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Abstract: Background: Alveolar macrophage pyroptosis exacerbates inflammatory lung diseases, and tanshinone IIA is

known for its anti-inflammatory properties. Thus, understanding how tanshinone IIA affects alveolar macrophage

pyroptosis is essential. Methods: NR8383 cells were exposed to lipopolysaccharide (LPS) and adenosine triphosphate

(ATP). We assessed cell viability, pyroptosis, and the expression of triggering receptors expressed on myeloid cells 2

(TREM2), p-β-catenin, β-catenin, and pyroptosis-related factors. We also examined the interaction between

tanshinone IIA and TREM2. Results: Co-stimulation with LPS and ATP significantly reduced NR8383 cell viability,

increased pyroptosis, and upregulated pyroptosis-associated factors. Treatment with tanshinone IIA mitigated these

effects. Tanshinone IIA was effectively bound to the TREM2 protein. Knockdown of TREM2 reduced its expression

and the p-β-catenin and β-catenin levels, thereby reversing the protective effects of tanshinone IIA. Conversely,

overexpression of TREM2 enhanced NR8383 cell viability, reduced pyroptosis, and suppressed pyroptosis-related

factors following LPS and ATP co-stimulation. Furthermore, the NOD-like receptor family pyrin domain containing 3

(NLRP3) activation reversed the reduced pyroptosis induced by β-catenin overexpression. β-catenin knockdown

reversed the protective effects of TREM2 overexpression, and activation of NLRP3 exacerbated pyroptosis in β-catenin

knockdown cells. Conclusion: Tanshinone IIA inhibited NLRP3 activation and alleviated alveolar macrophage

pyroptosis through the TREM2/β-catenin pathway.

Introduction

Inflammatory lung diseases remain a significant threat to
patients’ lives and health [1]. A key pathological feature of
this disease is the activation of macrophages and the
inflammatory response in the alveoli [2,3]. Dysfunctional
macrophages in the lungs drive the pulmonary
inflammatory response [4]. Lipopolysaccharide (LPS) can
trigger an immune response [5], activating macrophages to
secrete inflammatory mediators that maintain tissue
homeostasis [6]. However, macrophage dysfunction and
inflammation can result in increased pulmonary vascular
wall thickness and smooth muscle cell proliferation,
ultimately causing elevated pulmonary artery resistance and
right ventricular failure [7]. Therefore, restoring normal
macrophage function and reducing inflammation are critical
in treating inflammatory lung disease.

Recent research has demonstrated that pyroptosis is
crucial to the development and progression of inflammatory
lung disease [8]. The production of pro-inflammatory
cytokines and the activation of the intracellular
inflammasome are two hallmarks of pyroptosis, which is a
form of programmed cell death [9]. Among these
inflammasomes, the NOD-like receptor family pyrin domain
containing 3 (NLRP3) is particularly influential, as its
activation induces inflammatory responses and macrophage
pyroptosis [10]. NLRP3-mediated pyroptosis further
damages vascular endothelial function, increasing
susceptibility to vascular spasm and decreasing local blood
flow, leading to pulmonary vascular diseases such as
pulmonary arterial hypertension [11]. Thus, suppressing
NLRP3 activation may reduce macrophage pyroptosis and
alleviate inflammation.

The triggering receptor expressed on myeloid cells 2
(TREM2) is an immunomodulatory factor extensively
expressed in immune cells, including macrophages and
myeloid cells, and is essential for regulating inflammation
and macrophage activity [12]. TREM2 signaling can

*Address correspondence to: Min Liu, liumin20160614@163.com
Received: 28 April 2024; Accepted: 28 August 2024;
Published: 02 October 2024

BIOCELL echT PressScience
2024 48(10): 1475-1487
ARTICLE

Doi: 10.32604/biocell.2024.053227 www.techscience.com/journal/biocell

Copyright © 2024 The Authors. Published by Tech Science Press.
This work is licensed under a Creative Commons Attribution 4.0 International License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

mailto:liumin20160614@163.com
https://www.techscience.com/journal/BIOCELL
https://www.techscience.com/
http://dx.doi.org/10.32604/biocell.2024.053227
https://www.techscience.com/doi/10.32604/biocell.2024.053227


phosphorylate β-catenin [13], which represents a key
component of the Wnt signaling pathway crucial for
immune defense, cell proliferation, and cell fate
determination [14]. The activation status of NLRP3 is
closely associated with TREM2 and β-catenin, influencing
macrophage pyroptosis [15]. β-catenin can reduce NLRP3
expression, suppress inflammasome complex assembly, and
mediate TREM2’s effects on NLRP3 inflammasome and
macrophage pyroptosis [15]. However, the specific role of
TREM2/β-catenin in inflammatory lung disease and its
relationship with macrophage pyroptosis remains unclear.

Tanshinone IIA, one of the main components extracted
from Salvia miltiorrhiza, contains several aromatic rings,
aldehyde groups, and other functional structures [16]. It has
been discovered to demonstrate widespread pharmacological
activities and protective effects, including vasodilation,
improved blood circulation, reduced blood viscosity,
inhibition of platelet aggregation, and prevention of
thrombosis [17,18]. Despite these benefits, tanshinone IIA
may cause side effects such as diarrhea and itchy skin [19].
Recent studies have demonstrated that tanshinone IIA
significantly attenuates cardiovascular disease progression
due to its anti-inflammatory and antioxidant properties
[20]. However, its efficacy and mechanisms in inflammatory
lung disease are unclear.

This research was intended to examine the therapeutic
potential of tanshinone IIA for NLRP3-mediated pyroptosis
of alveolar macrophages. We investigated how LPS and
adenosine triphosphate (ATP) induce cell pyroptosis and
analyzed the role of TREM2 and the β-catenin pathway in
this process. Our findings contribute to understanding the
regulatory mechanisms of tanshinone IIA in inflammatory
lung disease, which might help to find new therapeutic
targets and develop effective therapeutic strategies to
provide new clinical treatment options for patients.

Materials and Methods

Cell culture and treatment
The rat alveolar macrophage cell line NR8383 (Abiowell, AW-
CNR441, Changsha, China) was cultured in F12K medium
(Abiowell, AW-M004) containing 15% fetal bovine serum
(FBS, Abiowell, AWC0219a), 2 mmol/L glutamine
(Abiowell, AWC0035a), and 100 U/mL penicillin-
streptomycin (Abiowell, AWH0529a) and grown in an
incubator at 5% CO2 and 37°C. Additionally, mycoplasma
contamination was not present in any of the cells used in
this study.

LPS and ATP were engaged in regulating inflammatory
responses [21]. Thus, we induced a pyroptosis model in
NR8383 cells based on the methodology of Hu et al. [22].
The cells were classified into four groups: Control, LPS,
ATP, and LPS + ATP. The LPS group was treated with 200
ng/mL LPS (MCE, HY-D1056, Jersey City, NJ, USA) for
48 h, the ATP group with 1 mmol/L ATP (MCE, HY-
B2176) for 48 h, and the LPS + ATP group with both 200
ng/mL LPS and 1 mmol/L ATP for 48 h [23].

To assess how tanshinone IIA affects inflammatory
NR8383 cells, we divided the cells into Control, LPS + ATP,

Low, Medium, High, and Simvastatin groups. All groups,
except the Control, were pretreated with 200 ng/mL LPS
and 1 mmol/L ATP for 48 h. Following this pretreatment,
the serum-free medium was substituted for the cell growth
medium, and drugs (tanshinone IIA and Simvastatin) were
added after 12 h. The cells were exposed to 0.6, 3.0, and
5.0 µM tanshinone IIA (T0154, Saint Paul, MN, USA) [24],
representing Low, Medium, and High groups, respectively.
The purity of tanshinone IIA was 98.5%. The Simvastatin
group received 10 µM Simvastatin (MCE, HY-17502) [25],
known for its anti-inflammatory effects. All treatments were
incubated for 24 h.

To survey whether TREM2 is involved in the regulation
of inflammatory NR8383 cell function by tanshinone IIA, the
cells were classified into Control, LPS + ATP, Tanshinone IIA,
Tanshinone IIA + si-NC, and Tanshinone IIA + si-TREM2
groups. Except for the Control group, all groups were
pretreated with a combination of 200 ng/mL LPS and
1 mmol/L ATP for 48 h. In the Tanshinone IIA group,
NR8383 cells were subjected to 3.0 µM tanshinone IIA for
24 h. In the Tanshinone IIA + si-NC and Tanshinone IIA +
si-TREM2 group, NR8383 cells were transfected with si-NC
(TTACGGCTTTCCGGAT) and small interfering RNA for
TREM2 (si-TREM2, GCCAGCTGGCTGAGGGGCCATG
CCAGCCGC), respectively. Then, the cells were first served
with LPS and ATP for 48 h and then subjected to 3.0 µM
tanshinone IIA for 24 h [24,26].

For the purpose of learning the effect of TREM2
overexpression on pyroptosis of inflammatory NR8383 cells,
we grouped the cells into Control, LPS + ATP, oe-NC, and
oe-TREM2 groups. Except for the control group, all groups
were pretreated with a combination of 200 ng/mL LPS and
1 mmol/L ATP. Cells in the oe-NC and oe-TREM2 groups
were transfected with oe-NC and an overexpressed TREM2
vector (oe-TREM2), respectively, for 48 h before LPS and
ATP stimulation for another 48 h [24,26].

To determine whether β-catenin affects NR8383
pyroptosis by regulating NLRP3 activation, cells were
divided into LPS + ATP, oe-NC, oe-β-catenin, and oe-β-
catenin + Nigericin groups. All groups were treated with
200 ng/mL LPS and 1 mmol/L ATP for 48 h. The oe-β-
catenin group was transfected with an overexpressed β-
catenin vector (oe-β-catenin) for 48 h, ensued by LPS and
ATP stimulation for 48 h. The oe-β-catenin + Nigericin
group was transfected with oe-β-catenin for 48 h, pursued
by LPS and ATP treatment for 48 h, and then treated with 6
µM Nigericin (Sigma-Aldrich, N7143-5MG, Shanghai,
China) for 1 h.

To investigate the correlation between TREM2 and β-
catenin in inflammatory NR8383 cells, the cells were divided
into Control, oe-NC + si-NC, oe-TREM2 + si-NC, oe-
TREM2 + si-β-catenin, oe-TREM2 + si-NC + Nigericin, and
oe-TREM2 + si-β-catenin + Nigericin groups. All groups,
except the Control, were pretreated with 200 ng/mL LPS
and 1 mmol/L ATP. The oe-NC + si-NC group was co-
transfected with oe-NC and si-NC for 48 h. The oe-TREM2
+ si-NC group was co-transfected with oe-TREM2 and si-
NC. The oe-TREM2 + si-β-catenin group was co-transfected
with oe-TREM2 and si-β-catenin (GCTGATCTTGGACTT
GATATT). The oe-TREM2 + si-NC + Nigericin group was

1476 MIN LIU et al.



co-transfected with oe-TREM2 and si-NC for 48 h, followed
by 6 µM Nigericin for 1 h [27]. The oe-TREM2 +
si-β-catenin + Nigericin group was co-transfected with oe-T
REM2 and si-β-catenin for 48 h, followed by 6 µM
Nigericin for 1 h.

In accordance with the manufacturer’s instructions, all
transfections were accomplished with the Lipofectamine
2000 transfection reagent (Invitrogen, 11668-019, Carlsbad,
CA, USA). The vectors used were obtained from
HonorGene (Changsha, China).

Cell viability assay
Cell Counting Kit-8 (CCK-8, Abiowell, AWC0114a) was
employed for assessing cell viability [28]. Briefly, the cells
from the previously described groups were digested,
counted, and inoculated into a 48-well plate at a density of
5 × 104 cells/well. Triplicate wells were set up. After cell
culture and adhesion, CCK-8 (30 μL/well) reagent was
added at the specified times post-treatment. Following a
further 4 h incubation, the optical density (OD) at 450 nm
was tested with a multifunctional microplate reader
(Huisong, MB-530, Shenzhen, China).

Flow cytometry
The samples (1 × 105 cells/well density) were rinsed with
phosphate-buffered saline (PBS, Abiowell, AWC0409) and
collected by trypsin digestion (Abiowell, AWC0232). The
samples were then resuspended in Caspase-1 probe FAM-
YVAD-FMK working solution (AAT Bioquest, AAT-13483,
Pleasanton, CA, USA) and mixed with propidium iodide
(Abiowell, AWC0314a). The mixture was cultivated at 37°C
in a direct-heat CO2 incubator (Mito Instruments, DH-160I,
Shanghai, China) for 20 min in the dark. Within 1 h post-
incubation, the samples were evaluated by flow cytometry
(Beckman, A00-1-1102, Pasadena, CA, USA).

Western blot (WB)
The proteins were isolated from the cell lysates of each group.
Protein concentrations were examined using the BCA protein
quantification kit (Abiowell, AWB0156). Proteins (20–30 μg)
were mixed with 5× loading buffer (Abiowell, AWB0055),

boiled for 5 min, and rapidly cooled on ice. The proteins
were mixed with 5 × loading buffer, boiled for 5 min, and
put into an ice box for quick cooling. The constant voltage
of electrophoresis was 75 V for 130 min. Once the
bromophenol blue reached the bottom of the gel,
electrophoresis was stopped, and proteins were transferred
to nitrocellulose (NC) membranes using a current of
300 mA. After transfer, the membranes were blocked with
5% skimmed milk at room temperature for 90 min.
Additionally, abbreviations for antibodies are listed in
Table 1. Next, membranes were cultivated with primary
antibodies (Table 2) at 4°C overnight. On the subsequent
day, membranes were fostered with secondary antibodies
(Table 2) at room temperature for 90 min. An enhanced
chemiluminescence (ECL) solution (Abiowell, AWB0005)
was added and left for 1 min, followed by imaging with a
chemiluminescent system (Clinx Science Instruments,
ChemiScope6100, Shanghai, China).

Immunofluorescence
Fluorescence intensity was evaluated using
immunofluorescence. NR8383 cells were attached with 4%
paraformaldehyde. Next, the samples were blocked with 0.3%
Triton X-100 (Abiowell, AWT0107a) at 37°C, followed by 5%
bovine serum albumin (BSA, Abiowell, AWT0206a) at 37°C.
Primary antibody Caspase-1 (1:50, Proteintech, 22915-1-AP,
Chicago, IL, USA) was incubated with the cells overnight at 4°
C. The next day, cells were nurtured with goat anti-rabbit IgG
(H + L) secondary antibody (1:200, Abiowell, AWS0005c) at
room temperature for 1.5 h. Next, the nuclei were stained
with DAPI working solution (Abiowell, AWI0429a) at 37°C
for 10 min. The cells were then observed and imaged under a
fluorescence microscope (Motic, BA410T, Xiamen, China).

TABLE 1

Full names and abbreviations of proteins and genes

Full names Abbreviations

Interleukin-1β IL-1β

NLR family, Caspase-1 recruitment domain
containing 4

NLRC4

N-terminal fragment of Gasdermin D GSDMD-N

Apoptosis-associated speck-like protein
containing a Caspase-1 recruitment domain

ASC

Catenin β-1 CTNNB1

Cellular myelocytomatosis viral oncogene
homolog

c-Myc

T cell factor 1 TCF-1

TABLE 2

Specific information on the primary antibodies

Name Catalog Dilution
ratio

Company

IL-1β AWA46641 1:1000 Abiowell,
Changsha, China

Caspase-1 AWA44822 1:1000 Abiowell

NLRP3 AWA46822 1:1000 Abiowell

NLRC4 AWA55878 1:1000 Abiowell

GSDMD-N AB215203 1:1000 Abcam,
Cambridge, UK

ASC AWA44043 1:1000 Abiowell

TREM2 AWA56428 1:1000 Abiowell

β-catenin AWA00641 1:1000 Abiowell

p-β-catenin AWA45138 1:1000 Abiowell

β-actin AWA80002 1:5000 Abiowell

HRP goat anti-
mouse IgG

SA00001-1 1:5000 Proteintech,
Chicago, IL, USA

HRP goat anti-
rabbit IgG

SA00001-2 1:6000 Proteintech
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Fluorescence intensity was quantified by ImageJ software
(National Institutes of Health, ImageJ 2.3.0, Bethesda,
MD, USA).

Reverse transcription‑quantitative polymerase chain reaction
(RT‑qPCR)
Total RNA from NR8383 cells was isolated using Trizol
reagent (Thermo Fisher Scientific, 15596026, Waltham, MA,
USA) following the manufacturer’s instructions. The RNA
concentration used for RT-qPCR ranged from 250–
350 ng/μL. The concentration of RNA was appraised by a
NanoDrop spectrophotometer (Thermo Fisher Scientific,
NanoDrop3300), and RNA integrity was surveyed by an
Agilent Bioanalyzer (Agilent Technologies, Agilent 2100
Bioanalyzer, Santa Clara, CA, USA). It was verified that the
RNA of the sample had high integrity with RNA integrity
number (RIN) values of 8 or higher. Using the effective
mRNA reverse transcription kit (Kangwei Century, CW2569,
Beijing, China), total RNA was converted into cDNA. RT-
qPCR was conducted using the QuantStudio1 system (ABI,
QuantStudio1, Carlsbad, CA, USA) under the conditions:
95°C for 10 min (denaturation), pursued by 40 cycles of
95°C for 15 s and 60°C for 30 s (amplification). β-actin
served as the internal reference gene. The 2−ΔΔCt method
was utilized to quantify the mRNA levels of genes.
Abbreviations for the genes are given in Table 1. The
sequences of the specific primer sequences used are shown
in Table 3.

Molecular docking
The chemical structure of tanshinone IIA was predicted using
PubChem (https://pubchem.ncbi.nlm.nih.gov/, accessed on
22 January, 2024) compound records. Molecular docking
analysis of tanshinone IIA with the TREM2 protein was
conducted using VINA 1.1.2 software (Scripps Research,
VINA 1.1.2, San Diego, CA, USA), which utilized a semi-
empirical free energy field to predict receptor-ligand binding

energies. PyMOL 2.3 (Schrodinger, PyMOL 2.3, New York,
NY, USA) was applied to visualize the ligands bound to the
receptor-binding pocket and to forecast the receptor-ligand
interactions and energies.

Drug affinity responsive target stability (DARTS)
First, TREM2 protein (0.5 μg/mL) was incubated with
tanshinone IIA (5/20/40 μM) at room temperature for 1 h.
Next, pronase (5 μg/mL, Solarbio, P8360, Beijing, China)
was added and incubated for 15 min. The reaction was
terminated by the addition of a supersampling buffer. After
Coomassie Brilliant Blue (Beyotime, ST1119, Changsha,
China) staining, sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) analysis was performed to
show the binding of TREM2 and tanshinone IIA.

Statistical analysis
Statistical analysis of cellular experimental data was
performed using GraphPad Prism 8 (8.0.2.263, San Diego,
CA, USA). All experiments were conducted in six replicates.
Measurement data were presented as mean ± standard
deviation (SD). Data conforming to a normal distribution
were compared between multiple groups using one-way
analysis of variance (ANOVA) pursued by Tukey’s post hoc
test or Bonferroni’s post hoc test. Statistical significance was
determined as p < 0.05, with efforts made to avoid type I
errors. The linear correlation between TREM2 and β-catenin
and between TREM2 and p-β-catenin variables was
evaluated using Pearson’s correlation test.

Results

Combined stimulation of LPS and ATP promotes NR8383 cell
pyroptosis
To explore the implications of LPS and ATP on NR8383 cells,
we assessed NR8383 cell viability, pyroptosis, and protein
expression of pyroptosis-related indicators following LPS
and ATP treatments. The findings illustrated that the LPS
and ATP groups all exhibited reduced NR8383 cell viability
relative to the Control group. Additionally, the LPS + ATP
group had lower NR8383 cell viability compared to the LPS
or ATP groups (Fig. 1A). Flow cytometry revealed that
pyroptosis was intensified in the LPS and ATP groups in
contrast to the Control group. Moreover, NR8383 cell
pyroptosis was elevated in the LPS + ATP group relative to
the LPS or ATP groups (Fig. 1B). Moreover, the levels of IL-
1β, Caspase-1, NLRP3, NLRC4, GSDMD-N, and ASC were
assessed in NR8383 cells, and the findings demonstrated
that after intervention with LPS or ATP alone, the levels of
these factors were raised relative to the Control group, with
the combination treatment of LPS and ATP being more
effective than LPS or ATP alone (Fig. 1C). Additionally,
after intervention with LPS or ATP alone, the level of
Caspase-1 was enhanced as opposed to the Control group.
Similarly, the combination intervention of LPS and ATP
exacerbated the impact of LPS or ATP alone (Fig. 1D).
These results indicated that combined stimulation of LPS
and ATP promoted NR8383 cell pyroptosis.

TABLE 3

Specific primer sequences

Gene Primer sequence

R-TREM2 F: 5′-TTGGCATACTCTCCCCTCCA-3′

R: 5′-CACCAGTATTCCTGCTCCCG-3′

R-CTNNB1 F: 5′-ACTCCAGGAATGAAGGCGTG-3′

R: 5′-GAACTGGTCAGCTCAACCGA-3′

R-CyclinD1 F: 5′-GAGCCCAACCCGGACCAC-3′

R: 5′-CGCATGGATGGCACAATCTCCC-3′

R-c-Myc F: 5′-GCAACTTCTCCACCGCCGAT-3′

R: 5′-AAGCCGCTCCACATACAGTCC-3′

R-TCF-1 F: 5′-CACAGGGCTTGACTAGTGGG-3′

R: 5′-TCTACTGCTGGCAGTCAACG-3′

R-β-actin F: 5′-ACATCCGTAAAGACCTCTATGCC-3′

R: 5′-TACTCCTGCTTGCTGATCCAC-3′
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Binding of tanshinone IIA and TREM2
TREM2 is known to attenuate NLRP3-mediated macrophage
pyroptosis [15]. To further understand the role of tanshinone
IIA in alleviating NR8383 cell pyroptosis, we analyzed its
molecular structure using PubChem compound records
(Fig. 2A) and performed molecular docking with TREM2

proteins. The binding energy was −7.5 kcal/mol, indicating a
strong binding affinity of tanshinone IIA to the TREM2
protein. PyMOL analysis showed that tanshinone IIA binds
stably to the TREM2 protein cavity and interacts with
surrounding amino acids (Fig. 2B). Tanshinone IIA
primarily interacts with TREM2 through hydrogen bonding

FIGURE 1. Combined stimulation of LPS and ATP promotes NR8383 cell pyroptosis. (A) NR8383 cell viability was examined using CCK-8.
(B) NR8383 cell pyroptosis was evaluated by flow cytometry. (C) IL-1β, Caspase-1, NLRP3, NLRC4, GSDMD-N, and ASC levels were
measured by WB. (D) Caspase-1 expression was examined by immunofluorescence. *p < 0.05 vs. Control. #p < 0.05 vs. LPS. &p < 0.05 vs.
ATP. n = 6.

TANSHINONE IIA ALLEVIATES ALVEOLAR MACROPHAGE PYROPTOSIS 1479



and hydrophobic interactions (Fig. 2B). Specifically,
tanshinone IIA forms a hydrogen bond with THR 88 and
hydrophobic interactions with TRP 70, LEU 71, LEU 89,
and PHE 74, enhancing its binding to the active site.
Moreover, we also verified the binding of tanshinone IIA
and TREM2 protein by applying DARTS in vitro
experiments. Among them, the binding of 40 μM
tanshinone IIA to TREM2 was particularly evident (Fig. 2C).

Tanshinone IIA alleviates NR8383 cell pyroptosis induced by
combined stimulation of LPS and ATP
We further examined the effects of tanshinone IIA on NR8383
cell pyroptosis caused by combined LPS and ATP stimulation.
Different concentrations of tanshinone IIA and Simvastatin
reversed the diminished cell viability induced by LPS and
ATP. Higher concentrations of tanshinone IIA exhibited
stronger effects, with medium and high concentrations
exhibiting significant improvements (Fig. 3A). Flow
cytometry analysis indicated that NR8383 cell pyroptosis
was augmented in the LPS + ATP group in contrast to the
Control group. Treatment with different concentrations of
tanshinone IIA reduced pyroptosis, with medium and high
concentrations showing the most pronounced effects.
Simvastatin also mitigated LPS- and ATP-induced
pyroptosis (Fig. 3B). Western blot analysis revealed that
tanshinone IIA at various concentrations reduced the
elevated levels of IL-1β, Caspase-1, NLRP3, NLRC4,
GSDMD-N, and ASC induced by LPS and ATP, with the
medium and high concentrations of tanshinone IIA showing

stronger effects. Simvastatin also decreased the expression of
these pyroptosis-related proteins (Fig. 3C). Tanshinone IIA
at 3.0 µM was selected for subsequent studies due to its
similar efficacy to the 5.0 µM concentration. Control studies
showed that ethanol alone did not cause cell death or
protect against LPS and ATP-induced cell death (data not
shown). These results confirmed that tanshinone IIA
effectively alleviated NR8383 cell pyroptosis induced by
combined LPS and ATP stimulation.

Tanshinone IIA alleviates NR8383 cell pyroptosis induced by
combined stimulation of LPS and ATP via TREM2/β-
catenin/NLRP3
We investigated whether tanshinone IIA regulates NLRP3-
mediated NR8383 cell pyroptosis via the TREM2/β-catenin
pathway. β-catenin, a crucial downstream element of
TREM2, can be phosphorylated by TREM2 at the Ser675
site [15]. The relative mRNA expression of TREM2 and
CTNNB1 (β-catenin mRNA), as well as the protein
expression of TREM2, p-β-catenin, and β-catenin were
diminished in the LPS + ATP group relative to the Control
group. Tanshinone IIA intervention elevated TREM2 level
and β-catenin phosphorylation. Transfection with si-
TREM2 diminished the mRNA and protein levels of
TREM2 and decreased the protein levels of p-β-catenin
and β-catenin without affecting β-catenin mRNA levels,
compared to the Tanshinone IIA + si-NC group (Fig. 4A,B).

Moreover, tanshinone IIA reversed the decreased
NR8383 cell viability and increased pyroptosis caused

FIGURE 2. Binding of tanshinone IIA and TREM2. (A) Chemical structure of tanshinone IIA. (B) Molecular docking validation of tanshinone
IIA binding to TREM2. (C) The binding of tanshinone IIA and TREM2 was validated by DARTS. *p < 0.05 vs. Pronase.
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by LPS and ATP. Knockdown of TREM2 reduced
cell viability and increased pyroptosis relative to the
Tanshinone IIA + si-NC group (Fig. 4C,D). Furthermore,
TREM2 knockdown elevated the levels of IL-1β, Caspase-
1, NLRP3, NLRC4, GSDMD-N, and ASC in contrast to the
Tanshinone IIA + si-NC group (Fig. 4E). These findings
indicated that tanshinone IIA alleviated NLRP3-mediated
NR8383 cell pyroptosis through the TREM2/β-catenin
pathway.

TREM2 overexpression inhibits NR8383 cell pyroptosis induced
by combined stimulation of LPS and ATP
According to the results, the knockdown of TREM2
attenuated the protective effects of tanshinone IIA. To
investigate the independent role of TREM2, NR8383 cells
were transfected with an oe-TREM2 plasmid. Relative to the
oe-NC group, the oe-TREM2 group exhibited elevated
TREM2 levels, confirming successful plasmid transfection
(Fig. 5A). TREM2 overexpression enhanced NR8383 cell
viability, reduced cell pyroptosis, and suppressed levels of
IL-1β, Caspase-1, NLRP3, NLRC4, GSDMD-N, and ASC in
contrast to the oe-NC group (Fig. 5B–D). These findings
clarified that TREM2 overexpression inhibited pyroptosis
caused by concurrent LPS and ATP stimulation in NR8383

cells. Additionally, the impact of TREM2 overexpression on
β-catenin and p-β-catenin levels was investigated. TREM2
overexpression reversed the reduction in β-catenin and
p-β-catenin levels induced by LPS and ATP stimulation
(Fig. 5E). A positive correlation between TREM2 and
β-catenin and between TREM2 and p-β-catenin was verified
by Pearson’s analysis (Fig. 5F). These results suggested that
TREM2 mitigated NR8383 cell pyroptosis induced by
simultaneous LPS and ATP stimulation by upregulating β-
catenin expression.

β-catenin affects NR8383 cell pyroptosis by regulating NLRP3
activation
To elucidate the role of β-catenin in NR8383 cell pyroptosis,
we overexpressed β-catenin. The oe-β-catenin group showed
elevated β-catenin and p-β-catenin levels with no notable
change in TREM2 relative to the oe-NC group, confirming
successful transfection and indicating that β-catenin
overexpression did not influence TREM2 levels (Fig. 6A,B).
Additionally, β-catenin overexpression upregulated the
expression of its major target genes (CyclinD1, c-Myc, and
TCF-1) (Fig. 6C). Moreover, β-catenin overexpression
enhanced NR8383 cell viability and reduced cell pyroptosis
compared to the oe-NC group. Conversely, activation of

FIGURE 3. Tanshinone IIA alleviates NR8383 cell pyroptosis induced by combined stimulation of LPS and ATP. (A) NR8383 cell viability was
examined using CCK-8. (B) NR8383 cell pyroptosis was tested by flow cytometry. (C) IL-1β, Caspase-1, NLRP3, NLRC4, GSDMD-N, and ASC
levels were evaluated by WB. *p < 0.05 vs. Control. #p < 0.05 vs. LPS + ATP. n = 6.
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NLRP3 decreased NR8383 cell viability and increased cell
pyroptosis relative to the oe-β-catenin group (Fig. 6D,E).
Furthermore, NLRP3 activation reversed the reduced levels
of IL-1β, Caspase-1, NLRP3, NLRC4, GSDMD-N, and ASC
caused by β-catenin overexpression (Fig. 6F). These results
indicated that β-catenin regulated NR8383 cell pyroptosis
through modulation of NLRP3 activation.

TREM2 inhibits NR8383 cell pyroptosis by regulating β-catenin
protein
We further explored the regulatory mechanisms involving
TREM2 and β-catenin. Initially, we examined the relative

expression of CyclinD1, c-Myc, and TCF-1, key target
genes in the β-catenin signaling pathway. Results showed
that oe-TREM2 elevated the levels of CyclinD1, c-Myc, and
TCF-1 as opposed to the oe-NC + si-NC group.
Subsequent transfection with si-β-catenin markedly
lessened the levels of these genes. Notably, there was no
remarkable difference observed between the oe-TREM2 +
si-NC group and the oe-TREM2 + si-NC + Nigericin
group, nor between the oe-TREM2 + si-β-catenin group
and the oe-TREM2 + si-β-catenin + Nigericin group,
indicating that NLRP3 activation did not impact the levels
of these genes (Fig. 7A).

FIGURE 4. Tanshinone IIA alleviates NR8383 cell pyroptosis induced by combined stimulation of LPS and ATP via TREM2/β-catenin/
NLRP3. (A) Relative mRNA expression of TREM2 and CTNNB1 was examined by RT‑qPCR. (B) The levels of TREM2, p-β-catenin, and β-
catenin were assayed by WB. (C) Assessment of NR8383 cell viability using CCK-8 assay. (D) Flow cytometry analysis of NR8383 cell
pyroptosis. (E) Measurement of IL-1β, Caspase-1, NLRP3, NLRC4, GSDMD-N, and ASC levels by WB. *p < 0.05 vs. Control. #p < 0.05
vs. LPS + ATP. &p < 0.05 vs. Tanshinone IIA + si-NC. n = 6.
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Additionally, TREM2 expression and the levels of p-β-
catenin and β-catenin were elevated in the oe-TREM2 + si-
NC group in contrast to the oe-NC + si-NC group, with no
impact on β-catenin mRNA levels. Conversely, si-β-catenin
transfection decreased both β-catenin mRNA and protein

FIGURE 5. TREM2 overexpression inhibits NR8383 cell pyroptosis
induced by combined stimulation of LPS and ATP. (A) Verification
of TREM2 overexpression by WB. (B) Assessment of NR8383 cell
viability using CCK-8 assay. (C) Flow cytometry analysis of
NR8383 cell pyroptosis. (D) Measurement of IL-1β, Caspase-1,
NLRP3, NLRC4, GSDMD-N, and ASC levels by WB. (E) WB
analysis of β-catenin and p-β-catenin levels. (F) Demonstration of
the correlation between TREM2 and β-catenin and between
TREM2 and p-β-catenin by Pearson’s correlation coefficient. *p <
0.05 vs. Control. #p < 0.05 vs. oe-NC. n = 6.

FIGURE 6. β-catenin affects NR8383 cell pyroptosis by regulating
NLRP3 activation. (A–B) Verification of β-catenin overexpression
by RT-qPCR and WB. (C) Relative expression of CyclinD1, c-Myc,
and TCF-1 evaluated by RT-qPCR. (D) Assessment of NR8383 cell
viability using CCK-8 assay. (E) Flow cytometry evaluation of
NR8383 cell pyroptosis. (F) Measurement of IL-1β, Caspase-1,
NLRP3, NLRC4, GSDMD-N, and ASC levels by WB. *p < 0.05 vs.
oe-NC. #p < 0.05 vs. oe-β-catenin. n = 6.
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levels and β-catenin phosphorylation without affecting
TREM2 expression. There was no remarkable difference
observed with the addition of Nigericin relative to the
oe-TREM2 + si-NC group, nor with the addition of
Nigericin as opposed to the oe-TREM2 + si-β-catenin
group, indicating that NLRP3 activation did not impact
TREM2 levels or the expression of CTNNB1, p-β-catenin,
and β-catenin (Fig. 7B,C). These results suggested that
TREM2 regulated β-catenin at the protein level instead of

the mRNA level, and both β-catenin and NLRP3 may serve
as downstream targets of TREM2.

Knockdown of β-catenin or activation of NLRP3
reversed the enhanced NR8383 cell viability caused by
TREM2 overexpression, indicating that β-catenin
knockdown or NLRP3 activation inhibited the protective
effect of TREM2 overexpression on NR8383 cell viability.
Additionally, the knockdown of β-catenin exacerbated the
suppression of activated NLRP3 on NR8383 cell viability
(Fig. 7D). In contrast to the oe-TREM2 + si-NC group,
either β-catenin knockdown or NLRP3 activation led to
increased NR8383 cell pyroptosis. Furthermore, NR8383 cell
pyroptosis was enhanced in the oe-TREM2 + si-β-catenin +
Nigericin group relative to the oe-TREM2 + si-β-catenin
group (Fig. 7E). Si-β-catenin transfection or Nigericin
addition reversed the diminished levels of IL-1β, Caspase-1,
NLRP3, NLRC4, GSDMD-N, and ASC caused by TREM2
overexpression. Knockdown of β-catenin exacerbated the
elevated expression of these proteins induced by NLRP3
activation (Fig. 7F). These findings indicated that β-catenin
knockdown reversed the protective function of TREM2
overexpression on NR8383 cell pyroptosis, while NLRP3
activation further enhanced TREM2/β-catenin-mediated
NR8383 cell pyroptosis. Thus, TREM2 could inhibit
NLRP3-mediated NR8383 cell pyroptosis by promoting β-
catenin protein phosphorylation.

Discussion

In recent years, understanding the complex mechanisms
underlying inflammatory lung diseases has been a key focus
of research. Clarifying the specific details of alveolar
macrophage pyroptosis is crucial for the management and
prevention of these conditions. Herein, our present study
demonstrated that tanshinone IIA interacted with TREM2
protein, enhancing β-catenin phosphorylation, which
inhibited NLRP3 expression and effectively reduced NR8383
cell pyroptosis.

LPS contributes significantly to infection by triggering an
immune response that can lead to inflammation and various
pathological effects [5]. In BV2 cells, a macrophage cell line
isolated from mice hippocampal tissue, LPS has been shown
to induce pyroptosis mediated by NLRP3 [29]. ATP, a
fundamental intracellular energy molecule, is a primary
energy source for cells and also participates in the mediation
of pyroptosis [30]. Inflammatory processes frequently
coincide with pyroptosis, while tanshinone IIA is noted for
its potent anticancer and anti-inflammatory properties [31].
Therefore, this study investigated how simultaneous
exposure to LPS and ATP induced pyroptosis in NR8383
cells and explored the potential therapeutic benefits of
tanshinone IIA in this context.

Tanshinone IIA has been shown to reduce inflammatory
mediators released frommacrophages, such as cyclooxygenase
(COX) and tumor necrosis factor-α (TNF-α), which
attenuates the inflammation [32,33]. In LPS-mediated
RAW264.7 macrophages, tanshinone IIA performs its anti-
inflammatory action through miRNAs and the toll-like
receptor 4-nuclear factor-κB (TLR4-NF-κB) pathway [34].
Additionally, tanshinone IIA has demonstrated efficacy in

FIGURE 7. TREM2 inhibits NR8383 cell pyroptosis by regulating β-
catenin protein. (A) Relative expression of CyclinD1, c-Myc, and
TCF-1 assessed by RT-qPCR. (B) Relative expression of TREM2
and CTNNB1 tested by RT-qPCR. (C) Protein expression of
TREM2, p-β-catenin, and β-catenin examined by WB. (D) NR8383
cell viability was measured using CCK-8. (E) NR8383 cell
pyroptosis was analyzed by flow cytometry. (F) Protein expression
of IL-1β, Caspase-1, NLRP3, NLRC4, GSDMD-N, and ASC
examined by WB. *p < 0.05 vs. oe-NC + si-NC. #p < 0.05 vs. oe-
TREM2 + si-NC. &p < 0.05 vs. oe-TREM2 + si-NC + Nigericin.
@p < 0.05 vs. oe-TREM2 + si-β-catenin. n = 6.
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reducing inflammation in the pulmonary vasculature by
inhibiting macrophage migration and the expression of
inflammatory factors [35,36], suggesting its role in
modulating pulmonary macrophage function and
inflammatory responses. Pyroptosis could be regulated by
key players like NLRP3 and NLRC4 [37,38]. NLRP3 and
NLRC4 can be activated by LPS stimulation and affect
Caspase-1 expression [39]. Caspase-1 also cleaves GSDMD
into GSDMD-N, which forms pores in cell membranes,
leading to cell lysis and pyroptosis [40]. Caspase-1,
belonging to the caspase family, plays a crucial role in
immune regulation [41]. IL-1β is pivotal in inflammatory
processes [42]. GSDMD-N acts as an executor protein of
inflammatory pyroptosis, its activation and cleavage are
linked to Caspase-1 activity, inducing inflammatory cell
death [40]. Additionally, research has shown that Didymin
alleviates microglia cell pyroptosis and neuroinflammation
through the Asc/Caspase-1/GSDMD pathway [43]. In this
work, we observed that these pyroptosis-related indicators
were key targets regulated by tanshinone IIA in NR8383
cells under conditions of LPS and ATP stimulation. These
findings highlighted the potential of tanshinone IIA to
effectively mitigate LPS- and ATP-induced pyroptosis in
NR8383 cells.

In this study, tanshinone IIA was observed to form a
stable hydrogen bond with THR88 of the TREM2 protein.
The hydrophobic moiety of tanshinone IIA interacted
hydrophobically with TRP70, LEU71, LEU89, and PHE74
residues of THR88, facilitating its binding to TREM2.
TREM2 is an immunomodulatory protein expressed in
macrophages and plays a role in neuroinflammatory
responses and immune regulation [12]. β-catenin, an
essential transcriptional regulator involved in cellular
communication and adhesion, is closely linked to TREM2
[44]. Initiation of the β-catenin can inhibit the production
of the inflammatory mediator NLRP3 [15]. In addition,
activation of NLRP3 reversed the enhanced NR8383 cell
viability and reduced cell pyroptosis caused by
overexpression of β-catenin, suggesting that β-catenin
modulated NR8383 cell pyroptosis by regulating NLRP3
activation. Additionally, the knockdown of β-catenin
reversed the elevated NR8383 cell viability and diminished
cell pyroptosis induced by overexpression of TREM2.
Furthermore, further application of the NLRP3 activator
Nigericin disrupted the beneficial effect of TREM2
overexpression on NR8383 cell pyroptosis. These findings
indicated that TREM2 induced β-catenin phosphorylation,
thereby effectively inhibiting NLRP3-mediated NR8383 cell
pyroptosis. Dexamethasone upregulates macrophage piezo-
type mechanosensitive ion channel component 1 (PIEZO1)
via serum and glucocorticoid-regulated kinase 1 (SGK1),
suppressing inflammation and enhancing reactive oxygen
species (ROS) and apoptosis [45]. Aspirin inhibits
macrophage inflammation by altering metabolic phenotypes
in periodontitis [46]. Cyclosporine A inhibits T-cell
function, thereby limiting macrophage accumulation [47].
Similarly, we observed that tanshinone IIA increased
TREM2 protein activity, enhanced β-catenin
phosphorylation, and suppressed NLRP3 expression in LPS-
and ATP-stimulated macrophages (NR8383 cells). The

suppression of tanshinone IIA on LPS- and ATP-induced
NR8383 cell pyroptosis was attenuated upon TREM2
knockdown. These results demonstrated that tanshinone IIA
protected against NLRP3-mediated NR8383 cell pyroptosis
through the TREM2/β-catenin axis. Furthermore,
tanshinone IIA showed promise in alleviating lung
inflammatory diseases by attenuating pyroptosis in alveolar
macrophages, suggesting its potential as a treatment for
such conditions.

We also observed that TREM2 specifically regulated the
protein level of β-catenin without impacting its mRNA
expression. Several explanations could account for this
observation: The 5′ untranslated region (5′-UTR) of TREM2
is subject to translational regulation [48], suggesting TREM2
may influence β-catenin expression by modulating protein
synthesis rates or stability. The R47H variant of TREM2 is
known to alter protein stability [49], implying that changes
in β-catenin mRNA levels may not be significant, and
TREM2 might instead modulate β-catenin protein levels
through effects on its degradation pathway. TREM2
interacts with various proteins [15,50,51], which could
either promote or inhibit the assembly of β-catenin
complexes, thereby influencing its protein level. Such
interactions may involve regulating β-catenin’s
transcriptional activity and its cellular localization.

However, we must acknowledge several limitations of
this study. Firstly, our experiments were conducted using
NR8383 cells, a rat alveolar macrophage cell line. Therefore,
further investigations using primary alveolar macrophages
or in vivo studies are essential to validate our findings.
Additionally, more research and experimental evidence are
needed to elucidate the binding mechanism of tanshinone
IIA with TREM2. Furthermore, exploring the effects of
tanshinone IIA on other inflammatory signaling pathways
and evaluating its efficacy in animal models and clinical
settings will enhance our understanding of its therapeutic
potential.

In conclusion, our study demonstrated that tanshinone
IIA exerted a protective effect against NR8383 cell
pyroptosis through the TREM2/β-catenin/NLRP3 pathway.
These findings hold promise for developing novel
therapeutic strategies for patients with inflammatory lung
diseases. Tanshinone IIA may serve as a potential treatment
for lung inflammatory diseases. Future research directions
include evaluating the therapeutic effectiveness of
tanshinone IIA in patients with inflammatory lung diseases
and validating its effectiveness in diverse physiological
contexts using animal models. Furthermore, investigating
the detailed regulatory mechanisms of tanshinone IIA
within the TREM2/β-catenin/NLRP3 pathway in
macrophage pyroptosis will be crucial for advancing our
understanding of its therapeutic potential.
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