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Abstract: Neutrophilic asthma (NA), an asthma subtype characterized by neutrophil-predominant airway inflam-
mation, lacks effective targeted therapies. Fasudil, with documented anti-oxidative and anti-inflammatory effects
in airway models, was evaluated for its therapeutic efficacy and underlying mechanisms in an NA model. BALB/C
mice were randomized into an NA group, a dexamethasone intervention group (DI, 1 mg/kg), and a Fasudil inter-
vention group (FI, 40 mg/kg). Asthma was induced by intraperitoneal ovalbumin (OVA) sensitization and intranasal
lipopolysaccharide (LPS) infusion, followed by OVA aerosol challenge. Dexamethasone or Fasudil was administered
intraperitoneally 1 h before each aerosol exposure. Outcome assessments included behavioral stress responses,
airway hyperresponsiveness (AHR), total and differential bronchoalveolar lavage fluid (BALF) cell counts, lung histo-
pathology, and macrophage contents, inflammatory mediators and cytokine expression. Transcriptome sequencing
with bioinformatic analysis was performed. Blood samples from NA patients were collected for clinical validation.
Both dexamethasone and Fasudil significantly alleviated behavioral stress responses, improved asthma symptoms,
and reduced levels of interleukin-6 (IL-6), IL-1f, tumor necrosis factor alpha (TNF-a), inducible nitric oxide synthase
(iNOS), and IL-12. Additionally, treatment also decreased the expression of phosphorylated nuclear factor kappa B
(p-NF-kB), toll-like receptor 2 (TLR-2) and ribosomal protein S3 (RPS3), as well as total BALF cells and neutrophil-to-
macrophage ratios. Fasudil outperformed dexamethasone in relieving respiratory distress, inhibiting macrophage
polarization, suppressing the NF-kB/TLR-2/RPS3 pathway, and improving AHR in a time-dependent manner. Key
hub genes including ROCK2, S100A8, S100A9, Mmp9, and CXCL2 were identified to mediate Fasudil’s anti-inflam-
matory effects. Clinical data showed elevated S100A8 and CXCL2 levels in NA patients, which positively correlated
with sputum neutrophil percentages. Fasudil ameliorates NA via regulating M1 macrophage polarization, inhibiting
the NF-kB/TLR-2/RPS3 pathway, and reducing pro-inflammatory cytokines, with S100A8/A9 and CXCL2 as poten-
tial biomarkers. These findings support Fasudil as a promising NA therapy, warranting further clinical translational
research.
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Introduction or shortness of breath, aggravated at night or
early in the morning. In recent years, with accel-

Bronchial asthma (commonly referred to as erating industrialization and urbanization, along

asthma) is a chronic respiratory disorder char-
acterized by persistent airway inflammation,
heightened airway responsiveness to diverse
stimuli, and structural remodeling of the air-
ways. Clinically, it manifests as recurrent
wheezing, dyspnea, coughing, chest tightness,

with aggravated environmental pollution, cli-
mate change and other factors, the global inci-
dence of asthma is on the rise, resulting in an
increasing disease-related, social, and econom-
ic burden. Asthma attacks substantially impair
patients’ daily activities and work, and are
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associated with heightened risk of disability
and mortality. According to estimates from the
World Health Organization (WHO), asthma aff-
ects approximately 15 million people globally
each year, accounting for about 1% of the glob-
al disease burden with an estimated 250,000
asthma-related deaths annually [1-3]. Asthma
has become one of the major chronic diseases
that seriously threaten human health.

“Overall asthma control” aims to achieve effec-
tive symptom control, maintain normal daily
activities, preserve lung function, prevent acute
exacerbations, minimize adverse reactions re-
lated to asthma medications, and reduce asth-
ma-related deaths [4]. Corticosteroids and 32
receptor agonists are the current first-line drugs
for asthma. Although these agents are effec-
tive in relieving acute exacerbations and short-
ening the disease course in severe asthma,
some patients remain poorly controlled. In par-
ticular, long-term and excessive use of gluco-
corticoids is often associated with increased
risk of adverse effects and unfavorable out-
comes [5, 6], a condition referred to as “gluco-
corticoid-resistant asthma”. Therefore, there is
an urgent need to develop effective therapeutic
drugs or prevention strategies with fewer side
effects.

Although the precise etiology of asthma re-
mains unclear, airway inflammation is a funda-
mental pathophysiological alteration that leads
to airway remodeling and hyperresponsive-
ness. Many inflammatory cells, including mast
cells, macrophages, and granulocytes, are in-
volved in this immunologically mediated airway
inflammation. Of these, macrophages are thou-
ght to play a pivotal role in regulating immune
responses [7, 8]. Macrophages are highly plas-
tic and multifunctional, exhibiting varying phe-
notypic and functional states in response to
changes in the microenvironment [9]. M1 mac-
rophages are a classically activated pheno-
type, which produce pro-inflammatory factors
and exert cytotoxic effects through various
reactive nitrogen species and oxygen species,
causing inflammatory tissue damage. M1 mac-
rophages can mediate T-cell effector respons-
es through antigen presentation, accompanied
by the secretion of pro-inflammatory cytokines
including IL-12 and IL-23, thereby promoting T1
and T17 cell differentiation and neutrophil-driv-
en inflammation [10-12]. Studies have shown
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that, compared with eosinophilic asthma, M1
macrophages are more prevalent in the sputum
of non-eosinophilic asthma patients, and their
percentage is positively correlated with that
of neutrophils, indicating a close association
between M1 macrophage polarization and air-
way neutrophilia in asthma patients. In con-
trast, M2 macrophages are selectively activat-
ed and predominantly secrete anti-inflammato-
ry cytokines, contributing to the suppression of
inflammatory immune responses and tissue
repair [13, 14].

Rho kinase (ROCK), discovered in the past de-
cade, participates in various cellular activities.
There are two subtypes of ROCK, ROCK-I and
ROCK-II, with ROCK-I being more abundantly
expressed in lung tissue. Various stimuli, in-
cluding hormones, growth factors, extracellular
matrix components, and mechanical stimula-
tion, can activate ROCK signaling, leading to
diverse biological effects such as cytoskeleton
organization, cell migration and proliferation,
cell adhesion, smooth muscle contraction, and
regulation of cell growth and apoptosis [15,
16]. These physiological responses mediated
by the ROCK signaling pathway may be associ-
ated with the pathophysiological features of
asthma, such as airflow restriction, airway hy-
perresponsiveness (AHR), and airway remodel-
ing. Studies have shown that Fasudil, a selec-
tive ROCK inhibitor, can reduce eosinophil infil-
tration in bronchoalveolar lavage fluid (BALF),
inhibit endotracheal cell adhesion and oxygen
radicals generation, and attenuate airway hy-
perreactivity [17, 18]. Therefore, this research
established a neutrophilic asthma (NA) model
to explore the therapeutic efficacy and poten-
tial molecular targets of Fasudil in treating
asthma.

Materials and methods
Animals

Female BALB/C mice (18-22 g, 6-8 weeks old)
were obtained from Beijing Huafukang Bio-
science Co., Ltd. (Beijing, China) and reared
under specific pathogen-free conditions in a
temperature-controlled chamber (25 + 2°C).
Prior to commencement, this study was app-
roved by the Animal Ethics Committee of
Shanxi Datong University. All subsequent exper-
imental procedures were carried out in compli-
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ance with the National Institutes of Health
Guide for the Care and Use of Laboratory
Animals.

Establishment of the asthma model

Mice were randomly assigned into three groups
(n = 25 per group) using a random number
table: neutrophilic asthma (NA) group, dexa-
methasone intervention (DI) group, and Fasudil
intervention (FI) group.

NA group: On days O, 7, and 14, mice were an-
esthetized with ether and given 10 ug of lipo-
polysaccharide (LPS) (Sigma, St Louis, USA) via
intranasal instillation, alternating nostrils for
each administration. Simultaneously, mice re-
ceived an intraperitoneal injection of 200 ul of
sensitizing solution containing 100 ug ovalbu-
min (OVA) (Sigma) and 2 mg AI(OH), (Thermo
Fisher Scientfc, Waltham, USA). Starting from
day 21, mice were placed in a self-made nebu-
lization chamber and stimulated by atomizing
inhalation with 5% OVA solution (15 ml) for 30
minutes per day for 2 weeks. Normal saline (20
ml) was given intraperitoneally 1 hour before
each atomization.

DI group: Mice underwent the same sensitiza-
tion and stimulation as the NA group. Dexa-
methasone (1 mg/kg/day) (Guangzhou Baiyu-
nshan Tianxin Pharmaceutical Co., Ltd, Guang-
zhou, China) was given intraperitoneally 1 hour
before each atomization.

Fl group: Mice underwent the same sensitiza-
tion and stimulation as the NA group. Fasudil
(40 mg/kg/day) (Tianjin Chase Sun Pharmace-
utical Co., Tianjin, China) was administered in-
traperitoneally 1 hour before each atomiza-
tion.

To objectively evaluate the severity of stress
responses in asthmatic mice, a systematic
scoring system was developed based on ob-
servable behavioral symptoms. The scoring cri-
teria were as follows:

(1) Breathing pattern (0-3 points): 0: Normal
breathing, 1: Mild respiratory deepening, 2:
Obvious deepened abdominal breathing, 3:
Severe dyspnea.

(2) Behavioral activity (0-3 points): O: Normal
activity, 1: Mild restlessness, 2: Frequent
scratching of the ears and cheeks, 3: Head
retraction and back arching.
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(3) Neurological symptoms (0-2 points): O: No
abnormalities, 1: Mild abdominal muscle twi-
tching, 2: Severe convulsions with incontin-
ence.

(4) Overall condition (0-2 points): 0: Good con-
dition, 1: Mild lethargy, 2: Severe lethargy.

All animal experiments were conducted in acc-
ordance with protocols approved by the Animal
Ethics Committee (Approval No. 2012046). At
the experimental endpoint, euthanasia was
performed under deep anesthesia induced by
pentobarbital sodium. Following the induction
of surgical anesthesia, a terminal bronchoalve-
olar lavage procedure was conducted to collect
samples. To ensure death, euthanasia was fur-
ther confirmed by exsanguination or cervical
dislocation while animals remained fully anes-
thetized, followed by verification of cessation of
vital signs.

The maximum total score was 10 points.
Behavioral assessments were conducted by
two independent observers blinded to the
treatment groups at days 21, 27, and 34 during
the OVA challenge period. The average score
from both observers was used for statistical
analysis.

Dynamic assessment of AHR and inflamma-
tion at multiple time points

To evaluate the longitudinal therapeutic effects
of Fasudil, AHR and inflammatory cell profiles
were assessed at days 21, 27, and 34 through-
out the OVA challenge phase. At each time-
point, an independent subset of mice (n =5 per
group per time point) was randomly chosen for
AHR measurement, followed immediately by
terminal sample collection.

AHR was quantified non-invasively by recording
the enhanced pause (Penh) parameter using a
Buxco whole-body plethysmograph. Mice were
first placed in the plethysmography chambers
and allowed to acclimate for 10 minutes.
Baseline Penh readings were obtained after
exposure to an aerosol of sterile PBS for 3 min-
utes. Subsequently, mice were challenged with
sequentially increasing concentrations of aero-
solized methacholine (MCh; 0, 3.125, 6.25,
12.5, and 25 mg/mL in PBS). The Penh value
was recorded and averaged over a 3-minute
period immediately following each 3-minute
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nebulization cycle. All AHR data were expressed
in dimensionless Penh units. Sample collection
was initiated immediately after the final MCh
measurement.

Directly after the AHR assessment at each
scheduled time point, deep anesthesia was
induced in mice via an intraperitoneal injection
of 2% pentobarbital (40 mg/kg, Sigma). A tra-
cheal cannula was then inserted after the tra-
chea was surgically exposed. Lung lavage was
performed using three sequential instillations
of 0.4 mL ice-cold, sterile PBS, yielding a total
lavage volume of 1.2 mL. The collected BALF
was centrifuged at 2,000 rpm for 5 min at 4°C.
The supernatant was aliquoted and cryopre-
served at -80°C for subsequent analysis, while
the cell pellet was resuspended in 100 pL of
PBS for total cell counting using a hemocytom-
eter. For differential analysis, cytospin cell
preparations were stained with Wright-Giemsa,
and a minimum of 200 cells per sample were
identified and counted based on standard mor-
phological characteristics under light micros-
copy to determine the proportions of neutro-
phils (NEU%), macrophages (M@p%), lympho-
cytes, and eosinophils. NEU% and M@% served
as the primary endpoints for this analysis.

Histopathological evaluation of lung tissue

Five mice were randomly selected from each
group and anesthetized. The right lung lobes
were aseptically excised, fixed in paraformalde-
hyde, embedded in paraffin, and sectioned for
histological analysis by hematoxylin eosin
staining (H&E) staining. The staining procedure
included xylene dewaxing, rehydration through
a graded alcohol series, hematoxylin (Beyotime
Institute of Biotechnology, Shanghai, China)
staining, differentiation in hydrochloric acid-
alcohol, eosin (Beyotime) counterstaining, de-
hydration via graded ethanol, xylene clearing,
and final mounting with neutral resin. The mor-
phology and structure of lung tissue, airway
epithelial damage, and inflammatory cell infil-
tration around the trachea were observed
under an optical microscope. A semi-quantita-
tive method was used to score the degree of
inflammatory cell infiltration around the bron-
chioles, as previously described [19]. Scores
were assigned as follows: 0, no inflammatory
cell invasion; 2, a single layer of peribronchiolar
inflammatory cell infiltration; 3, two to four lay-
ers; and 4, more than four layers of inflamma-
tory cell infiltration around the bronchioles.
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Flow cytometry assay

Under aseptic conditions, the left lungs of the
five mice were harvested and washed with pre-
cooled PBS. Lung tissues were cut into approxi-
mately 1-2 mm?® fragments using ophthalmic
scissors and placed into 10 ml of digestive
solution containing D-Hanks (Sigma), collage-
nase | (10 mg; Worthington, USA), DNase | (500
u Sigma), hyaluronidase (5 mg; Sigma), 2% fe-
tal bovine serum (FBS; Gibco, USA), penicillin
(100 u/ml; Sigma), and streptomycin (100 u/ml;
Sigma). The digestion was performed at 37°C
for 60 minutes on a constant temperature
shaker and terminated with 20% FBS. The
resulting cell suspension was filtered through
a 40-uym disposable nylon strainer to remove
debris. Cells were collected, washed with PBS,
centrifuged, and resuspended. Red blood cells
were lysed using erythrocyte lysis buffer (Be-
yotime, China) for 1 min at 4°C, followed by
washing with PBS and centrifugation. The cell
suspension was then gently layered onto Per-
coll (Baiaolaibo Technology Co. Beijing, China)
separation medium and centrifuged. The mono-
nuclear cells (MNCs) layer was carefully aspi-
rated, washed with PBS, centrifuged, and
resuspend for subsequent analysis. The MNCs
were used for intracellular staining at room
temperature for 30 minutes with the following
antibodies diluted in 0.3% saponin (Sigma)/
1% bovine serum albumin (BSA) (Sigma)-PBS
buffer: the macrophage marker Alexa Fluor
488-ant-F4/80 (Bio-Rad, Hercules CA, USA),
the pro-inflammatory M1 macrophage subtype
markers PE-interleukin (IL)-12 (Thermo Fisher
Scientfc, Waltham, USA), and anti-inducible
nitric oxide synthase (iNOS) (Enzo Life Sci-
ences, Farmingdale, USA), followed by staining
with the corresponding PE-conjugated second-
ary antibodies (1:200, Alexa Fluor 555, goat
anti-rabbit; Molecular Probes, Eugene, USA) for
iINOS. Cells were gated using forward and
sideward scatter characteristics, and at least
10,000 events were recorded using flow cytom-
eter (BD Biosciences, USA). BD Biosciences’
CellQuest software was used to evaluate the
data. The proportions of double-positive cells
were determined using quadrant analysis.

Western blot assay

Lung tissues from the remaining five mice in
each group were harvested and homogenized
on ice using a micro-operated tissue homoge-
nizer (Kimble Kontes, Vineland, USA) in lysis
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buffer provided by a protein extraction kit
(Millipore, Tullagreen Carrigtwohill, Cork, Ire-
land) supplemented with a protease inhibitor
cocktail. The homogenates were centrifuged at
12,000 g for 20 minutes at 4°C, and protein
concentrations were measured using a bicin-
choninic acid (BCA) protein assay kit (Sangon
Biotech, Shanghai, China). Equal amounts of
protein (20 ug per lane) were separated by sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred onto a nitrocellulose
membrane (Millipore). The membranes were
blocked with 5% non-fat milk at room tempera-
ture for 1 h and then incubated overnight at
4°C with primary antibodies: anti-toll like re-
ceptor 2 (TLR-2; 1:1000; Cell Signaling Tech-
nology, Boston, USA), anti-p-nuclear factor
kappa B (p-NF-«kB; 1:1000; Cell Signaling
Technology), anti-glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; 1:10,000; Cell Signa-
ling Technology), and anti-ribosomal protein
S3 (RPS3; 1:1000; Abcam, Cambridge, UK).
After washing Tris-buffered saline containing
0.1% Tween-20 (TBST) in the next day, the
membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies
(1:10,000; Cell Signaling Technology) for 2
hours at room temperature. Proteins were
detected using a Chemiluminescence Kit
(Solarbio, Beijing, China), and the bands were
visualized with a Molecular Imager ChemiDoc
XRS1 System (Bio-Rad).

Serum and BALF cytokine assays

Serum levels of IL-6 (PeproTech, Rocky Hill,
USA), IL-1B (MultSciences, Hangzhou, China),
monocyte chemoattractant protein-1 (MCP-1)
(Wuhan Boster Biological Technology Co., Ltd.,
Wuhan, China), and tumor necrosis factor
(TNF)-a (PeproTech) were measured in blood
samples obtained from asthmatic mice by car-
diac puncture. ELISA was performed on both
serum and BALF supernatants in accordance
with the kit manufacturer’s instructions. The
cytokine concentrations were computed from
the standard curve and presented as the
means of triplicate determinations in pg/mL.

Immunohistochemical (IHC) staining

Paraffin-embedded lung tissue sections were
routinely deparaffinized, rehydrated, and sub-
jected to antigen retrieval, followed by blocking
with 1% BSA at room temperature for 30 min-
utes. After washing the slices with PBS, the
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sections were incubated with at 4°C with pri-
mary antibodies against p-NF-kB (Santa Cruz
Biotechnology, Dallas, USA), TLR-2 (Santa Cruz
Biotechnology) and RPS3 (Invitrogen, Carlsbad,
USA). Then, the sections were washed with PBS
and incubated with 50 pl of biotinylated sec-
ondary antibody (Invitrogen) at room tempera-
ture for 2 hours. After an additional wash with
PBS, sections were developed using 100 pl of
freshly prepared DAB (Invitrogen) solution for
5-10 minutes and examined under light micro-
scope. The sections were then rinsed with tap
water, counterstained with hematoxylin, dehy-
drated through a gradient alcohol series, clea-
red, and mounted with neutral resin. Negative
controls were prepared by replacing the prima-
ry antibody with PBS. Brownish-yellow granular
staining in lung tissues was considered indica-
tive of positive protein expression. For each
specimen, five randomly selected sections
were analyzed using Image-Pro Plus 6.0. The
relative protein expression levels of TLR-2,
RPS3, and p-NF-kB were quantified as the aver-
age optical density value.

Lung tissue transcriptomic sequencing and
clinical validation of key pathways

RNA extraction and transcriptome sequencing:
On day 34, left lung tissues of the remaining
five mice from each group were aseptically col-
lected, snap-frozen in liquid nitrogen, and
stored at -80°C until RNA extraction. Total RNA
was extracted using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions.
RNA concentration and purity were measured
using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific), while integrity was
verified with an Agilent 2100 Bioanalyzer (Agi-
lent Technologies). Samples with an RNA integ-
rity number > 7.0 were used for library con-
struction. Sequencing libraries were prepared
employing the NEBNext® Ultra™ Il Directional
RNA Library Prep Kit (New England Biolabs)
and subsequently sequenced on an lllumina
Novaseq 6000 platform (lllumina) to generate
150-bp paired-end reads, yielding approxi-
mately 20 million clean reads per sample.

Bioinformatic analysis: Raw sequencing data
were processed with fastp software to remove
adapter sequences and low-quality reads,
yielding high-quality clean reads. These clean
reads were subsequently aligned to the mouse
reference genome (GRCm39) using HISAT2.
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Transcript abundance was quantified as frag-
ments per kilobase of transcript per million
mapped reads (FPKM) using StringTie. Diff-
erential gene expression analysis between the
FI and NA groups was performed using the
DESeq2 R package, with genes satisfying |fold
change| > 1.5 and FDR-adjusted P-value <
0.05 considered significantly differentially ex-
pressed (DEGs). KEGG pathway enrichment
analysis for these DEGs was conducted using
the clusterProfiler R package, with a signifi-
cance threshold of FDR < 0.05.

Clinical sample collection: To validate the clini-
cal relevance of findings from the mouse model,
samples of human peripheral blood were
obtained. Thirty patients with NA were recruit-
ed from the Department of Respiratory and
Critical Care Medicine, The study protocol was
approved by the Medical Ethics Committee
(MEC) of the First Affiliated Hospital of Shanxi
Datong University (Approval No: KYYJ-2024-
005).

Study participants: Thirty patients with neutro-
philic asthma (NA) were recruited from the
Department of Respiratory and Critical Care
Medicine. Diagnosis was established accord-
ing to the Global Initiative for Asthma (GINA)
guidelines and confirmed by sputum induction
analysis (sputum neutrophil percentage >
76%). Twenty age- and sex-matched healthy vol-
unteers with no history of chronic respiratory
diseases or active infections served as the
healthy control (HC) group.

Exclusion criteria: Subjects with comorbid ch-
ronic obstructive pulmonary disease, bronchi-
ectasis, or active respiratory infections were
excluded from both groups.

Sample collection: From each participant, 5 mL
of peripheral blood was drawn into a serum
separation tube for subsequent protein analy-
sis and a PAXgene Blood RNA Tube (PreAnaly-
tiX) for RNA analysis.

The diagnosis was established according to the
Global Initiative for Asthma (GINA) guidelines
and sputum induction analysis, defined by a
sputum neutrophil percentage (NEU%) > 76%.
Twenty age- and sex-matched healthy volun-
teers were recruited as the control (HC) group.
Subjects with chronic obstructive pulmonary
disease, bronchiectasis, or active respiratory
infections were excluded. For each participant,
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5 mL of peripheral blood was collected into
serum separation tubes for protein analysis
and PAXgene Blood RNA Tubes (PreAnalytiX,
Hombrechtikon, Switzerland) for RNA analysis.

RNA extraction and quantitative real-time PCR
from human blood: Total RNA was extracted
from whole blood samples collected in PAX-
gene tubes using the PAXgene Blood RNA Kit
(PreAnalytiX) according to the manufacturer’s
protocol. cDNA was synthesized from 1 ug of
total RNA using the PrimeScript RT reagent Kit
featuring gDNA Eraser (Takara Bio). Quantita-
tive real-time PCR (qPCR) was performed on a
QuantStudio 6 Flex System (Applied Biosy-
stems) using SYBR Premix Ex Taq Il (Takara
Bio). The primer sequences were as follows:
S100A8 (F: 5-ATGCCGTCTACAGGGATGAC-3’, R:
5-CCCACTTTTATCACCATCGC-3’); CXCL2 (F: 5*-
AGGGAAAAGCTTGCCTGAAA-3’, R: 5-TCCTTCA-
GGAACAGCCACCA-3’); GAPDH (F: 5-GGAGCG-
AGATCCCTCCAAAAT-3’, R: 5-GGCTGTTGTCATA-
CTTCTCATGG-3’). Relative mRNA expression
levels, presented as fold change relative to
the healthy control (HC) group, were calculated
using the 222t method.

Human serum S100A8/A9 levels analyzed
using ELISA: Peripheral blood samples were
collected into serum separation tubes, left to
clot at room temperature for 30 min, and then
centrifuged at 3,000 rpm for 10 min. The resul-
tant supernatant (serum) was aliquoted and
stored at -80°C until analysis. Serum concen-
trations of the S100A8/A9 heterodimer (Calp-
rotectin) were measured using a commercial
Human S100A8/A9 Heterodimer ELISA Kit
(Hycult Biotech, Uden, Netherlands or equiva-
lent) in strict accordance with the manufactur-
er's guidelines. Absorbance was measured at
450 nm using a microplate reader, and concen-
trations were derived from standard curve.
Results were expressed in hanograms per mil-
liliter (ng/mL).

Statistical analysis

Statistical analyses were performed using
GraphPad Prism 9.0. Data were presented as
mean z standard error of the mean (SEM)
unless otherwise specified. For animal studies,
group comparisons were conducted using
Student’s t-test or one-way ANOVA, while AHR
data were analyzed by two-way repeated mea-
sures ANOVA with Bonferroni post-test.
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Table 1. Comparison of behavioral stress scores among ex-

perimental groups (scores, mean + SEM)

showed significantly lower scores
for breathing pattern abnormali-

ties and behavioral activity distur-

Overall Mean
Group  Day21 Day 27 Day 34 Score bances, compared to the DI
NA 7811+0.9 8254+07 8541+0.6 8218+05 group (P < ?'Oj)' The f'“?”t'tattr']"et
DI 4232+0.8° 3.839+06° 3.532+0.7° 3.827+0.6" assessment  demonstrates tha
B . . . Fasudil effectively alleviates be-
FI 3512 + 0.7+ 3.109 + 0.5 2.872 + 0.4** 3.133  0.5"*

havioral stress responses in NA

Notes: NA group, neutrophilic asthma group; DI group, dexamethasone inter-
vention group; FI group, Fasudil intervention group; “P < 0.05 vs. NA group; #P

< 0.05 vs. DI group.

mice, with superior efficacy com-
pared to dexamethasone in im-
proving respiratory distress and
abnormal behaviors.

Table 2. Component analysis of behavioral symptoms (scores,

mean + SEM) Fasudil ameliorated lung histo-
Group Breathing Beha_vi.oral Neurological Overgll fnai(t:ZOIOglcal alterations in NA
Pattern Activity Symptoms Condition
NA 2721+03 2876+0.2 1827+04 1.650+0.3 . . ——
Histopathological examination of
DI 1.326 + 0.4 1.602+0.3" 0.814+0.2" 0.705+0.27 lung tissue sections showed obvi-
FlI 1.038 £ 0.3"* 1.055 + 0.2"* 0.639 + 0.2"* 0.517 + 0.1"# ous pathological changes in the

Notes: NA group, neutrophilic asthma group; DI group, dexamethasone inter-
vention group; FI group, Fasudil intervention group; “P < 0.01 vs. NA group; P

< 0.05 vs. DI group.

For human data, normality was assessed using
the Shapiro-Wilk test. Normally distributed data
were reported as mean + SEM and compared
using unpaired t-test, whereas non-normally
distributed data were reported as median and
IQR and were compared using the Mann-
Whitney U test. To evaluate associations
between continuous variables, Pearson corre-
lation analysis was performed. Specifically, this
method was used to assess the linear relation-
ships of SI00A8 mRNA levels and S100A8/A9
protein concentrations with sputum neutrophil
percentage. Statistical significance was defined
as a two-tailed P < 0.05 for all analyses.

Results
Quantification of behavioral stress responses

Behavioral assessments revealed significant
differences in stress responses among the
three groups (Table 1). Mice in the NA group
showed pronounced stress responses through-
out the observation period, whereas both inter-
vention groups showed significant improve-
ments in behavioral responses.

Analysis of behavioral scores demonstrated
that Fasudil intervention resulted in compre-
hensive improvement across all measured
parameters (Table 2). In specific, the FI group

7

NA group, including thickened
bronchial walls, extensive infiltra-
tion of inflammatory cells sur-
rounding the bronchi and pulmo-
nary blood vessels, airway epithelial damage,
and disrupted tissue architecture. In contrast,
lung tissue from mice in the Fl and DI groups
was relatively intact, with slightly thickened
bronchial walls and reduced infiltration of
inflammatory cells around the bronchi com-
pared to the NA group. Limited infiltrations of
neutrophils, eosinophils, and lymphocytes were
observed in the submucosa and alveolar inter-
stitium (Figure 1A). Semi-quantitative analysis
of peribronchial inflammation revealed signifi-
cantly lower inflammation scores in both the DI
(P < 0.05) and FI group (P < 0.001) compared
with the NA group, with an even pronounced
decrease observed in the FI group compared to
the DI group (P < 0.05) (Figure 1B).

As demonstrated in Figure 1C, 1D, the Fl group
showed a significant reduction in bronchial wall
thickness compared to both the NA group (P <
0.001) and the DI group (P < 0.05). Similarly,
inflammatory cell infiltration was markedly sup-
pressed in the Fl group relative to the NA (P <
0.001) and DI groups (P < 0.05). These objec-
tive measurements substantiate our qualita-
tive observations and semi-quantitative scor-
ing, confirming that Fasudil not only alleviates
inflammatory cell recruitment but also effec-
tively mitigates structural alterations in the
airways.
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Figure 1. Fasudil alleviated pathological alterations and airway inflammation in neutrophilic asthma (NA) mice.
A. Representative H&E-stained lung tissue sections. B. Semi-quantitative assessment of peribronchial inflamma-
tory cell infiltration (scale: 0-4). C. Quantitative measurement of bronchial wall thickness (um). D. Quantification of
inflammatory cell count per high-power field (HPF, 400x). Notes: NA group, neutrophilic asthma group; DI group,
dexamethasone intervention group; FI group, Fasudil intervention group; Data are presented as mean + SEM (n =

5). *P < 0.05, **P < 0.01, ***P < 0.001.

Effects of Fasudil on BALF total cell counts
and differential cell composition in NA mice

Analysis of BALF provided quantitative evi-
dence of Fasudil's potent anti-inflammatory
effects in NA. The cellular composition of BALF
was markedly altered by both interventions,
with Fasudil demonstrating superior efficacy in
reducing overall cellularity and specific inflam-
matory cell populations. As shown in Figure 2A,
the total cell count in BALF was dramatically
elevated in the NA group, reflecting substantial
inflammatory cell recruitment to the airways.
Dexamethasone decreased the total cell count
by approximately 39% compared with the NA
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group (P < 0.05), while Fasudil achieved a more
pronounced reduction of approximately 55% (P
< 0.01 vs. NA; P < 0.05 vs. DI).

Differential cell analysis revealed that Fasudil
exerted particularly strong effect on neutrophil
inflammation. Compared to the NA group, the
NEU% in the DI and FI groups significantly de-
creased, with the FI group showing a notably
greater reduction than the DI group (P < 0.05)
(Figure 2B). Similarly, the M@% across all gr-
oups exhibited a dose-dependent decrease,
with the FI group demonstrating significantly
higher inhibition than the DI group (P < 0.01)
(Figure 2C).
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Figure 2. Fasudil altered the inflammatory cell profile in BALF. A. Total cell count (x10%/mL); B. Percentage of neu-
trophils (NEU%); C. Percentage of macrophages (M@%); D-F. Representative cytospin images of BALF cells (Wright-
Giemsa stain, 1000x), Green arrows indicate eosinophils; black arrows indicate neutrophils. Notes: NA group, neu-
trophilic asthma group; DI group, dexamethasone intervention group; FlI group, Fasudil intervention group; BALF:
bronchoalveolar lavage fluid; Data are presented as mean + SEM (n = 5); *P < 0.05, **P < 0.01, ***P < 0.001,

ns P > 0.05.

Representative cytospin preparations (Figure
2D-F) visually corroborated these quantita-
tive findings. The NA group samples displayed
dense cellular infiltration dominated by neutro-
phils (black arrows) and eosinophils (green
arrows). Both treatment groups showed re-
duced cellularity, with the Fl group exhibiting
the most substantial clearance of inflamma-
tory cells and restoration of normal cellular
distribution.

Effects of Fasudil on cytokine levels in serum
and BALF of NA mice

Analysis of serum cytokines revealed that,
compared to the NA group, both the DI and Fl
groups exhibited significant reductions in MCP-
1, IL-1B, TNF-o, and IL-6 levels (DI: P < 0.05, P <
0.001; FI: all P < 0.001). Furthermore, the Fl
group showed significantly lower levels of IL-6
and IL-1B than the DI group (P < 0.05, P <
0.001). Consistent trends were observed in
BALF. Compared with the NA group, IL-6, IL-1j3,
and TNF-« levels were significantly reduced in
the DI group (P < 0.05, P < 0.01, P < 0.001); in
the FI group, MCP-1, IL-13, TNF-&, and IL-6 lev-
els were all significantly reduced (P < 0.01, P <
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0.001). Furthermore, IL-1B in BALF was also
significantly lower in the Fl group than in the DI
group (P < 0.001) (Figure 3).

Effects of Fasudil on macrophage polarization
in NA mice

M1 macrophages are classically activated in
NA and generally express high oxidative stress
products and pro-inflammatory factors (e.g.,
iNOS and IL-12), causing inflammatory damage
to tissues. Flow cytometry analysis showed
that, compared with the NA group, the expres-
sion of iINOS and IL-12 in the lung tissue of
both DI and FI groups were significantly reduc-
ed (DI group: P < 0.05, P < 0.001, respectively;
Fl group: P < 0.01, P < 0.001, respectively). Fur-
thermore, compared with the DI group, there
was a further reduction in IL-12 expression in
the Fl group (P < 0.05), whereas no significant
difference was observed in iNOS expression
between the two intervention groups (Figure 4).

Effects of Fasudil on the expression of RPS3,
TLR-2 and p-NF-kB proteins in NA mice

IHC staining and western blot analyses were
performed to evaluate the expressions of
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Figure 3. Fasudil suppressed cytokine levels in serum and BALF of NA mice. A. Interleukin (IL)-6; B. IL-13; C. Mono-
cyte chemoattractant protein-1 (MCP-1); D. Tumor necrosis factor (TNF)-a. Notes: NA group, neutrophilic asthma
group; DI group, dexamethasone intervention group; Fl group, Fasudil intervention group; BALF: bronchoalveolar
lavage fluid; NA: neutrophilic asthma; Data are presented as mean £ SEM (n = 5); *P < 0.05, **P < 0.01, ***P <

0.001, ns P > 0.05.

RPS3, TLR-2, and p-NF-kB in the lung tissues.
IHC staining demonstrated that RPS3, TLR-2,
and p-NF-kB were highly expressed in the NA
group. Compared with the NA group, the expres-
sion of p-NF-kB (P < 0.05) and TLR-2 (P < 0.05)
was considerably lower in the DI group; similar-
ly, the FI group exhibited significantly lower
expression levels of RPS3 (P < 0.001), TLR-2 (P
< 0.01), and p-NF-kB (P < 0.01). Specifically,
Fasudil achieved a significantly greater reduc-
tion in the expression of p-NF-«kB (P < 0.05) and
RPS3 (P < 0.05) than dexamethasone (Figure
5A).

Consistent with the IHC findings, WB results
also showed that the protein expression levels
of p-NF-kB (P < 0.001), TLR-2 (P < 0.001) and
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RPS3 (P < 0.05) were significantly decreased in
the Fl group compared with the NA group; more-
over, the FI group exhibited significantly lower
levels of p-NF-kB (P < 0.05) and TLR-2 (P <
0.05) compared with the DI group (Figure 5B).

Fasudil ameliorated AHR and suppressed
neutrophilic inflammation in a time-dependent
manner

As shown in Figure 6, mice in the NA group
exhibited severe AHR to increasing concentra-
tions of MCh, which persisted from day 21 to
day 34 (Figure 6A, 6C, 6E). However, Fasudil
significantly attenuated AHR at all time points.
Notably, compared to the NA group, the Fl group
already showed a rightward shift in the MCh
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Figure 4. Fasudil modulated macrophages polarization in NA mice. Cells were stained with the macrophage marker
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methasone intervention group; Fl group, Fasudil intervention group; NA: neutrophilic asthma; Data are presented as
mean + SEM (n =5). *P < 0.05, **P < 0.01, ***P < 0.001, ns P > 0.05.

dose-response curve and reduced maximal
Penh values on day 21 (P < 0.05), indicating a
rapid onset of action (Figure 6A). This protec-
tive effect continued and became more pro-
nounced at days 27 and 34, with significantly
lower AHR in the FI group across nearly all MCh
concentrations compared to the NA group (P <
0.001) (Figure 6C, 6E). Dexamethasone also
attenuated AHR, but its effect at day 21 was
less pronounced than that of Fasudil, and at
high MCh concentrations, the DI group showed
higher Penh values at day 34 than the Fl group
(P < 0.05) (Figure 6E).

Consistent with the AHR results, analysis of
BALF revealed a time-dependent suppression
of neutrophilic inflammation by Fasudil (Figure
6B, 6D, 6F). The NEU% in BALF was higher in
the NA group on days 21, 27, and 34. Compared
with the NA group, the NEU% in the FI group
began to decrease on day 21 (P < 0.05), with
progressively greater decreases observed on
day 27 (P < 0.01)and day 34 (P < 0.001) (Figure
6F). Although dexamethasone treatment also
reduced NEU%, the FI group exhibited signifi-
cantly lower NEU% than the DI group on days
27 and 34 (P < 0.05) (Figure 6D, 6F). These
data collectively indicate that Fasudil not only
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rapidly alleviates AHR but also progressively
and potently suppresses neutrophilic airway
inflammation over time, exhibiting a sustained
therapeutic efficacy.

Transcriptomic profiling reveals Fasudil’s
mechanism of action and key biomarkers vali-
dated in clinical samples

Transcriptome sequencing of lung tissues re-
vealed distinct gene expression profiles among
NA, DI, and FI groups (Figure 7A). Compared to
the NA group, Fasudil treatment resulted in
1,247 DEGs, including 652 downregulated and
595 upregulated genes (Figure 7B). KEGG en-
richment analysis of the downregulated DEGs
identified significant suppression of RhoA/
ROCK signaling, NF-kB pathway, Toll-like recep-
tor signaling, and neutrophil extracellular trap
formation (Figure 7C). Key hub genes including
Rock2, S100a8, S100a9, Mmp9, and Cxcl2
were identified as potential mediators of Fa-
sudil’s anti-inflammatory effects (Figure 7D).

Clinical validation demonstrated elevated ex-
pression of S100A8 (4.5-fold, P < 0.001) and
CXCL2 (3.2-fold, P < 0.01) in NA patients versus
healthy controls (Figure 7E). Serum calprotec-
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Figure 5. Fasudil reduced the expression of RPS3, TLR-2 and p-NF-kB proteins in NA mice. A. Left: Typical immuno-
histochemistry staining of lung tissues showing the expression of TLR-2, RPS3, and p-NF-kB. Brown-yellow granular
deposits indicate positive staining (scale bar = 50 ym). Right: Quantification of the positive staining. B. Protein levels
of TLR-2 (110 kDa), RPS3 (27 kDa), and p-NF-kB (65 kDa) as determined by western blot analysis. Notes: NA group,
neutrophilic asthma group; DI group, dexamethasone intervention group; Fl group, Fasudil intervention group; NA:
neutrophilic asthma; Data are presented as mean + SEM (n =5). *P < 0.05, **P < 0.01, ***P < 0.001, ns P > 0.05.

tin (S100A8/A9) levels were also significantly
increased in patients (P < 0.001) (Figure 7F).
Both S100A8 mRNA and S100A8/A9 protein
levels positively correlated with sputum neutro-
phil percentage (r = 0.72, P < 0.001; r=0.65, P
< 0.001) (Figure 7G), confirming their clinical
relevance. These findings demonstrate that
Fasudil exerts its therapeutic effects through
coordinated inhibition of the RhoA/ROCK path-
way and downstream inflammatory networks.
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Discussion

The pathogenesis of asthma are traditionally
attributed to eosinophilic inflammation and IgE-
mediated mast cell degranulation. However,
accumulating evidence underscores that neu-
trophils play a critical role in severe and steroid-
resistant asthma phenotypes [19-21]. Post-
mortem analyses have demonstrated a higher
neutrophil burden in the lungs of fatal asthma
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cases, and sputum neutrophilia is frequently
observed during both persistent and acute
exacerbations in both adults and children [22].
Consistent with these clinical observations, our
murine model of NA demonstrated substantial
infiltration of neutrophils and other inflamma-
tory cells surrounding the bronchioles, along-
side a significant increase in total cell and neu-
trophil counts in the BALF. Notably, treatment
with Fasudil effectively ameliorated asthma-
related behavioral manifestations (e.g., rest-
lessness, dyspnea) and suppressed neutrophil
aggregation in the airways, thereby alleviating
neutrophilic inflammation and modifying dis-
ease progression.

This study objectively assessed the severity of
stress responses in NA mice and the therapeu-
tic effects of Fasudil using a multi-dimensional
behavioral scoring system encompassing respi-
ratory patterns, behavioral activities, neurologi-
cal manifestations, and overall status. The
results suggest that Fasudil ameliorates stress
related responses in asthma mice through a
dual mechanism: (1) inhibiting the Rho kinase
pathway to reduce airway inflammation and
remodeling, thereby reducing AHR and alleviat-
ing stress-related respiratory abnormalities; (2)
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modulating hypothalamic-pituitary-adrenal axis
activity or suppressing central nervous system
inflammation to directly mitigate stress-related
behavioral abnormalities [23]. In contrast, de-
xamethasone, a classical glucocorticoid, pri-
marily improves airway inflammation through
anti-inflammatory effects but has limited regu-
latory effects on neuro-stress pathways, which
may explain its inferior performance compared
to Fasudil in respiratory patterns and behavior-
al activities. This study is the first to demon-
strate that Fasudil can time-dependently
improve AHR and inhibit neutrophilic inflamma-
tion in NA mice, and its therapeutic effect is
superior to that of the traditional glucocorticoid
dexamethasone. Fasudil reduced the Penh
value as early as day 21 and maintained this
effect through day 34, whereas dexametha-
sone showed weaker early efficacy and inferior
anti-inflammatory effects at later stages. Given
that NA represents a glucocorticoid-resistant
and refractory asthma characterized by neutro-
phil-dominated airway inflammation, the rapid
onset and sustained anti-inflammatory proper-
ties of Fasudil precisely compensate for the
shortcomings of conventional glucocorticoid in
treating NA.
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Figure 7. Transcriptomic analysis of Fasudil’s mechanism and clinical validation of key biomarkers. A. Principal
Component Analysis (PCA) plot of lung tissue transcriptomes from NA, DI, and FI groups, showing clear separation.
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significant genes in grey. Key downregulated genes are labeled. C. Bubble chart of KEGG pathway enrichment analy-
sis for genes downregulated in the FI group. The size of the bubble represents the number of genes, and the color
represents the -log10(FDR) value. D. A proposed network diagram illustrating core pathways and hub genes (e.g.,
Rock2, *S100a8/a9*, Mmp9, Cxcl2, Nfkb1l) downregulated by Fasudil, centered around the inhibition of RhoA/
ROCK signaling. E. mRNA expression levels of SI00A8 and CXCL2 in peripheral blood from healthy controls (HC, n
= 20) and neutrophilic asthma patients (NA, n = 30), presented as fold change relative to HC. F. Serum concentra-
tions of S100A8/A9 (Calprotectin) in HC (n = 20) and NA (n = 30) groups. G. Correlation analysis between sputum
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expression (right panel, n = 30) in NA patients. Notes: NA: neutrophilic asthma; Data are expressed as mean + SEM.

We next investigated the underlying mecha- gns with this paradigm: flow cytometry reveal-
nisms, focusing on the interplay between mac- ed elevated M1 markers (iNOS, IL-12) in asth-
rophages and key inflammatory signaling path- matic lungs, and ELISA confirmed high levels of
ways. Macrophage polarization is a hallmark of M1-associated cytokines (MCP-1, IL-103, TNF-c,
immune regulation [24]. In NA, classically acti- IL-6) in serum and BALF. Critically, Fasudil treat-
vated M1 macrophages, induced by stimuli ment inhibited M1 polarization, as evidenced
such as IFN-y, LPS, or TNF-a [25, 26], are major by reduced proportions of F4/80+iNOS+ and
contributors to disease pathology. These cells F4/80+IL-12+ cells, and concurrently suppre-
facilitate sustained neutrophil recruitment, ssed the aforementioned cytokine cascade.
activate Th1/Th17 responses, and promote air- Given that M1-derived factors like TNF-a and
way remodeling and AHR through the secretion IL-13 directly drive airway smooth muscle hyper-
of pro-inflammatory factors [27]. Our data ali- reactivity - a cornerstone of AHR - our results
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indicate that Fasudil ameliorates neutrophilic
airway inflammation, at least in part, by modu-
lating M1 macrophage activity and its down-
stream effectors.

The pro-inflammatory functions of M1 macro-
phages are intrinsically linked to the activation
of specific signaling hubs. Among these, NF-kB
serves as a master regulator [28, 29]. Its phos-
phorylated form (p-NF-kB) initiates a pervasive
inflammatory cascade, recruiting neutrophils
and inducing mass production of cytokines,
thereby creating a self-amplifying “inflammato-
ry cycle” that sustains chronic inflammation
[30, 31]. Furthermore, p-NF-kB promotes air-
way remodeling by regulating processes like
cell proliferation and the release of tissue-
destructive enzymes from neutrophils. Its role
is amplified through crosstalk with other path-
ways, including MAPK, PI3K/Akt, and STAT6
[32].

This inflammatory network is further modulated
by upstream pattern-recognition receptors and
co-regulatory molecules. TLR-2, a pattern rec-
ognition receptor of the innate immune system,
drives a vicious “inflammation-contraction-re-
modeling” cycle in NA. Activation of TLR-2 initi-
ates downstream inflammatory cascades, wh-
ile pro-inflammatory cytokines such as TNF-«
and IL-13 enhance this process by augmenting
airway smooth muscle contractility and AHR,
largely through MAPK pathway [33-35]. Sim-
ultaneously, RPS3 functions as a critical non-
ribosomal modulator of NF-kB. By directly in-
teracting with the p65 subunit, RPS3 stabili-
zes the NF-kB complex on DNA, potentiating
the transcription of neutrophil-chemoattrac-
tant mediators like TNF-a. Moreover, RPS3-
mediated suppression of SIRT1 can trigger
NLRP3 inflammasome activation and IL-13 re-
lease, adding another layer to the inflammatory
response [36, 37].

Our findings position Fasudil within this regula-
tory framework. ICH demonstrated markedly
elevated levels of p-NF-kB, TLR-2, and RPS3 in
the NA group, which were potently suppressed
by Fasudil. This suggests that the therapeutic
benefits of Fasudil are mediated, at least in
part, through the coordinated downregulation
of this signaling axis. Notably, while dexameth-
asone also showed anti-inflammatory effects,
Fasudil demonstrated a superior and more
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comprehensive modulatory profile. It was sig-
nificantly more effective in reducing BALF mac-
rophage infiltration, suppressing key pro-in-
flammatory cytokines (IL-6, IL-13, TNF-«), and
downregulating p-NF-kB and RPS3. This multi-
targeted action, concurrently attenuating infla-
mmation and pathways linked to airway remod-
eling, may underlie Fasudil’'s enhanced efficacy
and presents a promising therapeutic strategy.

This study further analyzed the molecular net-
work of Fasudil through a combination of ani-
mal experiments and clinical sample verifica-
tion, using transcriptome sequencing and bio-
informatics analysis. Fasudil induced extensive
alterations in gene expression profiles, with
652 genes significantly down regulated. KEGG
pathway enrichment analysis revealed that
Fasudil inhibited multiple key pro-inflamma-
tory pathways, including RhoA/ROCK signaling,
NF-kB activation, TLR signaling, and the forma-
tion of neutrophil extracellular traps. This multi-
path inhibitory effect likely constitutes the
molecular basis of Fasudil's powerful anti-in-
flammatory effects. In addition, the identifica-
tion of core hub genes including ROCK2,
S100A8, S100A9, Mmp9 and CXCL2, also pro-
vides mechanistic insight into Fasudil’s anti-
inflammatory action: these genes are involv-
ed in neutrophil activation, chemotaxis, and tis-
sue remodeling processes. Fasudil significant-
ly downregulates the expression of S100AS8,
S100A9, and CXCL2 in model mice. Combined
with the high expression characteristics of
these molecules in clinical samples, it further
supports that Fasudil may improve the patho-
logical process of neutrophil asthma by target-
ing these key molecules. These findings pro-
vide new ideas for the precise treatment and
biomarker development of NA, laying a theo-
retical foundation for subsequent clinical trans-
lational research [38].

Nevertheless, this study has limitations. The
potential crosstalk between M1 macrophage
polarization and the p-NF-kB/TLR-2/RPS3
pathway was not fully elucidated, and our
mechanistic exploration remained primarily
within the realm of immune inflammation.
Future work will focus on delineating these
interactions and investigating strategies to
directly alleviate airway remodeling and smooth
muscle contraction.
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Conclusion

Fasudil demonstrates significant therapeutic
effect on NA, alleviating clinical symptoms and
pathological lung alterations. Mechanistically,
Fasudil inhibits M1 macrophage polarization,
downregulates the expression of p-NF-kB, TLR-
2, and RPS3 proteins, and suppresses the se-
cretion of pro-inflammatory cytokines, includ-
ing IL-6, IL-1B3, MCP-1, and TNF-a. In addition,
S100A8/A9 and CXCL2 emerge as potential
clinical biomarkers for NA. Through these ac-
tions, Fasudil reduces airway inflammation, im-
proves remodeling, and attenuates AHR, achi-
eving its anti-asthmatic effect.
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