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HIGHLIGHTS

* XBJ improves LPS-induced lung cell inflammation and pyroptosis.

» miR-181d-5p inhibits LPS-induced inflammatory response and pyroptosis of lung epithelial cells.

* XBJ elevates miR-181d-5p and improves LPS-induced pyroptosis of lung epithelial cells.

* XBJ upregulates miR-181d-5p and inhibits SPP1 to protect lung epithelial cells from LPS-induced injuries.
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Acute lung injury

Background: Xuebijing (XBJ) is widely applied in the treatment of Acute Lung Injury (ALI). This study focused on
the potential mechanism of XBJ in Lipopolysaccharide (LPS)-induced ALL

Methods: The rat ALI model was established by injection of LPS (10 mg/kg) and pretreated with XBJ (4 mL/kg)
three days before LPS injection. BEAS-2B cell line was stimulated with LPS (1 yg/mL) and ATP (5 mM) to induce
pyroptosis, and XBJ (2 g/L) was pretreated 24h before induction. The improvement effects of XBJ on pulmonary
edema, morphological changes, and apoptosis in ALI lung tissue were evaluated by lung wet/dry weight ratio,
HE-staining, and TUNEL staining. Inflammatory cytokines in lung tissue and cell supernatant were determined by
ELISA. pyroptosis was detected by flow cytometry. Meanwhile, the expressions of miR-181d-5p, SPP1, p-p65,
NLRP3, ASC, caspase-1, p20, and GSDMD-N in tissues and cells were assessed by RT-qPCR and immunoblotting.
The relationship between miR-181d-5p and SPP1 in experimental inflammation was reported by dual luciferase
assay.

Results: XBJ could improve inflammation and pyroptosis of ALI by inhibiting contents of inflammatory cytokines,
and levels of inflammation- and pyroptosis-related proteins. Mechanistically, XBJ could up-regulate miR-181d-5p
and inhibit SPP1 in ALIL miR-181d-5p can target the regulation of SPP1. Depressing miR-181d-5p compensated
for the ameliorative effect of XBJ on ALI and overexpressing SPP1 suppressed the attenuating effect of XBJ on
LPS-induced inflammation and pyroptosis.

Conclusion: XBJ can regulate the miR-181d-5p/SPP1 axis to improve inflammatory response and pyroptosis in ALL

Introduction edema [3]. There is still a lack of effective drugs to control and treat ALI
[4,5]. Therefore, there is an urgent need to find new drugs to relieve

Acute Lung Injury (ALI) refers to a series of lung lesions caused by ALL

multiple lung injuries, which can induce serious lung diseases and lead
to serious sequelae and high mortality [1,2]. ALI is characterized by
severe acute inflammatory processes, leading to increased alveolar per-
meability, protein and white blood cell accumulation, and pulmonary
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Xuebijing (XBJ) is a Chinese herbal compound that is mainly com-
posed of Honghua (Carthamus tinctorius), Chi shao (Paeoniae radix),
Danshen (Salvia divinorum), It consists of Danggui (Angelica sinensis)
and Chuanxiong (Ligusticum wallichii Franchet) [6]. Reports have
emphasized the anti-endotoxin and anti-inflammatory effects of XBJ [7
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—9]. Some studies have confirmed that XBJ can ameliorate lung injury.
For example, XBJ can ameliorate inflammation of lung injury [10].
Recently, XBJ has been approved for the treatment of sepsis in China
through clinical trials [11]. However, the detailed mechanism of XBJ in
ALl is unclear.

NLRP3-mediated pyroptosis of macrophages can aggravate lung
inflammation in patients with ALI [12]. NLRP3 inflammasome activa-
tion in alveolar macrophages leads to the processing of pro-caspase-1
into two lysed subunits named pl0 and p20, which can induce the
release of pro-inflammatory cytokines and trigger severe inflammatory
responses [2,13]. However, the association between XBJ’s protection of
lung tissue and NLRP3-mediated pyroptosis remains unclear. miRNAs
can negatively regulate gene expression at the post-transcriptional level
[14] and are substantially implicated in inflammatory lung diseases,
including ALI For example, miR-181a inhibition protects mice from ALI
[15]. Recent studies have confirmed that miR-181d-5p exerts an anti-
inflammatory role after renal ischemia-reperfusion injury and can
inhibit the expression of inflammatory mediators, thus improving renal
function [16].

SPP1, also known as Osteopontin (OPN), is a coding protein
located in 4922.1 and is considered to be a key cytokine involved in
immune cell recruitment and expression of type 1 cytokines at
inflammatory sites [17,18]. Current studies have confirmed that
SPP1 is involved in tumor cell progression [19—22]. However, its
underlying mechanism in inflammation-related ALI has not been
fully elucidated.

Here, rat and cellular ALI models were constructed using LPS to
explore the potential mechanism of XBJ to improve ALI At the
same time, the effects of XBJ on inflammatory response and pyrop-
tosis in ALI were discussed, as well as the mechanism of miR-181d-
5p and SPP1.

Materials and methods
ALI animal model

This study was approved by the Animal Protection Professional Com-
mittee of Affiliated Danzhou People’s Hospital of Hainan Medical Uni-
versity. Male SPF-grade SD rats (180-220g) were purchased from the
Animal Experimental Center, Tongji Medical College, Huazhong Univer-
sity of Science and Technology (Wuhan, China). Rats were kept on a
day/night 12/12h cycle with 55% humidity, with free access to water
and food. After one week of adaptive feeding, the rats were randomly
divided into 3 groups (6 rats/group): Control, ALI, and ALI+ XBJ. Rats
were first anesthetized by intraperitoneal injection of pentobarbital
sodium at 50 mg/kg, followed by intraperitoneal injection of 10 mg/kg
LPS (Sigma-Aldrich; USA), while rats in the Control group were injected
intraperitoneally with 0.9% normal saline [23]. Three days before
modeling, rats in the ALI+XBJ group were injected with XBJ (4 mL/kg)
twice a day via caudal vein, while rats in the Control and ALI groups
were injected with 0.9% normal saline [24]. All rats were euthanized
12h after LPS injection. Subsequently, the right lung of 3 rats in each
group was ligated, and the left lung was rapidly frozen at -80°C for sub-
sequent RNA, protein, and flow cytometry tests. The remaining right
lung was fixed in 4% paraformaldehyde for histological analysis. From
the remaining 3 rats in each group, lung tissues were weighed first and
then dried at 65°C for 48h to calculate the Wet/Dry (W/D) ratio to esti-
mate pulmonary edema index.

ELISA

Cell culture supernatant or rat lung tissues were centrifuged at
500 X g at 4°C for 10-min for ELISA. Inflammatory cytokines were
detected using commercial ELISA kits for IL-1f, IL-18, and TNF-a (R&D
System, USA).
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Cell culture and treatment

BEAS-2B Cell line (ATCC) was cultured in DMEM supplemented with
10% FBS and 1% penicillin/streptomycin in a 37°C incubator with 5%
CO,. XBJ group was pretreated with 2 g/L XBJ (Tianjin Datong New
Pharmaceutical Co., LTD., China) in BEAS-2B cells for 24h [25] and
treated with 1 ug/mL LPS (Sigma-Aldrich) for 4h and then with 5 mM
ATP (A6559, Sigma-Aldrich) for 30 min to induce pyroptosis, while Con-
trol and LPS groups were added with equal amounts of PBS [26]. The
remaining groups were transfected before treatment with XBJ, LPS, and
ATP.

Cell transfection

miR-181d-5p mimic/inhibitor and oe-SPP1, and their corresponding
controls (mimic NC, inhibitor NC, and vector) were synthesized in Gene-
Pharma (Shanghai, China) and transfected into BEAS-2B cells using Lip-
ofectamine 2000 (Invitrogen). The medium was replaced at 8h, and
cells were harvested at 48h to evaluate the transfection efficiency by RT-
gqPCR or immunoblotting.

Immunoblotting

Lung tissue and BEAS-2B cells were lysed with RIPA buffers contain-
ing PMSF or phosphatase inhibitors. Protein concentration was detected
using a BCA test kit. The equal-volume proteins were separated by 12%
SDS-PAGE, transferred to PVDF membrane, blocked with 5% skim milk
for 2h, and rinsed with TBST 3 times (10 min/time). Then, NLRP3
(19771-1-AP, Proteintech, USA), Caspase-1 p20 (22915-1-AP, Protein-
tech), ASC (10500-1-AP, Proteintech), GSDMD-N (ab219800, Abcam,
USA), p-p65 (3033, CST), GAPDH (2118, CST), and SPP1 (sc-21742,
Santa Cruz Biotechnology) were separately added to incubate overnight
at 4°C. Then, the HRP conjugate secondary antibody was supplemented
for 1h before visualization of protein bands based on an enhanced
chemiluminescence kit (Vazyme, China).

RT-gPCR

Total RNA was extracted from rat lung tissue and BEAS-2B cells by
Trizol Reagent (Invitrogen), and RNA quality and concentration were
determined by Nanodrop 2000. Reverse transcription of miRNA was
implemented by Tagman® MicroRNA Reverse Transcription kit (Invitro-
gen), while that of mRNA was done by cDNA synthesis kit (Thermo
Fisher Scientific). RT-qPCR assay was performed using the SYBR Premix
Ex Taq™ II kit (RR820A, Takara) and analyzed by Biosystems 7900
thermocycler (Thermo Fisher Scientific). With U6 and GAPDH as the ref-
erence genes, respectively, expression was calculated by the 274ACt
method. The primer sequence is shown in Table 1.

Table 1

PCR primer sequences.
Genes PCR primer sequences (5°—3")
miR-181d-5p Forward: GCTGAACATTCATTGTTGTCG

Reverse: GCAGGGTCCGAGGTATTC
Forward: TGGATGAACCAAGCGTGGAA
Reverse: TTTGGAACTCGCCTGACTGT
Forward: CACATCCCGAGGAGACACAG
Reverse: GGGCCCAGCTAAAGGTAATGT
U6 Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT
Forward: CACCCACTCCTCCACCTTTG
Reverse: CCACCACCCTGTTGCTGTAG

SPP1 (Rat)

SPP1 (Human)

GAPDH

Note: miR-181d-5p, microRNA-181d-5p; SPP1, Secreted
Phosphoprotein 1; GAPDH, Glyceraldehyde-3-Phosphate
Dehydrogenase.
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Fig. 1. XBJ improves ALL (A) HE-staining evaluated the morphological changes of lung tissue. (B) TUNEL staining observed the apoptotic cells in lung tissue. (C) Lung
W/D ratio. (D) ELISA measured inflammatory cytokines in lung tissue. (E-F) Immunoblotting tested p-p65, NLRP3, ASC, caspase-1 p20, and GSDMD-N. Data expressed
asmean + SD (n = 3). * p < 0.05.
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Flow cytometry

BEAS-2B cells were washed twice with pre-cooled PBS and resus-
pended with 1 mL of 1 x buffer. Then, cells (1 x 10° cells/mL) were
mixed with FLICA® 660 Caspase-1 Assay regent (Immunochemistry
Technologies, USA) at 37°C for 30-min, added with PI for 5-min, and
analyzed using BD FACSAria flow cytometry (BD Company, USA). Cas-
pase-1*/PI* cells were pyroptosis cells [27].

Luciferase reporter assay

miR-181d-5p and SPP1 binding sites were analyzed in the starbase
3.0 (https://starbase.sysu.edu.cn/). WT-SPP1 and MUT-SPP1 constructs
were produced by inserting the 3'UTR sequences of wild and mutant
SPP1 into the pmirGLO vector (Promega, USA), which were then trans-
fected with miR-181d-5p mimic or mimic NC into BEAS-2B cells using
Lipofectamine 2000 (Invitrogen). Luciferase activity after 48h was then
assessed using a dual luciferase reporter assay kit (Promega) and
recorded on the Synergy 2 Multidetector Microplate Reader (BioTek
Instruments).

HE-staining

The lung tissues were prepared into slices with 5 ym thickness using
a microtome (RM2235, Leica, Germany) after fixation in 4% paraformal-
dehyde for 24h and embedment in paraffin. Then, the tissues were
reacted with hematoxylin (Beyotime, China) for 5-10 min, rinsed with
running water for 3-min, dyed with eosin (Beyotime) for 1-2 min, and
viewed using an optical microscope (Olympus).

TUNEL staining

To measure apoptosis, a TUNEL assay was carried out using a com-
mercial kit (Beyotime). Paraffin sections (5 um) were incubated with 45
uL labeled buffer and 5 yL. TdT enzyme solution for 60-min, rinsed
3 times with PBS, stained with DAPI for 5-min, and observed under a
fluorescence microscope (Olympus). Quantification of images was per-
formed with ImageJ software.
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RIP assay

Magna RIP Kit (Millipore) was purchased to conduct RIP assay. Cell
lysates were harvested using RIP lysis buffer and combined with mag-
netic beads with Ago2 or IgG antibodies at 4°C for 6h. After elution, the
immunoprecipitates were collected for RT-qPCR analysis.

Statistical analysis

To analyze the data, GraphPad Prism software v8.0 was utilized.
Data were expressed as mean + Standard Deviation (SD) and collected
from each experiment in replicates. Student’s t-test compared the differ-
ence between the two groups, and one-way ANOVA analyzed that
among multiple groups; p < 0.05 was considered statistically significant.

Results
XBJ improves ALI

LPS inducer was used to establish ALI rat models. Subsequently, HE-
staining evaluated the morphological changes in the lung tissue. ALI rats
showed obvious pathological injury, thickened alveolar wall diaphragm,
shrunk alveolar cavity and inflammatory cells infiltrated in the lung tis-
sue. However, the lung tissue structure of ALI rats pretreated with XBJ
was intact, and the degree of inflammatory cell infiltration was low
(Fig. 1A). Meanwhile, TUNEL staining showed that XBJ reduced the
number of lung tissue apoptosis induced by LPS (Fig. 1B). The lung W/D
ratio was increased in ALI rats, and XBJ improved LPS-induced lung
injury (Fig. 1C). ELISA results demonstrated that XBJ preconditioning
inhibited LPS promotion of inflammatory cytokines IL-1f, IL-18 and
TNF-a in rat lung tissue (Fig. 1D). Meanwhile, immunoblotting assayed
that cellular inflammation (p-p65) and pyroptosis-related proteins
(NLRP3, ASC, caspase-1 p20, and GSDMD-N) were elevated in the lung
tissues of ALI rats, while XBJ pretreatment could inhibit these proteins
(Fig. 1 E, F).

XBJ improves LPS-induced lung cell inflammation and pyroptosis

LPS-induced lung epithelial BEAS-2B cells were also used to simulate
ALIL ELISA results revealed that LPS stimulated the release of

200

150

Relative p-p65 protein expression

Control
=

621
uzs

Rate of pyroptotic cell (%)

Fig. 2. XBJ improves LPS-induced lung cell inflammation and pyroptosis. (A) ELISA measured IL-1/, IL-18 and TNF-« in cell supernatant. (B-C) Immunoblotting tested
proteins related to inflammation and pyroptosis. (D) Flow cytometry determined pyroptosis. Data expressed as mean + SD (n = 3). * p < 0.05.
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inflammatory cytokines, while XBJ treatment effectively reduced
inflammation in LPS-induced BEAS-2B cells (Fig. 2A). Meanwhile,
immunoblotting determined that XBJ could impair LPS’ promoting
effect on inflammatory and pyroptosis-associated proteins in BEAS-2B
cells (Fig. 2 B, C). Flow cytometry elucidated that the proportion of Cas-
pase-1 and PI-positive cells in LPS-treated BEAS-2B cells was promoted,
while XBJ treatment inhibited apoptosis (Fig. 2D).

miR-181d-5p inhibits LPS-induced inflammatory response and pyroptosis of
lung epithelial cells

miR-181d-5p was abnormally downregulated in ALI rats and BEAS-
2B cells, while XBJ restored its expression pattern (Fig. 3A). Subse-
quently, miR-181d-5p expression was artificially modified in LPS-
induced BEAS-2B cells. In detail, miR-181d-5p mimic was transfected
into LPS-induced BEAS-2B cells, leading to the upregulation of miR-
181d-5p (Fig. 3B). After elevating miR-181d-5p, it was measured
that contents of inflammatory cytokines in the supernatant of cells
were inhibited (Fig. 3C), as well as protein expression of
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inflammatory and pyroptosis-related proteins (Fig. 3D, E) and apo-
ptosis rate (Fig. 3F).

XBJ elevates miR-181d-5p and improves LPS-induced pyroptosis of lung
epithelial cells

miR-181d-5p was silenced in BEAS-2B cells. RT-qPCR found a
decrease in miR-181d-5p expression after transfection with miR-181d-
5p inhibitor (Fig. 4A). The transfected cells were then treated with XBJ
and LPS. Experimental data presented that XBJ inhibited inflammation
and pyroptosis in LPS-induced BEAS-2B cells, but this phenomenon was
counteracted after inhibiting miR-181d-5p (Fig. 4B, E).

miR-181d-5p targets SPP1
starbase3.0 (https://starbase.sysu.edu.cn/) predicted miR-181d-5p
and SPP1 potential binding sites (Fig. 5A). RIP results showed that miR-

181d-5p and SPP1 proteins were enriched in Ago2 (Fig. 5B). In dual
luciferase reporter experiments, when co-transfected miR-181d-5p
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Fig. 3. XBJ improves LPS-induced lung cell inflammation and pyroptosis. (A) RT-qPCR analyzed miR-181d-5p in LPS-treated rats and BEAS-2B cells. (B) RT-qPCR
detected miR-181d-5p after transfecting miR-181d-5P mimic into LPS-induced BEAS-2B cells. (C) ELISA measured IL-1f, IL-18 and TNF-a in cell supernatant. (D-E)
Immunoblotting tested proteins related to inflammation and pyroptosis. (F) Flow cytometry determined pyroptosis. Data expressed as mean + SD (n = 3). * p < 0.05.
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Fig. 4. XBJ upregulates miR-181d-5p and improves LPS-induced pyroptosis of lung epithelial cells. (A) RT-qPCR detected miR-181d-5p in LPS-induced BEAS-2B cells.
(B) ELISA measured IL-1f, IL-18 and TNF-a in cell supernatant. (C-D) Immunoblotting tested proteins related to inflammation and pyroptosis. (E) Flow cytometry

determined pyroptosis. Data expressed as mean + SD (n = 3). * p < 0.05.

mimic and WT-SPP1, the luciferase activity decreased significantly
(Fig. 5C). After transfecting miR-181d-5p mimic or miR-181d-5p inhibi-
tor into BEAS-2B cells, SPP1 expression was suppressed or promoted
(Fig. 5 D, E). Meanwhile, SPP1 was examined to be abnormally
increased in ALI rats and lung epithelial cells, and XBJ inhibited its
expression (Fig. 5F, G).

XBJ upregulates miR-181d-5p and inhibits SPP1 to protect lung epithelial
cells from LPS-induced injuries

The oe-SPP1 was transfected into BEAS-2B cells, which successfully
overexpressed SPP1 in cells (Fig. 6 A, B). Cells transfected with oe-SPP1

were treated with XBJ and LPS. Functional experiments noted that over-
expressing SPP1 weakened the inhibition of XBJ on LPS-induced inflam-
mation (Fig. 6 C, D). Meanwhile, increased expression of SPP1
antagonized the inhibition of XBJ on LPS- and ATP-induced pyroptosis
(Fig. 6 E, F).

Discussion

ALI is a respiratory disease caused by multiple factors, which may
develop into acute respiratory distress syndrome [28]. A previous dou-
ble-blind randomized trial demonstrated that XBJ protects lung injury
by reducing neutrophil infiltration by downregulating inflammatory
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Fig. 5. SPP1 is mediated by miR-181d-5p. (A) Potential binding sites of miR-181d-5p and SPP1. (B) RIP detected the enrichment of miR-181d-5p and SPP1 in Ago2.
(C) Dual luciferase reporting experiment verified the relationship between miR-181d-5p and SPP1. (D-E) After transfecting miR-181d-5p mimic or miR-181d-5p inhib-
itor into BEAS-2B cells, RT-qPCR and immunoblotting measured SPP1 expression levels. (F-G) RT-qPCR and immunoblotting measured SPP1 in ALI rat lung tissues and

BEAS-2B cells. Data expressed as mean + SD (n = 3). * p < 0.05.

mediators [29]. However, the protective effect of XBJ on lung function
impairment caused by ALI remains largely unknown. This study sought
to explore the mechanism of XBJ in ALI and eventually confirmed that
XBJ could improve ALI by mediating the miR-181d-5p/SPP1 axis to
inhibit ALI inflammation and pyroptosis.

XBJ can ameliorate increased lung permeability and inflammatory
response caused by sepsis [30,31]. This study constructed rat and cellu-
lar ALI models using LPS to investigate XBJ function. XBJ has been
reported to protect septic ALI by inhibiting inflammation and apoptosis
[32]. This is consistent with the present findings that XBJ can inhibit
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Fig. 6. XBJ upregulates miR-181d-5p and inhibits SPP1 to protect lung epithelial cells from LPS-induced injuries. oe-SPP1 was transfected into BEAS-2B cells. (A-B)
RT-qPCR and immunoblotting measured SPP1. (C) ELISA measured IL-1/, IL-18 and TNF-« in cell supernatant. (D-E) Immunoblotting tested proteins related to inflam-
mation and pyroptosis. (F) Flow cytometry determined pyroptosis. Data expressed as mean + SD (n = 3). * p < 0.05.

apoptosis and inflammation induced by ALIL But more importantly, the
study also found that XBJ inhibited NLRP3, ASC, caspase-1, p20, and
GSDMD-N levels, and could reverse LPS promotion of the proportion of
Caspase-1 and PI-positive cells in BEAS-2B cells. Further experiments
confirmed that XBJ could improve ALI by mediating the miR-181d-5p/
SPP1 axis to inhibit ALI inflammatory response and pyroptosis.

In addition, since the discovery of miRNA in 1993, changes in
miRNA expression have been associated with the pathogenesis of
inflammatory lung diseases, making them biomarkers for novel diagno-
sis and treatment [33,34]. miR-181d family suggests importance in
inflammation and cell growth [35]. miR-181d can promote TNF-a
expression [36]. This work explored the role of miR-181d-5p in ALI
inflammation and found that miR-181d-5p was abnormally downregu-
lated in ALI, and restoring miR-181d-5p could inhibit inflammation
caused by ALL In addition, Liu’s study confirmed that miR-223 specifi-
cally targets NLRP3, thereby inhibiting NLRP3 translation expression
and affecting pyroptosis [37]. Notably, our study also confirmed that
miR-181d-5p inhibited LPS-induced pyroptosis. Subsequently, the study
explored and revealed that silencing miR-181d-5p could counteract the
improvement effect of XBJ on inflammation and pyroptosis of ALI lung
epithelial cells.

MiRNAs negatively regulate gene expression by binding to the 3'UTR
of target genes [38]. Therefore, the study confirmed that miR-181d-5p

targeted SPP1. SPP1 is a multifunctional protein expressed at the site of
inflammation. For example, SPP1 is involved in acute and chronic neuri-
tis[39]. and can mediate transfusion-related ALI by stimulating pulmo-
nary neutrophilic accumulation [40]. This study also confirmed that
SPP1 expression was elevated in ALL, and promoting SPP1 could block
the protective effect of XBJ on ALL That is, SPP1 overexpression
enhanced inflammation and pyroptosis.

Some limitations exist in this study. For example, whether XBJ medi-
ates miR-181d-5p/SPP1 axis to improve ALI was not explored in animal
models of ALIL, and the molecular mechanism of SPP1 regulating inflam-
matory response and pyroptosis has not yet been studied.

Conclusion

XBJ improves LPS-induced ALI and inhibits LPS-induced inflamma-
tion and pyroptosis. XBJ is protective for lung cells by upregulating miR-
181d-5p, thereby inhibiting SPP1. Generally speaking, XBJ provides a
new therapeutic target and strategy for the clinical treatment of ALIL

Availability of data and materials

The datasets used and/or analyzed during the present study are
available from the corresponding author upon reasonable request.



X. Wuetal
Ethical statement

All animal experiments complied with the ARRIVE guidelines and
performed in accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals. The experiments were
approved by the Institutional Animal Care and Use Committee of the
Affiliated Danzhou People’s Hospital of Hainan Medical University.

Funding

1. Health Industry Research Project of Hainan Province, title: Study
on the protective mechanism of Xuebijing on acute lung injury
induced by Endotoxin in rats based on inflammatory response and
cell pyrodeath (21A200356).

2. Hainan Provincial Science and Technology Department Natural
Science Foundation (High-level Talent Project) project, title: Screen-
ing intestinal flora of high-risk population of colorectal cancer in
Hainan and studying its tumor-causing mechanism (822RC875).

Declaration of competing interest

The authors declare no conflicts of interest.
Acknowledgments

Not applicable.

References

1. Butt Y, Kurdowska A, Allen TC. Acute lung injury: a clinical and molecular review.
Arch Pathol Lab Med 2016;140(4):345-50.

2. Wu DD, Pan PH, Liu B, Su XL, Zhang LM, Tan HY, et al. Inhibition of alveolar macro-
phage pyroptosis reduces lipopolysaccharide-induced acute lung injury in mice. Chin
Med J 2015;128(19):2638-45. Engl.

3. Matuschak GM, Lechner AJ. Acute lung injury and the acute respiratory distress syn-
drome: pathophysiology and treatment. Mo Med 2010;107(4):252-8.

4. Standiford TJ, Ward PA. Therapeutic targeting of acute lung injury and acute respira-
tory distress syndrome. Transl Res 2016;167(1):183-91.

5. Villar J, Blanco J, Anén JM, Santos-Bouza A, Blanch L, Ambros A, et al. The ALIEN
study: incidence and outcome of acute respiratory distress syndrome in the era of lung
protective ventilation. Intensive Care Med 2011;37(12):1932-41.

6. Sun ML, Ma DH, Liu M, Yu YX, Cao DB, Ma C, et al. Successful treatment of paraquat
poisoning by Xuebijing, an injection concocted from multiple Chinese medicinal
herbs: a case report. J Altern Complement Med 2009;15(12):1375-8.

7. Zhang SW, Sun CD, Wen Y, Yin CH. Effect of treatment with Xuebijing injection on
serum inflammatory mediators and Th1/2 of spleen in rats with sepsis. Zhongguo Wei
Zhong Bing Ji Jiu Yi Xue 2006;18(11):673-6.

8. Xu DM, Ma XH, Ai YH. Effect of Xuebijing injection pretreatment on expression of pul-
monary surfactant-associated protein A in rat alveolar type II epithelial cells induced
by lipopolysaccharide. Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2009;21(11):690-1.

9. Sun J, Xue Q, Guo L, Cui L, Wang J. Xuebijing protects against lipopolysaccharide-
induced lung injury in rabbits. Exp Lung Res 2010;36(4):211-8.

10. Meng WT, Qing L, Zhou Q, Xu WG. Xuebijing attenuates decompression-induced lung
injuries. Diving Hyperb Med 2020;50(4):343-9.

11. He XD, Wang Y, Wu Q, Wang HX, Chen ZD, Zheng RS, et al. Xuebijing protects rats
from sepsis challenged with acinetobacter baumannii by promoting Annexin Al
expression and inhibiting proinflammatory cytokines secretion. Evid Based Comple-
ment Alternat Med 2013;2013:804940.

12. Zeng Y, Qin Q, Li K, Li H, Song C, Li Y, et al. PKR suppress NLRP3-pyroptosis pathway
in lipopolysaccharide-induced acute lung injury model of mice. Biochem Biophys Res
Commun 2019;519(1):8-14.

13. Ding J, Wang K, Liu W, She Y, Sun Q, Shi J, et al. Pore-forming activity and structural
autoinhibition of the gasdermin family. Nature 2016;535(7610):111-6.

14. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 2004;116
(2):281-97.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Clinics 79 (2024) 100336

FuX, Zeng L, Liu Z, Ke X, Lei L, Li G. MicroRNA-206 regulates the secretion of inflam-
matory cytokines and MMP9 expression by targeting TIMP3 in Mycobacterium tuber-
culosis-infected THP-1 human macrophages. Biochem Biophys Res Commun
2016;477(2):167-73.

Zhang Y, Li C, Guan C, Zhou B, Wang L, Yang C, et al. MiR-181d-5p targets KLF6 to
improve ischemia/reperfusion-induced AKI through effects on renal function. Apopto-
sis Inflamm Front Physiol 2020;11:510.

Chabas D, Baranzini SE, Mitchell D, Bernard CC, Rittling SR, Denhardt DT, et al. The
influence of the proinflammatory cytokine, osteopontin, on autoimmune demyelinat-
ing disease. Science 2001;294(5547):1731-5. 1979.

Ashkar S, Weber GF, Panoutsakopoulou V, Sanchirico ME, Jansson M, Zawaideh S,
et al. Eta-1 (osteopontin): an early component of type-1 (cell-mediated) immunity. Sci-
ence 2000;287(5454):860-4. 1979.

Zhao K, Ma Z, Zhang W. Comprehensive analysis to identify SPP1 as a prognostic bio-
marker in cervical cancer. Front Genet 2021;12:732822.

Guo Z, Huang J, Wang Y, Liu XP, Li W, Yao J, et al. Analysis of expression and its clini-
cal significance of the secreted phosphoprotein 1 in lung adenocarcinoma. Front Genet
2020;11:547.

Periyasamy A, Gopisetty G, Subramanium MJ, Velusamy S, Rajkumar T. Identification
and validation of differential plasma proteins levels in epithelial ovarian cancer. J Pro-
teom 2020;226:103893.

Liu Y, Ye G, Dong B, Huang L, Zhang C, Sheng Y, et al. A pan-cancer analysis of the
oncogenic role of secreted phosphoprotein 1 (SPP1) in human cancers. Ann Transl
Med 2022;10(6):279.

Xue Y, Zhang Y, Chen L, Wang Y, Lv Z, Yang LQ, et al. Citrulline protects against
LPS-induced acute lung injury by inhibiting ROS/NLRP3-dependent pyroptosis and
apoptosis via the Nrf2 signaling pathway. Exp Ther Med 2022;24(4):632.

Chen Y, Tong H, Pan Z, Jiang D, Zhang X, Qiu J, et al. Xuebijing injection attenuates
pulmonary injury by reducing oxidative stress and proinflammatory damage in rats
with heat stroke. Exp Ther Med 2017;13(6):3408-16.

Geng P, Zhang H, Xiong J, Wang Y, Ling B, Wang H, et al. Xuebijing injection attenu-
ates hydrogen sulfide-induced endothelial barrier dysfunction by upregulating clau-
din-5 expression. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 2020;32(4):443-8.

Liu Y, Zhou J, Luo Y, Li J, Shang L, Zhou F, et al. Honokiol alleviates LPS-induced
acute lung injury by inhibiting NLRP3 inflammasome-mediated pyroptosis via Nrf2
activation in vitro and in vivo. Chin Med 2021;16(1):127.

Wu X, Yao J, Hu Q, Kang H, Miao Y, Zhu L, et al. Emodin ameliorates acute pancreati-
tis-associated lung injury through inhibiting the alveolar macrophages pyroptosis.
Front Pharmacol 2022;13:873053.

Thompson BT, Chambers RC, Liu KD. Acute respiratory distress syndrome. N Engl J
Med 2017;377(6):562-72.

Gao W, Li N, Cui XG. Efficacy of Xuebijing injection on cardiopulmonary bypass-asso-
ciated pulmonary injury: a prospective, single-center, randomized, double blinded
trial. Chin J Integr Med 2018;24(11):815-21.

Wang X, Li AJ, Li WZ, Lu WJ, Cui WZ, et al. The effects of Xuebijing injection on apo-
ptosis and expression of regulatory factors TNF-alpha,NF-kappaB and caspase-3
expression in the lung tissues of acute paraquat-induced rats. Zhonghua Lao Dong Wei
Sheng Zhi Ye Bing Za Zhi 2018;36(7):551-5.

Liu MW, Wang YH, Qian CY, Li H. Xuebijing exerts protective effects on lung perme-
ability leakage and lung injury by upregulating Toll-interacting protein expression in
rats with sepsis. Int J Mol Med 2014;34(6):1492-504.

Zhou W, Lai X, Wang X, Yao X, Wang W, Li S. Network pharmacology to explore the
anti-inflammatory mechanism of Xuebijing in the treatment of sepsis. Phytomedicine
2021;85:153543.

Ouimet M, Koster S, Sakowski E, Ramkhelawon B, van Solingen C, Oldebeken S, et al.
Mycobacterium tuberculosis induces the miR-33 locus to reprogram autophagy and
host lipid metabolism. Nat Immunol 2016;17(6):677-86.

Zhang D, Lee H, Wang X, Groot M, Sharma L, Cruz CSD, et al. A potential role of
microvesicle-containing miR-223/142 in lung inflammation. Thorax 2019;74
(9):865-74.

Sun X, Icli B, Wara AK, Belkin N, He S, Kobzik L, et al. MicroRNA-181b regulates NF-
kappaB-mediated vascular inflammation. J Clin Invest 2012;122(6):1973-90.

Su XW, Lu G, Leung GK, Liu Q, Li Y, Tsang KS, et al. miR-181d regulates human den-
dritic cell maturation through NF-kappaB pathway. Cell Prolif 2017;50(5):e12358.
Liu W, Guo WJ, Xu Q, Sun Y. Advances in mechanisms for NLRP3 inflammasomes reg-
ulation. Yao Xue Xue Bao 2016;51(10):1505-12.

He L, Hannon GJ. MicroRNAs: small RNAs with a big role in gene regulation. Nat Rev
Genet 2004;5(7):522-31.

Yim A, Smith C, Brown AM. Osteopontin/secreted phosphoprotein-1 harnesses glial-,
immune-, and neuronal cell ligand-receptor interactions to sense and regulate acute
and chronic neuroinflammation. Immunol Rev 2022;311(1):224-33.

Kapur R, Kasetty G, Rebetz J, Egesten A, Semple JW. Osteopontin mediates murine
transfusion-related acute lung injury via stimulation of pulmonary neutrophil accumu-
lation. Blood 2019;134(1):74-84.


http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0001
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0002
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0003
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0004
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0005
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0006
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0007
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0008
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0009
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0010
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0011
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0012
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0013
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0014
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0015
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0016
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0017
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0018
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0019
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0020
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0021
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0022
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0023
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0024
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0025
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0026
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0027
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0028
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0029
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0030
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0031
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0032
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0033
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0034
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0035
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0036
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0037
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0038
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0038
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0039
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0039
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0039
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0040
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0040
http://refhub.elsevier.com/S1807-5932(24)00013-9/sbref0040

	Xuebijing improves inflammation and pyroptosis of acute lung injury by up-regulating miR-181d-5p-mediated SPP1 inactivation
	Introduction
	Materials and methods
	ALI animal model
	ELISA
	Cell culture and treatment
	Cell transfection
	Immunoblotting
	RT-qPCR
	Flow cytometry
	Luciferase reporter assay
	HE-staining
	TUNEL staining
	RIP assay
	Statistical analysis

	Results
	XBJ improves ALI
	XBJ improves LPS-induced lung cell inflammation and pyroptosis
	miR-181d-5p inhibits LPS-induced inflammatory response and pyroptosis of lung epithelial cells
	XBJ elevates miR-181d-5p and improves LPS-induced pyroptosis of lung epithelial cells
	miR-181d-5p targets SPP1
	XBJ upregulates miR-181d-5p and inhibits SPP1 to protect lung epithelial cells from LPS-induced injuries

	Discussion
	Conclusion
	Availability of data and materials
	Ethical statement
	Funding
	Declaration of competing interest
	Acknowledgments
	References


