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Abstract. Allergic rhinitis (AR) is an IgE‑mediated 
upper airway disease with a high worldwide prevalence. 
MicroRNA (miR)‑205‑5p upregulation has been observed in 
AR; however, its role is poorly understood. The aim of the 
present study was to investigate the effect of miR‑205‑5p 
on AR‑associated inflammation. To establish an AR model, 
BALB/c mice were sensitized using an intraperitoneal injec‑
tion of ovalbumin (OVA) on days 0, 7 and 14, followed by 
intranasal challenge with OVA on days 21‑27. A lentiviral 
sponge for miR‑205‑5p was used to downregulate miR‑205‑5p 
in vivo via intranasal administration on days 20‑26. Reverse 
transcription‑quantitative PCR revealed that miR‑205‑5p was 
upregulated in AR mice. Notably, miR‑205‑5p knockdown 
reduced the frequency of nose‑rubbing and sneezing, and 
attenuated pathological alterations in the nasal mucosa. The 
levels of total and OVA‑specific IgE, cytokines IL‑4, IL‑5 and 
IL‑13, and inflammatory cells, were decreased by miR‑205‑5p 
knockdown in AR mice. In addition, miR‑205‑5p knockdown 
inhibited nucleotide‑binding oligomerization domain‑like 
receptor family pyrin domain‑containing 3 (NLRP3) inflam‑
masome activation by reducing the expression levels of NLRP3, 
apoptosisassociated specklike protein containing a CARD, 
cleaved caspase‑1 and IL‑1β by western blot analysis. B‑cell 
lymphoma 6 (BCL6) was confirmed as a target of miR‑205‑5p 
by luciferase reporter assay. In conclusion, the present find‑
ings suggested that miR‑205‑5p knockdown may attenuate the 
inflammatory response in AR by targeting BCL6, which may 
be a potential therapeutic target for AR.

Introduction

Allergic rhinitis (AR) is a chronic inflammatory disease of 
the upper airway with a high worldwide prevalence (10‑40%). 
AR is characterized by sneezing, pruritus, rhinorrhea, retro‑
nasal drainage and nasal congestion (1‑3). AR is triggered 
by allergen‑specific IgE‑mediated reactions, and type  2 
helper T (Th2) cells further drive this inflammatory response 
against inhaled allergens in the environment (4). These inhaled 
allergens include pollens, dust mites, animal dander and 
mold (5). Multiple inflammatory cells, such as B and T cells, 
basophils and mast cells, are involved in this inflammatory 
process (6). AR has a severe impact on the quality of life of 
patients. Children or adults with AR may suffer from learning 
impairments, and sleep or emotional disturbances (7). In recent 
years, the prevalence of AR has increased at an alarming rate 
in adults and children worldwide (8). In addition, the presence 
of AR could significantly increase the risk of asthma (9); 
according to previous studies, ≤40% of individuals with AR 
either have or will get asthma (5,9‑11). Furthermore, patients 
with AR usually suffer from allergic conjunctivitis (12). AR 
presents a great challenge to humans, due to its high preva‑
lence and other complications. Pharmacotherapy is one of 
the major approaches to the management of AR, and nasal 
corticosteroids and antihistamines are the most common 
medications. Effective pharmacotherapy requires regular use 
of medications so that the symptoms do not recur following 
discontinuation (13‑15).

MicroRNAs (miRNAs/miRs) are single‑stranded 
non‑coding RNA molecules ~22  nucleotides in length. 
miRNAs mediate silencing of target genes by binding to 
target mRNA (16). Mature miRNAs bind to the 3'‑untrans‑
lated region (3'‑UTR) of their target mRNA transcripts with 
the help of the RNA‑induced silencing complex, and then 
induce the degradation of target mRNA or inhibit protein 
translation  (17,18). miRNAs serve an important role in a 
variety of physiological and pathological processes. Abnormal 
miRNA expression has been reported to be involved in the 
occurrence and development of various human diseases, 
including AR  (19,20). Suojalehto  et  al  (21) reported that 
miR‑205‑5p was upregulated in the nasal mucosa of symp‑
tomatic patients with AR. The significance of miR‑205‑5p in 
regulating inflammation has also been demonstrated. Notably, 
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IL‑32α has been shown to suppress vascular inflammation 
and atherosclerosis by inhibiting miR‑205‑5p biogenesis in 
mice (22). Furthermore, miR‑205‑5p has been demonstrated 
to alleviate hip fracture‑induced rat lung injury by decreasing 
inflammatory response through inhibition of the expression of 
high mobility group box 1 (23). These studies suggested that 
miR‑205‑5p may have different functions in different patho‑
logical environments, which can be explained by its target 
gene or regulatory mechanism. However, to the best of our 
knowledge, the role of miR‑205‑5p in AR remains unknown 
and requires further investigation.

B‑cell lymphoma  6  (BCL6) is a sequence‑specific 
transcriptional regulator that inhibits the transcription of 
target genes by binding to a specific DNA sequence in the 
promoter region (24,25). BCL6 serves an important role in 
the development of B cells, follicular Th cells and T regula‑
tory cells, indicating its potential function in regulation of the 
immune response (26‑28). BCL6 has also been reported to be 
downregulated in the nasal mucosa of patients with AR (29). 
Hiromura et al (30) reported that IL‑21 upregulated BCL6 and 
relieved AR. In addition, BCL6 may inhibit the inflammatory 
response in human renal tubular epithelial cells and attenuate 
renal inflammation by negatively regulating the transcription 
of nucleotide‑binding oligomerization domain‑like receptor 
family pyrin domain‑containing  3  (NLRP3)  (31). These 
findings suggested the importance of BCL6 in the regula‑
tion of inflammation in human diseases. Therefore, it was 
hypothesized that BCL6 could also be involved in AR‑related 
inflammation.

With the rising prevalence of AR, it is necessary to develop 
novel and effective approaches to AR treatment. In the present 
study, the functions of miR‑205‑5p and its underlying regula‑
tory mechanism in AR were explored. The present study aimed 
to improve understanding of AR pathogenesis and a potential 
therapeutic target for AR.

Materials and methods

Animal model. Female wild‑type (WT) BALB/c mice (age, 
4 weeks; weight, 18‑22 g) were purchased from Liaoning 
Changsheng Biotechnology Co., Ltd. A total of 168 mice were 
used in the present study. All animal experiments were approved 
by the Ethics Committee of The Second Affiliated Hospital of 
Shenyang Medical College (approval no. 2020005; Shenyang, 
China). Mice were maintained under a 12‑h dark/light cycle, 
at 45‑55% humidity and 22±1˚C room temperature with 
free access to food and water. After a 1‑week acclimation 
period, all mice were randomly divided into the Sham, AR, 
AR + negative control (NC) and AR + Lv‑anti‑miR‑205‑5p 
sponge groups. A mouse model of AR was established 
according to a previous study (32). As shown in Fig. 1, in the 
AR group, the mice were sensitized via an intraperitoneal (i.p.) 
injection of 200 µl saline containing 25 µg ovalbumin (OVA; 
Shanghai Aladdin Biochemical Technology Co., Ltd.) and 
2 mg aluminum hydroxide on days 0, 7 and 14. The mice were 
then subjected to continuous intranasal challenges with 100 µg 
OVA (50 µl; 2 mg/ml) on days 21‑27. The sham group was 
administered an equivalent amount of saline without OVA or 
aluminum hydroxide on days 0, 7 and 14, and on days 21‑27. 
A total of 24 h before each OVA challenge on days 21‑27, a 

recombinant lentiviral vector carrying an anti‑miR‑205‑5p 
sponge or NC (empty vector) was constructed and intranasally 
administered to the mice (20 µl; 1x108 TU/ml).

The frequency of nose‑rubbing or sneezing within 15 min 
from the final OVA challenge was recorded. A total of 24 h 
after the final OVA challenge, mice were euthanized with an 
overdose of sodium pentobarbital (150 mg/kg, i.p.). Blood 
(~1  ml) was collected from the retrobulbar vein immedi‑
ately and serum was isolated for use (33,34). Nasal lavage 
fluid (NLF) was harvested by cannulating the upper part of the 
trachea into nasal cavity and lavaging with 1 ml PBS, followed 
by centrifugation at 277 g for 10 min at 4˚C. The collected 
serum, NLF and some nasal mucosa tissues were frozen in 
liquid nitrogen and then stored at ‑70˚C for Gimesa staining, 
ELISA, reverse transcription‑quantitative (RT‑q)PCR and 
western blot analysis. Some nasal mucosa tissues were fixed 
in 4% paraformaldehyde at room temperature for 24 h for 
histological analysis.

RT‑qPCR. Total RNA was isolated from the nasal mucosa 
using TRIpure (BioTeke Corporation) and reverse transcribed 
into first‑strand cDNA at 25˚C for 10 min, 42˚C for 50 min and 
80˚C for 10 min using Super M‑MLV Reverse Transcriptase 
(BioTeke Corporation). qPCR was then performed using an 
Exicycler™ 96 Real‑time PCR system (Bioneer Corporation) 
and SYBR Green kit (Merck KGaA) according to the manu‑
facturer's instructions. The reaction conditions were as follows: 
94˚C for 5 min, 94˚C for 15 sec, 60˚C for 25 sec and 72˚C for 
30 sec; followed by 40 cycles of 72˚C for 5 min 30 sec, 40˚C 
for 5 min 30 sec; melting at 60‑94˚C for 34 sec and final exten‑
sion for 2 min at 25˚C.

The transcript levels of genes were analyzed quantitatively 
using the 2‑ΔΔCq method and normalized to 5S or β‑actin (35). 
The primer sequences used were as follows: mmu‑miR‑205‑5p, 
forward, 5'‑TCCTTCATTCCACCGGAGTCTG‑3' and reverse, 
5'‑GCAGGGTCCGAGGTATTC‑3'; 5S, forward, 5'‑CTAAAG 
ATTTCCGTGGAGAG‑3' and reverse, 5'‑TGGTGCAGGGTC 
CGAGGTAT‑3'; BCL6, forward, 5'‑CGGAAGGGTCTGGT 
AGT‑3' and reverse, 5'‑CATTCTGATTGAGGCTGTTG‑3'; 
β‑actin, forward, 5'‑CTGTGCCCATCTACGAGGGCTAT‑3' 
and reverse, 5'‑TTTGATGTCACGCACGATTTCC‑3'.

Histological analysis. H&E staining was performed to assess 
histopathological alterations in nasal mucosa tissues. Briefly, 
mouse nasal mucosa tissues fixed with 4% paraformaldehyde 
at room temperature for 24 h were dehydrated in increasing 
ethanol gradients and embedded in paraffin. The tissues were 
cut into 5‑µm slices and stained with 0.2% hematoxylin (Beijing 
Solarbio Science & Technology Co., Ltd.) for 5 min and 0.35% 
eosin (Sangon Biotech Co., Ltd.) for 3 min at room temperature 
for histopathological examination. Histopathological changes 
were observed under a BX53 light microscope (Olympus 
Corporation) at a magnification of x200. The replicates of 
histological analysis came from seven different mice in each 
group and only the representative image was displayed.

Semi‑quantif ication of inf lammatory cells in NLF. 
Inflammatory cells in NLF were measured by cytochemical 
staining with Wright's‑Giemsa. Mouse NLF was collected and 
centrifuged at 300 x g for 10 min at the room temperature. 
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Nasal lavage smears were stained with Wright's‑Giemsa (cat. 
no. D010; Nanjing Jiancheng Bioengineering Institute) at room 
temperature according to the manufacturer's instructions, and 
inflammatory cells were identified as leukocytes, eosinophils, 
neutrophils, lymphocytes and macrophages, according to their 
morphology. NLF cell differentials were counted under a light 
microscope at a magnification of x200. In total, five random 
fields of each sample were captured for average counting.

Western blot analysis. The nasal mucosa tissue of each 
mouse was ground in liquid nitrogen with protein lysis 
buffer (Beyotime Institute of Biotechnology) containing 
1 mM PMSF and placed on ice for 5 min. After centrifuga‑
tion at 10,000 x g and 4˚C for 5 min, the supernatant was 
collected and quantified using a BCA kit (Beyotime Institute 
of Biotechnology). The mean protein concentration was 
3.46 µg/µl (Sham group), 3.31 µg/µl (AR group), 3.81 µg/µl 
(AR + NC group) and 3.88 µg/µl (AR + Lv‑anti‑miR‑205‑5p 
sponge group). The amount of protein loaded for BCL6 detec‑
tion was 20 µg per sample, and that for the detection of IL‑1β, 
caspase‑1, ASC or NLRP3 was 40 µg per sample. The proteins 
were separated by SDS‑PAGE on 10% gels, transferred to 
polyvinylidene difluoride membranes (MilliporeSigma), 
and then blocked with 5% skimmed milk solution for 1 h 
at room temperature. The membranes were incubated with 
primary antibodies (Table I) overnight at 4˚C. After washing 
with TBS‑Tween‑20 (1.5% m/v) buffer, the membranes were 
incubated with goat anti‑rabbit IgG‑HRP (dilution, 1:5,000; 
cat. no. A0208; Beyotime Institute of Biotechnology) or goat 
anti‑mouse IgG‑HRP secondary antibodies (dilution, 1:5,000; 
cat. no. A 0216; Beyotime Institute of Biotechnology) for 
45 min at 37˚C. β‑actin was used as an internal reference. 
All antibodies used for western blot analysis were polyclonal 
antibodies. Protein bands were visualized and analyzed using 
enhanced chemiluminescence reagent (Beyotime Institute 
of Biotechnology) under a gel imaging Gel‑Pro‑Analyzer 
system (WD‑9413B; Beijing Liuyi Biotechnology Co., Ltd.). 
Image‑Pro Plus software 6.0 (Media Cybernetics, Inc.) was 
used for semi‑quantification. The western blot analysis repli‑
cates were from seven different mice in each group.

ELISA. ELISA was used to measure the serum levels of 
total and OVA‑specific IgE, and those of IL‑4, IL‑5 and 

IL‑13 in nasal mucosa tissues. The serum levels of total and 
OVA‑specific IgE were detected using a Mouse IgE ELISA 
kit [cat. no. E K275; Hangzhou Multisciences (Lianke) 
Biotech Co., Ltd.] and Mouse OVA‑sIgE ELISA kit (cat. 
no. JL46328; Jianglaibio Biology), respectively, according to 
the manufacturer's instructions. To detect the levels of IL‑4, 
IL‑5 and IL‑13, nasal mucosa tissues were homogenized in 
saline and centrifuged at 430 x g for 10 min at the room 
temperature. The concentration of proteins in the super‑
natant was quantified using a BCA kit (Beyotime Institute 
of Biotechnology). The concentration of IL‑4 (cat. no. 
EK0405), IL‑5 (cat. no. EK0408) or IL‑13 (cat. no. EK0425) 
was assessed using the corresponding ELISA kit (Boster 
Biological Technology). The levels of IL‑4, IL‑5 or IL‑13 
in nasal mucosa tissues were expressed as the ratio of cyto‑
kine concentration to isolated protein concentration (pg/mg 
protein). Replicates were from seven different mice in each 
group.

Luciferase reporter assay. Luciferase reporter assay was 
performed to verify the binding of miR‑205‑5p to its target 
mRNA. The putative target was predicted according to the 
prediction website (TargetScanHuman; targetscan.org/vert_72/); 
BCL6 was revealed to be a potential target of miR‑205‑5p. The 
wild‑type (WT) 3'‑UTR of BCL6 and its mutant (MT) sequence, 
synthesized by GenScript (Nanjing) Co., Ltd., were cloned into 
the pmirGLO vector [GenScript (Nanjing) Co., Ltd.]. 293T cells 
(Shanghai Zhongqiao Xinzhou Biotechnology Co., Ltd.) at the 
density of 70% were co‑transfected with the recombinant vector 
(1.5 µg, 0.5 µg/ml) containing the WT or MT 3'‑UTR of BCL6 
plus miR‑205 or NC mimics (75 pmol, 25 pmol/ml) at 37˚C for 
4 h using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). The sequences, synthesized by JTS scientific, 
were as follows: miR‑205‑5p mimics, 5'‑UCCUUCAUUCCAC 
CGGAGUCUG‑3' and 5'‑GACUCCGGUGGAAUGAAGG 
AUU‑3'; NC mimics, 5'‑UUCUCCGAACGUGUCACGUTT‑3' 
and 5'‑ACGUGACACGUUCGGAGAATT‑3'. Cells were grown 
in DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing 
10% FBS (Cytiva) and collected 48 h after transfection to deter‑
mine luciferase signals using a dual‑luciferase assay reporter kit 
(Promega Corporation). The relative luciferase activities repre‑
sented the firefly/Renilla luciferase ratios. The experiment was 
repeated at least three times.

Table I. Primary antibodies used in western blot analysis.

Primary antibody	D ilution	 Supplier	C at. no.

BCL6 	 1:500	 ProteinTech Group, Inc.	 21187-1-AP
IL-1βa	 1:400	 Affinity Biosciences, Ltd.	 AF5103
Caspase-1b 	 1:1,000	 Affinity Biosciences, Ltd.	 AF5418
ASC 	 1:500	A Bclonal Biotech Co., Ltd.	A 1170
NLRP3 	 1:1,000	A Bclonal Biotech Co., Ltd.	A 5652
β-actin 	 1:1,000	 Santa Cruz Biotechnology Co., Ltd.	 sc-47778

aIL-1β antibody recognizes both pro-IL-1β (31 kDa) and mature IL-1β (17 kDa); bcaspase-1 antibody recognizes both pro-caspase-1 (45 kDa) 
and cleaved caspase-1 (20 kDa). ASC, apoptosisassociated specklike protein containing a CARD; BCL6, B-cell lymphoma 6; NLRP3, nucle‑
otide-binding oligomerization domain-like receptor family pyrin domain-containing 3.
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Immunohistochemistry. The fixed and paraffin‑embedded 
nasal mucosa tissue slides were deparaffinized, rehydrated 
and subjected to boiling antigen retrieval for 10 min using 
10% citrate buffer solution. Subsequently, the slides were 
exposed to 3%  H2O2 (Sinopharm Chemical Reagent Co., 
Ltd.) for 15 min and then blocked with 100% goat serum 
(Beijing Solarbio Science  &  Technology Co., Ltd.) for 
15 min at room temperature. These slides were stained with 
a polyclonal anti‑BCL6 primary antibody (dilution, 1:100; cat. 
no. Bs‑2734R; Beijing Biosynthesis Biotechnology Co., Ltd.) 
overnight at 4˚C. The slides were then washed with PBS three 
times, followed by incubation with polyclonal HRP‑conjugated 
secondary antibody (dilution, 1:500; cat. no. 31460; Thermo 
Fisher Scientific, Inc.) at 37˚C for 60  min. Chromogenic 
detection was performed using a DAB Substrate kit (Beijing 
Solarbio Science & Technology Co., Ltd.), followed by coun‑
terstaining with hematoxylin. Immunohistochemistry images 
were captured at a magnification of x400 under a light micro‑
scope. The replicates came from seven different mice in each 
group and only the representative image was displayed. For 
semi‑quantification of immunohistochemistry, three random 
fields were captured, and integrated optical density and area 
of each image were measured by Image‑Pro Plus software 
6.0 (Media Cybernetics, Inc.). The mean density represented 
BCL6 expression in the nasal mucosa.

Immunofluorescence staining. After dewaxing and rehy‑
dration, the fixed and paraffin‑embedded nasal mucosa 
tissue slides underwent antigen retrieval as aforementioned, 
followed by blocking with 100% goat serum (Beijing 
Solarbio Science  &  Technology Co., Ltd.) for 15  min at 
room temperature. The slides were then incubated with 
a mixture of polyclonal anti‑BCL6 (dilution, 1:100; cat. 
no. Bs‑2734R; Beijing Biosynthesis Biotechnology Co., Ltd.) 

and monoclonal anti‑CD4 (dilution, 1:50; cat. no. Sc‑20079; 
Santa C ruz Biotechnology, Inc.) or anti‑F4/80 (dilution, 
1:50; cat. no. Sc‑377009; Santa Cruz Biotechnology, Inc.) 
antibodies overnight at 4˚C. Subsequently, the sections were 
incubated with a mixture of Cy3‑conjugated goat anti‑rabbit 
IgG (dilution, 1:200; cat. no. A0516; Beyotime Institute of 
Biotechnology) and fluorescein isothiocyanate‑labelled goat 
anti‑mouse IgG (dilution, 1:200; cat. no. A0568; Beyotime 
Institute of Biotechnology) antibodies at room temperature 
for 90 min. Nuclei were counterstained with DAPI (Shanghai 
Aladdin Biochemical Technology Co., Ltd.). The slides were 
visually examined under a BX53 immunofluorescence micro‑
scope (Olympus Corporation) at a magnification of x400. The 
replicates came from seven different mice in each group, and 
only the representative image was displayed.

Statistical analysis. All experiments were performed 
with seven biological replicates. Data are presented as the 
mean ± SD. Statistical analysis was performed using GraphPad 
Prism  7.0 software (GraphPad Software, Inc.). One‑way 
ANOVA followed by Tukey's post‑hoc test was used for 
multiple comparisons among groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

miR‑205‑5p knockdown alleviates OVA‑induced AR. To 
determine the role of miR‑205‑5p in AR, the expression levels 
of miR‑205‑5p were detected by RT‑qPCR in nasal mucosa 
tissues from AR mice sensitized by OVA. miR‑205‑5p expres‑
sion was significantly increased in response to OVA‑induced 
AR compared with that in the sham group, and was efficiently 
downregulated by the intranasal administration of a lenti‑
viral sponge for miR‑205‑5p  (Fig.  2A). The frequency of 

Figure 1. Experimental protocol for sensitization with OVA and treatment with a lentivirus‑mediated sponge for miR‑205‑5p. The AR mice were sensitized via 
an intraperitoneal injection of saline containing 25 µg OVA and 2 mg aluminum hydroxide on days 0, 7 and 14. The mice were then subjected to continuous 
intranasal challenges with 100 µg OVA (50 µl; 2 mg/ml) on days 21‑27. The sham group was administered an equivalent amount of saline without OVA or 
aluminum hydroxide on days 0, 7 and 14, and on days 21‑27. A total of 24 h before each OVA challenge on days 21‑27, a recombinant lentiviral vector carrying 
a anti‑miR‑205‑5p sponge or NC (20 µl; 1x108 TU/ml) was intranasally administered to the mice in the AR + NC and AR + Lv‑anti‑miR‑205‑5p sponge groups, 
respectively. AR, allergic rhinitis; miR, microRNA; NC, negative control; OVA, ovalbumin.
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nose‑rubbing or sneezing within 15 min of the final OVA chal‑
lenge was recorded to evaluate the OVA‑triggered AR response. 
The frequency of nose‑rubbing or sneezing of AR mice was 
markedly increased compared with that of sham mice but was 
significantly alleviated by miR‑205‑5p knockdown (Fig. 2B). 
H&E staining showed apparent pathological alterations in the 
nasal mucosa of AR mice, including disarrangement of the 
epidermis, capillary edema and inflammatory cell infiltration. 
miR‑205‑5p knockdown attenuated hyperemia and inflamma‑
tory cell infiltration in the nasal mucosa of AR mice (Fig. 2C). 
These results suggested that miR‑205‑5p knockdown may 
alleviate OVA‑induced AR.

miR‑205‑5p knockdown attenuates OVA‑induced inflamma‑
tory response. ELISA was performed to measure the levels 
of total and OVA‑specific IgE, IL‑4, IL‑5 and IL‑13 during 
AR. The concentrations of both total and OVA‑specific IgE 
in the serum were increased in AR mice compared with those 
detected in sham mice, and were decreased by miR‑205‑5p 
knockdown (Fig. 3A). Wright's‑Giemsa staining showed that 
the number of inflammatory cells, including leukocytes, 
eosinophils, neutrophils, lymphocytes and macrophages, 

was significantly higher in AR mice than that in sham 
mice. Conversely, the AR‑induced increase in the number of 
inflammatory cells was significantly reduced by miR‑205‑5p 
knockdown (Fig. 3B). In addition, the levels of IL‑4, IL‑5 and 
IL‑13 in the nasal mucosa were increased in AR mice compared 
with those in sham mice, but were decreased following 
miR‑205‑5p knockdown, as determined by ELISA (Fig. 3C). 
These data indicated that miR‑205‑5p knockdown may 
attenuate OVA‑induced inflammatory reaction by reducing the 
levels of inflammatory cells and the production of proinflam‑
matory cytokines.

miR‑205‑5p knockdown inhibits NLRP3 inflammasome 
activation in AR. To explore the effect of miR‑205‑5p on 
NLRP3 inflammasome activation during AR, the expression 
levels of proteins associated with NLRP3 inflammasome 
activation, including NLRP3, apoptosisassociated specklike 
protein containing a CARD (ASC), cleaved caspase‑1 and 
mature IL‑1β, were detected in the nasal mucosa (Fig. 4A). 
The results of western blot analysis revealed that the protein 
expression levels of NLRP3 and ASC were increased in AR 
mice compared with those in sham mice, but were inhibited 

Figure 2. miR‑205‑5p knockdown alleviates symptoms of OVA‑induced AR. (A) miR‑205‑5p expression levels in the nasal mucosa. (B) Frequency of nose 
rubbing and sneezing within 15 min of the final challenge with OVA. (C) Pathological alterations in the nasal mucosa of AR mice (magnification, x200 and 
x400; scale bars, 100 and 50 µm). Arrows indicate the necrotic cells of the nasal mucosa. Data are presented as the mean ± SD (n=7). **P<0.01 vs. Sham; 
##P<0.01 vs. AR + NC. AR, allergic rhinitis; miR, microRNA; NC, negative control; OVA, ovalbumin.
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by miR‑205‑5p knockdown (Fig. 4B). The expression levels of 
pro‑caspase‑1 and pro‑IL‑1β in all groups exhibited no signifi‑
cant difference, whereas those of cleaved caspase‑1 and mature 
IL‑1β, which were recruited and matured by activated NLRP3 
inflammasome, were decreased by miR‑205‑5p knockdown 
in AR mice  (Fig. 4C and D). These results indicated that 
miR‑205‑5p knockdown may inhibit NLRP3 inflammasome 
activation in AR, which could help to explain the regulatory 
effect of miR‑205‑5p on inflammation.

BCL6 is a target of miR‑205‑5p. BCL6 was predicted as a 
potential target gene of miR‑205‑5p. The relative mRNA and 
protein expression levels of BCL6 in the nasal mucosa were 
detected by RT‑qPCR and western blot analysis, respectively. 
Both the mRNA and protein expression levels of BCL6 were 
downregulated in the nasal mucosa of AR mice compared 
with those in sham mice, but were markedly increased by 
miR‑205‑5p knockdown (Fig. 5A and B). In addition, lucif‑
erase reporter assay was performed to confirm the binding 
of miR‑205‑5p to BCL6. The WT or MT 3'‑UTR sequence 
of BCL6 was cloned into the vector and then co‑transfected 
into cells with miR‑205‑5p mimics or NC mimics (Fig. 5C). 
The decreased luciferase activity in WT cells transfected with 
miR‑205‑5p mimics indicated that miR‑205‑5p bound to the 
3'‑UTR of BCL6 (Fig. 5D). These results suggested that BCL6 
was a target of miR‑205‑5p.

BCL6 is expressed in epithelial cells, T cells and macrophages 
within the nasal mucosa. The possible type of cells expressing 
BCL6 within the nasal mucosa tissue was investigated. 
Immunohistochemical images showed a clear epithelial structure 
and indicated that BCL6 was likely expressed in the epithelial 
cells of mouse nasal mucosa (Fig. 6A). The expression of BCL6 
was clearly reduced in OVA‑induced AR mice, but was recov‑
ered by miR‑205‑5p knockdown (Fig. 6B); this was consistent 
with the results of RT‑qPCR and western blotting. Furthermore, 
double‑immunofluorescence staining was performed for BCL6 
and CD4 or F4/80 in the mouse nasal mucosa from the AR 
group (Fig. 6C). The results showed a co‑localization of BCL6 
and CD4+ T cells, suggesting that BCL6 was expressed in T cells 
of the nasal mucosa in the AR group. Moreover, BCL6 and F4/80 
double‑positive cells indicated that BCL6 was also expressed in 
macrophages from the nasal mucosa of mice in the AR group. 
Therefore, it was demonstrated that BCL6 was likely expressed 
in epithelial and immune cells, including T cells and macro‑
phages, in the nasal mucosa in a mouse model of AR. These 
findings suggested that the function of BCL6 in OVA‑induced 
inflammation may be linked to its expression in these cells.

Discussion

miRNA‑based therapy is an emerging treatment for AR. 
Certain miRNAs have been reported to be differentially 

Figure 3. miR‑205‑5p knockdown decreases OVA‑induced inflammatory response. (A) Levels of T‑IgE and OVA‑specific IgE in serum. (B) Number of inflam‑
matory cells, including leukocytes, eosinophils, neutrophils, lymphocytes and macrophages in nasal lavage fluid. (C) Levels of IL‑4, IL‑5 and IL‑13 in the nasal 
mucosa. Data are presented as the mean ± SD (n=7). *P<0.05, **P<0.01 vs. Sham; #P<0.05, ##P<0.01 vs. AR + NC. AR, allergic rhinitis; miR, microRNA; NC, 
negative control; OVA, ovalbumin; T‑IgE, total IgE; OVA‑sIgE, ovalbumin‑specific serum immunoglobulin E.
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expressed in patients with AR and asthma, rendering them a 
diagnostic biomarker for these diseases (36). Several miRNAs 
have also been identified by RNA microarray analysis to be 
differentially expressed in patients with AR compared with in 
healthy participants (37). The therapeutic effects of miRNAs 
on AR have also been reported. miR‑466a‑3p has been shown 
to mitigate AR response by inhibiting Th2 cell priming (38). 
Furthermore, miR‑133b has been demonstrated to alleviate 
allergic inflammation in AR by targeting NLRP3  (39). 
Overall, these studies supported the hypothesis that miRNAs 
are involved in the regulation of AR development; however, to 
the best of our knowledge, little research has been conducted 
on the effects of miR‑205‑5p on AR. The increased level of 
miR‑205 in the nasal mucosa of symptomatic patients with 
AR was observed by Suojalehto et al (21). Consistent with 

this previous study, the present study reported an increased 
expression of miR‑205‑5p in mice with OVA‑induced AR, 
accompanied by severe symptoms of AR. Notably, miR‑205‑5p 
knockdown alleviated the symptoms of AR by reducing the 
inflammatory response. The present study suggested that 
miR‑205‑5p may be involved in AR development and could be 
considered a novel therapeutic target for AR treatment.

miR‑205‑5p has been reported to stimulate MMP activity 
and inflammation in abdominal aortic aneurysm develop‑
ment  (40). miR‑205‑5p has also been shown to suppress 
inflammatory responses in lipopolysaccharide‑induced sepsis 
and lung injury following hip fracture (23,41). The contradic‑
tory function of miR‑205 in inflammation may be attributed 
to different pathological environments. In the present study, 
an anti‑inflammatory effect of miR‑205‑5p knockdown was 

Figure 4. miR‑205‑5p knockdown inhibits NLRP3 inflammasome activation. (A) Western blot analysis of NLRP3 inflammasome components in the nasal 
mucosa. (B) Expression analysis of NLRP3 and ASC. (C) Relative expression levels of pro‑IL‑1β and mature IL‑1β, and the mature IL‑1β/pro‑IL‑1β ratio. 
(D) Relative expression levels of pro‑caspase‑1 and cleaved caspase‑1, and the cleaved caspase‑1/pro‑caspase‑1 ratio. Data are presented as the mean ± SD 
(n=7). **P<0.01 vs. Sham; ##P<0.01 vs. AR + NC. AR, allergic rhinitis; ASC, apoptosisassociated specklike protein containing a CARD; miR, microRNA; 
NC, negative control; NLRP3, nucleotide‑binding oligomerization domain‑like receptor family pyrin domain‑containing 3.
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observed in AR in  vivo. Multiple inflammatory cells and 
cytokines are vital components of the inflammatory response 
in AR. Increased infiltration of inflammatory cells, such 
as leukocytes, eosinophils, neutrophils, lymphocytes and 
macrophages, is usually observed in AR (42,43). In the present 
study, it was revealed that the number of inflammatory cells 
in NLF was decreased by miR‑205‑5p knockdown following 
OVA challenge. The Th2 cytokines IL‑4, IL‑5 and IL‑13 play 
major roles in allergic inflammation (44). In the present study, 
miR‑205‑5p knockdown effectively reduced the serum levels of 
total and OVA‑specific IgE, as well as the production of IL‑4, 
IL‑5 and IL‑13, in the nasal mucosa. These findings suggested 
that miR‑205‑5p knockdown may inhibit the inflammatory 
response in AR mice.

The NLRP3 inflammasome is a signaling complex 
consisting of the inflammasome sensor molecule NLRP3, 
the adaptor ASC and the effector protease caspase‑1. The 
NLRP3 inflammasome has been well characterized and is a 
key regulator in the maturation of pro‑inflammatory cytokines 
IL‑1β and IL‑18 (45,46). The activated NLRP3 recruits the 
adaptor ASC, resulting in the recruitment and activation of 
pro‑caspase‑1 into its cleaved form, which cleaves and matures 
IL‑1β and IL‑18 (47,48). It has been reported that NLRP3 
inflammasome activation may promote AR development in an 
IgE‑independent manner (49). In a previous study, mice treated 
with MCC950, an NLRP3 inflammasome inhibitor, exhibited 
a reduced OVA‑induced AR response  (50). The NLRP3 
inflammasome has been demonstrated to be a potential 
therapeutic target for AR (51). Therefore, the regulatory effect 
of miR‑205‑5p on NLRP3 inflammasome activation in AR 
was further investigated. NLRP3 inflammasome activation 
is represented by increased NLRP3 expression, ASC speck 

formation, and caspase‑1 cleavage and therefore enhanced 
IL‑1β and IL‑18 secretion (52). Initiating the transcription 
of the NLRP3 gene to increase its expression is essential for 
activation of the NLRP3 inflammasome (48). Notably, AR has 
been found to contribute to the activation of the NLRP3 inflam‑
masome by increasing the expression levels of its components, 
including NLRP3 and ASC, and via activation of caspase‑1, 
led to the maturation of inflammatory cytokines IL‑1β and 
IL‑18 (49,53,54). In the present study, the levels of NLRP3, 
ASC and cleaved caspase‑1 were decreased by miR‑205‑5p 
knockdown in the nasal mucosa, suggesting the involvement 
of miR‑205‑5p in NLRP3 inflammasome activation in AR. 
The deactivation of NLRP3 inflammasome by miR‑205‑5p 
knockdown resulted in the subsequent reduced production of 
proinflammatory cytokines, such as IL‑1β, which critically 
contribute to AR development. In addition, NLRP3 has been 
reported to function as a Th2 transcription factor and promote a 
Th2‑dependent allergic response (55). Accumulating evidence 
has indicated that caspase‑1 and IL‑1β are involved in Th2 
immune response and asthma development  (56,57). These 
results suggested that miR‑205‑5p knockdown may alleviate 
the inflammatory response in AR mice by inhibiting NLRP3 
inflammasome activation.

To explore the underlying regulatory mechanism of 
miR‑205‑5p in the development of AR, BCL6 was identified as 
a candidate target gene of miR‑205‑p. A previous study demon‑
strated that BCL6 expression was significantly decreased in the 
nasal mucosa of patients with AR compared with that in healthy 
individuals (29). In the present study, the mRNA and protein 
expression levels of BCL6 were lower in the nasal mucosa 
of AR mice compared with those in sham mice, which was 
consistent with the previous finding. In addition, miR‑205‑5p 

Figure 5. BCL6 is a target gene of miR‑205‑5p. Relative (A) mRNA and (B) protein expression levels of BCL6. (C) Diagram of putative miR‑205‑5p binding 
sites in the WT or MT 3'UTR of BCL6. (D) Relative luciferase activity in cells co‑transfected with the WT or MT 3'‑UTR of BCL6 and miR‑205‑5p mimics 
or NC mimics. Data are presented as the mean ± SD (n=7). **P<0.01 vs. Sham; ##P<0.01 vs. AR + NC; ^P<0.01 vs. WT + NC mimics. 3'UTR, 3'‑untranslated 
region; AR, allergic rhinitis; BCL6, B‑cell lymphoma 6; miR, microRNA; MT, mutant; NC, negative control; WT, wild‑type.
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inhibited BCL6 expression by binding to its 3'‑UTR sequence, 
and miR‑205‑5p knockdown increased its expression. The 
expression of BCL6 was detected in both CD4+ T cells and 
F4/80 macrophages in the nasal mucosa of OVA‑sensitized 
mice. Notably, BCL6 has been reported to suppress the expres‑
sion of Th2 transcription factor GATA‑binding protein  3 
and Th2 genes including IL‑4, IL‑5 and IL‑13 to regulate 
inflammation (58). BCL6 has been suggested to be a likely 
key regulator of the production of IL‑1β and IL‑18, which are 
produced by macrophages, inducing Th2 cell differentiation 
in allergic diseases. An increased percentage of macrophages 
producing IL‑1β has been detected in asthmatic submu‑
cosa (54). In addition, BCL6 may serve a negative role in the 
regulation of key genes that predispose patients to allergies 
in a wide range of cells, including T cells, B cells, macro‑
phages, mast cells and airway epithelial cells, resulting in the 
suppressed production of Th2 cytokines and IgE; therefore, 
BCL6 may act as a negative regulator in IgE‑mediated allergic 
response (59,60). Furthermore, BCL6 has been demonstrated 
to be highly expressed in epithelial cells of the mouse nasal 
mucosa, and can suppress NLRP3 transcription by binding 

Figure 6. Presence of BCL6 in epithelial cells, T cells and macrophages. (A) Representative images (magnification, x200 and x400; scale bars, 100 and 
50 µm) and (B) semi‑quantification of immunohistochemical staining for BCL6 in the epidermis of nasal mucosa tissue. (C) Double‑immunofluorescence 
staining of BCL6 (red) and CD4+ T cell (green) or F4/80 macrophage (green) in the nasal mucosa tissues in the AR group (magnification, x400; scale bar, 
50 µm). White arrows indicate double‑positive cells (yellow). **P<0.01 vs. Sham; ##P<0.01 vs. AR + NC. AR, allergic rhinitis; BCL6, B‑cell lymphoma 6; 
IHC, immunohistochemistry; miR, microRNA; NC, negative control.

Figure 7. Schematic diagram of miR‑205‑5p regulatory mechanism in 
allergic rhinitis by targeting BCL6. ASC, apoptosisassociated specklike 
protein containing a CARD; BCL6, B‑cell lymphoma 6; miR, microRNA; 
NLRP3, nucleotide‑binding oligomerization domain‑like receptor family 
pyrin domain‑containing 3.
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to the NLRP3 promoter, thus leading to attenuated inflamma‑
tion in human renal tubular epithelial cells and in vivo (31). 
Therefore, the upregulation of BCL6 may have contributed to 
NLRP3 inflammasome deactivation following miR‑205‑5p 
knockdown in AR mice in the present study. The expression of 
NLRP3 and caspase‑1 has been identified in human epithelial 
bronchus and cells, which are involved in asthma through the 
secretion of IL‑1β (61,62). Whether BCL6 regulates the develop‑
ment of AR in an NLRP3 inflammasome‑dependent pathway 
in the present study needs to be confirmed. The current study 
verified the likely presence of BCL6 in epithelial cells, T cells 
and macrophages in the nasal mucosa in a mouse model of AR. 
The function of BCL6 in AR inflammation may be linked to its 
expression in these cells. Overall, the results of the present study 
suggested that BCL6 may alleviate OVA‑induced inflammation 
through the inhibition of Th2 cell differentiation, as indicated by 
decreased levels of Th2 cytokines IL‑4, IL‑5 and IL‑13, as well 
as macrophage and NLRP3 inflammasome activation. However, 
the function and regulatory mechanism of BCL6 in a specific 
cell type in AR remain to be investigated.

In conclusion, the present study demonstrated that 
miR‑205‑5p knockdown may ameliorate the inflammatory 
response in AR by suppressing the production of Th2 cytokines 
and activation of NLRP3 inflammasome (Fig. 7). As a target of 
miR‑205‑5p, BCL6 could serve a vital role in this process. The 
present study revealed the importance of the miR‑205‑5p/BCL6 
axis in AR development, providing an improved understanding 
of AR pathogenesis and a potential therapeutic target for AR 
treatment.
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