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Purpose: This work aimed to investigate the effects of MAF bZIP transcription factor B (MAFB) on the progression of allergic
rhinitis (AR).
Patients and Methods: Nasal mucosa was isolated from AR patients and healthy individuals from Shengjing Hospital of China
Medical University. The experimental procedures were approved by the Medical Ethics Committee of Shengjing Hospital of China
Medical University (2019PS341K) in accordance with the Declaration of Helsinki. Informed consents were signed by participants or a
parent/legal guardian of the participants under 18 years old of age. Then, an AR mouse model with MAFB overexpression was
established with 25 μg ovalbumin (OVA) sensitization on day 0, 7, 14, followed by an injection with 1×107 TU/mL lentivirus MAFB
on day 19 and a nasal challenge with 500 μg OVA from day 21 to 27.
Results: The results revealed that MAFB was down-regulated in the nasal mucosa of AR patients. The up-regulation of MAFB
protected the AR mice against the OVA-induced allergic symptoms (sneezing and nasal rubbing) by alleviating the OVA-induced
epithelial thicknesses, goblet cell hyperplasia, and inflammation including the eosinophil and mast cell infiltration. Moreover, MAFB
facilitated the T helper (Th) 1 response and inhibited the Th2 and Th17 responses by the down-regulation of T-box transcription factor
21 and the up-regulation of GATA binding protein-3 as well as retinoid-related orphan receptor-γt in the splenocytes of AR mice.
MAFB was found to repress the differentiation of naive CD4+ T cells into Th2 cells. Subsequently, MAFB overexpression reversed the
OVA-induced enhancement of epithelial permeability, downregulation of tight junctions, and upregulation of cadherin-26, indicating
the protective role of MAFB on epithelial barrier integrity.
Conclusion:MAFB protected against OVA-induced AR via the alleviation of inflammation by restoring the Th1/Th2/Th17 imbalance
and epithelial barrier dysfunction.
Keywords: allergic rhinitis, MAF bZIP transcription factor B, inflammation, T helper cell differentiation, epithelial barrier
dysfunction

Introduction
Allergic rhinitis (AR) is the most common case of nasal mucosal inflammation and negatively affects the life quality of
approximately 10–20% of global population.1 The prevalence of AR has been reported to steadily elevate.2 AR is
triggered by specific immunoglobulin E (IgE)-mediated reactions against allergens and is characterized by T helper (Th)
2 immunological pattern with eosinophil and mast cell infiltration.3 After exposure to upper respiratory tract, allergens
are processed and transferred.4 A complex containing allergen is recognized by Th0 receptor, leading to the
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differentiation of naive T cells into CD4+ Th2 cells.4 The imbalance of Th1/Th2/Th17 contributes to the AR
pathogenesis.5 Th2 cells act as an essential part in the development of AR, and the repression of Th2 dampens the
AR progression.5 Moreover, cytokines secreted by Th2 cells including interleukin (IL)-4, IL-5, and IL-13 involve in the
AR development by attracting the accumulation of inflammatory cells and destroying the epithelial barrier integrity to
maintain the nasal mucosal inflammation.6,7 Then, barrier epithelial dysfunction lead to the increase of the sensitization
and degranulation of mast cells, as well as the aggravation of the AR progression.8 Unfortunately, there is no satisfied
cure for AR.9 Thus, there is an urgent need to explore novel target for the treatment of AR.

MAF bZIP transcription factor B (MAFB) is a member of Maf transcription factor family that encodes a leucine-
zipper transcription factor.10 MAFB facilitates the anti-inflammatory M2 polarization of macrophages and plays a vital
role in maintaining the systemic homeostasis.11,12 Singh et al13 have reported that the loss of MAFA and MAFB
undermines the T cell function and abrogates the balance of peripheral immune responses against auto antigens, leading
to the promotion of inflammation in pancreatic islets. Hashizume et al14 have found that MAFB is down-regulated in the
early stages of Th-cell differentiation mediated by IL-4 and IL-10. Yin et al15 have testified that MAFB-up-regulated
CD5low dendritic cells promote the IFN-interferon-γ (IFN-γ)-producing Th1 cell differentiation and suppress the IL-4 and
IL-10-producing Th2 cell as well as the IL-17A-producing Th17 cell differentiation. These studies indicate the potential
of MAFB on regulating the Th cell polarization and inflammatory responses. Thus, we considered whether MAFB could
play a role in the AR progression via regulating the inflammation by regulating the T cell differentiation. However, there
are no reports on it.

In this work, we aimed to investigate the function of MAFB in the AR progression. We found that MAFB was down-
regulated in nasal mucosa of AR patients. Next, the effects of MAFB overexpression on allergic nasal symptoms of AR
mice as well as the histological changes, Th cell responses, Th2 cell differentiation, epithelial barrier function were
explored in the ovalbumin (OVA)-induced nasal mucosa. MAFB was expected to be a novel therapeutic target for the
treatment of AR.

Patients and Methods
Human Nasal Mucosa Samples
Healthy patients (n= 10) were involved into the study as the control group. Healthy nasal mucosa was isolated from the
inferior turbinate mucosa. Patients (n = 20) with persistent AR diagnosed had symptoms for at least 2 years were
involved into the study. All patients did not show any clinical sign of infection in the nose at time of surgery. Patient
information was listed in Table 1. The experimental procedures were approved by the Medical Ethics Committee of
Shengjing Hospital of China Medical University (2019PS341K) in accordance with the Declaration of Helsinki.
Informed consents were signed by participants or a parent/legal guardian of the participants under 18 years old of age.

Table 1 Patient Characteristics

Control AR p value

N 10 20 NA

Age (y), mean 10 (3–40) 10 (2–60) 0.95

Sex (male/female), n 5/5 13/7 NA

Smoking/non-smoking, n 0/10 1/19 NA

Asthma, n 0 0 NA

Monosensitized, n 0 7 NA

Polysensitized, n 0 12 NA

Abbreviation: NA, not applicable.
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The inclusion criteria were hypersensitivity to house dust mite diagnosed by skin prick test and allergen specific IgE
test, no use of local or systemic glucocorticoids or other immunosuppressant drugs for at least 1 month before the study,
no use of antihistamines for 1 week before the study and no respiratory infection for at least 1 month before the study.
Serum total IgE was determined by the enzyme-linked immunosorbent assay method.

Exclusion criteria were relevant hypersensitivity to other inhaled aeroallergens, systemic autoimmune or other
diseases and treatment with allergen immunotherapy.

Lentivirus Infection
The cDNA of MAFB was cloned into the lentiviral vectorpLVX-IRES-puro (Fenghuishengwu, Changsha, China) to
construct the MAFB over expression plasmids. Subsequently, HEK-293T cells were co-transfected with lentiviral vector
and helper vector pSPAX2 and pMD2.G (Fenghuishengwu) by using the Lipofectamine 2000 (Invitrogen, Carlsbad,
California, USA) in accordance with the manufacturers’ instructions. Following transfection for 48 h, lentiviral super-
natant was collected using centrifugation (956 × g, 15 min) and further passed through a 45 μm filter (Costar, Cambridge,
MA, USA) to obtain the lentiviral particles. Then, the optimal multiplicity of infection (MOI) was detected. 1 × 105CD4+

T cells were planted into 6-well plates of each well and then infected with the viral particles for 24 h at the optimal MOI
of 100.

Murine AR Model and Treatment
The animal experimental procedures were approved by the Medical Ethics Committee of Shengjing Hospital of China
Medical University following The Guideline for the Care and Use of Laboratory Animals. Four-week-old female BALB/
c mice were purchased from HFK Bioscience (Beijing, China) and were randomly divided into four groups after one
week of acclimation: Control, AR, AR + LV-NC, and AR + LV-MAFB (18 mice in each group: 6 for histological
assessment, 6 for Western blot, and 6 for qRT-PCR). The murine AR model was established as previously described.16 In
brief, mice were intraperitoneally injected with 25 μg OVA (Aladdin, Shanghai, China) and 1 mg aluminum hydroxide
gel on days 0, 7, and 14. Next, mice were subjected to a nostril challenge with 500 μg OVA from day 21 to day 27.
Selected groups (AR + LV-NC and AR + LV-MAFB) of mice were intravenously injected with 1×107 TU/mL LV-NCor
LV-MAFB into the tail vein 48 h before the nostril challenge on day 19. Subsequently, 20 μL fluorescein isothiocyanate-
dextran 4 kDa (FD4, 50 mg/mL) was applied to further evaluate the nasal mucosal permeability by the intranasal route.
Mice were sacrificed 1 h after the FD4 administration. Murine serum, spleen tissues, and nasal mucosa were collected for
further molecular experiments.

Isolation of Naive CD4+ T Cells and Induction of Th2 Differentiation
To obtain the naive CD4+ T cells, the spleen tissues of four-week old female BLAB/c were collected and then
homogenized to single cells. Murine lymphocytes were obtained from splenocyte suspension by lymphocyte separating
solution (Solarbio), followed by a centrifugation of 250 g for 10 min. CD4+ T cells were isolated from lymphocyte by the
magnetic-activated cell sorting (MiltenyiBiotec, Cologne, Germany). Next, the induction of Th2 differentiation from
CD4+ T cells was performed as previously described.17 CD4+ T cells were incubated with 75 ng/mL phorbol 12-myristate
13-acetate (Aladdin), 1 µg/mL ionomycin (Aladdin), and 1 µL BD GolgiPlug containing Brefeldin A (Aladdin) for 4 h,
followed by an infection with LV-MAFB or LV-NC for 24 h. Subsequently, the induction of Th2 differentiation from
naive CD4+ T cells were obtained by an incubation with 10 μg/mL anti-CD3 (Biolegend, San Diego, California, USA), 1
μg/mL anti-CD28 (Biolegend), 10 μg/mL IL-2 (Biolegend), 10 μg/mL IL-4 (Biolegend), and 10 μg/mL anti-IFN-γ
(Biolegend) for 72 h.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted from nasal mucosa tissues or cells by employing an RNA Simple Total RNA Kit (Tiangen,
Beijing, China). The cDNA synthesis was performed by a BeyoRT II M-MLV reverse transcriptase (Beyotime, Shanghai,
China). 2×Taq PCR MasterMix (Solarbio) and SYBR Green (Solarbio) were used to quantify the expression of genes.
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The relative expression of mRNA was calculated by 2 –ΔΔCtmethod. GAPDH was used as the internal control. The
sequences of primer were shown in Table 2.

Western Blot
Total protein was extracted from nasal mucosa tissues or cells by 1 mM PMSF mixed with RIPA. The concentration of
the protein was detected by BCA Protein Assay Kit (Solarbio, Beijing, China). Equal content of protein samples was
separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and then transferred to polyvinylidene
fluoride membranes, followed by the block with 5% skimmed milk. Next, protein bands were incubated with primary
antibodies at 4°C overnight and horseradish-peroxidase (HRP)-conjugated secondary antibodies (1:3000; Solarbio) at 37°
C for 1 h. The bands were visualized by employing WD-9413B Gel imaging system (Liuyi Biotechnology, Beijing,
China). The primary antibodies were anti-MAFB (1:2000; Santa Cruz, CA, USA), anti-T-box transcription factor 21 (T-
bet; 1:1000; ABclonal, Wuhan, China), anti-GATA binding protein-3 (GATA-3; 1:1000; ABclonal), and anti-retinoid-
related orphan receptor-γt (ROR-γt; 1:1000; Bioss, Beijing, China), and anti-glyceraldehyde-3-phosphate dehydrogenase
(GAPDH;1:10,000; proteintech).

Immunofluorescence Staining
After being deparaffinized and rehydrated, the sections (5 μm) of murine or human nasal mucosa were blocked with goat
serum at room temperature for 15 min. Next, slides were incubated with anti-tryptase (1:100; Affinity, Cincinnati, OH,
USA), anti-MAFB (1:400; CST, Danvers, MA, USA) or anti-cadherin-26 (CDH26; 1:400; Affinity) at 4°C overnight and
then Cy3-conjugated IgG (1:200; Beyotime) at room temperature for an hour, while nuclei was counterstained with/
without DAPI. Sections were viewed with BX53 fluorescence microscope (Olympus, Tokyo, Japan) at the magnification
of 200 or 400.

Evaluation of Nasal Symptoms
Nasal allergy-like symptoms were assessed by the frequencies of sneezing and nasal rubbing movements. After the OVA
challenge on day 27, mice were placed into an animal cage (one mouse per cage), and the frequencies of sneezing and
nasal rubbing movements within 15 min were counted.

Enzyme-Linked Immunosorbent Assay (ELISA)
Nasal lavage fluid (NALF) was obtained following the method previously described.18 Mice were anesthetized, and a
micropipette was inserted into one nostril, and 1 mL saline was laved into the nasal cavity. The NALF was collected and
centrifuged. The supernatants were collected for further measurements. The concentration of IL-4, IL-17A, and IFN-γ in
NALF and murine serum was detected by employing ELISA kits purchased from MultiScience (Lianke) Biotech

Table 2 The Sequences of Primer Used in qRT-PCR

Genes Forward Sequences (5’-3’) Reverse Sequences (5’-3’)

MAFB (mus) TCACCTGGAGAACGAGAAGACG AAGCCGGAGTTGGCGAGT

Occludin (mus) CCTGGAGGTACTGGTCT ATCTTTCTTCGGGTTTT

ZO-1 (mus) TGCCTCGAACCTCTACTC GTGGTGGAACTTGCTCAT

GAPDH (mus) TGTTCCTACCCCCAATGTGTCCGTC CTGGTCCTCAGTGTAGCCCAAGATG

MAFB (homo) AGCACCACCTGGAGAATGAGA AAGCCGGAGTTGGCGAGT

ZO-1 (homo) CCAGTCCCTTACCTTTCG CTGCCTCATCATTTCCTC

Occludin (homo) CCTCTTGAAAGTCCACCTC GCCTACACTACCTCCTAAAA

GAPDH (homo) GACCTGACCTGCCGTCTAG AGGAGTGGGTGTCGCTGT
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(Hangzhou, China) as per the users’ protocols. The serum levels of IgE and OVA-specific IgE (sIgE) were assessed by
ELISA kits purchased from MultiScience (Lianke) Biotech and Jianglai Bio-Technology (Shanghai, China).

Histological Assessment
Paraffin-embedded sections of murine nasal mucosa (5μm) were deparaffinized in xylene, and rehydrated in an ethanol
gradient with distilled water. Next, sections were stained with hematoxylin and eosin (H&E; Solarbio) for general
morphological observation to examine the epithelial thicknesses and eosinophil infiltration, periodic acid-Schiff (PAS;
Leagene Biotech, Beijing, China) staining to evaluate the goblet cell hyperplasia (mucus hypersecretion), and Sirius red
(Solarbio) staining to assess the eosinophil infiltration for general morphological observation. Two observers indepen-
dently selected three sections of nasal mucosa of each mouse. Then, three visual fields of each section were randomly
selected to image at the magnification of 200 or 400, and cells were further counted.

Flow Cytometry
1×106 CD4+ T cells were incubated with 0.25 μg APC-conjugated anti-mouse CD4+ at 4°C for 20 min in the dark,
followed by the permeabilization at 4°C for 20 min. Next, CD4+ T cells were incubated with 1 μgfluorescein
isothiocyanate-conjugated anti-mouse IFN-γ, 0.25 μg PE-conjugated anti-mouse IL-4, and 0.25 μgphycoerythrin-con-
jugated anti-mouse IL-17A at 4°C for 20 min, respectively. After wash and centrifugation, cells were resuspended with
500 μL buffer and analyzed with NovoCyte flow cytometer (ACEA Biosciences, San Diego, California, USA).

Statistical Analysis
Data was shown as mean ± SD. Statistical differences among multiple groups were evaluated using one-way ANOVA.
Comparisons between two groups were assessed by unpaired t-test. Non-parametric analysis was performed by employ-
ing Kruskal-Wallis test with Dunn’ multiple comparisons test. All data was analyzed by GraphPad Prism 8.0 software.
The difference at p<0.05 was considered statistically significant.

Results
MAFB Was Down-Regulated in the Nasal Mucosa of AR Patients and AR Mouse
Model
The relative expression of MAFB was investigated by using qRT-PCR and Western blot. As shown in Figure 1A and B,
the mRNA and protein levels of MAFB were down-regulated in the nasal mucosa of AR patients compared to healthy
individuals. Then, the expression of epithelial barrier dysfunction-related indicators (zona occludens-1 (ZO-1), occlud-
ing, and CDH26) was subsequently evaluated in AR patients. We found that ZO-1 and occludin exhibited a lower
expression and CDH26 had a higher expression in the nasal mucosa of AR patients compared to control participants
(Figure 1C and D). These results indicated the epithelial barrier dysfunction in AR patients. Next, to investigate the role
of MAFB in the AR progression, we established an OVA-induced AR mouse model with MAFB overexpression
(Figure 1E). The overexpression of MAFB reversed the down-regulated mRNA and protein levels of MAFB in nasal
mucosa of mice induced by OVA (Figure 1F). Next, the results of immunofluorescence staining echoed the results of
qRT-PCR and Western blot (Figure 1G). These results indicated that MAFB was down-regulated in the nasal mucosa of
AR patients and AR mouse model.

MAFB Alleviated the Allergic Nasal Symptoms and Inhibited the Inflammation of Mice
with AR
To explore the effects of MAFB on nasal symptoms, the frequencies of sneezing and nasal rubbing were counted within
15 min after the OVA intranasal challenge. As revealed in Figure 2A and B, there was a tendency that the up-regulation
of MAFB reduced the increased frequencies of sneezing and nasal rubbing of mice induced by OVA. Next, the elevated
concentration of IgE and sIgE in the serum of AR mice induced by OVA was restored by the MAFB up-regulation,
suggesting the amelioration of the atopy status of AR mice (Figure 2C and D). Then, the immunocytologic analysis of
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Figure 1 MAFB was down-regulated in the nasal mucosa of AR patients and AR mouse model. (A) The mRNA levels of MAFB in AR patients (AR, n=20) and healthy
individuals (control, n=10). (B) The protein expression of MAFB. (C) The mRNA levels of ZO-1 and occluding. (D) The immunofluorescence staining of CDH26 in nasal
mucosa. Scale bar = 50 μm. (E) Experimental protocol of AR mouse model. (F) The mRNA and protein levels of MAFB in nasal mucosa of AR mice with LV-MAFB infection.
(G) The immunofluorescence staining of MAFB in nasal mucosa (×400). Scale bar = 50μm. #p<0.05, ##p<0.01.
Abbreviations: I.P., intraperitoneal; I.V., intravenous.
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nasal cells obtained from NALF was performed by Giemsa staining. The results exhibited that the high levels of MAFB
reversed the increased count of total cells, eosinophils, neutrophils, lymphocytes, and monocyte macrophages induced by
OVA (Figure 2E–I). Moreover, ELISA demonstrated that the decreased levels of IFN-γ and the elevated concentration of
IL-4 and IL-17A in the serum of mice induced by OVA were reverted by the overexpression of MAFB (Figure 2J–L).
Thus, we concluded that MAFB alleviated the allergic nasal symptoms and the inflammation of mice with AR.

MAFB Relieved the Histological Injuries and Dampened the Eosinophil and Mast Cell
Infiltration of the Nasal Mucosa Induced by OVA
We further explored the OVA-induced histological changes of nasal mucosa byH&E staining. TheOVA-induced nasal septum
exhibited elevated epithelial thicknesses and eosinophil infiltration, which were relieved by the overexpression of MAFB
(Figure 3A and B). The same changes of eosinophil infiltration were obtained by Sirius red staining (Figure 3C and D).Next,

Figure 2 MAFB alleviated the allergic nasal symptoms and inhibited the inflammation of the nasal mucosa induced by OVA. Mice wereintraperitoneally injected with 25 μg
OVA and 1 mg aluminum hydroxide gel on days 0, 7, and 14, followed by a nostril challenge with 500 μg OVA from day 21 to day 27. Selected groups of mice were injected
with 1×107 TU/mL LV-MAFB into the tail vein of mice 48 h before the nostril challenge on day 19. (A and B) The frequencies of nasal rubbing and sneezing within 15 min. (C
and D) The serum concentration of IgE and sIgE. (E–I) The count of total cells, eosinophils, neutrophils, lymphocytes, and monocyte macrophages in NALF. (J–L) The serum
concentration of IFN-γ, IL-4, and IL-17A. #p<0.05, ##p<0.01.
Abbreviation: ns, no significant.
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the results of PAS staining showed that the goblet cell hyperplasia (mucus hypersecretion) of the nasal mucosa epithelium
induced by OVAwas ameliorated by the up-regulation ofMAFB (Figure 3E). Subsequently, Figure 3F and G revealed that the
high expression of MFAB alleviated the OVA-induced mast cell infiltration of the nasal mucosa. The data indicated that
MAFB mitigated the OVA-induced histological injury and suppressed the inflammatory infiltration of nasal mucosa in AR
mice.

MAFB Facilitated the Th1 Response and Inhibited the Th2 and Th17 Responses
As the imbalance of Th1, Th2, and Th17 responses leads to the allergy inflammation, we considered whether MAFB
could repair this imbalance. CD4+ IFN-γ+ Th1, CD4+ IL-4+ Th2, and CD4+ IL-17A+ Th17 cells were analyzed by flow
cytometry. The results showed that MAFB overexpression reversed the reduced percentage of Th1 cells and the increased
population of Th2 and Th17 cells in the splenocytes of AR mice (Figure 4A). Similarly, the same changes of the
concentration of IFN-γ, IL-4, and IL-17A in NALF were obtained by ELISA (Figure 4B). Subsequently, we found that
the infection of LV-MAFB restored the OVA-induced down-regulation of T-bet and the up-regulation of GATA-3 and
ROR-γt in the nasal mucosa of AR mice (Figure 4C). These results suggested that MAFB facilitated the Th1 response
and dampened the Th2 and Th17 responses.

MAFB Repressed the Th2 Differentiation
We further explored the effects of MAFB on Th2 differentiation. Figure 5A and B manifested that the down-regulation of
MAFB levels in Th2 cells was up-regulated by the infection of LV-MAFB. Next, flow cytometry testified that the
increased percentage of Th2 cells was decreased by the overexpression of MAFB (Figure 5C). Next, it was no surprise to
know that the elevated concentration of IL-4 in the supernatant of Th2 cells was reduced by the MAFB up-regulation
(Figure 5D). Subsequently, the high levels of MAFB decreased the up-regulation of GATA-3 in Th2 cells (Figure 5E).
Therefore, we concluded that MAFB suppressed the Th2 differentiation.

Figure 3 MAFB relieved the histological injuries and dampened the eosinophil and mast cell infiltration of the nasal mucosa induced by OVA. Mice wereintraperitoneally
injected with 25 μg OVA and 1 mg aluminum hydroxide gel on days 0, 7, and 14, followed by a nostril challenge with 500 μg OVA from day 21 to day 27. Selected groups of
mice were injected with 1×107 TU/mL LV-MAFB into the tail vein of mice 48 h before the nostril challenge on day 19. (A) The H&E-stained nasal mucosa (×200). Scale bar =
100 μm. Black line indicated the epithelial thicknesses. Black arrows indicated the eosinophils. (B) The cell numbers of eosinophils by H&E staining. (C) The Sirius red-
stained nasal mucosa (×400). Scale bar = 50μm. Black arrows indicated the eosinophils. (D) The cell numbers of eosinophils by Sirius red staining. (E) The PAS-stained nasal
mucosa (×200). Scale bar = 100 μm. Black arrows indicated the goblet cell hyperplasia. (F) Mast cell infiltration was evaluated by immunofluorescence staining (×400). Scale
bar = 50 μm. (G) The cell numbers of mast cells. ##p<0.01.

https://doi.org/10.2147/JAA.S335560

DovePress

Journal of Asthma and Allergy 2022:15274

Sun et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 4 MAFB facilitated the Th1 response and inhibited the Th2 and Th17 responses. Naive CD4+ T cells were infected with LV-MAFB/LV-NC for 24 h, followed by an
incubation with plate-bound anti-CD3, anti-CD28, IL-2, IL-4, and anti-IFN-γ for 72 h. (A) In the CD4+ population, the proportion of IFN-γ+ Th1, IL-4+ Th2, and IL-17A+

Th17 cells was measured by flow cytometry. (B) The concentration of IFN-γ, IL-4, and IL-17A in NALF. (C) The protein expression of T-bet, GATA-3, and ROR-γt. ##p<0.01.
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MAFB Protected the Epithelial Barrier Integrity of AR Mouse Induced by OVA
The epithelial barrier integrity of AR mice was further evaluated by FDA permeability, the expression of CDH26, ZO-1,
and occludin. As displayed in Figure 6A, the OVA-induced increase of FDA in serum content was restored by the MAFB
up-regulation. Immunofluorescence staining manifested that infection with LV-MAFB reverted the elevated levels of
CDH26 in the nasal mucosa of AR mice (Figure 6B). Next, the results of qRT-PCR exhibited that the OVA-induced
down-regulation of ZO-1 and occluding was reversed by the MAFB overexpression (Figure 6C and D). The data
indicated that MAFB protected the epithelial barrier integrity of AR mice induced by OVA.

Discussion
AR, the IgE-mediated inflammation of nasal mucosa, is characterized by allergen Th2 immunological pattern with
eosinophil and mast cell accumulation and the release of inflammatory factors.19 In this work, we found that MAFB was
down-regulated in the nasal mucosa of AR patients. The up-regulation of MAFB protected the AR mice from the OVA-
induced allergic symptoms by ameliorating the OVA-induced inflammation infiltration, epithelial thicknesses, goblet cell
hyperplasia, and epithelial barrier dysfunction. Moreover, MAFB facilitated the Th1 response and inhibited the Th2 and
Th17 responses, as well as the Th2 differentiation. MAFB is expected to be a novel therapeutic target for AR treatment.

MAFB is a bZIP transcription factor belonging to large Maf family.20 MAFB is expressed in macrophages and
monocytes and acts as an essential part in their differentiation, development, and function maintenance.21 Significantly,
MAFB is a novel regulator of inflammation in adipose, cerebral, and islet tissues.13,22,23 Liu et al24 have testified that
MAFB represses type I interferon production by regulating CD14+ monocytes in patients with chronic hepatitis C. Soler

Figure 5 MAFB repressed the Th2 differentiation. Naive CD4+ T cells were infected with LV-MAFB/LV-NC for 24 h, followed by the incubation with plate-bound anti-CD3,
anti-CD28, IL-2, IL-4, and anti-IFN-γ for 72 h. (A) The mRNA levels of MAFB. (B) The protein expression of MAFB. (C) The proportion of Th2 cells. (D) The concentration
of IL-4 in the supernatant of the Th2 cells. (E) The protein expression of GATA-3. ##p<0.01.
Abbreviation: ns, no significant.
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Palacios et al25 have reported that MAFB involves in the alleviation of inflammation and mucosal repair in colitis model,
as well as the reprogram of macrophages toward an anti-inflammatory and reparative profile. Shichita et al21 have found
that MAFB suppresses the excess inflammation after ischemic stroke by promoting the clearance of damage signals upon
the class A scavenger receptors. These studies indicate the potential role of MAFB on inflammatory regulation in various
diseases. Herein, we found that the mRNA and protein levels of MAFB were lower in AR patients than that of healthy
individuals. MAFB up-regulation exerts a protective effect against OVA-induced inflammation (including the eosinophil
and mast cell infiltration, and the secretion of inflammatory factors) in the mouse model of AR as seen in the decreased
frequencies of nasal rubbing and sneezing and in the reduced serum concentration of IgE.

Naive CD4+ T cells differentiate into at least three distinct lineages, Th1, Th2, and Th17 cells, with the fate of the cell
at least partly determined by the transcription factors T-bet, GATA-3, and ROR-γt, respectively.26,27 The imbalance of
Th1, Th2, and Th17 cells is regarded as the main induction factor of AR.28 The differentiation of naive CD4+ T cells into
Th2 is markedly enhanced in AR, and the elevated release of Th2 cytokines promotes the expression of GATA-3.29 It has

Figure 6 MAFB protected the epithelial barrier integrity of AR mouse induced by OVA. Mice were intraperitoneally injected with 25 μg OVA and 1 mg aluminum hydroxide
gel on days 0, 7, and 14, followed by a nostril challenge with 500 μg OVA from day 21 to day 27. Selected groups of mice were injected with 1×107 TU/mL LV-MAFB into the
tail vein of mice 48 h before the nostril challenge on day 19. (A) The serum content of FDA. (B) The expression of CDH26 evaluated by immunofluorescence staining
(×400). Scale bar = 50 μm. (C and D) The mRNA levels of ZO-1 and occluding in the nasal mucosa of AR mice. #p<0.05, ##p<0.01.
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been reported that the nasal inflammation of AR is alleviated by the activation of Th1 and the repression of Th2 and Th17
responses.5 We considered whether the protective effects of MAFB on AR were mediated by the Th1/Th2/Th17 balance.
Scholars have confirmed that MAFB is down-regulated in early differentiation of the IL-4-mediated Th1 and IL-12-
mediated Th2 cells.14 The MAFB-up-regulated CD5low dendritic cells induce the differentiation of IFN-γ-producing Th1
cells and dampen the differentiation of IL-4-producing Th2 and IL-17A-producing Th17 cells.15 These studies suggest
the potential of MAFB in T cell polarization. Herein, we found that MAFB overexpression facilitated the Th1 response
and inhibited the Th2 and Th17 responses by the down-regulation of T-bet and the up-regulation of GATA-3 and ROR-γt
in the splenocytes of AR mice. And MAFB repressed the differentiation from naive CD4+ cells to Th2 cells.

The cytokines secreted by Th2 cells involves in the AR development by attracting the accumulation of inflammatory
cells and destroying the epithelial barrier integrity to maintain the nasal mucosal inflammation.30 The nasal epithelial
barrier is primarily formed by tight junctions, which consists of membrane proteins including occluding, adhesion
molecules, and scaffold adaptor proteins (ZO family proteins).31 Dysfunction of these tight junctions could enhance the
exposure of nasal tissues to environmental antigens, leading to the elevation of the sensitization and the degranulation of
mast cells that may contribute to the AR progression.32 Steelant et al33 reported the disruption of the mucosal epithelial
barrier in patients with AR with the reduced levels of the tight junction proteins. Similarly, the same results were
obtained in our study. The expression of ZO-1 and occluding was downregulated and CDH26 was upregulated in AR
patients, which was consistent with the results of epithelial barrier dysfunction of AR mouse induced by OVA.
Subsequently, MAFB overexpression rescued the OVA-induced disruption of the mucosal epithelial barrier, as evidenced
by the reduced FDA content, upregulation of tight junctions and downregulation of CDH26. These results indicated the
protective role of MAFB in epithelial barrier integrity of AR mice.

However, there are limitations in this study. First, we assessed the expression of tight junctions to indirectly evaluate
the epithelial barrier integrity in AR clinical samples, whereas there lacks the measurement of transtissue resistance and
permeability. Second, we found that MAFB exerts an excellent therapeutic effect against OVA-induced inflammation and
epithelial barrier dysfunction in a mouse model of AR as seen in the decreased frequencies of nasal rubbing and sneezing
and in the reduced serum concentration of IgE. But the underlying mechanism on how MAFB alleviates the inflammation
and epithelial barrier disruption is still unclear. We attach much importance to the underlying mechanism of the study,
which will be explored in our further investigation. Nevertheless, as far as we know, it is the first time to find the
protective role of MAFB on ARprocess. MAFB was expected to be a novel therapeutic target for the treatment of AR.
The present study may be valuable to elucidate the pathology of AR and provide therapeutic implications.

Conclusion
MAFB was down-regulated in the nasal mucosa of AR patients. MAFB protected against OVA-induced AR via the
alleviation of inflammation by restoring the Th1/Th2/Th17 imbalance and epithelial barrier dysfunction.

Abbreviations
AR, allergic rhinitis; CDH26, cadherin-26; ELISA, enzyme-linked immunosorbent assay; FD4, isothiocyanate-dextran 4;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GATA-3, GATA binding protein-3; H$E, hematoxylin and eosin;
HRP, horseradish-peroxidase; IFN-γ, interferon-γ; IgE, immunoglobulin E; IL, interleukin; MAFB, MAF bZIP transcrip-
tion factor B; NALF, nasal lavage fluid; OVA, ovalbumin; PAS, periodic acid-Schiff; qRT-PCR, quantitative real-time
polymerase chain reaction; ROR-γt, retinoid-related orphan receptor-γt; sIgE, specific IgE; T-bet, T-box transcription
factor 21; Th, T helper.
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