary cells of AR, we found 
a decreased expression of BDNF, meanwhile, the BDNF concentration in the nasal cavity was upregulated. There was a great 
chance that ciliated cells secreted BDNF to the nasal cavity contributed to the VAS scale rise.

Type 2 Inflammation Cytokines Upregulated in AR and Positively Correlated with 
BDNF Production
To determine the expression level of type II inflammatory cytokines, Real-time PCR was performed. Shown from 
Figure 3A–C, the mRNA expressions of IL-4 and IL-13, but not IL-5, were significantly up in AR group. BDNF mRNA 
level also increased in AR group but have no statistical difference between AR and NC groups (Figure 3D). Correlation 
between BDNF and type II inflammatory cytokines was also analyzed, as shown in Figure 3E, IL-13 has a positive 
correlation with BDNF (r= 7128403, p<0.0001). The previous study also indicated that type II inflammatory cytokines 

Figure 1 Immunofluorescence of BDNF in nasal ciliated epithelial cells. (A) Immunofluorescence co-staining of BDNF (green) and MUC5AC (red), β-Tubulin (red) in nasal 
epithelial cells. (×400 magnification scale bar = 20 μm). (B) BDNF-specific staining displayed different intensities and localization in the cytoplasm, which can be roughly 
divided into five types (type I-V). (×1000 magnification scale bar = 10μm). (C) The BDNF expression pattern model in ciliated cells. (D) BDNF proportion of each type in the 
AR and NC group, The bar graph showed the mean proportion of each type. (E) BDNF MFI in nasal ciliated epithelial cells in AR and NC groups, indicating the expression of 
BDNF in nasal ciliary cells of allergic rhinitis patients decreased significantly. The difference was analyzed by GraphPad 8, and statistical significance was detected by the 
Mann–Whitney test. ns means “no significant”, *Means p<0.05, **Means p<0.01, ***Means p<0.001, ****Means p< 0.001.
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could stimulate the expression of BDNF in nasal mucosa,17 the correlation analysis also indicated that with the 
overexpression of IL-13 or other types II inflammatory cytokines, the BDNF production should be stimulated in nasal 
epithelial cells, including ciliated cells.

The Expression of BDNF Was Elevated in AR Mouse Model, and Its Expression 
Pattern is Time Related
Figure 4A shows the establishment process of AR mouse model. In order to identify the expression pattern of BDNF in 
allergic rhinitis, we examined its expression level in AR mouse model. IgE levels in serum exert a direct impact on the 
occurrence of type I allergy, therefore, after 30 day’s provocation, aIgE and ovalbumin sIgE were detected first, and the 
result revealed that aIgE and ovalbumin sIgE were increased in AR mouse model, their secretion manifested time-related 
phenomenon. Figure 4B and C demonstrates that following OVA’s provocation, the expression level of aIgE and sIgE 
swiftly rose, the concentration reaching a peak at 3 hours after allergen stimulation, and then marginally declined at 6 
hours, 12 hours, and 24 hours. Compared to NC group, the difference has a statistical significance (P<0.01), the AR 
mouse model was effective, as evidenced by the increased production of aIgE and sIgE. Then BDNF concentrations were 
determined at the same time-point, and similarly, BDNF expression levels in the serum of AR mouse models also 
demonstrated time-related changes, reaching a peak concentration at 3 hours after allergen stimulation and gradually 
declining over the following 6 hours, 12 hours, and 24 hours, but remaining significantly higher than the NC group 
(Figure 4D). Additionally, the NAL BDNF concentration of mouse models displayed identical alterations, with the 
exception that there was no difference between it and the NC group 24 hours after allergen stimulation (Figure 4E). To 
explore if the AR mouse model has the same expression pattern as nasal ciliated cells in humans, we did immuno-
fluorescence staining, The results showed that the fluorescence intensity of BDNF increased significantly at 3h, 6h, and 
12h after allergen excitation, but as time passed, the intensity decreased slightly and approached that of the NC group at 

Figure 2 The NAL BDNF concentration was positively correlated with VAS scale but the MFI of BDNF was negatively correlated with VAS scale. (A) BDNF in nasal lavage 
in AR patients (n=12) and healthy control (n=12). (B) VAS of nasal and ocular symptoms (normal control n = 24, allergic rhinitis n = 45). (C) The correlation analysis of the 
NAL BDNF concentration and VAS scale. (D) The negative correlation of the MFI of BDNF and the nasal symptom score except for an itchy nose. The bar graph showed 
the average scale of every symptom and the Student’s t-test was performed to determine the statistical significance between the two groups. The correlation was analyzed 
with compute Pearson correlation coefficients. Data were presented as mean ± SD., *Means p<0.05, **Means p<0.01, ***Means p<0.001, ****Means p< 0.001.
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24h (Figure 4F). When the MFI of BDNF of ciliary cells was analyzed, the differences between the two groups were 
statistically significant (Figure 4G).

Type 2 Inflammation Cytokines Upregulated in the AR Mouse Model and Exhibited a 
Time-Related Expression Pattern
To analyze type II inflammation cytokines expression level, Real-time PCR was also performed in the mouse 
model. In mice with allergic rhinitis, we also collected nasal mucosal tissues and detected mRNA levels, 
correspondingly. Figure 5A shows that IL-4 mRNA levels increased in the AR mouse model, peaked at 6 
hours, and then decreased to the same level as the NC group at 24 hours. The mRNA level of IL-5 increased 
after allergen irritation, with the peak at 3 hours and gradually decreasing with time. At 24 hours, the expression 
level of IL-5 in AR group had no statistical significance compared to NC group (Figure 5B). IL-13 was 
significantly increased in AR group, but the expression level decreased heavily at 6 hours then raised again at 
12 hours and 24 hours (Figure 5C). As for the mRNA levels of BDNF, they significantly increased at 3 h, 6h, and 
12h after allergen stimulation, the peak was at 3 hours and dropped with time, and there was no statistical 
significance at 24 hours (Figure 5D).

Figure 3 mRNA expression levels of BDNF and associated factors in AR and NC tissue. (A–D) mRNA levels of IL-4, IL-5, IL-13 and BDNF were detected by qRT-PCR. (E) 
The correlation with type II inflammation cytokines and BDNF. All data were analyzed by GraphPad 8, and statistical significance was detected by the Student’s t-test, 
correlations were analyzed by compute Pearson correlation coefficients. ns Means “no significant”, **Means p<0.01.
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Figure 4 Experimental protocols for inducing AR in mice and expression of BDNF in mice. (A) The establishment and treatment process of AR mouse model and healthy 
control (more details could see in methods). (B and C) Serum total IgE and Ovalbumin special immunoglobulin E (s-IgE) were significantly increased in the allergic group by 
ELISA. (D and E) BDNF in serum and NAL fluid of mice in the allergic group were significantly increased with time correlation. Serum BDNF reached the peak at 3 h after 
the allergen challenge and then decreased gradually. BDNF in NAL fluid increased gradually after the allergen challenge, reached the maximum value at 6h, and then gradually 
decreased to the level of the NC group at 24h. (F) Immunofluorescence staining of nasal ciliated epithelial cells in 400× magnifications. (×400 magnification scale bar = 20 
μm). (G) The MFI of BDNF of nasal ciliated epithelial cells in AR and NC groups, indicating the expression of BDNF in nasal ciliary cells of allergic rhinitis mouse was 
significantly increased at 3 h, 6 h, and 12 h after allergen challenge, but decreased at 24 h, showing no significant difference from the normal control group. All data were 
analyzed by GraphPad 8. Statistical significance was detected by the paired Student’s t-test method. ANOVA was performed for comparison among more than two groups. ns 
Means “no significant”, *Means p<0.05, **Means p<0.01, ***Means p<0.001,****p< 0.001.
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Discussion
As a member of neurotrophic family, BDNF can regulate the immune response of body and affect several cell 
functions.18,19 Clinical and experimental studies have shown that neurosensory mechanisms are not only active in 
response to allergic stimuli but also play a critical role in controlling and regulating the allergic response by the release 
of proinflammatory cytokines and soluble mediators. In allergic disease, BDNF generally are overexpressed in eosino-
phils (EOS), exerting an anti-apoptosis effect and promoting EOS survival.17 Besides, it can boost the expression levels 
of proinflammatory cytokines,20 as well as promote tissue remodeling through stimulating the proliferation of airway 
smooth muscle cells and inducing activation of matrix metalloproteinases.21 In macrophages, BNDF could stimulate M2 
macrophage polarization.22 Subsequently, M2 macrophages could secrete IL-10 and TGF-β, which are able to suppress 
inflammation and improve tissue repair, remodeling and vasculogenesis.23 But on the other hand, tissue remodeling and 
vasculogenesis may contribute to the persistence of AR symptoms. With the challenge of allergen in AR patients, the 
NAL BDNF was increased, and the highest level was in the 6 hours after provocation.24 In contrast, based on our 
research, we found that BDNF production was highly produced after 6 hour’s stimulation in AR mouse model 
(Figure 4E), furthermore, the BDNF aberrant localization occurred at 6 hours stimulation mostly. We deduced that 
BDNF may modulate the pathogenesis of AR. In non-allergic diseases, BDNF could enhance the proliferation of 
epithelial cells, and endothelial cells.25,26 In allergic rhinitis, the epithelial barrier is structurally and functionally 
disrupted. We found that the expressions of occludin and ZO-1 were lower in AR patients than those in healthy controls, 
which was related to disease severity.27 The neurogenic and epithelial endotypes are gaining increasing attention due to 
the growing understanding of the mechanisms, underlying the nervous system’s contribution to inflammation and the role 
of epithelial tissue in inflammation.28 Some studies found that the type 2 cytokines IL-4 and IL-13 disrupt the epithelial 
barrier integrity of AR nasal epithelial cells.4 As a crucial factor in the nervous system, BDNF has been shown to 

Figure 5 mRNA expression levels of BDNF and associated factors in AR and NC tissue. (A–D) mRNA levels of IL-4, IL-5, IL-13 and BDNF were detected by qRT-PCR and 
analyzed with GraphPad 8. Statistical significance was detected by the paired Student’s t-test method. ANOVA was performed for comparison among more than two groups. 
ns Means “no significant”, *Means p<0.05, **Means p<0.01, ***Means p<0.001,****p< 0.001.
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influence mucosal immunity and barrier integrity.29 In addition, BDNF could be expressed in the basal cell of nasal 
epithelium and accelerate the differentiation of progenitor/stem cells. Some studies have shown that the nasal epithelial 
barrier integrity of AR patients is compromised by type 2 cytokines IL-4 and IL-13.4 Furthermore, BDNF, a significant 
factor in the nervous system, has been demonstrated to impact mucosal immunity and barrier integrity.29

We discovered that BDNF was downregulated in ciliated cells in AR patients. To confirm this, immunofluorescence 
staining of BDNF in ciliated cells was performed, and discovered that BDNF has a different expression pattern in ciliated 
cells. It could be expressed on the nuclear side, as well as in the middle position between the nuclear and cilia, and it can 
form clumps or spread throughout the cytoplasm. Thus, BDNF was classified into five expression patterns in cilia 
(Figure 1B), the difference between AR and NC groups was obvious, Type I accounted for the majority of cases in the 
healthy control group, but type II and type III accounted for the majority of cases in the AR group. This phenomenon was 
first described, indicating that the aberrant location of BDNF may influence the function of cilia. The previous study 
suggested that mucociliary clearance time(MCT) was longer in AR patients,7 and ciliated cells expressed abnormal 
production and localization of FOXJ1 may influence MCT.10 IL-4 and IL-13 are capable of impairing ciliary function of 
respiratory epithelium, and leading to impaired mucociliary clearance among asthmatic patients.30 Our findings also have 
aberrant localization of BDNF in AR patients, this phenomenon was also observed in the AR mouse model, suggesting 
that BDNF may be a crucial factor in ciliated cell function. Our study has revealed the anomalous localization of BDNF 
in AR patients, which was also observed in AR mouse model. These results imply that BDNF could play a crucial role in 
ciliated cell function.

In this study, increased NAL BDNF concentration has a positive correlation with the VAS scale, according to the 
function of BNDF in synapse,14 when the allergen contact with nasal mucosa, the immune response is quickly stated. 
BDNF stored in the synapse is released rapidly to stimulate nerve transportation and induce the symptom of sneezing and 
rhinorrhea. In AR nasal cavity, BDNF receptor TrKB was also upregulated, accelerating type II inflammation immune 
response. Then we discuss the BDNF in the ciliated cell, most studies verified that the BDNF expression level in ciliated 
cells is not changed or decreased. But the VAS scale in AR was increased, and the symptom of AR patients may not be 
detected as correlated with BDNF ciliated cells, but the change of BDNF expression pattern in the ciliated cell may 
contribute to the dysfunction of MCT. The consistently excite substrated secreted by goblet cells or eosinophils will 
continuously affect nasal mucosa or nasal nerve, leading to AR symptoms persistence. In nasal mucosa, the increased 
level of BDNF is mostly located in the basolateral cells,31 we also observed this phenomenon in this study. In the AR 
mouse model, we detected BDNF expression pattern in ciliated cells as well, interestingly, the BDNF production in the 
AR mouse model showed a time-related phenomenon, the BDNF was upregulated at 3 hours, 6 hours, and 12 hours, but 
not at 24 hours. That may explain why some research detected that BDNF has no significant difference between AR 
patients and healthy control.

Conclusion
We firstly investigated the expression pattern of BDNF in the ciliated cell, located in nasal mucosa, and found that there 
was significant difference of BDNF pattern between AR patients and normal control group. Furthermore, we discovered 
that the expression level of BDNF decreased in the ciliated cell, which had a negative correlation with the VAS scale. 
Additionally, we verified the above results in AR mouse model, which indicated that BDNF could be upregulated in the 
nasal mucosa of AR mouse model and was time dependent. The decreased production of BDNF in ciliated cells may 
could influence cilia function, cause the disorder of MCT in AR patients.
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