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Background: Allergen-specific immunotherapy (AIT) is the only available safe, effective, and long-
term treatment for allergic airway diseases, including allergic asthma. However, the potential molecular
mechanism of AI'T in ameliorating airway inflammation remains unknown.

Methods: Rats were sensitized and challenged with house dust mite (HDM) and administered with Alutard
SQ or/and high mobility group box 1 (HMGBI) inhibitor, ammonium glycyrrhizinate (AMGZ) or HMGBI1
lentivirus. The total and differential cell counts in rat bronchoalveolar lavage fluid (BALF) were detected.
Hematoxylin and eosin staining (H&E) was performed to examine the pathological lesions in lung tissues.
Enzyme-linked immunosorbent assay (ELISA) was performed to assess the expression of inflammatory
factors in lungs, BALF, and serum. Quantitative real-time PCR (QRT-PCR) was used to measure the levels of
inflammatory factors in the lungs. Western blot assay was used to evaluate the expression of HMGBI, Toll-
like receptor 4 (TLR4), and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-«B) in the
lungs.

Results: Consequently, AI'T with Alutard SQ attenuated airway inflammation, the total and differential
cells in BALF, and expression of Th (T helper)2 related cytokines and transforming growth factor beta 1
(TGF-B1). The regimen also upregulated Th-1-related cytokine expression by inhibiting the HMGB1/
TLR4/NF-xB pathway in HDM-induced asthmatic rats. Furthermore, AMGZ, a HMGBI1 antagonist,
amplified the functions of AIT with Alutard SQ in the asthma rat model. Nevertheless, overexpression of
HMGBI reversed the functions of AI'T with Alutard SQ in the asthma rat model.

Conclusions: In summary, this work demonstrates the role of AI'T with Alutard SQ, which inhibits the
HMGBI1/TLR4/NF-kB signaling pathway in allergic asthma management.
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Introduction

Asthma is a chronic respiratory disease estimated to affect
nearly 339 million individuals globally (1). Emerging
evidence shows that asthma is associated with airway
inflammation and remodeling, mucus production,
eosinophilia and lymphocytosis, and bronchospasm,
resulting in premature death and lower quality of life of
individuals across all ages (2,3). Nearly 30 million people in
China have asthma, the majority of whom were diagnosed
before the age of 5 years (4). Inhaled corticosteroids
are the common drugs for asthma treatment because
of their efficacy in controlling asthma exacerbation and
progression. However, they are prone to relapse after drug
discontinuation or reduction yet, patients require lifelong
medication (5). Therefore, there is an urgent need for a
novel safe, and effective treatment.

House dust mites (HDMs) are one of the most potent
and frequent sources of allergens worldwide, causing
allergic diseases, such as allergic rhinoconjunctivitis, allergic
asthma, and other allergic skin diseases (6). More than 85%
of asthma patients in Europe, Southeast Asia, Australia, and
North and South America are typically HDM-sensitized (7).

The preferred treatment options for allergic asthma
include symptom control medications, such as inhaled
corticosteroids and risk reduction strategies such as allergen
prevention (8). Pharmacotherapy approaches including
corticosteroids, short- or long-acting B-agonists and
leukotriene receptor antagonists improve the symptoms
in most allergic asthma patients (9). However, these drug
treatments hardly change the course of asthma, and patients
may need lifelong medication, since drug withdrawal
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or reduction may aggravate asthma attack. Although
environmental control measures may decrease allergen
levels, they are not always effective in improving allergic
asthma symptoms (9).

Allergen-specific immunotherapy (AIT) is the only
available disease-modifying treatment for patients with
allergies, presenting long-lasting effects which counteract
the progression from rhinoconjunctivitis to asthma (10).
AIT alleviates allergic asthma by decreasing the symptoms
and medication use; it also improves the quality of life,
with a long-lasting benefit after cessation of treatment (11).
Since 2017, the annual Global Initiative for Asthma (GINA)
guidelines recommend the addition of immunotherapy for
HDM allergic asthma (8). However, the role and molecular
mechanism of AI'T in asthma management are not fully
established.

In view of the above information, we hypothesized that
AIT with Alutard SQ improves allergic asthma. HDM-
induced asthma rat model was used to investigate the role
and potential regulatory mechanisms of AI'T with Alutard
SQ in allergic asthma. We present the following article in
accordance with the ARRIVE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
715/rc).

Methods
Experimental animals and allergic astbma model

Six weeks old healthy male Sprague-Dawley rats (weighing
200+20 g) were obtained from the Laboratory Animal
Center of Southern Medical University (Guangzhou,
China), and housed in a standard climate-controlled
animal facility 25 °C, 50% humidity, 12-h light-dark cycle)
with free access to water and food. Experiments were
performed under a project license (No. 2021-156) granted
by the Animal Committee of First Affiliated Hospital of
Guangzhou Medical University, in compliance with First
Affiliated Hospital of Guangzhou Medical University
institutional guidelines for the care and use of animals. The
HDM-sensitized rats were intra-peritoneally injected with
50 pg HDM Dermatophagoides pteronyssinus (GREER,
Lenoir, USA) and 50 pg alum adjuvant on 0, 7%, and 14"
days. Thereafter, 42 rats were randomly divided into seven
groups (N=6 rats/group): normal group (rats sensitized
with saline), asthma group (HDM), asthma + Alutard SQ
(ALK-Abello A/S, Hérsholm, Denmark) low dose group
(HDM + ALD; asthma rats subcutaneously injected with
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10,000 SQ-U/mL Alutard SQ on days 21, 23, 25), asthma
+ Alutard SQ middle dose group (HDM + AMD; asthma
rats subcutaneously injected with 40,000 SQ-U/mL Alutard
SQ on days 21, 23, 25), asthma + Alutard SQ high dose
group (HDM + AHD; asthma rats subcutaneously injected
with 100,000 SQ-U/mL Alutard SQ on days 21, 23, 25),
HDM + AHD + high mobility group box 1 (HMGB1)
lentivirus group (HDM + AHD + HMGBI; asthma rats
subcutaneously injected with 100,000 SQ-U/mL Alutard
SQ and intravenously injected with HMGB1 lentivirus
in the tail on days 21, 23, 25, HDM + AHD + HMGBI1
inhibitor ammonium glycyrrhizinate (AMGZ) group
(HDM + AHD+ AMGZ; asthma rats subcutaneously injected
with 100,000 SQ-U/mL Alutard SQ, and intravenously
injected with AMGZ in the tail on days 21, 23, 25).
Subsequently, rats were challenged for 30 min by intranasal
instillation of HDM (50 pg/per rat) alone on days 32, 33, 34,
35, 36, 37, and 38. Anaphylactic responses including motility
and body temperature were assessed by changes in rat
behavior. Rats were sacrificed 24 h after the final challenge.
Subsequently, we obtained blood, bronchoalveolar lavage
fluid (BALF), and lung tissues for subsequent analysis.

Collection and analysis of BALF

Rats were lavaged with 1 mL of Hank’s balanced salt
solution via injection into the lungs and drawing to collect
cells three times. BALF was centrifuged for 10 min (400 g at
4 °C), and the supernatant was collected for further analysis.
The cell pellet was resuspended in 500 pL of saline. For
the total cell counts, 100 pL. BALF was added to 390 pL of
"Turk solution (0.5% methylene blue in 30% acetic acid) in a
Neubauer chamber. The remaining BALF was centrifuged
onto glass slides, and stained with Wright-Giemsa stain.
Differential counts were quantified by counting to
200 cells/slide.

Hematoxylin & eosin (H&E) staining

The lung tissues were fixed, embedded in paraffin, and cut
into 5-pm sections. The resultant sections were stained with
H&E reagent and examined under an optical microscope

(Olympus, Tokyo, Japan).

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from lung tissues with TRIzol
reagent according to the manufacturer’s instructions. RNA
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was reverse transcribed into cDNA with a PrimeScript
RT reagent Kit (Takara, China). qRT-PCR detection was
performed on an ABI PRISM 7300 Sequence Detection
system (Applied Biosystems, Foster City, CA, USA) with
SYBR green qPCR Master Mix kit (Takara). f-actin
served as an internal parameter. The fold change of gene
expression was quantified using the 27**“ method. All
primers used are as follows: interleukin (IL)-4 primers:
forward 5'- TACGGCAACAAGGAACACCA-3', reverse
5'- CAGAGTTTCCTCAGTTCACCG -3'; IL-5 primers:
forward 5'-TGTTGACGAGCAATGAGACGAT-3",
reverse 5'- AAGTTTTGGAATGGTATTTCCA-3'; IL-6
primers: forward 5'- GACCAAGACCATCCAACTCATC-3',
reverse 5'-CCACAGTGAGGAATGTCCACA-3'"; IL-13
primers: forward 5'-AGCAACATCACACAAGACCAGA-3',
reverse 5'- GAGGCCATTCAATATCCTCTGG-3";
immunoglobulin (Ig)E primers: forward 5'-
GGCTCCAACCAACGCTTCT-3', reverse 5'-
GGTTCCCGAAGTGCCTCA-3'; Interferon-gamma (IFIN-y)
primers: forward 5'- GAACAACCCACAGATCCAGC-3',
reverse 5'-CAGAATCAGCACCGACTCCT-3";
transforming growth factor beta 1 (TGF-B1) primers: forward
5'-GCCCTGGATACCAACTACTGC-3", reverse 5'-
CAGACAGAAGTTGGCATGGTA-3"; B-actin primers:
forward 5'- GGAGATTACTGCCCTGGCTCCTA-3', reverse
5-GACTCATCGTACTCCTGCTTGCTG-3".

Enzyme-linked immunosorbent assay (ELISA)

Blood samples were centrifuged (3,000 g at 4 °C) for
20 min. Supernatants were collected and stored at -80 °C.
The expression levels of IFN-y, IL-4, IL-5, IL-6, 1L-13,
TGF-P1, total and allergen-specific IgE in the serum, BALF
and lung tissues and HMGB1 expression in the BALF
were detected using ELISA kit (eBioscience) according to
manufacturers' instructions.

Western blotting

Lung tissues were lysed in RIPA buffer (Beyotime,
Shanghai, China) supplemented with protease inhibitors.
The total protein was examined using the Pierce BCA
protein assay kit (Pierce Chemical Co., Rockford, IL, USA).
Subsequently, 30 pg of the protein was loaded and separated
on 10% SDS-PAGE gel, then transferred onto a PVDF
membrane (Millipore, Billerica, MA, USA). The membranes
were placed in a blocking buffer, and probed with primary
antibodies HMGB1 (1:1,000; Cell Signaling Technology,
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Figure 1 Alutard SQ ameliorates HDM-induced airway inflammation. (A) The total and differendial cell counts in the BALF of the rat from
normal, asthma (HDM), asthma + Alutard SQ low dose (HDM + ALD), asthma + Alutard SQ middle dose (HDM + AMD), and asthma +
Alutard SQ high dose (HDM + AHD) groups. (B) H&E staining of lung tissue in different groups. Error bars represent + SD. N=6 mice per
group, *P<0.05, vs. normal; "P<0.05, vs. HDM. HDM, house dust mite; ALD, Alutard SQ low dose; AMD, Alutard SQ middle dose; AHD,
Alutard SQ high dose; BALF, bronchoalveolar lavage fluid; H&E, hematoxylin & eosin; SD, standard deviation.

Beverly, MA, USA), Toll-like receptor 4 (TLR4) (1:1,000,
Proteintech, Wuhan, China), Phospho-p65 (1:1,000; Cell
Signaling Technology), and p65 (1:1,000; Cell Signaling
Technology) overnight at 4 °C. The membranes were then
incubated with a secondary antibody for 1 h. The band was
visualized by chemiluminescence.

Statistical analysis

GraphPad Prism 9.0 Software (GraphPad Inc., San Diego,
CA, USA) was employed for all statistical analyses. Data
were expressed as mean = standard deviation (SD). The
data distribution was analyzed with the Shapiro-Wilk test.
Statistical significance was analyzed using a one-way analysis
of variance followed by Tukey’s multiple comparison test. P
value <0.05 was considered statistically significant.

© Journal of Thoracic Disease. All rights reserved.

Results

Alutard SQ ameliorates HDM-induced airway
inflammation

Airway inflammation is a typical pathological characteristic
of asthma. We investigated whether Alutard SQ improves
airway inflammation in rats with allergic asthma by
analyzing the total and differential cell counts in the
bronchoalveolar lavage fluid (BALF) from normal, HDM,
HDM + ALD, HDM + AMD, and HDM + AHD, and
H&E stained lung tissues. Consequently, total cell counts
in the HDM-induced rat were significantly higher than
those in the normal group, whereas Alutard SQ treatment
significantly decreased the total cell counts compared with
that in the HDM-induced group (Figure 14). Furthermore,
the number of differential cell counts (eosinophils,
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monocytes, and lymphocytes) in the HDM-induced group
was significantly higher than that in the normal group, the
effects of which were reversed by Alutard SQ treatment
(Figure 1A). In support of the above data, histopathological
examination inflammation in the airway region was
substantially higher in the HDM-induced asthma model
group than that in the normal group (Figure 1B). Rats in
the Alutard SQ-treated group displayed fewer inflammatory
cells in the airway region compared with the normal
group (Figure 1B). Collectively, Alutard SQ significantly
ameliorated the airway inflammation of the HDM-induced
asthma model group.

Alutard SQ attenuates I1.-4, IL-5, IL-6, IL-13, TGF-p,
total and allergen-specific Ig E expression, while it induces
the expression of IFN-y in allergic astbma rat models

Expression levels of total and allergen-specific IgE,
TGF-B1, Th (T helper)2 cytokines (IL-4, IL-5, IL-6, IL-13)
and Th1 cytokines (IFN-y) in the BALF, serum and
lung samples derived from rats were detected to explore
whether Alutard SQ treatment regulated the expression
of inflammatory cytokines. The HDM-challenged group
exhibited significantly higher levels of IL-4, IL-5, IL-6,
IL-13, TGF-B1, total and allergen-specific IgE than that
in the normal group, whereas IFN-y were significantly
lower in the BALF, serum, and lung tissues from the HDM-
challenged group (Figures 2,3). Nevertheless, the Alutard
SQ treatment reverses the promotive effects of HDM on
the expression of 1L-4, 1L-5, IL-6, IL-13, TGF-B1, total
and allergen-specific IgE, and the inhibitory effect of HDM
on the IFN-y expression (Figure 2). The mRNA expression
level also showed a similar trend. 1L-4, IL-5, IL-6, IL.-13,
TGF-B1, and total IgE mRNA expression were upregulated
and IFN-y was downregulated in HDM induced asthma
model. However, Alutard SQ treatment restored these
effects (Figure 3 and Figure S1A). Taken together, Alutard
SQ impede the expression of HDM-induced IL-4, IL-5,
IL-6, IL-13, TGF-B1, total and allergen-specific IgE, and
inhibit IFN-y expression in the BALF, serum, and lung
tissues.

Alutard SQ prevents HDM-induced airway inflammation
by suppressing the HMGB1/TLR4/nuclear factor kappa-
light-chain-enbancer of activated B cells (NF-kB) signal
pathway

A study recently reported HMGB1 upregulation in HDM-
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induced asthmatic rats, HMGBI overexpression aggravated
HDM-induced inflammatory responses and airway
damage (12). Herein, we investigated whether Alutard SQ
could regulate HMGBI1 expression in HDM-challenged
asthma. The results revealed a remarkably higher expression
of HMGBI in the HDM-induced group than that in the
normal group (Figure 4A4). Alutard SQ treatment exerted
opposite effects by significantly decreasing HMGB1 protein
expression in the HDM-induced group (Figure 44 and
Figure S1B). Evidence from previous work demonstrated
that HMGBI regulates the expression of TLR4, which
consequently induces a downstream inflammatory response
by activating NF-«kB. With these data, we presumed that
Alutard SQ potentially activates the TLR4/NF-«B pathway.
To validate this hypothesis, we examined TLR4 and p-p65
protein levels in the lung tissue of allergic asthma rats
through Western blot analysis. Notably, the levels of TLR4
and p-p65 proteins significantly increased in the HDM-
induced group, however, this increase was attenuated after
Alutard SQ treatment (Figure 44). These data confirm
that Alutard SQ treatment restrains the upregulation of
HMGBI1, TLR4, and p-p65 in the HDM-induced asthma
rat model.

Furthermore, we established whether Alutard SQ
could alleviate airway inflammation via the HMGB1/
TLR4/NF-«B signal pathway in the HDM-sensitized rat
model. Rats were intratracheally administered AMGZ (an
HMGB1 antagonist) or HMGBI lentivirus 30 min before
each HDM challenge on days 21-23. The protein levels
of HMGBI1, TLR4, and p-p65 in the lung tissues were
noticeably reduced in the Alutard SQ-treated asthma group,
whereas the reduction was pronounced following AMGZ
administration. However, protein levels of HMGB1, TLR4,
and p-p65 in the lung tissues or BALF markedly increased
by recombinant rat HMGBI antibody treatment (Figure 4B
and Figure S1C). The number of total cells, eosinophils,
monocytes, and lymphocytes was lower in the BALF of
Alutard SQ-treated asthma rats than that in the PBS-treated
asthma group. AMGZ administration further lowered
the total cells, eosinophils, monocytes, and lymphocytes
in BALF. However, the HMGBI1 lentivirus-treated
group had an elevated number of total cells, eosinophils,
monocytes, and lymphocytes (Figure 4C). In addition,
the administration of Alutard SQ significantly weakened
the asthmatic typical histological change compared to
that in the PBS-treated asthma group. AMGZ treatment
further weakened the asthmatic typical histological change.
Nevertheless, administration of HMGB1 lentivirus
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Figure 2 Alutard SQ attenuates protein expression of IL-4, IL-5, IL-6, IL-13, TGF-B1, total and allergen-specific IgE, and induces IFN-y
protein expression in allergic asthma rat models. ELISA analysis of protein levels of IL-4, IL-5, IL-6, IL-13, IFN-y, TGF-B1, and total and

allergen-specific IgE in the BALF, serum, and lung tissues derived from different groups of rats. Error bars represent + SD. N=6 mice per
group, *P<0.05, vs. normal; #*P<0.05, vs. HDM. HDM, house dust mite; ALD, Alutard SQ low dose; AMD, Alutard SQ middle dose; AHD,
Alutard SQ high dose; IL, interleukin; IFN-y, interferon gamma; Ig, immunoglobulin; sIg, specific immunoglobulin; TGF-1, transforming

growth factor beta 1; ELISA, enzyme-linked immunosorbent assay.

increased the infiltration of inflammatory cells into the
lung airways (Figure 4D). Taken together, these results
provide convincing evidence that Alutard SQ improves
allergic airway inflammation in the HDM-sensitized rat by

inhibiting the HMGB1/TLR4/NF-«B signal pathway.

Alutard SQ improves HDM-provoked asthmatic
inflammation by inactivating the HMGB1/TLR4/NF-«xB
signal pathway

We investigated whether Alutard SQ could regulate the
HDM-mediated asthmatic inflammation by modulating
the HMGBI1/TLR4/NF-«B signal pathway. Intriguingly,

© Journal of Thoracic Disease. All rights reserved.

Alutard SQ administration significantly overturned the
HDM-induced upregulation of IL-4, IL-5, IL-6, IL-13,
TGF-B1, total and allergen-specific IgE, and the HDM-
induced downregulation of IFN-y protein expression in the
BALF, serum, and lung tissues (Figure 5). These changes
were pronounced after intervention with AMGZ, whereas
HMGBI lentivirus treatment showed opposite effects
(Figure 5). Meanwhile, Alutard SQ treatment markedly
downregulated mRNA expression levels of IL-4, IL-5,
IL-6, IL-13, TGF-B, and total IgE, and upregulated IFN-y
mRNA expression levels in the asthma group (Figure 6 and
Figure S1D). Stimulation with AMGZ further improved
these effects, whereas the administration of HMGB1
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Figure 3 Alutard SQ attenuates mRNA expression of 1L-4, IL-5, IL-6, IL-13, and total IgE, but upregulates the mRNA expression of
IFN-y in allergic asthma rat models. gRT-PCR analysis of the mRINA levels of IL-4, IL-5, IL-6, IL-13, IFN-y, and total IgE in the lung
tissues derived from different groups of rats. Error bars represent + SD. N=6 mice per group, *P<0.05, vs. normal; "P<0.05, vs. HDM. IL,
interleukin; HDM, house dust mite; ALD, Alutard SQ low dose; AMD, Alutard SQ middle dose; AHD, Alutard SQ high dose; qRT-PCR,

quantitative real-time polymerase chain reaction; Ig, immunoglobulin; IFN-y, interferon-gamma.

lentivirus lowered these effects (Figure 6). These results
suggest that Alutard SQ ameliorates Th2 and the expression
of total and allergen-specific IgE as well as improves Thl
responses in the HDM-induced allergic asthma rat by
blocking the HMGB1/TLR4/NF-«B signal pathway.

Discussion

Asthma is one of the most common chronic respiratory
diseases, characterized by chronic airway inflammation and
associated with high mortality and morbidity worldwide
(13-16). In this study, using an HDM-induced asthma
model of rats, we found that AI'T with Alutard SQ can
improve HDM-induced airway inflammation by inhibiting
the HMGB1/TLR4/NF-kB pathway.

The migration of inflammatory cells, including eosinophils

© Journal of Thoracic Disease. All rights reserved.

and lymphocytes into the lung majorly contributes to
the development of allergic airway inflammation (17).
Increased eosinophil counts in blood, sputum and
BALF are characteristic of eosinophilic asthma (18).
Mepoluzimab, an anti-interleukin 5 (IL-5) monoclonal
antibody, has been approved for the treatment of severe
eosinophilic asthma resistant to glucocorticoids. Moreover,
clinical and real-world studies have shown favorable
efficacy and safety (19,20). In HDM-induced rats, Alutard
SQ distinctly lowers the number of total cell counts,
eosinophils, monocytes, and lymphocytes in the BALF.
Furthermore, Th2 cytokines were previously reported to
play an important role in airway inflammation and airway
hyperresponsiveness (AHR), which are the hallmarks of
allergic asthma (21). The expression of Th2 cytokines
(IL-4, IL-5, IL-6, and IL-13) also increases the infiltration
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Figure 4 Alutard SQ prevents HDM-induced airway inflammation by suppressing the HMGB1/TLR4/NF-«B signal pathway. (A) Western
blot analysis of the protein expression of HMGB1, TLR4, p-p65, and p65 in lung tissues derived from normal, HDM, HDM + ALD, HDM
+ AMD, and HDM + AHD groups of rats. (B) Western blot analysis of the protein levels of HMGB1, TLR4, p-p65, and p65 in the lung
tissues obtained from HDM, HDM + AHD, HDM + AHD + AMGZ (HMGBI inhibitor ammonium glycyrrhizinate), and HDM + AHD
+ HMGBI lentivirus groups of rats. (C) The total and differendal cell count in the BALF. (D) H&E staining of the lung tissue. Error bars
represent + SD. N=6 mice per group, *P<0.05, vs. normal; *P<0.05, vs. HDM; *P<0.05, vs. HDM+AHD. HDM, house dust mite; ALD,
Alutard SQ low dose; AMD, Alutard SQ middle dose; AHD, Alutard SQ high dose; AMGZ, ammonium glycyrrhizinate; HMGB1, high
mobility group box 1; TLR4, Toll-like receptor 4; p-p65, phospho-p65; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NF-«B,

nuclear factor kappa-light-chain-enhancer of activated B cells; BALFE, bronchoalveolar lavage fluid; H&E, hematoxylin & eosin.

of inflammatory cells, eosinophils, and the production of
airway mucus and allergen-specific IgE (22,23). Specifically,
the Th2 response is a characteristic feature of allergic
eosinophilic asthma (24). Previous evidence shows that the
administration of Thl cytokines such as IFN-y can restrain
the induction of AHR and Th2-driven inflammation (17).
Antibodies targeting type 2 inflammatory factors, including
IL-4R antibodies, have been used to treat severe asthma (25).
Also, asthma is closely related to the augmented secretion of
Th2 cytokines and reduced secretion of Thl cytokines (15).
AIT is a well-recognized treatment for allergic asthma (26).
AIT reduces the production of allergen-specific IgE and
induces a major change in allergen-specific T-cell subsets

© Journal of Thoracic Disease. All rights reserved.

(i.e., stimulation of Th1 lymphocytes with increased IFN-y
and IL-2 production, decreased production of Th2, Th17,
Tr17 lymphocyte counts, and Th2 cytokines, as well as
induction of regulatory T-lymphocytes), producing IL-
10 and TGF-B cytokines (27-29). Consistent with the
above reports, Alutard SQ remarkedly downregulated the
expression levels of IL-4, IL-5, IL-6, IL-13, TGF-B1,
total and allergen-specific IgE. On the other hand, the
expression levels of IFN-y were noticeably upregulated in
the HDM-challenged allergic asthma rats. The interaction
of HDM inhalation and airway epithelial cells directly
caused airway epithelium dysfunction. HDM stimulates
airway epithelial cells to release epithelial-derived cytokines,
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Figure 5 Alutard SQ improves HDM-provoked asthmatic inflammation by inactivating the HMGB1/TLR4/NF-«B signal pathway. ELISA
analysis of protein expression of IL-4, IL-5, IL-6, IL-13, IFN-y, TGF-B1, and total and allergen-specific IgE in the BALEF, serum, and lung tissues
derived from HDM, HDM + AHD, HDM + AHD + AMGZ, and HDM + AHD + HMGBI lentivirus groups of rats. Error bars represent +
SD. N=6 mice per group, "P<0.05, vs. HDM; $P<0.05, vs. HDM + AHD. IL, interleukin; HDM, house dust mite; AHD, Alutard SQ high dose;
AMGZ, ammonium glycyrrhizinate; HMGBI1, high mobility group box 1; BALE bronchoalveolar lavage fluid; IFN-y, interferon-gamma; Ig,

immunoglobulin; sIg, specific immunoglobulin; TGF-1, transforming growth factor beta 1; TLR4, Toll-like receptor 4; NF-kB, nuclear factor

kappa-light-chain-enhancer of activated B cells; ELISA, enzyme-linked immunosorbent assay; SD, standard deviation.

and recruit neighboring innate and adaptive immune cells
including DCs, T-cells (such as Th2, Thl, and Th17),
B-cells, eosinophils, and neutrophils, which are essential for
asthma pathogenesis (12,30,31). Amongst these cytokines,
IL-13, TL-33, TSLP, CCL5, CCL7, CCL17, CCL22,
IFN-y, IL-4, and several eotaxins strongly direct or support
the development of a Th2 polarized inflammation (30,32).
Additionally, GM-CSF secreted from airway epithelial
cells leads to maturation and survival of eosinophils (30).
Both effects promote the inflammation of allergic asthma.
Huang et al. showed that AIT attenuates both upper and
lower airway immune response to nasal allergen exposure
in patients with asthma to improve airway inflammatory

© Journal of Thoracic Disease. All rights reserved.

response (33). AI'T increases secretoglobin 1A1 expression
in cells of the lower airways from patients with allergic
asthma to improve airway inflammatory response (34). It
also suppresses TGF-B1 in asthma airway epithelial cells,
which regulate airway inflammation and remodeling in
asthma due to its anti-inflammatory and profibrotic effect
(35,36). Similarly, our study showed that Alutard SQ
inhibited the HDM-induced TGF-B1 protein secretion,
and airway inflammation. This is similar to the findings
of Park et al., who demonstrated favorable efficacy and
safety in transdermal immunotherapy using biodegradable
microneedle patches in a mouse asthma model (37). Several
analyses have demonstrated the efficacy and safety of
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Figure 6 Autard SQ alleviates IL-4, IL-5, IL-6, IL.-13, and total IgE mRNA expression, while it induces the mRNA expression of IFN-y in
the HDM-induced asthmatic rat by inactivating the HMGB1/TLR4/NF-«B signal pathway. mRNA levels of IL-4, IL-5, IL-6, IL-13, IFN-y
and total IgE in the lung tissues obtained from different groups of rats. Error bars represent + SD. N=6 mice per group, "P<0.05, vs. HDM;
5P<0.05, vs. HDM + AHD. IL, interleukin; Ig, immunoglobulin; HDM, house dust mite; AHD, Alutard SQ high dose; AMGZ, ammonium
glycyrrhizinate; HMGBI1, high mobility group box 1; IFN-y, interferon-gamma; TLR4, Toll-like receptor 4; NF-kB, nuclear factor kappa-

light-chain-enhancer of activated B cells; SD, standard deviation.

allergen-specific immunotherapy in the treatment of allergic
asthma (38), and the GINA guidelines have endorsed dust
mite desensitization therapy to their asthma treatment
ladder since 2017 (8).

HMGBI is a ubiquitous and highly conserved DNA-
binding protein secreted by dendritic cells, mononuclear
cells, and macrophages following stimulation by
lipopolysaccharide (LPS), tumor necrosis factor (I'NF)-a
or IL-1. HMGBI is also released from injured and dead
cells to induce the production and secretion of a number
of inflammatory mediators (39,40). HMGB1 has been
implicated in many inflammatory conditions, including
sepsis, rheumatoid arthritis, and an intestinal inflammatory
disorder, and lung inflammatory diseases (41). For instance,
HMGBI1-mediated eosinophil recruitment to inflammatory

© Journal of Thoracic Disease. All rights reserved.

sites aggravates the inflammatory response. Related studies
have reported that HMGBI is overexpressed in lung tissue,
serum, and sputum of patients with severe asthma, and
blockade of HMGBI1 alleviates airway inflammation and
Th2 cytokine release and promotes Th1 cytokine in OVA-
primed allergic asthma rats (4,39,42,43). Herein, HM GBI
was mainly expressed in airway epithelium from the HDM-
induced allergic asthma model; its overexpression abolished
the protective effect of CC16 against HDM-induced
airway damage, and airway epithelial cell apoptosis (12).
TLR4, a major receptor of HMGBI, has been implicated
in the pathophysiology of asthma, mainly in the initiation
and exacerbation of asthma (44). TLR4 activates NF-kB
via MyD88- or non-MyD88-dependent signaling, and
these events promote the secretion of pro-inflammatory

F Thorac Dis 2023;15(1):77-89 | https://dx.doi.org/10.21037/jtd-22-715
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factors (45). NF-«B is a potent inflammatory mediator and has
potent effects on asthma-related airway inflammation (46).
HMGBI activates TLRs, including TLR2 and TLR4, to
induce the release of pro-inflammatory cytokines through
the mitogen-activated protein kinase (MAPK), and
NF-«kB pathways; these events exacerbate airway
inflammadon (47,48). In line with previous studies, Alutard
SQ inhibited HMGBI expression in the lungs and BALF
from the HDM-sensitized rat model and TLR4 and p-p65
expression in the lungs from the HDM-sensitized rat
model; these inhibitory effects were reversed following
HMGBI overexpression and further suppressed by AMGZ
treatment. Moreover, Alutard SQ suppressed the HDM-
induced airway inflammation, downregulated the expression
of IL-4, IL-5, IL-6, IL-13, TGF-B1, total and allergen-
specific IgE, as well as increased IFN-y expression levels.
These changes were further enhanced by AMGZ treatment
but abrogated by enforced HMGBI1 expression. These
findings have important implications for the development
of drugs, or allergen-specific immunotherapy.

The present study has some worth-mentioning
limitations. First, we only used Western blotting to detect
the effects of Alutard SQ on HMGB1, TLR4, and NF-xB
expression. Thus, additional experimental methods should
be adopted in future investigations. One study reported that
Constitutive immune activity promotes JNK- and FoxO-
dependent remodeling of Drosophila airways (49). Further
studies are necessary to assess whether the Alutard SQ-
related effects on NF-kB-pathway and HMGB1 would
affect constitutive immune activity, which promotes JNK-
and FoxO-dependent remodeling. Therefore, future studies
should focus on the relationship between the the HMGB1/
TLR4/NF-«B axis and Alutard SQ.

Conclusions

In conclusion, AIT with Alutard SQ alleviates HDM-
induced airway inflammation by suppressing inflammatory
cytokine secretion via the HMGB1/TLR4/NF-«B pathway.
These findings provide convincing evidence supporting the
role of AIT with Alutard SQ as a therapeutic strategy for
patients with allergic asthma.
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Figure S1 The expression of TGF-p1 and HMGBI1. (A) qRT-PCR analysis of the mRNA levels of TGF-B1 in the lungs derived from
different groups of rats. (B) ELISA analysis of the protein expression of HMGBI in the BALF derived from normal, HDM, HDM + ALD,
HDM + AMD, and HDM+AHD groups of rats. Error bars represent + SD. N=6 mice per group, *P<0.05, vs. normal; *P<0.05, vs. HDM.
(D) mRNA levels of TGF-B1 in the lung tissues obtained from different groups of rats. (C) The protein levels of HMGBLI in the BALF
obtained from HDM, HDM + AHD, HDM + AHD + AMGZ, and HDM + AHD + HMGBI lentivirus groups of rats. Error bars represent
+ SD. N=6 mice per group, *P<0.05, vs. normal; *P<0.05, vs. HDM; 5P<0.05, vs. HDM + AHD. TGF-p1, transforming growth factor beta
1; HMGBI, high mobility group box 1; qRT-PCR, quantitative real-time PCR; ELISA, enzyme-linked immunosorbent assay; BALE,
bronchoalveolar lavage fluid; HDM, house dust mite; ALD, Alutard SQ low dose; AMD, Alutard SQ middle dose; AHD, Alutard SQ high
dose; AMGZ, ammonium glycyrrhizinate.
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