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ABSTRACT

The pathogenic hyper-inflammatory response has been revealed as the major cause of the severity and death of
the Corona Virus Disease 2019 (COVID-19). Xuanfei Baidu Decoction (XFBD) as one of the “three medicines and
three prescriptions” for the clinically effective treatment of COVID-19 in China, shows unique advantages in the
control of symptomatic transition from moderate to severe disease states. However, the roles of XFBD to against
hyper-inflammatory response and its mechanism remain unclear. Here, we established acute lung injury (ALI)
model induced by lipopolysaccharide (LPS), presenting a hyperinflammatory process to explore the pharmaco-
dynamic effect and molecular mechanism of XFBD on ALL The in vitro experiments demonstrated that XFBD
inhibited the secretion of IL-6 and TNF-« and iNOS activity in LPS-stimulated RAW264.7 macrophages. In vivo,
we confirmed that XFBD improved pulmonary injury via down-regulating the expression of proinflammatory
cytokines such as IL-6, TNF-a and IL1-p as well as macrophages and neutrophils infiltration in LPS-induced ALI
mice. Mechanically, we revealed that XFBD treated LPS-induced acute lung injury through PD-1/IL17A pathway
which regulates the infiltration of neutrophils and macrophages. Additionally, one major compound from XFBD,
i.e. glycyrrhizic acid, shows a high binding affinity with IL17A. In conclusion, we demonstrated the therapeutic
effects of XFBD, which provides the immune foundations of XFBD and fatherly support its clinical applications.

1. Introduction

alveolar macrophages, initiating the proinflammatory signaling
cascade, then the cytokines and chemokines attract macrophages, neu-

The Coronavirus Disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome type 2 Coronavirus (SARS-CoV-2) poses a
major threat to global public health and the economy. There is
increasing evidence that inflammatory syndrome caused by over-
activation of the immune system contributes to the severity of COVID-19
[1]. The virus releases damage associated molecular patterns (DAMPs),
which are recognized by adjacent epithelial cells, endothelial cells, and

trophils, and T cells to the site of infection, where they release more
factors to set up pro-inflammatory feedback loops that aggravate
cellular damage [2,3].

COVID-19 patients range from asymptomatic or mild upper respi-
ratory disease to severe viral pneumonia, which can progress to cytokine
storms, acute respiratory distress syndrome (ARDS) and death, almost
all patients with severe COVID-19 have bilateral lung involvement, and

Abbreviation: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome type 2 Coronavirus; ACE2, angiotensin-converting enzyme 2;
ALL acute lung injury; ARDS, acute respiratory distress syndrome; XFBD, Xuanfei Baidu Decoction; LPS, lipopolysaccharide; DAD, diffuse alveolar damage; TCM,
Traditional Chinese Medicine; BALF, bronchoalveolar lavage fluid; WBP, Whole Body Plethysmography; WBC, white blood cell; PB, peripheral blood.; IL17A,
interleukin 17A; PD-1, programmed death 1 protein; TIMP1, tissue inhibitor of metalloproteinases 1; MUC5AC, mucin-5 subtype AC; CCL2, C-C motif chemokine
ligand 2; CXCL10, C-X-C motif chemokine ligand 10; MPO, myeloperoxidase; PMNE, neutrophil elastase.
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15-40% of COVID-19 patients will develop ARDS [4]. Histologically,
acute lung injury (ALI) is defined as diffuse alveolar damage (DAD),
which was mainly divided into three stages: acute or exudative stage
(fluid accumulation in lung tissue, pulmonary edema phenomenon);
Tissue or proliferative stage; Chronic or fibrotic stage [5]. DAD has been
reported in both SARS-CoV-2-infected human and non-human primates
[6]. During the development of ALI, systemic inflammatory reactions
occur. Neutrophils and macrophages accumulate in the lungs and
generate a large number of inflammatory signals, leading to pulmonary
edema and injury of alveolar epithelial cells and vascular endothelial
cells [7,8]. Trying to address excessive inflammation is an effective
therapeutic strategy for controlling ALI and COVID-19. Lipopolysac-
charide (LPS) is an outer membrane component of gram-negative bac-
teria, cause severe inflammatory responses. In the LPS-induced ALI
model, mice showed similar pathological damage to COVID-19 [9].

The mechanisms of ALI were partially revealed. The pattern recog-
nition receptor Toll-like receptor 4 (TLR4) was activated, which acti-
vated Janus kinase 2 (JAK2) [10], protein kinase B (PKB/Akt) [11],
extracellular signal-associated kinase (ERK1/2) [12], spleen tyrosine
kinase (SYK) and interleukin-1 receptor-associated kinase 1 (IRAK1)
[13], and myeloid differentiation factor 88 (MyD88) [14], further pro-
moting phosphorylation of signal transducer and activator of tran-
scription 3 (STAT3) and nuclear translocation of nuclear factor kappa B
subunit 1 (NF-kB), and these changes up-regulated the expression of
genes involved in inflammatory response like myeloperoxidase (MPO),
monocyte chemotactic protein 1 (MCP-1/CCL2), macrophage inflam-
matory protein-1 alpha (MIP-1a), interleukins (IL-6, IL-8, IL-1p), tumor
necrosis factor (TNF) and granulocyte-macrophage colony-stimulating
factor (GM-CSF). Moreover, the importance of IL17A in ALI was
discovered. For MERS-CoV, SARS-CoV, and SARS-CoV-2 infections, the
severity of the disease was positively correlated with IL17A levels, and
the overproduction of IL17A observed in ALI patients had been repro-
duced in LPS-induced ALI mice [15]. IL17A is derived from a variety of
immune and inflammatory cells, including T lymphocytes, NK cells,
monocytes/macrophages, neutrophils, and mast cells, fibroblasts and
epithelial cells also contribute to the increase of IL17A [16,17]. On the
other hand, IL17A receptors are commonly expressed on a variety of cell
surfaces, including monocytes/macrophages, neutrophils, epithelial
cells and fibroblasts [17,18].

In the process of fighting the epidemic, traditional Chinese medicine
(TCM) received high attentions. The National Health Commission has
successively released ten editions of COVID-19 Diagnosis and Treatment
Protocol, all of which recommended TCM treatments. XFBD is one of
the“three medicines and three prescriptions” of TCM in the treatment of
COVID-19 patients. It has obvious effects in shortening the disappear-
ance time of clinical symptoms, the time of returning to normal body
temperature, the average length of hospital stay, etc., and shows unique
advantages in blocking the transition from mild to severe type [19].
There is a recent report that XFBD prescription cured a severe COVID-19
patient, which has the effects of inhibiting viral infection, reducing in-
flammatory factors and promoting the absorption of lung inflammation
[20]. Network pharmacological analysis suggested that XFBD plays a
role in balancing the immune inflammatory responses [21]. However,
the underlying mechanism regulating immune responses by XFBD still
remains unknown.

In our study, a series of experimental methods including pnCT, WBP,
H&E staining, qRT-PCR, IHC and ELISA assays were performed to
evaluate the immunoregulation effects of XFBD in ALI Transcriptomics
and network pharmacology were used to explore the underlying
mechanism, monoclonal antibody blocking experiment, molecular
docking and SPR analysis were also performed to clarify this mecha-
nism. Our results revealed the underlying immunological mechanism of
XFBD, providing the research foundation for its clinical applications.
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2. Materials and methods
2.1. Chemicals and reagents

XFBD was provided by Tianjin Modern TCM Innovation Center (TRT
200302). LPS was purchased from Sigma-Aldrich (Shanghai, China).
Dexamethasone was purchased from Yuanye Bio (Shanghai, China).
Anti-TNF-a antibody, anti-F4/80 antibody, anti-Neutrophil Elastase
antibody, anti-IL17A antibody and Alexa Fluor®488-conjugated goat
anti-Rat IgG were purchased from Abcam (Cambridge, MA, USA). Re-
combinant human IL17A was purchased from R&D systems (Minneap-
olis, USA). IL-17A monoclonal antibody (IL17A mAb) and mouse IgG1
kappa isotype control (IgG1K) were purchased from eBioscience (San
Diego, California, USA). Anti-PD-1 antibody was purchased from Pro-
teintech (Wuhan, China). HRP-conjugated goat anti-rabbit IgG was
purchased from ZSGB-BIO (Beijing, China). Enzyme linked immuno-
sorbent assay kits of TNF-a was purchased from ZCi BiO (Shanghai,
China). glycyrrhizic acid, DMSO, RIPA lysis, BCA Protein Assay Reagent
Kit and PMSF were purchased from Solarbio (Beijing, China). DAB
substrate kit was purchased from Boster Biological (Wuhan, China). The
myeloperoxidase (MPO) detection kit was purchased from Nanjing
Jiancheng Bioengineering Institute.

2.2. Cell culture and TNF-a detection

RAW264.7 macrophages were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM, Gibco) supplemented with 10% heat-
inactivated FBS, 1% penicillin and streptomycin, followed by incuba-
tion at 37 °C in a humidified atmosphere containing 5% CO-.

The RAW264.7 cells were seeded into 96-well plates at a density of 5
x 10% cells/mL, after 24 h incubation, the culture medium was replaced
with serum-free medium for another 12 h. Then cells were treated with
LPS (500 ng/mL) and XFBD (0, 10, 25, 50, 100, 200 pg/mL) for 12 h.
Cells were fixed with 4% paraformaldehyde and permeabilized with
0.5% Triton X-100 for 10 min followed by treated with 2% BSA for 1.5 h
at 37 °C. Cells were incubated with the TNF-a primary antibody (1:200,
Abcam, #ab9739) overnight at 4 °C and stained with secondary anti-
body and Hoechst 33342 for 1.5 h at room temperature. Visual images
and quantitative analysis were obtained with Operetta High Content
Analysis (HCA) System (PerkinElmer, Boston, MA, USA). At least 5
random microscopic fields were selected.

2.3. Acute Lung Injury (ALI) model

SPF healthy male C57BL/6 mice (20-23 g) were provided by SPF
(Beijing) Biotechnology Co., LTD. (Certificate number: SCXK Jing
2017-0005). The mice were kept in Tianjin International Joint Academy
of Biotechnology and Medicine at a temperature of 19-25 °C and rela-
tive humidity of 40-60%. 6 mice in each cage, they were given regular
feed and free water. After 1 week of adaptive feeding, the mice were
randomly divided into sham group (Sham), model group (LPS), dexa-
methasone group (Dex, 5 mg/kg), XFBD low dose group (XFBD-L, 4.6 g/
kg) and XFBD high dose group (XFBD-H, 9.2 g/kg) (n = 6). The dosage of
XFBD-L used in mice was converted from clinical dosage with the
following formula:

The dosage of XFBD-L = 238 g x 12.6% x 9.1/60 kg

The clinical raw drug dosage was 238 g/ person/day, and the oint-
ment yield rate was 12.6%. The average body weight of normal adults
was 60 kg, and the equivalent dose ratio of human and mouse was 9.1.

After anesthesia with tribromoethanol, mice received lipopolysac-
charide (4 mg/kg) in saline or the same volume of saline. XFBD was
given half an hour before LPS infusion and once a day thereafter. All
experiments were reviewed and approved by the Institutional Animal
Care and Use Committee at the Tianjin International Joint Academy of
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Biotechnology and Medicine and were carried out under the Guidelines
for Animal Experiments of Tianjin University of TCM (Animal Ethics
License Number: TJAB-JY-2019-002).

2.4. Micro CT scanning (uCT)

Mice were scanned with a pCT scanner (Micro-CT QuantumFX puCT
Software, PerkinElmerc, American). Each mouse underwent only one CT
imaging session and was thereafter euthanized. LPS-treated mice were
scanned on the 2nd day and 5th day following LPS. The mice in sham
group were also scanned. The mice were positioned in the scanner and a
uCT scan was acquired of the chest for anatomic localization and
attenuation correction using the following parameters: 90 kV, 160 mA
and 40 mm. The X-ray system uses a 5 mm micro focusing tube with a
spot size and a conical beam geometry to generate X-rays. The maximum
width of the image field is 68 mm and the voxel size is 35 x 35 x 35 mm.

2.5. Lung function test

Lung function is one of the more intuitive and objective indicators to
reflect the occurrence and development of respiratory diseases, and
Whole Body Plethysmography (WBP) is often used to evaluate drug ef-
ficacy in animal models with respiratory diseases due to its advantages
of non-invasive, simple operation and simultaneous detection [22].
Sheahan et al. reported WBP results in a comparative study of antiviral
combination therapy with MERS-CoV [23]. Briefly, the lung function of
each mouse was examined using the Emka WBP lung function test sys-
tem on the 2nd day and 5th day after LPS infusion. Before the pulmonary
function test, make sure that the four tracer cavities are well connected
and sealed. 10 mL air is injected to correct it. The specific parameters are
as follows: input "0" at Low value, input "— 100" at High value, input
"mL/s" at Unit, and the calibration range is 3500-5000. After all cali-
bration, the mice were put into the animal volume tracing chambers in
batches and then start the test. The system automatically detects each
indicator every 10 s, and information collection (iox2 2.9.4.32) was
stopped after 20 min.

2.6. Histopathological observation

The lung tissues that fixed in 4% paraformaldehyde fixing solution
were dehydrated, embedded in paraffin and sliced into 5 pm sections.
The sections were stained with hematoxylin and eosin (H&E) reagent.
The whole pathological changes were observed at 100x and photo-
graphed under 200x by Leica Microsystems CMS GmbH Ernst-Leitz-
Str.17-7 (Leica, Germany). A semi-quantitative histological score was
used to assess the severity of ALI using a double-blind method. Histo-
logical indicators of lung injury included pulmonary edema, hemor-
rhage, alveolar wall thickening, alveolar structural destruction,
leukocyte infiltration and interstitial hyperplasia. On a scale of 0-3, each
item is divided into four levels (0, normal; 1, mild; 2, medium; 3,
serious), calculating the total lung injury score [24].

2.7. Bronchoalveolar lavage fluid (BALF) collection

After euthanasia, the thorax and trachea of mice were exposed, the
main trachea and the right pulmonary bronchus were ligated, and the
left lung of the mice was irrigated with 0.4 mL pre-cooled PBS for three
times. BALF was centrifuged at 350 g for 5 min at 4 °C. The supernatant
was collected and stored in — 80 °C freezer until use. RBC was lysed with
erythrocyte lysate and the cell pellet was resuspended in 200 pL PBS and
the total number of cells in BALF was calculated using TC20TM Auto-
mated Cell Counter (Bio-Rad Laboratories, Singapore).

2.8. Lung wet/dry weight ratio

The wet/dry (W/D) ratios were assessed reflecting the severity of
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pulmonary edema. The middle lobe of the right lung was removed,
rinsed briefly in saline and then weighed to obtain the wet weight. The
lung was then dried at 60 °C in an oven to get the dry weight. The W/D
ratios were calculated as dividing the wet weight by the dry weight.

2.9. Immunohistochemistry (IHC) and Immunofluorescence (IF) staining

For IHC analyses, paraffin-embedded sections were deparaffinized in
xylene and rehydrated. After antigen retrieval with sodium citrate
buffer, slides were treated with 3% Hy05 to quench endogenous
peroxidase activity. Non-specific antibody binding was blocked by
incubating slides with 10%FBS, after which slides were immunostained
using the Neutrophil Elastase primary antibody (1:100; #ab68672),
IL17A primary antibody (1:200; #ab79056) and PD-1 primary antibody
(1:200; #18106-1-AP). Antibody-antigen complexes were detected
using HRP-conjugated goat anti-rabbit secondary antibody (1:200, #ZB-
2301) and visualized with a DAB substrate kit (#¥AR1022). The slides
were then counterstained with Mayer’s hematoxylin and differentiated
with 1% hydrochloric acid alcohol. At the end, the slides were dehy-
drated and sealed. Stained slides were photographed and analyzed using
Image J software. The positive area of at least 5 non-overlap fields was
averaged for each stained slide.

For Immunofluorescence assay, slides were immunostained by using
the F4/80 primary antibody (1:200; #ab6640). Antibody-antigen com-
plexes were detected and visualized using Alexa Fluor®488-conjugated
goat anti-Rat secondary antibody (1:200; Abcam, #150157). The nuclei
were stained using Hoechst 33342, after that the slides were sealed.

2.10. Quantitative Real-Time polymerase chain reaction (qQRT-PCR)

Total RNA samples from the lung tissues were extracted using TRI-
zol® reagent (Invitrogen, Thermo Fisher Scientific, Inc., Waltham, MA,
USA) according to the manufacturer’s protocol. RNA concentration was
quantified by Nanodrop 2000. 2 pg RNA samples were reverse tran-
scribed into complementary DNA (cDNA) by Transcriptor First Strand
cDNA Synthesis Kit (Roche, Mannheim, Germany). cDNA amplification
was performed using the Bestar®Sybr Green qPCR Master Mix (DBI®-
Bioscience, Ludwigshafen, Germany) in the Lightcycler480 II Real-Time
PCR Detection System (Roche, Mannheim, Germany). GAPDH was used
as an internal control. The comparative Ct method (2™ AACY was used to
analyze data. The sequences of primers for qRT-PCR are as Table 1.

2.11. Engyme linked immunosorbent assay (ELISA)

The levels of TNF-a in serum were measured by the ELISA assay
according to the manufacturer’s instructions and the cytokine concen-
trations were calculated by using standard curves.

2.12. Data mining for network pharmacology

Except for gypsum, the active components and corresponding targets
of the remaining 12 kinds of TCM included in the XFBD prescription
were screened out from the Traditional Chinese Medicine Systems
Pharmacology (TCMSP, https://old.tcmsp-e.com/tcmsp.php) database
[25] and the Bioinformatics Analysis Tool for Molecular mechANism of
Traditional Chinese Medicine (BATMAN, http://bionet.ncpsb.org.cn/ba
tman-tcm/) database [26]. The targets of the compounds were supple-
mented through the PubMed database (https://pubmed.ncbi.nlm.nih.
gov/). The targets for acute lung injury were obtained from the Gene
Cards (http://www.genecards.org/) database [27] and the Comparative
Toxicogenomic  Database  (CTD,  http://ctdbase.org/) [28].
Protein-Protein Interaction (PPI) with high confidence (0.9) was
analyzed in the STRING database (https://www.string-db.org/) [29].
The biological process (BP) enrichment analysis was conducted in the
Database for Annotation, Visualization and Integrated Discovery
(DAVID, https://david.ncifcrf.gov/home.jsp) [30]. We constructed the
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Table 1
Primer sequences for RT-qPCR.
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Primer name Forward primer (5-3')

Reverse primer (5-3')

qMouse 1113 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT

qMouse 16 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC

qMouse Tnf CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG

qMouse I117a CTCAGACTACCTCAACCGTTCC ATGTGGTGGTCCAGCTTTCC

qMouse Pdcdl CATTCACTTGGGCTGTGCT CAGGCTGGGTAGAAGGTGAG

qMouse Muc5ac TACCACTCCCTGCTTCTGCAGCGTGTCA ATAGTAACAGTGGCCATCAAGGTCTGTCT
qMouse Timp1 GCAAAGAGCTTTCTCAAAGACC AGGGATAGATAAACAGGGAAACACT
qMouse Cxcl10 CCAAGTGCTGCCGTCATTTTC GGCTCGCAGGGATGATTTCAA

qMouse Ccl2 AAAACCTGGATCGGAACCAA GCATTAGCTTCAGATTTACGGGT

qMouse Gapdh TGGTGAAGCAGGCATCTGAG TGCTGTTGAAGTCGCAGGAG

network of TCM-compounds-targets-ALI and PPI by the Cystoscope
software (version 3.2.1) [31]. Finally, we analyzed and established a
target-pathway network associated with IL17A by Ingenuity Pathway
Analysis.

2.13. Autodocking for virtual screening

The 3D structure of IL17A protein receptor was obtained from RCSB
PDB database (http://www.rcsb.org/) under the PDB accession code
4hr9. The water molecules present in the crystal structure of IL17A was
removed using Pymol-2.3.1 software, then Autodock tools-1.5.6 soft-
ware was used to calculate the charge and add the atomic type, and then
saved as pdbqt format file. PubChem database (https://pubchem.ncbi.
nlm.nih.gov/) was used to download ligands. Autodock tools-1.5.6
software was used to calculate the atomic type and charge of ligands,
which was also saved as pdbqt format file. Autodock Vina [32] was used
to connect 10 active compounds (acteoside, amygdalin, ephedrine,
hastatoside, glycyrrhizic acid, liquiritin, naringin, polydatin, sinapine
and verbenalin) as ligands with IL17A protein receptor. Subsequently,
Pymol-2.3.1 was used to plot.

2.14. Biacore assay

The Biacore T200 and sensor chip CM5 are provided by Tianjin
University of Science and Technology. The determination temperature
was set at 25 °C. 1 xPBS buffer was used as the running buffer to activate
the chip surface. The IL17A protein (#317-ILB-050) dissolved in 1 xPBS
was added into 10 mM sodium acetate solution with pH 4.0 for protein
conjugation. The 1.02 x PBS-P + buffer containing 2% DMSO was
prepared as a small molecule sample running buffer. Solvent corrected
fluids of 1.5% and 2.8% DMSO were formulated. Glycyrrhizic acid so-
lution was diluted down by 2 times at 10 concentration gradients with
2% DMSO running buffer (1000 uM, 500 pM, 250 pM, 125 pM, 62.5 pM,
31.25 pM, 15.625 pM, 7.8125 pM, 3.90625 pM, 1.953125 pM). The
protein binding time was 60 s and dissociation time was 120 s

2.15. Western Blot

Lung tissue lysate were collected with RIPA lysis containing 1%
PMSEF. Concentrations of protein were determined by the BCA Protein
Assay Reagent Kit. 40 pg protein was separated by SDS-PAGE electro-
phoresis and transferred to PVDF Blotting Membrane (GE Healthcare
Life science, Pittsburgh, US). After blocking with 5% fresh nonfat milk in
tris-buffered saline containing 0.05% Tween-20, the membranes were
incubated with IL17A primary antibody (1: 1000, #ab79056) overnight
at 4 °C followed by HRP-conjugated goat anti-rabbit secondary antibody
(1: 6000, #ZB-5301) incubation. GAPDH was used as an internal con-
trol. The probed bands were visualized by LI-COR Odyssey imaging
system. The relative expression was quantified by Image J software.

2.16. IL17A blocking antibody experiments

Male C57BL/6 mice (20-23 g) were randomly divided into sham
group (Sham), model group (LPS), XFBD high-dose treatment group
(XFBD-H), IL17A blocking antibody group (IL17A mAb), XFBD high-
dose and IL17A antibody combination group (XFBD-H +IL17A mAb),
5 in each group. 12 h after tracheal infusion of LPS, XFBD high dose was
given once a day. Referring to the literature [33], IL-17A mAb
(#16-7173-85) or IgG1K (#16-4714-85) was administered intrave-
nously at a dose of 100 pg per mouse two days after treatment with LPS,
to avoid blocking IL17A at the early stage of injury and affecting the
recruitment of immune cells. All mice were euthanized 5 days later.

2.17. Statistical analysis

All quantitative data were shown as means + SD and were performed
with prism 6.0 (GraphPad, San Diego, CA, United States). Multi-group
comparisons of the means were carried out by one-way analysis of
variance (ANOVA) test with post hoc Tukey’s test. P<0.05 were
considered as statistically significant.

3. Results
3.1. XFBD protects against LPS-induced ALI in vivo

In order to explore the efficacy of XFBD, we established ALI model by
tracheal infusion of LPS and evaluated the disease status of mice on the
2nd day and 5th day after treatment of XFBD.

Fig. 1A demonstrated that XFBD treatment with different dosage
could improve the weight loss of ALI mice from day 2. uCT scanning
results further showed that the diffuse infiltrating shadow and dense
enhancement shadows (red arrow) appeared was effectively decreased
after the 5 consecutive days-treatment of XFBD. While in the model
group without any drug treatment, the shadow attenuation area of the
lung field of mice increased on the 2nd day, indicating occurrence of
pulmonary edema; The lung condition of mice subsequently deterio-
rated into pulmonary parenchymal lesions on the 5th day (Fig. 1B). We
also used the WBP, a non-invasive animal lung function detection system
to assess pulmonary function of LPS-induced ALI mice on the 2nd and
5th day. In contrast to saline-treated animals, the Penh (a surrogate
measure of airway resistance/obstruction) of LPS-treated animals
increased by 5.69 times (1.96 + 0.82 vs 0.34 & 0.03, P<0.001) on 2nd
day (Fig. 1C), and the flow rate at 50% of the expired volume (EF50)
increased by about 1.99 times (1.63 + 0.51 vs 0.82 + 0.12, P < 0.001) at
same time (Fig. 1D). After XFBD administered, it significantly improved
the lung functions of ALI mice.

The lung wet/dry ratio and lung index were indicators to evaluate
pulmonary edema. The wet/dry ratio of the right middle lobe of the lung
of mice in the model group on the 2nd day and 5th day were about 1.70
times (5.97 +1.55 vs 3.57 £0.81, P<0.01) and 1.48 times
(5.20 + 0.17 vs 3.57 + 0.81, P < 0.001) respectively higher than that in
the sham group, while the lung wet/dry ratio of XFBD-H group at 5th


http://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/

Y. Wang et al.
A = 1.2 - Sham - XFBD-L
K= -+ |PS -+ XFBD-H
2 1.1 = Dex
>
B 1.04
[ii]
s
® 0.94
N
©
g 0.8
S
= 0.7 T 1 T 1
0 1 2 3 4 5
Time(day)
C 4 BB 2day
34 o @B 5 day
-
G 24
o
14
ik T
04
& Ui oF M X
N W Q' Y &
3 & ¢
E
107 . 2day
> 84 # @ S day
% 64 H#H
2 -
R =
3 .
04
& 2 & g bl
3 N & 00 00
N € ¢

Pharmacological Research 176 (2022) 106083

XFBD-H

XFBD-L

D 34
BB 2 day
_ B 5day
o 24
3
£
3 e .
& 1
04
& & + N >
@ N Qo P &
¢ &
5 a
E, P & 2day
)
g
3
£
2
]
5]
B
o
=4

Fig. 1. XFBD protects against LPS-induced ALI. (A) Weight change curve of ALI mice. (B) pCT scanning results of different stages of ALI mice. (C, D) Evaluation of
Penh and EF50 of ALI mice on the 2nd and 5th day. (E) The wet/dry weight ratio of the right middle lobe of the lung of ALI mice. (F) The total cells count in BALF of
ALI mice on the 2nd and 5th day. Data were presented as mean =+ SD. #p < 0.05, *#P < 0.01, **#P < 0.001, vs. Sham group, *P < 0.05, **P < 0.01, ***P < 0.001, vs.

LPS group, n = 6.

day was down-regulated by 1.58 times (3.30 + 0.71 vs 5.20 + 0.17,
P < 0.001) (Fig. 1E). The lung index of mice in the model group on the
5th day increased by 1.86 times (0.01 & 0.00, P < 0.001) compared to
sham group, which was reduced by XFBD effectively (Supplementary
Fig. 1A). In addition, increased lung index and spleen index indicated
immune dysfunction [34]. XFBD-H contributed to maintain immune
function in ALI mice (Supplementary Fig. 1A and B). Moreover, we
found that vastly increased inflammatory cells in the BALF after the
treatment of LPS was significantly inhibited by XFBD-H on the 2nd day
from 3.26 + 0.34 to 1.12 + 0.69 (P < 0.001) (Fig. 1F).

3.2. XFBD exerts protective effects on lung barrier and anti-inflammatory
effects

To further elucidate the role of XFBD in mice treated with LPS, we
evaluated the development of ALI by H&E staining. XFBD high dose had
no toxic on the systematic organs (Supplementary Fig. 2). As shown in
Fig. 2A, the results clearly showed atelectasis and collapse of alveoli,
pulmonary edema (black arrow), and large amounts of red blood cell
aggregation (yellow arrow) in the lung tissues of model group mice on
the 2nd day after LPS induction, suggesting that the alveolar epithelium-
vascular endothelial barrier was damaged. Alveolar structure damage
and interstitial hyperplasia were more severe in the model group on the
5th day, and there was a persistent infiltration of inflammatory cells
(blue arrow). After XFBD-H treatment for successive 5 days, the area of
pulmonary edema, the levels of alveolar structure damage, interstitial

hyperplasia and inflammatory cells infiltration were significantly
reduced (Fig. 2A and B).

Next, we detected the expression of pro-inflammatory cytokines
including IL-6, TNF and IL-1p. The expression of TNF-u in serum of the
model group was still high on day 5, but it was not elevated under the
protection of XFBD-H (Supplementary Fig. 3). Significantly, compared
with the sham group, the expression of II-6 mRNA in the lung tissue of
the model group was increased by 3.60 times (3.61 + 0.94, P < 0.001),
which was reduced to normal level by XFBD-H administration (Fig. 2C).
The expression of Tnf-a mRNA in the lung tissue of the model group was
increased by 3.27 times (3.41 + 0.49, P < 0.001) compared to sham
group, XFBD treatment significantly inhibited its upregulation in a dose-
dependent manner (Fig. 2D). The expression of II-1 mRNA in the lung
tissue of the model group was increased by 3.94 times (4.19 + 1.73,
P < 0.05); high dose administration of XFBD significantly inhibited the
increase of II-1 mRNA in the lung tissue of mice (Fig. 2E). We also found
that XFBD inhibit the expression of IL6, the activity of iNOS [35] and the
expression of TNF-a in LPS-induced macrophages (Supplementary
Fig. 4). Altogether, XFBD inhibited the expression and secretion of
multi-cytokines, subsequently protected subunit-structures of pulmo-
nary to against ALI development.

3.3. XFBD inhibits infiltration of macrophages and neutrophils in the LPS-
induced ALI mice

We had found that XFBD could inhibit leukocyte infiltration. To
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Fig. 2. XFBD exerts protective effects on lung barrier and anti-inflammatory effects in LPS-induced ALI mice. (A) Different stages of the histopathological of lung
tissues after LPS treatment were evaluated by H&E staining, scale bar = 100 um. (B) Morphological damage score for the lung tissues, n = 6. The mRNA levels of II-6
(C), Tnf-a (D) and II-14 (E) in lung tissue on the 5th day, n = 3. Data were presented as mean + SD. **P < 0.01, *##P < 0.001, vs. Sham group, *P < 0.05,

**P < 0.01, ***P < 0.001, vs. Model group.

explore whether neutrophils and macrophages are regulated by XFBD,
we monitor the dynamics of immune cells in mice at different time
points (0, 6, 12, 24, 48 h) after LPS infusion. As shown in Fig. 3A, the
total white blood cell (WBC) count in peripheral blood (PB) of model
group mice decreased sharply at 6 h, and gradually decreased with the
extension of time, suggesting immune dysfunction in mice treated with
LPS (Fig. 3A). To further investigate whether leukocytes were recruited
from PB to the lung, we examined the total number of cells in BALF. The
total number of cells in BALF increased at 6 h after LPS treatment, to the
maximum value at 48 h and then decreased (Fig. 3B). In peripheral
blood, the proportion of neutrophils in WBC increased first and then
decreased, reaching the maximum value at 12 h; The proportion of
lymphocytes decreased first and then increased, to the minimum value
at 12 h; The proportion of monocytes increased first and then decreased,
reaching the maximum value at 24 h; The ratios of eosinophils and ba-
sophils were almost unchanged (Fig. 3C). The result is consistent with
the literature that neutrophils and monocytes/macrophages play an
important role in ALI [7,8]. Therefore, neutrophils and macrophages as
the main pathological cells in ALI were identified by neutrophil elastase
(PMNE, which reflects neutrophils infiltration) immunohistochemistry
staining and F4/80 immunofluorescence staining in lung tissue [36,37].
The increase of macrophages in the model group was reduced by 3.51
times (5.46 + 0.82 vs 1.56 + 0.61, P<0.001) by XFBD-H treatment on
the 2nd day and 3.37 times (3.8 + 0.74vs 1.13 + 0.75 , P<0.01) on the
5th day (Fig. 3D and E). The increase of neutrophil elastase in the model
group was reduced by 3.52 times (1.42 + 0.40 vs 0.40 + 0.12, P<0.01)
after XFBD-H treatment on the 2nd day and 7.25 times (1.13 + 0.39 vs
0.16 + 0.07, P<0.01) on the 5th day (Fig. 3F and G). These results
demonstrated that neutrophils and macrophages were recruited into the
lungs in response to inflammatory signals, XFBD inhibited inflammatory
response by inhibiting macrophages and neutrophils infiltration.

3.4. Analysis of candidate targets of XFBD against ALI

Based on the above experiments, we provide strong evidences for the
role of XFBD in rescuing ALI. However, the pharmacodynamic basis and
molecular mechanism of XFBD against ALI remain unclear. TCM pre-
scriptions are characterized by multiple components, multiple targets
and multiple pathways. Therefore, we synthesized anti-ALI components,
targets and pathways in XFBD through network pharmacology.

Compounds with OB > 30 and DL > 0.18 were screened in TCMSP
database, and compounds with P < 0.05 were screened in BATMAN-
TCM database. A total of 329 compounds and 2109 targets contained
in XFBD prescription were obtained after summarized. According to
Relevance > 50 in the GeneCards database and Score > 50 in the CTD
database, we obtained a total of 1172 ALI targets. There were 466 tar-
gets of XFBD against ALI (Fig. 4A). The network of TCM-compounds-
targets-ALI was shown in Supplementary Fig. 5. 466 targets of XFBD
against ALI are mainly involved in biological processes such as response
to drug, apoptotic process, inflammatory response, etc. (Fig. 4B). The
results of PPI showed that IL17A, STAT3, MAPK1, EP300, AKT1,
CREBBP, JUN, PIK3CA and PIK3R1 may be major potential targets of
XFBD in the treatment of ALI (Fig. 4C). We carried out the pathway
enrichment analysis of the protein network with IL17A as the core, the
result suggested that XFBD might play a protective role in LPS-induced
ALI by targeting IL17A and regulating inflammatory signaling pathways
such as IL17A, IL-6 and IL-8, as well as signaling pathways related to
bacterial and viral infection and cell interaction (Fig. 4D).

To identify effective substances in XFBD that can regulate IL17A, we
performed molecular docking with IL17A for the ten active ingredients
in XFBD that had been detected by UHPLC [35]. The docking results are
shown in Supplementary Table 1. The affinity less than —5.0 kJ/mol is
taken as the screening standard, which indicates that it has decent
binding activity. We found that the docking affinity of these active
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Fig. 3. XFBD inhibits infiltration of macrophages and neutrophils in the LPS-induced ALI mice. (A) The total number of white blood cells in PB at different time after
LPS injection, n = 5. (B) The total cells count in BALF of ALI mice at different time after LPS injection. (C) The proportion of neutrophils, lymphocytes, monocytes,
eosinophils and basophils in total leukocyte in PB at different time after LPS injection, n = 5. (D, E) Images and quantification of macrophages were identified by F4/
80 Immunofluorescence staining in lung tissue, scale bar = 50 um. (F, G) Images and quantification of neutrophils were identified by Immunohistochemistry staining
of neutrophil elastase in lung tissue, scale bar = 50 um. Data were presented as mean =+ SD. #p < 0.05, ¥*P < 0.01, *##P < 0.001, vs. Sham group, *P < 0.05,

**P < 0.01, ***P < 0.001, vs. Model group, n = 3.

compounds with IL17A were all less than —5.0 kJ/mol, indicating that
the docking structures of these monomers with IL17A are relatively
stable, and these compounds may be potential pharmacodynamic sub-
stances acting on IL17A against ALL. We selected four compounds with
the lowest affinity (less than —8.0 kJ/mol) after docking with IL17A for
further analysis. Based on the autodocking complex structures, the
glycyrrhizic acid (GA) was stabilized by seven hydrogen bonds with
IL17A residues TRP-67, LEU-97, ASP-45 and VAL-65 (Fig. 4E). The
naringin was bound to IL17A through three hydrogen bonds with resi-
dues LYS-114, GLN-94 and TRP-91, as well as T-shaped n-x interaction
with residue TYR-44 (Supplementary Fig. 6A). The acteoside was co-
ordinated through seven hydrogen bonds with residues ASP-45, GLN-94,
TYR-43, TYR-44 and GLU-95 (Supplementary Fig. 6B). The liquiritin
interacts with IL17A thought three hydrogen bonds with residues
TRP-67, TYR-62 and LEU-97, n-cation interaction with residue LYS-114,
and T-shaped n-n stacking interaction with residue TYR-62 (Supple-
mentary Fig. 6C). We used the SPR-Biacore T200, a novel and
straightforward methodology, to study protein—compound interactions.
The result demonstrated that GA directly binds to IL17A in a
concentration-dependent manner and has a micromolar binding affinity

(KD = 18.21 pM) (Fig. 4F).

3.5. Transcriptome data revealed potential targets for XFBD reducing ALI

We performed transcriptome analysis on the lung tissues of mice in
the sham group, LPS group and XFBD-H group for 5 days, to explore
potential targets of XFBD in treatment for ALL. Compared with the sham
group, the levels of 2949 genes were more than twice as significantly
changed in the LPS group, and 1800 genes were regulated by XFBD-H
(Fig. 5A). Clustering results of differentially expressed genes fully
confirmed the effectiveness of XFBD in the treatment of ALI (Fig. 5B).
Eliminating unknown genes, we further screened 265 key genes that had
more than four-fold significant changes (Fig. 5C). Function & Disease
enrichment analysis and pathway enrichment analysis of these key
genes data were performed using IPA. They play an important role in
gastrointestinal diseases, inflammatory diseases, inflammatory re-
sponses, organ damage, and cell migration, proliferation and transport
(Fig. 5D), which may be closely related to the signaling pathway asso-
ciated with IL17A, consistent with the results of systematic network
pharmacology analysis (Fig. 5E). Through the IPA analysis, we deeply
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obtained the network with IL17A as the core in these 265 genes (Fig. 5F).
The transcriptome data for the genes in the network were presented in
Supplementary Table 2. Layer-by-layer analysis of the genomic data
revealed that PD-1, IL17A and IL17A downstream targets including IL-6,
CXCL10, CCL2, MPO, tissue inhibitor of metalloproteinases 1 (TIMP1)
and mucin-5 subtype AC (MUC5AC) may be the potential anti-ALI tar-
gets of XFBD. They play a role in hyperinflammatory response, immune
cells infiltration, vascular inflammation and airway damage, and
collectively drive the disease toward pathology.

3.6. XFBD inhibited the overexpression of PD-1 and IL17A in the LPS-
induced ALI mice

In order to determine whether the anti-ALI effect of XFBD was
related to the IL17A/PD-1 pathway, we firstly detected the expression of
IL17A and PD-1 in the lung tissues of ALI mice. We found that the
protein expression of IL17A in lung tissues of mice in LPS group on the
5th day increased by about 1.92 times (1.79 + 0.21, P <0.01) then that
in sham group through Western Blot, which was reduced effectively by
XFBD-H (Fig. 6A and B).

Additional results of Immunohistochemical staining and RT-qPCR
also suggested that XFBD inhibited IL17A overproduction in lung
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number of lung tissue samples tested was 3.

tissues (Fig. 6C-E). Conformably, we demonstrated that PD-1 was highly
expressed in the lung tissues of ALI mice at both protein and transcrip-
tional levels and significantly reduced in the XFBD-H group (Fig. 6F-H).
Together, we identified the downstream targets of IL17A. As shown in
Fig. 6I-L, XFBD inhibited LPS-induced upregulation of Timpl, Muc5ac,
Ccl2 and Cxcl10 at high dose. The change in Cxcl10 was particularly
dramatic. The mRNA expression of Cxcl10 in lung tissue of mice in
model group was up to 31.69 times (33.93 &+ 7.56, P <0.001) higher
than that in sham group (Fig. 6L), this suggested that CXCL10 might play
a powerful role in the exacerbation of ALI by PD-1/IL17A. And the MPO
activity in lung tissue of mice in model group increased by 1.51 times
(1.49 £ 0.08, P<0.05) compared to sham group, which was also
decreased by XFBD-H significantly (Fig. 6M).

3.7. XFBD treated LPS-induced acute lung injury through PD-1/IL17A
pathway

IL17A plays an important role in ALI, and our experiments proved
that XFBD significantly inhibited the overexpression of PD-1, IL17A and
downstream genes of IL17A. To further clarify whether XFBD can treat

LPS-induced acute lung injury through the PD-1/IL17A signaling
pathway, as Fig. 7A showed, a high dose of XFBD was administrated
12 h after LPS treatment, and then IL17A mAb was used to block the
IL17A pathway [33] at the early stage of injury on day 2. Firstly, uCT
results showed that the lung injury degree and shadow area of mice in
the XFBD-H treatment group, IL17A mAb group and XFBD-H+IL17A
mAb group were all reduced (Fig. 7B). The inhibitory effect of XFBD-H
on increased spleen index was comparable to that of IL17A mAb
(Fig. 7C). The ratio of lung wet-dry in mice treated with XFBD-H and
mice treated with IL17A mAb was 1.28 times (4.15 + 0.25) and 1.51
times (3.52 + 0.18) lower than that in the model group, respectively
(Fig. 7D). After treatment of XFBD-H or IL17A mAb, total number of
cells in BALF was decreased (Fig. 7E). Next, we examined the expression
of inflammatory cytokines including IL-6 and TNF-« in lung tissue. Both
XFBD-H and IL17A mAb could decrease the transcription level of Tnf-a
and Il-6 (Fig. 7F and Supplementary Fig. 7).

We performed qualitative and quantitative analysis of macrophages
and neutrophils in lung tissues. As shown in Fig. 8A-D, the infiltration of
macrophages and neutrophils in the lung tissues of ALI mice was
significantly reduced after treatment with XFBD-H and IL17A mAb.
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Fig. 6. XFBD inhibited the overexpression of PD-1 and IL17A in the LPS-induced ALI mice. (A, B) The IL17A in lung tissues of mice after 5 days of LPS infusion were
measured by Western Blot. (C) The mRNA levels of I117a in lung tissues of mice after 5 days of LPS infusion. (D-G) The IL17A and PD-1 in lung tissues of mice after 5
days of LPS infusion was measured by Immunohistochemical staining. The mRNA levels of Pdcd1 (H), Muc5ac (1), Timp1 (J), Ccl2 (K), Cxcl10 (L). (M) The MPO

activity in lung tissues of mice after 5 days of LPS infusion. Data were presented as mean + SD. *P < 0.05, **P < 0.01, *##P < 0.001, vs. Sham group, *P < 0.05,
**P < 0.01, ***P < 0.001, vs. Model group, n = 3.
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Fig. 7. XFBD treated LPS-induced acute lung injury (A) The scheme of IL17A blocking antibody experiment. (B) pCT scanning results. (C) Spleen index of ALI mice
after XFBD-H or IL17A mAbD treatment. (D) The radio of lung wet-dry. (E) Total cells in BALF of ALI mice after XFBD-H or IL17A mAD treatment. (F) The gene
expression of Tnf-a in lung tissues of ALI mice after XFBD-H or IL17A mAb treatment, n = 3. Data were presented as mean + SD. *P < 0.05, **P < 0.01,

***P < 0.001, vs. Model group.

Finally, we validated genes in the IL17A signaling pathway. The results
showed that XFBD-H could significantly reduce the transcription levels
of I117a and Pdcd1, which was superior to IL17A mAb (Fig. 8E and F). In
addition, XFBD-H also significantly inhibited the overexpression of
downstream targets of IL17A, including Ccl2, Cxcl10 and Timp1, espe-
cially for Cxcl10, which was comparable to effects of XFBD in preventing
ALI (Fig. 8G, H and Supplementary Fig. 8). IL17A mAb showed better
efficacy, however, all these results showed that there was no statistical
difference between the XFBD-H+IL17A mAb group and the IL17A mAb
group, indicating that XFBD treated LPS-induced ALI mainly through
PD-1/IL17A signaling pathway.

4. Discussion and conclusion

COVID-19 is polyphasic in nature, with secondary cytokine storm
and ARDS resulting in poor outcomes, plus overwhelmed intensive care
units and hospitals [38]. At the beginning of the COVID-19 outbreak, a
number of antiviral medicines have been used to reduce the viral load.
However, in clinical practice, patients are unlikely to be detected early
enough (i.e., before/at symptom onset) to benefit from antiviral strate-
gies. Inhibiting excessive inflammation response may be more promising
strategy to prevent COVID-19 from turning into severe disease.

11

Tocilizumab (IL6/IL6R inhibitor) [39], adalimumab (TNF inhibitor)
[40], secukinumab (IL-17 inhibitor), brodalumab (IL17R inhibitor)
[15], etc. already had been proposed to regulate the cytokine release
syndrome during the development of COVID-19. Additionally, the vac-
cines against COVID-19 have benefited the whole country, and has been
included in the list of emergency use by WHO.

Xuanfei Baidu Decoction for the treatment of COVID-19 patients
with dampness-toxic and lung-stagnation syndrome has shown unique
advantages in reducing the transformation of mild patients to severe
diseases [19]. However, basic research on XFBD is lacking, and its
mechanism is unclear. Mouse models of direct ALI were established by
intratracheal or intranasal administration of lipopolysaccharide, hy-
drochloric acid, live (or heat-killed) bacteria and viruses; Intravenous
LPS, cecal ligation and puncture, hemorrhagic shock and mesenteric
ischemia-reperfusion cause indirect lung injury [41]. LPS from E. coli is
used to simulate bacterial infection and as an activator of innate im-
munity [42]. LPS-induced ALI is a well-characterized, repeatable and
highly similar ALI model [43]. In our study, intratracheal LPS infusion
did cause severe pulmonary edema, diffuse alveolar injury, leukocyte
infiltration and inflammatory cytokine secretion.

We demonstrated that XFBD could resist the progression of LPS-
induced ALI. XFBD improved lung function, reduced pulmonary
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Fig. 8. XFBD treated LPS-induced acute lung injury through PD-1/IL17A pathway (A, C) The changes of macrophages in IL17A blocking antibody experiment. (B, D)
The changes of neutrophils in IL17A blocking antibody. (E-H) The gene expression of Il17a, Pdcd1, Ccl2 and Cxcl10 in lung tissues of ALI mice after XFBD-H or IL17A
mADb treatment, n = 3. Data were presented as mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001, vs. Model group.

edema, inhibited inflammatory cells infiltration and the over-expression
of inflammatory cytokine, and protect lung tissue against destruction.
Specifically, we found that XFBD could modulate the recruitment of
macrophages and neutrophils, thereby achieving significant anti-
inflammatory effect. The results of network pharmacology and tran-
scriptomics revealed that IL17A may be the main target of XFBD against
ALL Consistent with the analysis, we verified that XFBD inhibited the
expression of multiple genes, including Pdcd1, Il17a, Ccl2, Cxcl10, Mpo,
Timpl and Mucbhac. Further, we performed IL17A blocking antibody
experiments to elucidate the immunomodulatory mechanism of XFBD
which is mainly focused on the PD-1/IL17A axis to regulate neutrophils
and macrophages infiltration, thereby retarded the development of ALIL

We attempted to provide some material basis to support the
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pharmacological effects of XFBD. Through molecular docking and Bia-
core experiment, we revealed that glycyrrhizic acid, etc. can effectively
bind to IL17A. In fact, many of the compounds contained in XFBD have
been reported their anti-inflammatory and immunomodulatory effects.
For example, GA inhibited neutrophils accumulation in BALF of murine
chronic obstructive pulmonary disease (COPD) model possibly due to
the blocking of IL17A signaling pathway [44]; While Polydatin inhibited
the expression of NF-xB in LPS-induced ALI model, which could reduce
IL17A secretion [45,46]. These may cause a synergistic effect between
compounds that act indirectly on IL17A and bind directly to IL17A.
The effects of IL17A are tremendous. The signature function of IL17A
is that it acts on various of adjacent cells driving the production of in-
flammatory cytokines and chemokines such as IL-6, CCL2 and CXCL10,
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which recruit bone-marrow derived cells, such as neutrophils and
macrophages, into infected tissues [47,48]. As is known to all, IL-6 was a
devastating force in the inflammatory storm of many immune diseases.
In addition, transcriptome sequencing of RNA isolated from BALF and
peripheral blood mononuclear cells (PBMC) samples from COVID-19
patients revealed an association between COVID-19 pathogenesis and
excessive release of CCL2 and CXCL10 [49]. CCL2 mainly recruits
monocyte/macrophages through the CCL2-CCR2 axis [50]. Single-cell
transcriptome analysis highlighted the role of neutrophils and inflam-
matory macrophages in the pathogenesis of severe COVID-19, with
CCL2 associated with macrophage cluster-1 in patients with severe
COVID-19 [51]. IL17A could cooperate with CCL2 to promote specific
overexpression of TIMP1 in mouse pneumonia lesions [52]. Its levels are
higher in patients with ARDS and are associated with more severe
hypoxemia and poorer prognosis [53]. It was worth mentioning that
increased CXCL10 level was largely from lung neutrophils in the lungs of
non-viral and viral ARDS mice, CXCL10 acted in an autocrine manner on
the oxidative rupture and chemotaxis of inflammatory neutrophils,
leading to fulminant pulmonary inflammation [3].

There is little literature suggesting that IL17A might be regulated by
programmed death 1 protein (PD-1). PD-1 encoded by the Pdcd1 gene is
a co-suppressor protein on the surface of immune cells including neu-
trophils and macrophages that plays a role in autoimmune diseases,
tumor cell survival and viral infections [54]. The strategy of blocking
PD-1/PD-L1 is widely applicable to clinical cancer treatment. However,
there are few studies on PD-1 in ALIL Sean F. M. et al. exploited novel
role of PD-1 in a murine model of indirect-acute lung injury by cecal
ligation & puncture-septic challenge, which was associated with
increased number of PD-1 positive immunocell in the lungs [54]. Lind-
say J Celada, et al. found that PD-1 blockade reduced STAT3-mediated
IL17A production in CD4"T cell to treat pulmonary fibrosis [55]. The
role of PD-1/IL17A in LPS-induced ALI and its communication with
other immune cells such as macrophages and neutrophils remain to be
explored. Innovatively, we elucidated the novel role of PD-1, which acts
on IL17A and promotes the recruitment of macrophages and neutro-
phils, leading to ALL

In conclusion, vaccination against COVID-19 is an inevitable trend,
but identifying effective treatments remains a crucial task. Here, we
explored the pharmacodynamics of XFBD in LPS-induced ALI based on
clinical application. Combining systematic pharmacological and tran-
scriptome studies, we revealed mechanisms by which XFBD improved
ALI We concluded that XFBD could treat ALI by inhibiting the PD-1/
IL17A signaling pathway to balance immune cell homeostasis and
reduce hyperinflammatory response. This provides insight into the
clinical treatment of COVID-19 with XFBD.
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