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Yanghepingchuan granule improves airway inflammation by
inhibiting autophagy via miRNA328-3p/high mobility group box
1/Toll-like receptor 4 targeting of the pathway of signaling in rat
models of asthma
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Background: As a type of traditional Chinese medicine, Yanghepingchuan granules (YHPCG) are used to
treat inflammatory diseases of the lungs, including asthma. However, the underlying molecular mechanism
of the ability of YHPCG to reduce airway inflammation remains unknown.

Methods: By sensitizing rats to aluminum hydroxide and ovalbumin, an asthma model was established. During
the 14-day treatment period, the rats received YHPCG, TAK242 (TLR4 inhibitor), and a combination of the
two treatments. Histopathology and goblet cell hyperplasia were observed in rats with ovalbumin-induced
asthma by using hematoxylin-eosin (HE) and periodic acid-Schiff (PAS) staining. Immunohistochemical,
autophagy-related immunofluorescence, and western blotting analyses were performed to determine autophagic
activity. The effects of YHPCG on high mobility group box 1 (HMGB1)-mediated Toll-like receptor 4 (TLR4)/
nuclear factor kB (NF-«B) pathway-related proteins and inflammatory factors in rats were evaluated via western
blotting, PCR analysis, and enzyme-linked immunosorbent assay. A dual luciferase method was used to detect
the interaction between miRINA328-3p and HMGB1.

Results: YHPCG inhibit the HMGB1/TLR4/NF-kB pathway by upregulating miR-328-3p, reducing
autophagosome production, inhibiting autophagy, and effectively preventing the progression of lung
inflammation.

Conclusions: Asthma airway inflammation can be treated with YHPCG by inhibiting autophagy via
miRNA328-3p/HMGB1/TLR4/NF-«B signaling pathways.
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Introduction such as chest tightness, coughing, wheezing, or dyspnea (1).

As a common respiratory disease, a progressive asthma
Bronchial asthma is a common chronic noninfectious epidemic affects approximately 334 million people
respiratory disease that is mainly caused by inflammation of worldwide according to World Health Organization

the airways, which leads to a variety of clinical manifestations, projections (2). Previous researches have demonstrated that
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the pathogenesis of asthma is closely related to changes
in genetic mechanisms, the immune response, chronic
airway inflammation, airway hyperresponsiveness, and
airway remodeling (3,4). In recent years, Western medicine
involving hormones has been the main method to treat
asthma; however, the therapeutic effect of glucocorticoids
on severe asthma is limited, and glucocorticoid resistance
is common in asthma patients, thus resulting in the poor
therapeutic effect of glucocorticoids (5,6). Therefore, it is
essential to better understand the sophisticated mechanisms
of asthma and to explore new beneficial alternatives.
Autophagy is a highly conserved intracellular catabolic
pathway that is triggered by nutrient deprivation and stress;
this pathway captures and degrades damaged proteins and
organelles in lysosomes. The decomposition products are
recycled into the cellular metabolic pathway to inhibit
inflammation and contribute to the maintenance of cellular
homeostasis. An emerging study has found that autophagy
is linked with several inflammatory diseases because it
modulates genetic and immune mechanisms (7). It is worth
noting that autophagy disorders have a key role in the
process of metabolic remodeling, thus further leading to
airway inflammation (8,9). This nonhistone chromosomal
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Key findings

* This study reveals that Yanghepingchuan granules (YHPCG)
inhibit the high mobility group box 1 (HMGB1)/Toll-like receptor
4 (TLR4)/nuclear factor kB (NF-kB) pathway by upregulating
miR-328-3p, reducing the formation of autophagosomes,
inhibiting autophagy, and effectively preventing the progression of

lung inflammation.

What is known and what is new?

e While YHPCG have been extensively used as traditional Chinese
medicine to treat inflammatory lung diseases, including asthma,
their molecular mechanisms were unknown.

* The novelty here lies in the discovery that YHPCG treat airway
inflammation in asthma by inhibiting autophagy via the miR-328-
3p/HMGB1/TLR4/NF-kB signaling pathway.

What is the implication, and what should change now?

e This finding not only unveils the molecular mechanism behind the
anti-inflammatory effects of YHPCG, but also provides a potential
new therapeutic approach aimed at curbing the inflammatory
response in asthma by modulating specific microRNAs and
signaling pathways. Our study offers fresh perspectives and
guidance for further research into the development and

optimization of therapeutic agents for asthma.
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protein is known as high mobility group box 1 (HMGBI),
which is encoded by the human HMGBI gene and can
be regarded as being an immune regulator that promotes
inflammation through autocrine and paracrine mechanisms
(10,11). As an essential damage-associated molecular pattern
(DAMP) protein, HMGBI1 is involved in pathological
processes, including pneumonia, arthritis, sepsis, and other
diseases (7,12). Extracellular HMGB1 plays a vital role in
tissue injury and cell death by interacting with important
receptors such as receptors of advanced glycation end-
products (RAGE), as well as toll-like receptors (TLRs),
thereby contributing to mitogen-activated protein kinase
and nuclear factor xB (NF-«B) activation (13). A study
has reported that HMGBI release is closely related to
autophagy regulation in multiple diseases as an inducer of
autophagy (14). Whether HMGB1 modulates autophagy
in asthma-related airway inflammation and the underlying
mechanisms remain to be elucidated.

TLRs are a group of family member of pattern
recognition receptors (PRRs) belonging to TLR/
interleukin (IL)-1 receptor superfamily (15), and that
TLR4 signaling in epithelial cells may trigger T-helper 2
(Th2) immune responses by overexpression of TSLP (16).
Previous study has demonstrated that a beneficial role for
IL-1 receptor associated-kinase (IRAK)-M in attenuating
Th2-dominated allergic airway inflammation through
modulating macrophages overactivation and enhancement
of antigen uptake by macrophage phagocytosis (17). In
addition, TAK242, as a specific TLR4 antagonist that
was initially developed for sepsis therapy, is a potent anti-
inflammatory drug (18,19). However, the efficacy of this
drug in the treatment of asthma remains unknown. Of note,
microRNAs (miRNAs), as short noncoding RNAs, play a
pivotal role in the regulation of posttranscriptional gene
expression, thus resulting in many chronic airway diseases,
such as asthma (20). A recent study has shown that miRNAs
are essential for asthma and that miRNA dysregulation
has an effect on bronchial epithelial cells (21). Moreover, a
functional study documented that miR-146a contributes to
airway remodeling after cytokine stimulation in asthmatic
patients, which may be associated with the survival and
proliferation of human bronchial epithelial cells (22).
Additionally, it has been reported that miR-19a can be
enhanced and associated with cell proliferation of bronchial
epithelial lymphocytes in severe asthmatic patients (23).
Recently, investigators have indicated that miR-328-3p, as
a DNA damage response (DDR) mechanism factor, may
be a potential therapeutic target for lung cancer, and the

7 Thorac Dis 2023;15(11):6251-6264 | https://dx.doi.org/10.21037/jtd-23-1262



Journal of Thoracic Disease, Vol 15, No 11 November 2023

ectopic expression of miR-328-3p can induce DNA damage
in A549 cells after irradiation (24). New evidence suggests
that miR328 may be an effective regulator of the complex
process of wound repair and can regulate airway epithelial
injury repair (25). Although the role of miR-328-3p has
been reported to play a vital role in repairing bronchial
epithelial cell injury, its potential mechanism in asthma is
still not fully understood.

Traditional Chinese medicine (TCM) treatment of
bronchial asthma has a long history and has been widely
used and proven to be effective (26-28). Accurate diagnoses
combined with syndrome differentiation and treatment of
TCM can achieve a satisfactory clinical effect. YHPCG has
the effect of tonifying kidneys, promoting blood circulation,
and eliminating phlegm; moreover, it consists of nine
medicinal herb formulas. Our previous study found that
YHPCG reduces the onset and severity of asthma by having
anti-inflammatory properties (29). However, the underlying
molecular mechanisms of YHPCG involvement in asthma
remain unclear. To confirm this mechanism, in this study,
we aimed to perform animal experiments with ovalbumin
(OVA)-challenged asthmatic rats and investigated whether
YHPCG could improve airway inflammation in asthmatic
rats by regulating miRNA328-3p/HMGB1/TLR4-mediated
autophagy to further explain the inflammatory and immune
mechanisms of asthma. We present this article in accordance
with the ARRIVE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-1262/rc).

Methods
Animal feeding

In this study, forty male Sprague-Dawley rats (4-6 weeks
of age) were weighed by the Henan Animal Experiment
Center, which provided virus-free SD rats, and raised at
21-24 °C and 45-50% humidity in the Animal Experiment
Center of Anhui University of Chinese Medicine with natural
sunlight, free access to drinking water, and food. A protocol
was prepared before the study without registration. Animal
experiments were performed under a project license (No.
AHUCM-rats-2019007) granted by the Ethics Committee of
Anhui University of Chinese Medicine, in compliance with
institutional guidelines for the care and use of animals.

Animal modeling establishment and grouping

One week after adaptive feeding, the rats with similar body
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weights were divided into two groups, and forty rats were
randomly selected; the groups included the asthma group
(thirty-two rats) and the normal control group (eight rats).
A group of rats with asthma received a treatment consisting
of a 1 mL sensitization mixture containing 10% OVA
(Sigma Corporation, Lot No. AP0028, Shanghai, China),
normal saline diluted with sterile water, and 100 mg sodium
hydroxide of aluminum (Sinopharm Chemical Reagent
Co., Ltd., No. 20190704, Shanghai, China) on the 1st and
8th day of modeling, with an intraperitoneal injection of
0.5 mL and a subcutaneous injection of 0.5 mL in the groin,
respectively (0.25 mL on the left and right sides). After the
first OVA administration, four groups of rats in the asthma
group were created by using a random number table,
including an asthma group, a YHPCG group, a TAK242
group, and a YHPCG + TAK242 group (with 8 rats in
each group). Except for the normal group, the remaining
groups of rats were placed in a glass atomizing box on the
15th day for atomization stimulation (1% OVA solution),
with the rats being atomized for 30 minutes once a day for
14 days. Groups of rats with normal and asthmatic
conditions received regular distilled water by gavage.
The treatment groups received an injection of 7.74 g/kg
(YHPCG group) (Sichuan New Green Pharmaceutical
Technology Co., Ltd., Sichuan, China), 1 mg/kg (TAK242
group) (MedChenExpress Co., Ltd., Shanghai, China),
and 7.74 g/kg +1 mg/kg (YHPCG + TAK242 group)
on successive 14-day cycles once a day. After the rats
were anesthetized with 3% pentobarbital in a 3 mg/kg
intraperitoneal injection, the abdominal aortic blood of
the rats was collected, and the left lung was fixed with 4%
paraformaldehyde. The right lung was frozen at -80 °C.

Periodic acid-Schiff (PAS) and bematoxylin-eosin (HE)
staining

An embedded paraffin block of lung tissue was prepared
by using 4% paraformaldehyde fixation. After being
dehydrated with ethanol (Shanghai Guangnuo Chemical
Technology Co., Ltd., Batch No. 20210914, Shanghai,
China) and dewaxed with xylene (Tianjin Kaitong
Chemical Co., Ltd., Batch No. 20210619, Tianjin,
China), and following 10 minutes of soaking in periodic
acid solution, the lung tissue sections were washed twice
with distilled water and 70% ethanol and subsequently
soaked for 1 hour and 15 minutes in Schiff solution.
After dyeing with hematoxylin (Ebiogo Co., Ltd., Batch
No. 09232110, Hefei, China), the transparent, neutral
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Table 1 Primer sequences

Cao et al. YHPCG improve asthma inflammation

Gene Amplicon size (bp) Forward primer (5'—3') Reverse primer (5'—3")

B actin 150 CCCATCTATGAGGGTTACGC3 TTTAATGTCACGCACGATTTC
TLR4 95 TAGCCATTGCTGCCAACATC ACACCAACGGCTCTGGATAA
HMGB1 168 TGCCTCGCGGAGGAAAAT CTCTGAGCACTTCTTGGAGA
MyD88 96 GCATGGTGGTGGTTGTTTCT TCTGTTGGACACCTGGAGAC
NF-xB 78 ACTGCTTTGACTCACTCCATA AAGGTATGGGCCATCTGTTGA
ue 94 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
miR-328-3p 66 ACACTCCAGCTGGGCTGGCCCTCTCTGCCC TGGTGTCGTGGAGTCG
miR-328-3p-RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACGGAA

adhesive, and glass cap were eluted by using ethanol
and xylene for gradient elution. Observations under a
microscope showed pathological changes in the lungs
of asthmatic rats. Furthermore, goblet cell proliferation
was observed by using the double-blinding method.
Increased mucus secretion was observed under a light
microscope.

Enzyme-linked immmunosorbent assay (ELISA) analyses

The levels of IL-4, IL-5, IL-13, CXCR3, and CCR4
cytokines in the serum of rats were detected via ELISA after
the supernatant was taken from the aorta blood of rats after
abdominal anesthesia.

Autopbagosomes in lung tissue were observed under an
electron microscope

Rat lung tissues were collected and fixed with 2.5%
glutaraldehyde buffer for 4 h, washed with 0.1 mol/L
phosphoric acid for 10 minutes, and washed 3 times for
10-15 minutes each. They were fixed with 1% osmium for
2 hours, dehydrated with ethanol, and embedded with epoxy
resin. Subsequently, for 12 hours, they were baked in an oven at
60 °C after being placed in an oven at 30 °C overnight. The slices
were approximately 50-100 nanometers thick.

Immunofluorescence staining

After the lung tissue sections were dried, three lines of
xylene (5 minutes for each) and three lines of ethanol
(3 minutes for each) were successively applied. Ethanol
was washed, after which antigen high-pressure repair was
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performed. After washing with distilled water three times,
hydrophobic rings were drawn. After incubation, the
primary antibody was dropped and then incubated. The
excess liquid was discarded, and the immunofluorescence
secondary antibody was added for incubation. Anti-
fluorescence quenching sealing tablets were used to seal the
tablets.

Quantitative real-time polymerase chain reaction (qRT-
PCR) to quantify gene-level expression

Lung tissue samples were cut into liquid nitrogen and
ground into powder. The powder was collected, after
which TRIzol (Life Technologies, No. 350508, Shanghai,
China) was added to the crack. Trichloromethane was
added to shake vigorously for 15 seconds and placed at
room temperature for 5 minutes after the cracking was
complete. Following centrifugation for 5 minutes, the
ethanol solution was removed, and the dried RNA was
precipitated for 5-10 minutes in air. To dissolve RNA,
20-30 pL of water was added without any RNA enzymes.
The RNA solution was then preserved at -80 °C by
repeatedly blowing air into it several times. After the
concentration and purity of RNA were detected, cDNA
was synthesized according to the reverse transcription
kit instructions (TaKaRa, No. AL21115A, Beijing, China)
as a fluorescent quantitative template and subsequently
amplified and detected on the PCR instrument. The primer
sequences used for the qRT-PCR, detailed in Table 1 and
reaction conditions for PCR amplification were as follows:
in amplification cycles, 95 °C was used to predenaturate
for 1 minute, 95 °C was used to denature for 20 seconds,
60 °C was maintained for 1 minute, and 72 °C was used to
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anneal for 30 seconds. 27" was used to compute and assess
the mRNA expression of HMGBI, MyD88, TLR4, NF-xB,
and miRNA328-3p by using f actin as an internal reference.

Western blotting analyses

The supernatant was collected after centrifugation, and
the gel was configured. After 1 h of constant pressure
electrophoresis on an electrophoresis apparatus (Shanghai
Tieneng Technology Co., Ltd., No. EPS300, Shanghai,
China), the membrane transfer solution was washed,
blocking solution (5% skim milk powder) was added, and
the membrane was sealed on a shaker at room temperature
for 2 h. The primary antibodies against HMGBI1 (Bioss
Co., Ltd., No. AF11297418, Beijing, China) and TLR4
(Proteintech, No. 10010906, Wuhan, China) were
incubated, and the secondary antibody was rinsed and
incubated. The analytical membrane was then rinsed and
analyzed with Image] software, which is a free and open-
source image analysis software developed by the National
Institutes of Health (NTH), USA.

Dual-luciferase reporter analyses

To obtain plasmids with wild-type (Wt HMGBI1) and
mutant-type (mutated HMGB1) sequences, we amplified
wild-type and mutant sequences from the HMGBI
3" untranslated region (UTR) and cloned them into
pGL3 luciferase reporter vectors (Promega, Beijing,
China). HEK293T cells were plated on 96-well plates.
In addition, HMGB1 was transfected with miR-328-
3p simulators cotransfected with either the wt or mutant
forms or simulated controls into HEK293T cells by
using Lipofectamine 2000 (Invitrogen, Shanghai, China).
Double luciferase reporter gene analysis was used to
detect luciferase activity at 48 h after transfection with the
Promega kit.

Statistical analysis

Data analysis was conducted by using SPSS version 25.0
(MBI, Institute, Armonk, NY, USA) and GraphPad
Prism 6.0 (GraphPad Institute, San Diego, CA, USA). To
compare multiple groups, an analysis of variance (ANOVA)
was performed. The quantitative data were not normally
distributed, and a nonparametric rank-sum test was used for
multigroup comparison analysis. Finally, P<0.05 was defined
as being statistically significant.

© Journal of Thoracic Disease. All rights reserved.
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Results
Analysis of pathological experiments in rat lung tissue

First, we investigated the protective effects of YHPCG on
asthmatic rat pathological impairments. Staining with HE
demonstrated that the normal group’s bronchial structure was
intact without evidence of inflammatory cells, and tube walls
(the bronchial walls of the rats) from the normal group did not
thicken. Substantial inflammatory infiltration and exudation
were observed in the model group; moreover, epithelial cells
were exfoliated, tube walls were thicker regarding smooth
muscles, and inflammatory cells were more numerous, which
indicated that the preparation of the asthma rat model was
successful. Interestingly, there was a significant reduction
in mucosal and lumen structure damage in the YHPCG
treatment group (Figure 14), which showed that epithelial
degeneration necrosis and epithelial cell shedding were less
severe. This is in agreement with our clinical observations that
YHPCG is effective in treating asthma in rats. As shown in
Figure 1B, PAS staining demonstrated hyperplasia of airway
goblet epithelial cells and increased mucus secretion in the
lung tissues of the model group. Furthermore, the YHPCG
group was more effective at reducing airway mucus secretion
and in improving collagen deposition under airway epithelial
cells than the model group. The airway mucus secretion
reserve and goblet epithelial cell metaplasia of asthmatic rats
were significantly reduced by YHPCG plus TLR#4 inhibitors
compared with the TLR4 inhibitor group.

YHPCG improves inflammation in the serum of rats with
bronchial asthma

A significant increase in proinflammatory cytokines such
as IL-13, IL-4, IL-5, CXCR3, and CCR4 was observed in
serum from the asthma model group. In the asthma group,
YHPCG, TAK242, and YHPCG combined with TAK242
reversed the increased levels of IL-13, IL-4, IL-5, CXCR3,
and CCR4 (Figure 2).

miRNA328-3p regulates astbma through HMGB1
targeting

RT-qPCR was used to confirm the presence of HV/GBI in
asthma. The results in Figure 34 show a higher expression
of HMGBI in asthma than in normal controls. In the
early stage, by collecting plasma samples from asthma
patients, high-throughput sequencing was used to screen
out miRNAs with differential expression, from which
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Figure 1 The effect of YHPCG on rats with pathological asthmatic changes. Photomicrograph showing morphological changes and

inflammatory cell infiltration in HE-stained lung sections (A) and goblet cells responsible for producing mucus by staining with PAS (B) in
rats from the normal control, asthma, YHPCG, TAK242, and YHPCG + TAK242 groups. Bar graphs were shown to quantify the results.
“** P<0.05 in comparison to the asthma group; ™, P<0.05 in comparison to the YHPCG group. HE, hematoxylin-cosin;

YHPCG, Yanghepingchuan granule; PAS, periodic acid-Schiff.

significantly high expression and low expression miRNAs
were selected, among which 23 were upregulated, and
2 were downregulated. miR-328-3p is the type exhibiting
upregulated expression and a significant difference in
Figure 3B. Based on the conclusions of the correlation
analysis, HMGB1 was inversely correlated with miR-328-
3p. To confirm this effect, our investigation of miR-328-3p
and HMGBI1 confirmed its relationship, and an assessment
of the mutation site design was conducted in the 3-UTRs
of HMGBI and miR-328-3p; As shown in Figure 3C on the
left. In addition, a dual-luciferase reporter gene experiment
was performed, according to this experiment, hsa-miR-328-
3p significantly decreased luciferase expression in HMGB1-
3UTR-WT compared to NC (P<0.01), thus indicating a
binding effect between these two receptors. A successful
mutation was demonstrated by the fact that hsa-miR-328-
3p failed to inhibit the expression of luciferase in HMGB1-
3UTR-Mut compared to NC. As shown in Figure 3C on
the right. The expression levels of miR-328-3p in the
asthma model group and the YHPCG-treated group were
lower than those in the normal group; however, TAK242,
a TLR4 inhibitor, attenuated this decrease. In addition,
the combination of YHPCG + TAK242 also elevated the
expression level of miR-328-3p. As shown in Figure 3D. In
conclusion, HMGBI expression was higher in asthmatics
compared to normal controls, and an inverse correlation

was found between HMGBI1 and upregulated miR-328-3p.

© Journal of Thoracic Disease. All rights reserved.

YHPCG inbibited autophagosomes in asthmatic rats

An electron microscope was used to observe autophagosomes,
and the nucleus, mitochondria, and rough endoplasmic
reticulum were examined in the normal group; however, no
autophagosomes were observed. The structure of the cells
in the model group was disordered and broken; moreover,
the mitochondrial morphology was distorted and swollen,
and autophagosomes were presented within the bilayer
membrane. There was a decrease in autophagosomes and
autophagic vesicles in the YHPCG groups and the TLR4
inhibitor groups. When compared to TLR4 inhibitors, the
number of autophagosomes in the YHPCG plus TLR4
inhibitor groups was significantly decreased (Figure 4).

The suppressive effect of YHPCG on autophagy in an
asthmatic rat model of inflammation

To determine whether YHPCG has an effect on autophagy
in asthmatic model rats, we conducted an experiment. The
immunostaining intensity of lung tissue from the asthma
group was significantly increased compared with that of
normal control tissue in the immunofluorescence analysis.
As a result, these changes were significantly reduced
when YHPCG, TAK242, or YHPCG and TAK242 were
administered (Figure 5A). As shown in Figure 5B, western
blotting was performed to evaluate the levels of the
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Figure 2 Effect of YHPCG on inflammatory cytokines in serum. The levels of IL-4 (A), IL-5 (B), IL-13 (C), CXCR3 (D), and CCR4 (E) in
the serum of rats from the normal, asthma, YHPCG, TAK242, and YHPCG + TAK242 groups, as determined by using ELISA. Statistical
analysis is based on the mean + SD of n=8 individuals per group. *, P<0.05 in comparison to the normal group; *, P<0.05 in comparison to
the asthma group; “, P<0.05 in comparison to the YHPCG group. IL, interleukin; YHPCG, Yanghepingchuan granule; CXCR3, C-X-C
motif chemokine receptor 3; CCR4; C-C chemokine receptor 4; ELISA, enzyme-linked immunosorbent assay.

autophagy-related proteins LC3B-I and LC3B-II, Beclin,
and ATGS in lung tissue. The data showed that YHPCG
suppressed autophagy in asthma model rats.

YHPCG suppresses pulmonary inflammation injury
through the HMGB1/MyD&88/TLR4/IxB/NF-«kB signaling
pathway

Our immunofluorescence analysis results showed that

© Journal of Thoracic Disease. All rights reserved.

the protein expression of HMGB1, TLR4, p-NF-«B,
and MyD88 in the lung tissue of normal rats is shown in
Figure 6A. A higher expression level was observed in the
asthma model group than in the normal group, as shown
in Figure 64; however, YHPCG treatment attenuated this
increase. Furthermore, YHPCG + TAK242 treatment
decreased the protein level, which implied that YHPCG
can reduce inflammatory damage by inhibiting signaling
pathways. As illustrated in Figure 6B, rat lung tissue samples
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Figure 3 The relationship between miR-328-3p and HMGBLI. (A) Heatmap displaying differential expression of miRNAs in plasma samples
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Figure 4 Effect of YHPCG on autophagosomes in asthmatic rats. The nucleus is indicated by the black arrow, mitochondria are indicated by

red, the rough endoplasmic reticulum is indicated by orange, and autophagosomes are indicated by pink. YHPCG, Yanghepingchuan granule.
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Figure 5 Effect of YHPCG on autophagy-related proteins in asthmatic rats. (A) The levels of AT'GS and Beclin-1 in the lung tissues of
different groups of rats (normal rats, asthmatic rats, YHPCG, TAK242, YHPCG + TAK242) were determined by immunofluorescence
staining. (B) The protein levels of AT'GS, Beclin-1 and LC3B-II/LC3B-I in the lung tissues of normal rats, asthmatic rats, YHPCG,
TAK242, and YHPCG + TAK242 rats were measured by WB. Statistical analysis is based on the mean + SD of n=8 individuals per group.
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were examined for mRNA expression of TLR4, MyD§S,
NF-kB, and HMGBI. A significant increase in all four
mRNA levels was observed in the lungs of the asthma
group compared to the normal group, but a significant
reduction was observed in the lungs of the YHPCG-treated
group compared with the asthmatic group. The results of
the western blotting analysis distinctly showed that the
HMGBI1, TLR4, MyDS88, and p-NF-«B protein expression
levels of the asthma group were higher than those of the
normal group, and the treatment group weakened the
activation of the HMGBI1 pathway signal and inhibited the
progression of inflammation (Figure 6C). Taken together,
YHPCG was involved in regulating signaling through
TLR4 mediated by HMGBI in the lung tissue of OVA-

activated asthmatic rats.

Discussion

Bronchial asthma can be triggered by genetics, allergies,
and infections, among other factors. Chronic airway
inflammation is characterized by various inflammatory
cells, inflammatory chemokines, and large numbers of
cytokines, which is also the basic pathological change in
asthma (30). Airway inflammation is particularly critical
in the development of asthma, which is characterized by
damage to airway wall tissue, especially airway allergic
inflammation. Currently, there is no clinically satisfactory
treatment for asthma airway inflammation. Many studies
have explored in depth the link between airway remodeling
and inflammation. In general, airway remodeling is seen as
a long-term result of chronic airway inflammation, which
may be caused by factors such as smoking and allergies.
When inflammation occurs, it may lead to the release of
cytokines and growth factors, which can affect various cells
and lead to structural changes in tissues. However, the
relationship between airway remodeling and inflammation is
not simply linear; they may co-exist, and airway remodeling
is also associated with factors such as cell proliferation and
apoptotic imbalance (31). Asthma is currently treated with a
variety of effective drugs, including TCM. In a recent study,
Yan ez al. found that the wentong decoction may promote
apoptosis in eosinophils, which is thought to be responsible
for curing allergic asthma (32). YHPCG is a traditional
hospital preparation that is made through the improvement
of standardized production processes. Research results in
clinical application have led to this prescription, which is
based on long-term clinical verification and plays a vital role
in the treatment of asthma. YHPCG is recognized for its
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properties to fortify the kidney, stimulate blood circulation,
dissolve phlegm, and alleviate coughing and asthma
symptoms (33). Its efficacy in the clinical management of
bronchial asthma has been demonstrated over several years,
with significant therapeutic outcomes (29). This study
corroborates the potential of YHPCG in asthma treatment
by impeding the PI3K/PKB pathway, curtailing the undue
proliferation of airway smooth muscle cells (ASMCs), and
rectifying kidney Yang deficiency. These findings unveil
novel methodologies for treating asthma by targeting the
PI3K/PKB signaling cascade and remedying kidney Yang
inadequacy, thereby bolstering the clinical utilization
of YHPCG (34). Further, the research indicated that
YHPCG substantially mitigates the inflammatory cascade
in the bronchial tissue of BA-afflicted rats, diminishes the
levels of pro-inflammatory cytokines IL-1 and IL-18,
and suppresses the articulation of pyroptosis mediators.
In addition, YHPCG is capable of obstructing the TLR4/
NF-«B signaling conduit. These insights propose that
YHPCG might serve as a potent therapeutic agent for
bronchial asthma by inhibiting the TLR4/NF-«B signaling
trajectory and restraining pyroptosis (35). Asthma-related
inflammation is known to be influenced by YHPCG, but
little is known about its effect on airway inflammation.
Hence, the purpose of the present study was to investigate
the therapeutic effects of YHPCG on airway inflammation
in asthmatic rats and to determine its molecular mechanism
of action. Overall, the results of the current study suggest
that YHPCG inhibits asthmatic inflammation in rats via the
modulation of the HMGB1/TLR4 signaling pathway.

The HE staining results showed that asthma-prone
rats had inflammatory cells around their lungs, as well as
morphological changes and thickening of the bronchial
wall. In agreement with previous findings (36), PAS staining
demonstrated that asthmatic rats have a large number of
PAS-positive goblet cells. Thus, an asthma model in rats was
successfully established in the present study. As a next step,
asthmatic rats stimulated by OVA were given exogenous
TLR4 inhibitors. Our results showed that the use of
YHPCG and TLR4 inhibitors may significantly improve
the destruction of bronchial walls, reduce mucus secretion,
and inhibit inflammation, hypertrophy of smooth muscles
in the airways and submucosal gland, and hyperplasia in
asthmatic rats stimulated by OVA. Moreover, cytokines
and chemokines such as IL-5, IL-4, IL-13, CXCR3, and
CCR4 were simultaneously downregulated. Based on these
results, YHPCG may protect against OVA-induced airway
inflammation.
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Cellular recycling is achieved through autophagy,
in which intracellular waste is transported from the
lysosomes into autophagosomes, where it is degraded to
maintain cellular balance. Inflammation in the lungs is
caused by autophagy in both immune and nonimmune
cells, wherein disruption or dysfunction is closely related
to the development of a variety of inflammatory diseases,
including asthma (37). In previous studies, autophagy has
been linked to asthma pathogenesis, which is consistent
with our current findings (38,39). The purpose of this
study was to further investigate the effect of YHPCG
on asthmatic rat lung autophagy. The administration of
YHPCG orally suppresses asthma-induced autophagy,
reduces autophagosome formation, and increases
autophagy-related protein (LC3B-I, LC3B-II, Beclin-1, and
ATGS5) expression. YHPCG induced an inhibitory effect on
autophagic flux when administered at a dosage of 7.74 g/kg
rats, which may explain the attenuated asthmatic response.

A variety of chronic respiratory diseases, such as asthma,
are caused by miRINAs (20). It has been demonstrated that
miRNAs play key roles in the pathogenesis of asthma (40).
MiR-155 stimulates eosinophils to migrate to the airways
and regulates the Th2 response, thus resulting in allergic
airway inflammation (41). The inhibition of IL-4 and
IL-13 by miR-355-5p occurs via the downregulation of
B7-H3 type 1 transmembrane protein (42). In our study,
miR-328-3p was involved in asthma occurrence and
development, with an interaction between miR-328-3p
and HMGBI. It was found that miR-328-3p could activate
downstream pathways by regulating HMGBI1, as well as
possess biological functions by targeting Beclin-1, promote
autophagy levels, and aggravate asthma symptoms, in
asthma model rats. YHPCG can inhibit the HMGB1/
TLR4 signaling pathway, regulate autophagy, and improve
inflammation of the airways by promoting miR-328-3p.
The limitations of the experimental design limited the
study to examine the relationship between the inhibition of
HMGB!1 downstream and autophagy; however, it did not
confirm the direct association between upstream HMGB1
and autophagy, which could be verified via knockout
experiments. Additionally, when considering the ceRNA
mechanism, it is speculated that lincRNA or circRNA will
exist upstream of miR-328-3p to regulate its expression, but
the specific mechanism is unknown.

Conclusions

In conclusion, YHPCG may inhibit the activation of the
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HMGBI1/TLR4 signaling pathway by promoting the
expression of miRNA328-3p, inhibit the occurrence of
autophagy in asthma, reduce the inflammatory response
mediated by it, and regulate the immune imbalance, thus
playing a role in the treatment of asthma. The results
showed that YHPCG may increase the expression of
miRNA328-3p, inhibit the protein levels of MyD88,
HMGBI1, TLR4 and NF-B, promote the expression of
inflammatory factors IL-13, IL-4 and IL-5 and the secretion
of goblet cells, and alleviate airway inflammation of asthma.
Thus this study can enhance the understanding of the anti-
inflammatory effect of YHPCG, which is conducive to the
further rational application of YHPCG and provides new
targets and new ideas for the clinical treatment of asthma.
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