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Abstract. Hyperforin is a type of bicyclic tetraketone with 
four isoprenoid chains extracted from Hypericum  perfo‑
ratum L. that has multiple biological activities such as 
anti‑diabetes, antitumor and anti‑inflammation. However, 
the role and potential mechanism of hyperforin in allergic 
rhinitis (AR) remains to be clarified. In the present study, 
cell viability was analyzed using Cell Counting Kit‑8 assay, 
while inflammation was detected using ELISA and reverse 
transcription‑quantitative PCR. Epithelial cell barrier damage 
was measured using western blotting and immunofluores‑
cence staining. The expression levels of B‑cell lymphoma 6 
(BCL6) and the p38 MAPK/C‑C motif chemokine 11 (CCL11) 
pathway were detected using western blotting. In addition, 
the association between hyperforin and BCL6 was analyzed 
by SWISS TargetPrediction, DisGeNET, Gene Ontology and 
Pathway databases. Molecular docking was performed using 
AutoDockTools 1.5.6 and Discovery Studio 4.5 software. The 
data demonstrated that there were 16 interlinking target genes 
of hyperforin with AR, in which BCL6 was the most relevant 
one with hyperforin in AR. The binding between hyperforin 
and BCL6 was verified, and molecular docking was modeled. 
The results revealed that hyperforin inhibited IL‑13‑induced 
nasal epithelial inflammatory cytokine release and repressed 
the damage to the cellular barrier from IL‑13 stimulation. 
In addition, hyperforin activated BCL6 expression and 
significantly suppressed the expression of p38 MAPK/CCL11. 
Silencing of BCL6 reversed the effects of hyperforin on 
IL‑13‑induced inflammation and barrier damage. In summary, 
the present results revealed that hyperforin suppressed 

IL‑13‑induced nasal epithelial cell inflammation and barrier 
damage by targeting BCL6/p38 MAPK/CCL11, which may 
provide promising therapeutic targets for AR.

Introduction

Allergic rhinitis (AR) is one of the most common nasal diseases 
in the world, and is usually endured throughout life (1). It is 
estimated that the prevalence of AR accounts for 10‑30% of 
the global population (2). AR is defined as an immunoglobulin 
E (IgE)‑mediated inflammatory disease of the nasal mucosa 
caused by allergen exposure, and is characterized by sneezing, 
nasal congestion, itching and rhinorrhea (3).

In classical AR pathophysiology, elevated allergen specific 
IgE levels and T‑helper (Th) 1/Th2 imbalance are considered 
to be major deviant immune factors (4). Epithelial cells play a 
key protective role, since they are the first physiological barrier 
against allergen infiltration (5). Th2 cytokines also induce the 
breakdown of the epithelial barrier in allergic diseases, and 
epithelial cells release cytokines to promote Th2 immune 
response (6). Therefore, preservation of the epithelial barrier 
function can reduce the type 2 immune response caused by the 
influx of harmful environmental molecules, including aller‑
gens, which is considered as a promising therapeutic strategy 
for AR therapy (7).

Hyperforin, a bicyclic tetraketone with four isoprenoid 
chains, is a major active constituent of Hypericum 
perforatum L. (8). It is also known as St. John's wort, and is 
widely used for the treatment of depressive disorders (9). In 
recent years, it has been revealed that hyperforin has various 
pharmacological activities, such as anti‑diabetic, antitumor 
and anti‑dementia activities (10‑12). In addition, hyperforin 
has been revealed to have anti‑inflammatory properties and 
is resistant to barrier damage. For instance, hyperforin can 
improve imiquimod‑induced psoriasis‑like skin inflammation 
in mice by regulating γδ T cells that produce IL‑17A (13). 
Moreover, hyperforin promotes the expression of tight junc‑
tion proteins in endothelial cells after blood‑brain barrier 
injury (14). However, whether hyperforin is involved in nasal 
epithelial cell damage caused by AR is unknown. Thus, the 
present study aimed to explore the functional roles of hyper‑
forin on IL‑13‑stimulated nasal epithelial cells and discuss the 
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mechanism by which hyperforin influences nasal epithelial 
cell viability, inflammation and barrier damage.

Materials and methods

Bioinformatics analysis.  SWISS TargetPredict ion 
(http://www.swisstargetprediction.ch/) was used to identify 
the potential target genes of hyperforin, while DisGeNET 
(https://www.disgenet.org/) was used to identify AR target 
genes. Intersection genes were obtained through Venn 
diagrams (https://bioinfogp.cnb.csic.es/), and the network was 
presented using the STRING database (https://cn.string‑db.
org/). The intersection genes were analyzed by Gene 
Ontology (GO) (http://geneontology.org/) and Pathway 
(genome.jp/kegg/) databases. AutoDockTools 1.5.6 soft‑
ware (https://autodock.scripps.edu/) was applied to process 
proteins, while Discovery Studio 4.5 software (BIOVIA) 
was used to visualize the results from the molecular docking 
analyses to obtain 2‑ and 3D images.

Cell culture and treatment. The human nasal epithelial cell line 
JME/CF15 was obtained from the Cell Bank of Type Culture 

Collection of the Chinese Academy of Sciences and cultured 
in DMEM/F12 (Gibco; Thermo Fisher Scientific, Inc.) supple‑
mented with 10% fetal bovine serum (HyClone; Cytiva) and 
1% penicillin/streptomycin in a humidified atmosphere with 
5% CO2 at 37˚C. JME/CF15 cells were treated with 10 ng/ml 
IL‑13 (cat. no. HY‑P7033; MedChemExpress) at 37˚C for 
30 min (15), with or without treatment with hyperforin at doses 
of 0.1, 1 and 10 µM for 24 h [the doses of hyperforin were 
selected referring to previous study (13)].

Cell transfection. Specific small interfering RNA (siRNA) 
targeting B‑cell lymphoma 6 (BCL6) (siRNA‑BCL6‑1 forward, 
5'‑GCG​UCA​UGC​UUG​UGU​UAU​AAC‑3', and reverse, 5'‑UAU​
AAC​ACA​AGC​AUG​ACG​CAG​‑3'; siRNA‑BCL6‑2 forward, 
5'‑GGU​GGU​UGA​AGC​UGG​UUA​AAG‑3', and reverse: 
5'‑UUA​ACC​AGC​UUC​AAC​CAC​CAG‑3') and the corre‑
sponding scrambled negative control (NC) siRNA (siRNA‑NC 
forward, 5'‑UUCUCCGAACGUGUCACGU‑3' and reverse, 
5'‑ACGUGACACGUUCGGAGAA‑3') were synthesized by 
Shanghai GenePharma Co., Ltd. A total of 100 nM siRNAs 
were transfected into JME/CF15 cells using Lipofectamine® 
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 

Figure 1. Analysis of intersection genes between hyperforin and AR. (A) Intersection genes of hyperforin and AR were obtained using Venn diagrams. 
(B) Network of 16 intersection genes of hyperforin and AR was presented using the String database. Analysis of 16 intersection genes by the (C) GO and 
(D) Pathway databases. AR, allergic rhinitis; GO, Gene Ontology.
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according to the manufacturer's instructions. After 48 h of 
transfection, cells were harvested for subsequent experiments.

Cell Counting Kit‑8 (CCK‑8) assay. JME/CF15 cells were 
seeded into 96‑well plates at a density of 5x104  cells/ml, 
treated with different doses of hyperforin (0.1, 1 and 10 µM) 
and cultured at 37˚C for 24 h. Next, 10 µl of WST‑8 (Beyotime 
Institute of Biotechnology) was added to each well and the 
plates were incubated at 37˚C for 2 h. The absorbance value 
at 450 nm was measured with a microplate reader (Bio‑Rad 
Laboratories, Inc.).

ELISA. The concentrations of TNFα, IL‑1β, IL‑6 and CCL11 in 
JME/CF15 cells were determined by ELISA assay kits related 
to TNFα (cat. no. F3768), IL‑6 (cat. no. F3743) and IL‑1β 
(cat. no. F3739; all from Shanghai Westang Biotechnology 
Co., Ltd.) according to the manufacturer's protocols. The 
absorbance was measured at 450 nm with a microplate reader 
(BioTek Instruments, Inc.).

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from JME/CF15 cells 
by TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 

in accordance with the manufacturer's protocol. NanoDrop 
3000 spectrophotometer (NanoDrop Technologies; Thermo 
Fisher Scientific, Inc.) was used according to the manufac‑
turer's protocol to confirm the quality of total RNA. cDNA 
Synthesis Kit (Takara Bio, Inc.) was used to reverse transcribe 
2 µg RNA into cDNA at 37˚C for 15 min and 85˚C for 5 sec. 
Next, amplification of cDNA was performed by real‑time 
qPCR using the SYBR Premix Ex Taq™ II kit (Takara 
Bio, Inc.). The primer sequences for PCR were as follows: 
TNF‑α, 5'‑GAC​AAG​CCT​GTA​GCC​CAT​GT‑3' (forward) 
and 5'‑GGA​GGT​TGA​CCT​TGG​TCT​GG‑3' (reverse); IL‑1β, 
5'‑AAC​CTC​TTC​GAG​GCA​CAA​GG‑3' (forward) and 
5'‑AGATTCGTAGCTGGATGCCG‑3' (reverse); IL‑6, 5'‑CCT​
TCG​GTC​CAG​TTG​CCT​T‑3' (forward) and 5'‑ATT​TGT​GGT​
TGG​GTC​AGG​GG‑3' (reverse); BCL6, 5'‑CCC​ACT​CCC​
ATG​TGT​CTT​CA‑3' (forward) and 5'‑CGG​CTC​CAA​GGT​
TAG​TGT​GT‑3' (reverse); GAPDH, 5'‑GGG​AAA​CTG​TGG​
CGT​GAT‑3' (forward) and 5'‑GAG​TGG​GTG​TCG​CTG​TTG​
A‑3' (reverse). The thermocycling conditions were as follows: 
Initial denaturation at 95˚C for 3 min; followed by 40 cycles of 
denaturation at 95˚C for 30 sec, annealing at 60˚C for 30 sec 
and extension at 72˚C for 30 sec. The relative mRNA level was 
normalized with GAPDH using the 2‑ΔΔCq method (16).

Figure 2. Hyperforin suppresses the release of nasal epithelial inflammatory cytokines induced by IL‑13. (A) JME/CF15 cell viability was assessed using Cell 
Counting Kit‑8 assay. The protein levels of (B) TNFα, (C) IL‑1β and (D) IL‑6 were evaluated using ELISA. The mRNA levels of (E) TNFα, (F) IL‑1β and 
(G) IL‑6 were evaluated using reverse transcription‑quantitative PCR. *P<0.05, **P<0.01, ***P<0.001.



XU  and  SU:  HYPERFORIN ALLEVIATES ALLERGIC RHINITIS VIA BCL6/MAPK/CCL114

Immunofluorescence staining. Following hyperforin treat‑
ment and indicated transfection, IL‑13‑induced JME/CF15 
cells were fixed in 4% polyoxymethylene for 30 min at room 
temperature and permeabilized with 0.5% Triton‑X100 for 
7 min at room temperature. After blocking with 2% BSA for 
1 h at room temperature, cells were incubated with a primary 
antibody against zonula occludens‑1 (ZO‑1; 1:100; cat. 
no. ab221547; Abcam) at 4˚C overnight. Next, goat anti‑rabbit 
IgG H&L (Alexa Fluor® 488) secondary antibody (1:400; 
cat. no. ab150077; Abcam) was added and incubated for 1 h 
at room temperature. The nuclei were stained using a DAPI 
solution for 5 min at room temperature, and the cells were 
subsequently visualized under a fluorescence microscope 
(Eclipse80i; Nikon Corporation).

Western blot analysis. Total proteins were extracted from 
cells using RIPA buffer (Beyotime Institute of Biotechnology) 
and quantified using the bicinchoninic acid method (Thermo 
Fisher Scientific, Inc.). Proteins (20‑30 µg per lane) were 
separated using 10% SDS‑PAGE (Bio‑Rad Laboratories, Inc.), 

transferred onto PVDF membranes (MilliporeSigma), and 
blocked for 1 h in 5% non‑fat milk in 0.1% TBS‑Tween‑20 
at room temperature. The membranes were incubated at 
4˚C overnight with primary antibodies against ZO‑1 (cat. 
no. ab276131), occludin (cat. no. ab216327), claudin 1 (cat. 
no. ab211737), BCL6 (cat. no. ab33901), phosphorylated (p)‑p38 
(cat. no. ab45381) (all from Abcam), p38 (cat. no. AF7668; 
Beyotime Institute of Biotechnology) and β‑actin (1:1,000; cat. 
no. ab8227; Abcam). Subsequently, the membranes were incu‑
bated with HRP‑conjugated secondary antibodies (1:5,000; 
cat. no. ab6721; Abcam) for 1 h at room temperature. Finally, 
the protein bands were visualized using an ECL detection 
system (Beyotime Institute of Biotechnology) and quantified 
using densitometry with Q uantityOne 4.5.0 software (Bio‑Rad 
Laboratories, Inc.).

Statistical analysis. All statistical analyses were conducted 
using SPSS version 18.0 software (SPSS, Inc.). The results 
were analyzed by one‑way ANOVA followed by Bonferroni's 
post‑hoc test for multiple comparisons. Data are presented 

Figure 3. Hyperforin restrains IL‑13‑induced JME/CF15 cell barrier damage. (A) Protein levels of ZO‑1, occludin and claudin 1 in JME/CF15 cells were 
measured using western blotting. (B) Immunofluorescence staining was used to detect the level of ZO‑1 in IL‑13‑induced cells with or without hyperforin 
(magnification, x200). **P<0.01, ***P<0.001. ZO‑1, zonula occludens‑1.
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as the mean  ±  standard deviation of three independent 
experiments. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Analysis of intersection genes between hyperforin and AR. 
Using Venn diagrams (https://bioinfogp.cnb.csic.es/), 16 
intersection genes of hyperforin and AR were obtained, 
and the network was presented using the STRING database 
(https://cn.string‑db.org/) (Fig.  1A  and  B). The intersec‑
tion genes were then analyzed using the GO and Pathway 
databases, which demonstrated that the 16 intersection 
genes were mainly located in the ‘cytoplasm’, were involved 
in ‘(...)regulation of transcription’ and were enriched in 
‘signaling by interleukins’/‘cytokine signaling in immune 
system’/‘chemokine signaling pathway’/‘IL‑4 and IL‑13 
signaling’ (Fig. 1C and D).

Hyperforin suppresses the release of nasal epithelial inflam‑
matory cytokines induced by IL‑13. To investigate the effects 
of hyperforin in AR, the effects of hyperforin on the viability 
of JME/CF15 cells were first detected. As presented in Fig. 2A, 
0.1‑100 µM hyperforin had no obvious effects on JME/CF15 
cell viability. In addition, ELISA revealed that the protein 
levels of TNFα, IL‑1β and IL‑6 in cells treated with IL‑13 were 

significantly increased compared with those of control cells, 
but treatment with hyperforin reduced the protein levels of 
TNFα, IL‑1β and IL‑6 induced by IL‑13 in a dose‑dependent 
manner (Fig. 2B‑D). Moreover, RT‑qPCR also revealed that 
IL‑13 induced the production of TNFα, IL‑1β and IL‑6, which 
was reversed by hyperforin treatment (Fig. 2E‑G).

Hyperforin restrains IL‑13‑induced JME/CF15 cell barrier 
damage. The present study next explored the effects of hyper‑
forin on IL‑13‑treated JME/CF15 cells and the cell barrier. 
As presented in Fig. 3A, western blotting revealed that IL‑13 
significantly reduced the levels of ZO‑1, occludin and claudin 
1 in JME/CF15 cells compared with the control, while addi‑
tion of hyperforin increased the IL‑13‑reduced levels of these 
three proteins in a dose‑dependent manner. In addition, immu‑
nofluorescence staining revealed that the number of positive 
cells in the IL‑13 group was decreased, but increased after 
hyperforin treatment (Fig. 3B).

Hyperforin increases BCL6 and inhibits the p38MAPK/C‑C 
motif chemokine 11 (CCL11) pathway in IL‑13‑induced 
JME/CF15 cells. AutoDock software was used to dock hyper‑
forin with the BCL6 protein at the molecular level, and the 
result revealed that the binding free energy of this active ingre‑
dient and BCL6 was ‑5.8 kcal/mol (Fig. 4A). The molecular 
docking diagram is presented in Fig. 4B. The expression levels 

Figure 4. Hyperforin increases BCL6 and inhibits the p38 MAPK/CCL11 pathway in IL‑13‑induced JME/CF15 cells. Molecular docking (A) 3D and (B) 2D 
diagram of the binding of hyperforin and BCL6. Western blotting was performed to detect the protein level of (C) BCL6 and (D) p‑p38. (E) Protein level of 
CCL11 was evaluated using ELISA. *P<0.05, **P<0.01, ***P<0.001. BCL6, B‑cell lymphoma 6; p‑, phosphorylated; CCL11, C‑C motif chemokine 11.
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of molecules associated with the BCL6/p38MAPK/CCL11 
pathway were then detected. Western blotting revealed that 
treatment with IL‑13 significantly reduced the protein level 
of BCL6, which was significantly reversed by treatment with 
hyperforin in a dose‑dependent manner (Fig. 4C). Moreover, 
IL‑13 significantly elevated the levels of p‑p38 and CCL11, 
whereas hyperforin suppressed the expression levels of p‑p38 
and CCL11 in IL‑13‑induced cells (Fig. 4D and E).

Hyperforin inhibits IL‑13‑induced nasal epithelial inflam‑
mation and cell barrier damage by activating BCL6. To 
explore the biological roles of BCL6 in hyperforin‑treated 
AR, siRNA‑BCL6‑1/2 was transfected to silence BCL6 in 
JME/CF15 cells. The results demonstrated that siRNA‑BCL6‑1 
had the greater transfection efficiency; thus, siRNA‑BCL6‑1 
(named as siRNA‑BCL6) was selected for subsequent assays 
(Fig. 5A). The results of ELISA demonstrated that co‑treatment 
of hyperforin and BCL6‑silencing significantly increased the 
levels of TNFα, IL‑1β and IL‑6 in JME/CF15 cells compared 
with the hyperforin‑treated cells alone (Fig. 5B‑D). In addition, 

RT‑qPCR also demonstrated the results that BCL6‑silencing 
enhanced the levels of these inflammatory factors compared 
with the hyperforin‑treated cells (Fig. 5E‑G). Additionally, 
siRNA‑BCL6 significantly inhibited the production of ZO‑1, 
occludin and claudin 1 in IL‑13‑induced cells treated with 
hyperforin (Fig. 6A). Immunofluorescence assay demonstrated 
the number of positive cells after silencing of BCL6 was 
notably decreased compared with that in hyperforin‑treated 
cells (Fig. 6B).

Discussion

AR is a growing public health, medical and economic problem 
worldwide (17). The risk factors for AR include environmental 
exposure, climate change and lifestyle  (18). Although the 
pathological mechanisms and treatment of AR have been 
widely researched, numerous aspects of AR remain unclear. 
At present, management of AR includes patient education, 
pharmacotherapy, allergen‑specific immunotherapy and 
biologics (19).

Figure 5. Hyperforin inhibits IL‑13‑induced nasal epithelial inflammation by activating BCL6. (A) mRNA level of BCL6 was evaluated by RT‑qPCR. The 
protein levels of (B) TNFα, (C) IL‑1β and (D) IL‑6 were evaluated by ELISA. The mRNA levels of (E) TNFα, (F) IL‑1β and (G) IL‑6 were evaluated using 
RT‑qPCR. **P<0.01, ***P<0.001. RT‑qPCR, reverse transcription‑quantitative PCR; BCL6, B‑cell lymphoma 6; NC, negative control; siRNA, small interfering 
RNA.
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Despite the variety of medications for AR, such as 
glucocorticosteroids, decongestants, histamine receptor and 
leukotriene blockers and immunotherapy, multiple patients still 
experience treatment failures or unsatisfactory results (20). 
Emerging evidence had demonstrated that allergic diseases, 
including AR, are often caused by numerous inflammatory 
mediators such as histamine, chemokines and cytokines from 
immune cells (21,22). IL‑13 has been demonstrated to promote 
mucus production and the secretion of inflammatory cytokines 
in AR (23). The present study aimed to determine the thera‑
peutic potential of hyperforin in AR cell inflammation and 
barrier function, and the molecular mechanisms underlying 
its function. AR is mostly affected by genetics and immunity; 
however, it is currently hypothesized that rhinitis can be treated 
with medication or surgery to relieve symptoms (24). The 
present study revealed the protective effects of hyperforin on 
the inflammatory response and barrier injury in IL‑13‑treated 
nasal mucosal epithelial cells, which revealed that hypericin 
may be a novel alternative drug used to treat AR.

Hyperforin is a pharmacologically active component of 
the medicinal plant Hypericum perforatum, and has been 
reported to exhibit anti‑inflammatory activity and resistance 
to barrier damage (25‑27). Novelli et al (23) reported that 
hyperforin protects pancreatic β cells in vitro against the 
deleterious effects of immune and inflammatory cytokines 
by inhibiting multiple phosphorylation steps of cytokine 
signaling. In addition, hyperforin reduces inflammatory 
cell infiltration in the spinal cord, and promotes the differ‑
entiation of regulatory T cells and Th2 cells by adjusting 
their master transcription factors to reduce the severity of 
autoimmune encephalomyelitis  (9). Moreover, hyperforin 
has been reported to promote wound healing and to func‑
tion as a topical medication for atopic dermatitis  (28,29). 
Takada et al (26) also revealed that hyperforin/2‑hydroxypr
opyl‑β‑cyclodextrin recovers impaired Ca2+ responses in the 
atopic epidermis, which may facilitate wound closure. The 
current study revealed that hyperforin (0.1‑100 µM) had no 
obvious effects on human nasal epithelial JME/CF15 cell 

Figure 6. Hyperforin suppresses IL‑13‑induced nasal epithelial cell barrier damage by activating BCL6. (A) Protein levels of ZO‑1, occludin and claudin 1 
in JME/CF15 cells were measured by western blotting. (B) Immunofluorescence staining was used to detect the level of ZO‑1 in IL‑13‑induced cells with 
hyperforin in the presence and absence of siRNA‑BCL6. **P<0.01, ***P<0.001. BCL6, B‑cell lymphoma 6; ZO‑1, zonula occludens‑1; NC, negative control; 
siRNA, small interfering RNA.
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viability, and hyperforin significantly reduced the release of 
inflammatory cytokines induced by IL‑13 and withstood the 
barrier damage.

According to bioinformatics analysis, 16 genes were 
revealed to be associated with hyperforin and AR. BCL6 
was the one of these genes, and enrichment analysis 
demonstrated that BCL6 was enriched in ‘interleukin‑4 
and interleukin‑13 signaling’, ‘signaling by interleukins’ 
and ‘cytokine signaling in immune system’. 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 (30). It has been reported 
that BCL6 is expressed in human nasal mucosal epithelial 
cells, and the expression of BCL6 is decreased in the nasal 
mucosa of patients with AR (31). Chen et al (29) reported 
that BCL6 suppresses the inf lammatory response and 
attenuates renal inflammation by negatively regulating the 
transcription of NLRP3 in human renal tubular epithelial 
cells, indicating the importance of BCL6 in the regulation 
of human inflammation diseases. The present study used 
AutoDock software to dock hyperforin with BCL6 protein 
successfully. It was revealed that treatment with hyper‑
forin increased the expression of BCL6, while silencing 
of BCL6 reversed the inhibitory effects of hyperforin 
on IL‑13‑induced nasal epithelial cell inflammation and 
barrier injury.

BCL6 can negatively regulate the expression of p38MAPK 
signaling molecules (32). In addition, p38 has been reported 
to be involved in AR injury and to activate the downstream 
expression of CCL11  (33‑35). Therefore, it was hypoth‑
esized whether hyperforin could inhibit p38MAPK/CCL11 
signaling by activating BCL6 to participate in IL‑13‑induced 
AR injury. The present results demonstrated that IL‑13 
enhanced the expression of p‑p38 and CCL11 in JME/CF15 
cells, and hyperforin inhibited the production of p‑p38 and 
CCL11 induced by IL‑13, which was consistent with the 
aforementioned hypothesis. However, there are several limi‑
tations in the present study. The association between BCL6 
and AR was demonstrated and rescue experiments were also 
performed. However, no animal experiments were performed 
in the current study, and, therefore, relevant animal experi‑
ments will be performed in the future. Moreover, the present 
study did not explore the separate effects of hyperforin on 
AR inflammation and barrier injury, and this will be explored 
in the future.

In conclusion, the present results demonstrated that hyper‑
forin reduced inflammatory response and barrier injury in 
IL‑13‑treated nasal mucosal epithelial cells by downregulating 
p38 MAPK/CCL11 signaling by targeting BCL6, which may 
provide a novel insight into prospective novel strategies for AR 
therapy.
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