
Am J Transl Res 2025;17(8):6504-6521
www.ajtr.org /ISSN:1943-8141/AJTR0161810

https://doi.org/10.62347/DGOC8275

Original Article
NLBK alleviates airway remodeling in COPD by  
inhibiting RXRA-mediated transcription of PLA2G2A

Teng Zhang1, Fang Fang2, Dan Wu2, Guodong Wang2

1Affiliated Mental Health Center & Hangzhou Seventh People’s Hospital, Zhejiang University School of Medicine, 
Hangzhou, Zhejiang, P. R. China; 2Hangzhou TCM Hospital Affiliated to Zhejiang Chinese Medical University, 
Hangzhou, Zhejiang, P. R. China

Received November 7, 2024; Accepted July 5, 2025; Epub August 15, 2025; Published August 30, 2025

Abstract: Objectives: Nourishing lung benefiting kidney granule (NLBK) is used to treat chronic obstructive pulmo-
nary disease (COPD). However, the molecular mechanism underlying its therapeutic effect is still unclear. In this 
study, we elucidated the molecular mechanism by which NLBK alleviates airway reorganization in COPD. Methods: 
We investigated the function of NLBK in regulating inflammatory reactions and endoplasmic reticulum stress (ERS) 
in mice with COPD. Through bioinformatics and network pharmacology analysis, we identified the main components 
and targets: Zhebeiresinol-nuclear receptors such as Retinol X receptor A (RXRA) and Phospholipase A2, group IIA 
(PLA2G2A). A rescue experiment was performed to confirm the relationship between Zhebeiresinol and PLA2G2A 
in alleviating COPD symptoms. Moreover, by conducting a series of experiments, we determined the transcriptional 
regulation of RXRA on PLA2G2A. Results: NLBK significantly inhibited cigarette smoke exposure-induced inflamma-
tory response, lung function injury, and ERS in COPD mice. Zhebeiresinol acted as an active ingredient of NLBK, 
which was found to mitigate the inflammatory response, lung function injury, and ERS in COPD mice through the 
silencing of PLA2G2A, the specific target of NLBK. Zhebeiresinol repressed the phosphorylation of RXRA and entry 
into the nucleus, which efficiently suppressed the transcription of PLA2G2A. Conclusions: NLBK can alleviate airway 
remodeling in COPD through the RXRA-PLA2G2A axis, providing a new mechanistic basis for the clinical application 
of NLBK.

Keywords: Chronic obstructive pulmonary disease (COPD), yangfei yishen granule (NLBK), zhebeiresinol, phospho-
lipase A2 group IIA (PLA2G2A), retinol X receptor A (RXRA)

Introduction

Chronic obstructive pulmonary disease (COPD) 
is a common, preventable, and treatable dis-
ease that has high morbidity and mortality 
rates worldwide [1]. There are more than 300 
million COPD patients, with a prevalence rate of 
11.7% [2]. COPD is characterized by persistent 
respiratory symptoms and airflow limitations 
resulting from airway and/or alveolar abnormal-
ities and is closely associated with a chronic 
inflammatory response in the lungs to noxious 
gases or particles, which may further lead to 
respiratory failure [3, 4]. When the airway 
mucosa is exposed to infection, smoke, dust, 
and other factors, the local innate immunity of 
lung tissue is activated, releasing proinflamma-
tory cytokines and chemokines to trigger the 
inflammatory response [5]. The number of 

T-lymphocytes and B-lymphocytes in the small 
airways and lung parenchyma is significantly 
increased, and the adaptive immune disorder 
mediated by these T-lymphocytes is an impor-
tant reason for the progression of COPD [6, 7]. 
The main syndrome in the stable stage of COPD 
is a deficiency of lung and kidney qi [8, 9]. The 
control of inflammatory reactions is an impor-
tant method for treating COPD. Nourishing the 
lungs and kidneys may treat COPD by regulating 
inflammation, immunity, and hypoxia tolerance, 
improving clinical symptoms, and improving the 
quality of life and lung function of patients [9]. 
Glucocorticoids and theophylline are mainly 
used to treat COPD [10, 11]. Although they help 
relieve symptoms, they have limited effects on 
controlling COPD progression because they  
do not effectively inhibit airway remodeling. 
Previous clinical trials have demonstrated the 
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efficacy of nourishing the lung benefiting kidney 
granules (NLBK) in treating COPD [12]. Treat- 
ment of patients with COPD with NLBK can 
improve the balance of inflammatory factors 
and prevent respiratory failure [13]. However, 
the molecular mechanism by which NLBK 
treats COPD remains unclear.

Endoplasmic reticulum stress (ERS)-related 
apoptosis is one of the pathogenic factors of 
COPD [14]. ERS is a key signal triggering tissue 
remodeling under pathological conditions and 
triggers tissue remodeling under such condi-
tions [15, 16]. Inflammatory responses, oxida-
tive stress, calcium dysregulation, and other 
factors can contribute to the destruction of the 
oxidative environment of the endoplasmic retic-
ulum (ER), leading to a massive accumulation 
of misfolded or unfolded proteins that further 
induce ERS [17, 18]. When ERS occurs, cells 
activate the unfolded protein response (UPR) 
signaling pathways that reduce the rate of pro-
tein synthesis to relieve the ER burden and pro-
tect the cell [19]. However, when the UPR is  
out of control, and the ER induces apoptosis 
through transcription and caspase activation of 
the CCAAT/enhancer-binding protein (C/EBP) 
homolog, this promotes the secretion of mucin 
and hyaluronic acid in airway epithelial cells, 
the chemotaxis of inflammatory cells, and the 
imbalance of calcium homeostasis, leading to 
airway remodeling [20].

Pingchuan granules improve airway remodeling 
in mice by regulating ERS via the protein kinase 
R-like endoplasmic reticulum kinase signaling 
pathway [21]. Through bioinformatics analysis 
and network pharmacology, we found that 
NLBK, retinoid X receptor-alpha (RXRA), and 
secretory phospholipase A2IIA (PLA2G2A) may 
have regulatory relationships. PLA2G2A is an 
enzyme associated with acute respiratory dis-
tress syndrome (ARDS). Inflammatory factors 
promote the expression of PLA2G2A through 
transcription factors such as nuclear factor 
kappa-B (NF-κb) and the signal transducer and 
activator of transcription (STAT) family and 
amplify the inflammatory response in airway 
smooth muscle cells [22, 23]. Additionally, the 
compound roo-cough-zupak can protect lung 
function by inhibiting the expression of 
PLA2G2A in a mouse model of COPD [24]. 
RXRA is a member of the nuclear receptor 
ligand-dependent transcription factor family 
[25]. Moreover, RXRA regulates PLA2G2A to 

alleviate delirium in patients with COPD by 
affecting ERS and cell apoptosis [25]. Thus, the 
RXRA-PLA2G2A axis may help elucidate the 
molecular mechanism by which NLBK attenu-
ates ERS.

In this study, we constructed a mouse model of 
COPD. We performed bioinformatics analysis 
and network pharmacological analysis to deter-
mine the potential mechanism: NLBK inhibited 
the inflammatory response, ERS, and airway 
remodeling damage by inhibiting the phosphor-
ylation of RXRA, which in turn inhibited the tran-
scription of PLA2G2A.

Methods

Cell culture and treatment

The cell line, 16 human bronchial epithelial 
(16HEB) cells (NO. MZ-1420; Ningbo Mingzhou 
Biotechnology Co., Ltd.) were cultured in DMEM 
supplemented with 10% fetal bovine serum 
(FBS) at 37°C. Next, 16HEB cells were seeded 
at a density of 1.5 × 105 cells/mL on culture 
plates and incubated for 12 h. The cells were 
then incubated in an FBS-free medium for 3 h, 
followed by exposure to 10% cigarette smoke 
(CSE) for 24 h containing FBS. Then, the 16HBE 
cells were treated with NLBK (35 mg/mL; 
Jiangyin Tianjiang Pharmaceutical Co., Ltd.), 
zhebeiresinol (40 μg/mL; Invevo Chemical 
Technology (Guangzhou) Co., Ltd.), or water for 
24 h. NLBK that met the standards of the 
Chinese Pharmacopoeia (2015 Edition) con-
tained Rehmanniae Radix Praeparata (9 g), 
Schisandrae Chinensis Fructus (9 g), Platyco- 
don Grandiforus (9 g), Figwort Root (9 g), 
Pseudostellariae Radix (9 g), Ophiopogon 
japonicus (9 g), Radix Rehmanniae (12 g), 
Trichosanthes Kirilowii Maxim (12 g), Hedysa- 
rum Multijugum Maxim (15 g), Lilii Bulbus (15 
g), Mori Cortex (6 g), Fritillariae Thunbrgii Bulbus 
(6 g), Radix Glycyrrhizae (6 g). NLBK was put in 
water (1 L). All the components were extracted 
by boiling in 400 mL water for 1.5 h. Briefly,  
one cigarette was burned for 5 min and dis-
solved in 10 mL of PBS (pH 7.4) using a syringe. 
Then, the solution was filtered with 100% CSE 
solution.

COPD model

Initially, C57BL/6J wild-type mice were raised 
at the Animal Experimental Center of Zhejiang 
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University (SYXK (Zhejiang) 2022-0037). The 
animals were fed adaptively for one week 
before the experiment. The mice were random-
ly divided into the following groups: the control 
group (Ctrl group, n = 10), COPD group (n = 10), 
COPD + PBS group (n = 10), COPD + NLBK 
group (n = 10), COPD + Zhebeiresinol group (n 
= 10), COPD + Zhebeiresinol + shNC group (n = 
10), and COPD + Zhebeiresinol + shPLA2G2A 
group (n = 10). The mice were infected twice a 
week by intranasal administration of 5 μg of 
AAV-shPLA2G2A or sh-NC (GenePharma) for 
two weeks. Two weeks after the infection, a 
COPD model was established [26]. The mice 
breathed normal air at the same time every day 
in a custom-made plastic smoke room (100 × 
70 × 40 cm), and 0.2 mL of saline was instilled 
into each airway of the mice on the 1st and 28th 
days. COPD model mice were exposed to 20 
cigarettes in a custom-made plastic smoke 
chamber twice a day for 30 min at intervals of 8 
h for 50 days. When the mice experienced 
symptoms such as decreased activity, arched 
back, cough, increased nasal secretions, shal-
low breathing, wheezing, and highly paradoxical 
breathing in the chest and abdomen, we con-
sidered that the mouse model of COPD was 
successfully established. The NLBK-treated or 
zhebeiresinol-treated mice were gavaged with 
2 mL of NLBK (4 g/kg) or 2 mL of zhebeiresinol 
(40 mg/kg) daily from the 29th day to the 50th 
day. The Ctrl group and CSE group were gavag- 
ed with 2.0 mL of water once a day. The mice 
were euthanized via the intraperitoneal injec-
tion of 200 mg/kg sodium pentobarbital.

Construction of the AAV and intratracheal ad-
ministration

Using the AAV1 vector, the U6 promoter-driven 
shRNA expression system was established  
by OBiO Biotechnology (Shanghai) Co., Ltd. 
PLA2G2A shRNA was designed based on the 
shRNA sequence. Two selected target sequenc-
es of shRNA were inserted between the EcoRI 
and BamHI sites in a U6-CMV-EGFP/AAV vector. 
The PLA2G2A targets (sequence: shPLA2G2A: 
5’-GAA ACA AGA CGA CCT ACA A-3’; shRXRA #1: 
5’-GGC GAT ATG GCT GTG TCC CGG C-3’; shRXRA 
#2: 5’-GTG TTG TCA CCC TCC TTA TTT-3’) were 
selected. A recombinant adenovirus without 
any shRNA sequence was included as a nega-
tive control (shNC). All constructs were verified 
via DNA sequencing, and all the viral vectors 

were generated via triple plasmid cotransfec-
tion of human 293 cells. The recombinant viri-
ons were purified using column chromatogra-
phy. Additionally, qPCR was performed to deter-
mine the viral titers. The AAV1-PLA2G2A-shRNA 
titer was confirmed to be 1.3 × 1012 vector 
genomes (vg)/mL. The AAV1-PLA2G2A-shRNA 
titer (50 μL) was intratracheally administered 
using the PenWu Device for Mouse (Bio Jane, 
Cat. No. BJ-PW-M, Shanghai).

Analysis of pulmonary function

The mice were anesthetized via an intraperito-
neal injection of 70 mg/kg sodium pentobarbi-
tal. Then, they were placed in a body-tracing 
box and incubated. The respiratory rate (RI), 
forced expiratory volume (FEV) at 0.3 s, dynam-
ic compliance (Cydn), inspiratory frequency (F), 
end-expiratory volume (EFP), minute volume 
(MV), and expiratory volume (EV) data were col-
lected using the BUXCO non-invasive pulmo-
nary function instrument system (SpirOx Pro, 
MEDITECH).

ELISA analysis

The levels of inflammatory cytokines, including 
interleukin (IL)-6 (RAB0309, Sigma-Aldrich), 
IL-13 (RAB0257, Sigma-Aldrich), IL-12 (RAB02- 
55, Sigma-Aldrich), IL-10 (RAB0245, Sigma-
Aldrich), IL-5 (RAB0304, Sigma-Aldrich), inter-
feron (IFN)-γ (RAB0224, Sigma-Aldrich), IL-1β 
(RAB0274, Sigma-Aldrich), and tumor necrosis 
factor (TNF)-α (RAB0477, Sigma-Aldrich), in 
mouse lungs were assessed via enzyme-linked 
immunosorbent assay (ELISA). Saline (1 mL) 
containing 5% FBS was slowly injected into the 
lungs of the mice through tracheal intubation. 
The bronchoalveolar lavage fluid (BALF) was 
centrifuged, and the supernatant was collected 
following the instructions provided with the kit.

HE staining

The lung tissue was fixed in 4% PFA and embed-
ded in paraffin. The lung tissue slices (5 μm) 
were deparaffinized and rehydrated. Then, the 
slices were stained with hematoxylin solution 
for 5 min. The stained slices were soaked in 
HCl-ethanol five times and rinsed with distilled 
water. After the slices were stained with eosin 
for 3 min, they were washed with H2O, dehydrat-
ed with graded alcohol, and cleaned with 
xylene. Finally, the slices were mounted with 
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neutral balsam and observed under a light 
microscope.

Detection of inflammatory cells

The cells from the BALF were stained with a 
combination of anti-mouse fluorochrome-con-
jugated mAbs to quantify the number of inflam-
matory cells via flow cytometry.

Western blotting

Protein expression was determined via Western 
blotting. The cells or tissues were lysed in a 
lysis buffer supplemented with a protease 
inhibitor cocktail. Protein (15 μg) was resolved 
by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred to polyvinyli-
dene difluoride membranes for immunoblot-
ting. The membranes were blocked in blocking 
buffer (5% skim milk in TBS) for 1 h at room 
temperature, followed by incubation with pri-
mary antibodies overnight at 4°C. The primary 
antibodies used were as follows: p-protein 
kinase RNA-like ER kinase (p-PERK) (1:1000, 
ab192591, Abcam), PERK (1:1000, ab229912, 
Abcam), p-inositol-requiring enzyme 1 alpha 
(p-IRE1α) (1:1000, ab243665, Abcam), IRE1α 
(1:1000, ab37073, Abcam), activating tran-
scription factor 4 (ATF4) (1:1000, ab270980, 
Abcam), ATF6 (1:1000, ab122897, Abcam), 
matrix metalloproteinase 9 (MMP9) (1:1000, 
ab76003, Abcam), fibronectin (1:1000, ab24- 
13, Abcam), vimentin (1:1000, ab20346, Ab- 
cam), and E-cadherin (1:1000, ab231303, 
Abcam). The membranes were subsequently 
incubated with HRP-conjugated goat anti-
mouse or anti-rabbit IgG secondary antibodies 
(1:5,000; 31430 and 31460; Thermo) for 1 h at 
room temperature. The protein bands were 
visualized using enhanced chemiluminescence 
(ECL) kits. The images were scanned with a 
ChemiDoc Touch imaging system (Bio-Rad) and 
analyzed with ImageJ.

Quantitative real-time PCR (qPCR)

Quantitative real-time PCR (qPCR) was per-
formed to assess the mRNA levels. Total RNA 
was extracted using TRIzol buffer and reverse-
transcribed into cDNA using 4× Reverse 
Transcription Master Mix. The 2× SYBR Green 
qPCR Master Mix was used to perform qPCR 
following this procedure: denaturation at 95°C 
for 50 s, denaturation at 95°C for 5 s, anneal-

ing at 60°C and extension for 50 s, and 40 
cycles were performed. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used 
as the internal parameter, and the relative 
expression of the detected genes was cal- 
culated using the 2-∆∆CT method [27]. The prim-
ers used were as follows: PLA2G2A-Forward: 
5’-CGG CAC CAA ATT TCT GAG CTA-3’; PLA2G2A-
Reverse: 5’-AGC AGC CTT ATC GCA TTC AC-3’; 
GAPDH-Forward: 5’-CAC CCA CTC TTC CAC CTT 
C-3’; GAPDH-Reverse: 5’-CCT GTT GCT GTA GCC 
AAA TTC-3’.

ChIP-quantitative polymerase chain reaction 
(ChIP-qPCR)

For the ChIP-quantitative polymerase chain 
reaction (ChIP-qPCR), the cells were incubated 
with 1% PFA and glycine to terminate cross- 
linking. Fragments of size 200-1000 bp were 
obtained via ultrasonic fragmentation. The 
RXRA antibody-antigen complex or p-RXRA anti-
body-antigen complex was precipitated with 
protein A gel magnetic beads. After elution and 
washing, NaCl was added to the sample so that 
it could crosslink. RNaseA and proteinase K 
were then added for 2 h. DNA fragments were 
recovered for qPCR.

Dual-luciferase reporter assay

A dual-luciferase reporter assay was conducted 
following the method described in another 
study [28]. The recombinant plasmids contain-
ing the PLA2G2A promoter (wild-type and 
mutant type) and RXRA-shRNA were construct-
ed and cotransfected into 293T cells; the empty 
vector was used as a control. Zhebeiresinol 
was added to the cells, and PBS was used as 
the control. After 48 h, the cells were collected, 
and the luciferase activity was detected with  
a dual luciferase detection kit (11402ES60, 
Yeasen).

Liquid chromatography-tandem MS analysis

Liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) analysis was conducted 
to measure the active compounds of NLBK. The 
targeted analysis of NLBK was performed using 
an Agilent QTOF 6550 mass spectrometer 
equipped with an electrospray ionization source 
and an Agilent 1290 UPLC liquid chromato-
graph. An ABEH C18 2.1 × 100 mm, 1.7 μm col-
umn (Waters) was used with a flow rate of 0.3 
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mL/min and a sample volume of 5 μL. The 
mass spectrometric analysis was conducted in 
the positive ion mode, with the sheath gas tem-
perature and flow rate set at 350°C and 12 L/
min, respectively. The voltage settings were 
4000 V for the ESI+ mode and 3200 V for the 
ESI- mode.

Bioinformatics analysis and network pharma-
cological analysis

The data were obtained from the Gene 
Expression Omnibus (GEO) database (GSE38- 
974 and GSE76925): https://www.ncbi.nlm.
nih.gov/geo/. The thresholds of |log2 fold 
change (FC)| > 1 and P < 0.05 were used to 
screen the differentially expressed genes 
(DEGs). Differential analysis was performed to 
identify highly DEGs. The active components  
of NLBK were obtained from the Traditional 
Chinese Medicine Systems Pharmacology 
(TCMSP) database (https://old.tcmsp-e.com/
tcmsp.php) and the Herb database (http://
HERB.ac.cn/). The bioavailability and pharma-
codynamics of the active compounds were ≥ 
30% and ≥ 0.18, respectively. The target genes 
were obtained from the UniProt database 
(https://www.UNIPROT.org/). Next, the genes 
common to the drug-related target genes and 
the GEO differential genes were selected as 
candidate genes. Finally, to elucidate the po- 
tential molecular mechanisms of the candi- 
date genes, the hTFtarget database (http://bio-
info.life.hust.edu.cn/hTFtarget#!/download) 
and the ChIPBase v3.0 database (https://rna-
sysu.com/chipbase3/index.php) were used to 
find common transcription factors and identify 
the corresponding drug targets for these tran-
scription factors.

Statistical analysis

The data were presented as the mean ± stan-
dard deviation and analyzed by conducting two-
tailed Student’s t-tests. The Statistical Package 
for the Social Sciences (SPSS) program (ver-
sion 24.0, SPSS Inc., Chicago, IL) was used for 
statistical analysis. Two-tailed paired or un- 
paired Student’s t-tests were run for two inde-
pendent samples. Analysis of variance was per-
formed to determine differences among three 
or more groups. All differences among and 
between groups were considered to be statisti-
cally significant at P < 0.05.

Results

NLBK regulated airway remodeling by inhibit-
ing inflammation and ERS in COPD mice

To examine the effects of NLBK on COPD, a 
mouse model of COPD was constructed. 
Analysis of the HE-stained samples revealed a 
significant increase in inflammatory cell infiltra-
tion, goblet cell proliferation, and thickening of 
the columnar epithelial layer in the COPD 
groups compared to that in the Ctrl group. 
NLBK treatment reduced the inflammatory 
reaction (Figure 1A). We also determined the 
levels of inflammatory cytokines in the serum. 
Compared to the mice in the Ctrl group, the 
mice in the COPD group presented significantly 
higher levels of TNF-α (P < 0.05), while treat-
ment with NLBK significantly impaired the CSE-
mediated increase in TNF-α (Figure 1B). The 
ELISA results showed that the changes in IL-1β 
were similar to those of TNF-α (Figure 1C). The 
levels of IL-5 and IL-10 increased substantially 
in CSE-treated mice but were attenuated by 
NLBK intervention (P < 0.05) (Figure 1D and 
1E). Functional assays revealed that the CSE-
induced increase in the IL-13 level was partially 
reversed after NLBK intervention (P < 0.05; 
Figure 1F). In contrast to the Ctrl group, there 
was a significant decrease in IL-12 levels in the 
COPD group (P < 0.05), but NLBK reversed the 
decrease in IL-12 caused by CSE (P < 0.05) 
(Figure 1G). On the other hand, lower levels of 
IFN-γ were observed in the mice with COPD, 
while NLBK significantly increased the levels of 
IFN-γ in these mice (P < 0.05; Figure 1H). After 
CSE, the number of total cells increased signifi-
cantly (P < 0.05). NLBK played an important 
role in preventing the increase in the number of 
total cells compared to that in the COPD group 
(P < 0.05; Figure 2A). In the COPD group, the 
number of macrophages (Figure 2B), eosino-
phils (Figure 2C), and neutrophils (Figure 2D) 
increased significantly (P < 0.05), whereas 
NLBK significantly reversed the CSE-mediated 
increase in the number of macrophages, eosin-
ophils, and neutrophils (P < 0.05). Moreover, 
we confirmed that the changes in CD4+ and 
CD8+ T lymphocytes were similar to those in 
macrophages (Figure 2E and 2F). These find-
ings strongly suggested that NLBK intervention 
helps alleviate the inflammatory state of COPD 
patients.
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We also investigated whether NLBK can allevi-
ate the damage to pulmonary function indu- 
ced by CSE. CSE significantly increased the RI 
(P < 0.05), and these effects were partially 
reversed by NLBK intervention (P < 0.05; Figure 
3A). The decrease in the FEV0.3/FVC ratio in 
COPD mice was inhibited by NLBK intervention 
(P < 0.05; Figure 3B). Additionally, the decrease 
in Cydn levels was partially reversed by NLBK in 
COPD mice (P < 0.05; Figure 3C). Our results 
also revealed that NLBK had a greater ability to 
ameliorate the CSE-mediated promotion of F 
and EEP (P < 0.05; Figure 3D and 3E). CSE 
reduced the levels of EV and MV compared to 
their levels in the Ctrl group, whereas NLBK 
treatment inhibited the reduction in the levels 
of EV and MV caused by CSE (Figure 3F and 
3G).

Next, the levels of ERS-related proteins were 
determined via Western blotting analysis. As 
shown in Figure 4A, BIP was expressed more 
abundantly in the COPD group than in the  
Ctrl group, which was inhibited by NLBK treat-
ment. Similarly, the increase in the levels of 
p-PERK/PERK and p-IRE1α/IRE1α induced by 
CSE was also inhibited by NLBK. The level of 
expression of ATF4 and ATF6 increased sub-
stantially after CSE, whereas NLBK abrogated 
the effects of CSE on ATF4 and ATF6 expres-
sion. We also investigated the expression of 
airway remodeling-related proteins (Figure 4B). 
The expression levels of MMP9, fibronectin, 
and vimentin increased significantly in COPD 
mice. However, NLBK weakened the effect of 
CSE on these proteins. The expression levels of 
E-cadherin were opposite those of MMP9 and 
other proteins.

Figure 1. NLBK significantly rescued the CSE-mediated increase in inflammatory cytokines in COPD mice. (A) Repre-
sentative images of HE-stained lung tissue from COPD mice receiving NLBK treatment (scale bar = 100 μm). (B-H) 
ELISA was performed to measure the levels of inflammatory cytokines in COPD mice receiving NLBK treatment. The 
levels of (B) TNF-α, (C) IL-13, (D) IL-12, (E) IL-10, (F) IL-5, (G) IFN-γ, and (H) IL-1β; **P < 0.01.
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Figure 2. NLBK significantly rescued the CSE-mediated increase in inflammatory cells in the BALF. The number of 
total BALF cells (A), macrophages (B), eosinophils (C), neutrophils (D), CD4+ T lymphocytes (E), and CD8+ T lympho-
cytes (F) were determined using cytospin; **P < 0.01.

Figure 3. NLBK hindered the CSE-mediated effects on pulmonary function in COPD mice. A. The levels of RI (mL/cm 
H2O). B. The values of FEV0.3/FVC (%). C. Cydn levels (cm H2O/mL/s). D. The levels of F (bpm). E. The levels of EEP 
(mL/s). F. The levels of MV (mL). G. EV levels (mL); **P < 0.01.
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The targets of NLBK were identified via net-
work pharmacology and mass spectrometry 
analysis

We investigated the mechanisms by which 
NLBK alleviated airway remodeling in COPD 
model mice. Bioinformatics analysis was per-
formed to identify the hub genes related to 
COPD using data from the GEO. A diagram of 
the bioinformatics analysis and network phar-
macology analysis procedures is illustrated in 
Figure 5A. The results revealed 128 DEGs, 
among which 30 were upregulated and 98 were 
downregulated (Figure 5B). Hierarchical clus-
tering revealed the expression patterns of the 
DEGs between the COPD and control samples 
(Figure 5C). The regulatory roles were predicted 
by analyzing the functions of the 128 DEGs 
through GO analysis (Figure 5D). GO annota-
tions (P < 0.05) involving the top five pathways 
included multiple biological processes, cellular 
components, and molecular functions. Next, 
we evaluated the targets of NLBK through net-
work pharmacology. We obtained 153 active 
components and 733 targets of NLBK from  
the Chinese systems pharmacology database, 
analysis platform, and herbal group identi- 
fication database (Supplementary Figure 1). A 
PPI network was constructed to illustrate the 
correlations between targets (Supplementary 
Figure 2). We subsequently performed mass 
spectrometry analysis and identified 176 NLBK 

both COPD disease genes and NLBK-targeted 
genes, including BCHE, CCL19, SPP1, MMP9, 
HTR2B, PLA2G4A, CXCL13, and PLA2G2A 
(Figure 6A). Then, we performed a rescue 
experiment by knocking down PLA2G2A using 
short hairpin RNA (shRNA) (shPLA2G2A) and 
treating the cells with zhebeiresinol. Zhebei- 
resinol decreased the expression of PLA2G2A 
in COPD mice (Figure 6B). HE staining revealed 
that compared to those in the Ctrl group,  
a greater number of inflammatory cells infiltrat-
ed the lung tissue of the mice with COPD. 
However, zhebeiresinol intervention decreased 
the inflammatory state in COPD model mice. 
Knocking down PLA2G2A significantly inhibited 
the inflammatory state in COPD mice (Figure 
6C). Then, the levels of inflammatory cytokines 
were measured. The ELISA results revealed 
that zhebeiresinol reversed the CSE-induced 
increase in TNF-α levels (P < 0.05). Silencing 
PLA2G2A further promoted the ability of zhe-
beiresinol to reduce TNF-α levels (P < 0.05; 
Figure 6D). Zhebeiresinol intervention decreas- 
ed IL-1β levels, and knocking down PLA2G2A 
after zhebeiresinol intervention further reduced 
IL-1β levels (P < 0.05; Figure 6E). Moreover, the 
levels of IL-5, IL-10, and IL-13 were similar to 
those of IL-1β (Figure 6F-H). Our results also 
revealed that zhebeiresinol intervention effec-
tively alleviated the decrease in IL-12 levels in 
COPD mice. Moreover, knocking down PLA2G2A 
after zhebeiresinol intervention had a stronger 

Figure 4. NLBK reversed the effects of CSE on ERS-related and airway re-
modeling-related proteins in COPD mice. A. Western blotting was performed 
to detect the expression levels of ERS-related proteins. B. Expression levels 
of airway remodeling-related proteins.

compounds, including bos-
chnialactone, watterose E, 
Gomphrenin III, miserotoxin, 
adenosine, and zhebeiresinol 
(Supplementary Files). Similar 
to the network pharmacology 
results, the qualitative mass 
spectrometry results reveal- 
ed that zhebeiresinol (CAS: 
151636-98-5) was also a 
compound target (Figure 5E 
and 5F).

Zhebeiresinol alleviated the 
inflammatory response and 
ERS through PLA2G2A

We investigated the down-
stream targets and regulatory 
mechanisms of NLBK by con-
ducting rescue experiments. 
The Venn analysis revealed 
eight regulatory targets in 

https://e-century.us/files/ajtr/17/8/ajtr0161810supplfiles.pdf
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promoting effect on the IL-12 level (P < 0.05; 
Figure 6I). Additionally, there was a dramatic 
decrease in IFN-γ levels in COPD mice following 
zhebeiresinol intervention. After zhebeiresinol 
intervention, the levels of IFN-γ increased con-
siderably when PLA2G2A expression was inhib-
ited in COPD mice (P < 0.05; Figure 6J). In BAL 
fluid, CSE significantly increased the number of 

total cells, macrophages, eosinophils, and neu-
trophils; however, zhebeiresinol intervention 
significantly impaired the CSE-mediated in- 
crease in the number of these cells. Knocking 
down PLA2G2A further promoted the contribu-
tion of zhebeiresinol to decreasing the number 
of these cells (P < 0.05; Figure 7A-D). Addi- 
tionally, zhebeiresinol intervention attenuated 

Figure 5. Identification of effective targets and active ingredients. A. The diagram shows the procedure for bioinfor-
matics analysis and network pharmacology analysis. B. Volcano plot of the upregulated and downregulated DEGs 
in COPD patients. C. The heatmaps show the distribution of DEGs. D. GO annotations included multiple biological 
processes, cellular components, and molecular functions. E. The qualitative compound report was obtained via 
mass spectrometry. F. The structure of zhebeiresinol is shown.
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the increase in the number of CD4+ and CD8+ T 
lymphocytes induced by CSE, whereas shPLA-
2G2A transfection partially increased the activ-
ity of zhebeiresinol (P < 0.05; Figure 7E and 
7F).

For pulmonary function analysis, zhebeiresinol 
intervention inhibited the increase in the RI in 
the COPD mice (P < 0.05). The RI was further 
inhibited in the COPD mice in which PLA2G2A 
was knocked down (P < 0.05; Figure 8A). As 
shown in Figure 8B, the decrease in the 
FEV0.3/FVC in COPD mice was partially inhibit-
ed by zhebeiresinol intervention; silencing 
PLA2G2A increased the ability of zhebeiresi- 

nol to increase the FEV0.3/FVC (P < 0.05). 
Zhebeiresinol intervention increased Cydn lev-
els in COPD mice; PLA2G2A knockdown signifi-
cantly enhanced the beneficial effects of zhe-
beiresinol on Cydn (P < 0.05) (Figure 8C). 
Pulmonary function analysis confirmed that 
zhebeiresinol intervention increased F levels 
and decreased MV levels; these benefits of 
zhebeiresinol were associated with silencing 
PLA2G2A (Figure 8D and 8E). Zhebeiresinol 
and PLA2G2A significantly affected EEP and EV 
(Figure 8F and 8G).

We also investigated the regulatory role of zhe-
beiresinol and PLA2G2A in ERS. The results of 

Figure 6. Knocking down PLA2G2A and zhebeiresinol treatment 
alleviated the inflammatory response in mice with COPD. (A) Hub 
genes associated with COPD were obtained from the NLBK tar-
gets and DEGs. (B) Western blotting analysis was performed to 
determine the expression of PLA2G2A in mice with COPD. (C) 
Representative images of HE-stained lung tissue of COPD mice 
after CSE, zhebeiresinol treatment, or/and silencing of PLA2G2A 
(scale bar = 100 μm). (D-J) The levels of inflammatory cytokines 
were determined via ELISA. The levels of (D) IL-12, (E) IL-10, (F) 
IL-5, (G) IFN-γ, (H) TNF-α, (I) IL-1β, and (J) IL-13; **P < 0.01.
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Figure 7. Knocking down PLA2G2A and zhebeiresinol treatment alleviated inflammatory cells in COPD mice. The 
number of total BALF cells (A), macrophages (B), eosinophils (C), neutrophils (D), CD4+ T lymphocytes (E), and CD8+ 
T lymphocytes (F) were determined using cytospin; **P < 0.01.

Figure 8. Changes in pulmonary function in COPD mice 
after CSE, zhebeiresinol treatment, or/and silencing of 
PLA2G2A. A. The levels of RI (mL/cm H2O). B. The val-
ues of FEV0.3/FVC (%). C. Cydn levels (cm H2O/mL/s). 
D. The levels of F (bpm). E. The levels of EEP (mL/s). F. 
The levels of MV (mL). G. EV levels (mL); **P < 0.01.
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Western blotting assays revealed that the 
expression levels of BIP were significantly 
reduced in COPD mice following zhebeiresinol 
intervention. Subsequently, silencing PLA2G2A 
resulted in a greater reduction in BIP expres-
sion. Moreover, the levels of p-PERK/PERK and 
p-IRE1α/IRE1α were similar to those of BIP. The 
increased expression of ATF4 and ATF6 was 
effectively inhibited by zhebeiresinol interven-
tion in COPD mice, while the expression of ATF4 
and ATF6 in the Zhebeiresinol + shPLA2G2A 
group was significantly lower than that in the 
Zhebeiresinol group (Figure 9A). Moreover, zhe-
beiresinol significantly rescued the increased 
expression of MMP9, fibronectin, and vimentin 
induced by CSE. However, knocking down 
PLA2G2A further decreased the expression of 
MMP9, fibronectin, and vimentin in the pres-
ence of zhebeiresinol. In contrast, zhebeiresin-
ol significantly impaired the CSE-mediated 
reduction in E-cadherin in mice with COPD, 
whereas knocking down PLA2G2A resulted in a 
more significant impairment of zhebeiresinol 
(Figure 9B).

Zhebeiresinol regulated PLA2G2A transcrip-
tion by inhibiting RXRA

We elucidated the mechanisms underlying cir-
cPTPRA regulation of IGF2BP1 function. A total 
of 35 transcription factors encoding PLA2G2A 
were obtained, including eight NLBK regulatory 

and inhibited RXRA entry into the nucleus 
(Figure 10F and 10G). Moreover, knocking 
down RXRA effectively inhibited the expression 
of PLA2G2A (Figure 10H). A similar result was 
found for the mRNA levels of PLA2G2A (Figure 
10I).

Next, we assessed whether RXRA regulated the 
expression of PLA2G2A. The DNA binding motif 
of RXRA was obtained using the JASPAR data-
base (Figure 11A). Then, the prediction of bind-
ing sites with the PLA2G2A promoter was per-
formed. Two binding sequences exist betwe- 
en RXRA and the PLA2G2A promoter, including 
between 1052 and 1069 and between 241 
and 227 (Figure 11B). The results of the ChIP 
assay confirmed that RXRA has a strong affinity 
for the promoter region of PLA2G2A (Figure 
11C and 11D). To investigate whether RXRA 
directly transcriptionally regulates the expres-
sion of PLA2G2A, luciferase assays were con-
ducted, which revealed that RXRA induced the 
promoter activity of PLA2G2A in 293T cells 
transfected with the full promoter region of 
PLA2G2A. Compared to the full-length promot-
er construct, the P1 mutant (not containing the 
E2 RXRA binding site) did not exhibit a reduc-
tion in promoter activity after transfection of 
the RXRA knockdown plasmid (Figure 11E); this 
phenomenon was also observed in the P2 
mutant (not containing the E1 RXRA binding 
site) (Figure 11F). These results indicated that 

Figure 9. The expression levels of ERS-related and airway remodeling-related 
proteins in COPD mice after CSE, zhebeiresinol treatment, or/and silenc-
ing of PLA2G2A. A. The expression levels of ERS-related proteins were de-
termined via Western blotting analysis. B. The expression levels of airway 
remodeling-related proteins were determined via Western blotting analysis.

targets (ESR1, CREB1, AR, 
STAT3, STAT1, RXRA, PPARG, 
and JUN) (Figure 10A and 
10B). The molecular docking 
results revealed that zhe-
beiresinol interacted with 
RXRA (Figure 10C). The 
results of Western blotting 
assays revealed that NLBK 
intervention partially revers- 
ed the promoting effects of 
CSE on p-RXRA/RXRA (Figure 
10D). We subsequently per-
formed a nuclear-cytoplasmic 
separation experiment, and 
the results revealed that 
NLBK intervention significant-
ly inhibited RXRA from enter-
ing the nucleus (Figure 10E). 
Additionally, zhebeiresinol in- 
tervention also significantly 
reduced p-RXRA/RXRA levels 
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the RXRA binding site in the promoter region of 
PLA2G2A is located at the E1 binding site (-241 
bp to -227 bp) and the E2 binding site (-1069 bp 
to -1052 bp). Zhebeiresinol treatment also sig-
nificantly decreased relative luciferase activity, 
whereas the P1 mutation (not containing the 
E2 RXRA binding site) eliminated the effect of 
RXRA on PLA2G2A transcription activity (Figure 
11G). Zhebeiresinol treatment had a similar 
effect on the P2 mutant (Figure 11H). These 
results indicated that the RXRA binding site in 
the promoter region of PLA2G2A is located at 
the E1 binding site (-241 bp to -227 bp) and the 
E2 binding site (-1069 bp to -1052 bp).

Discussion

Chronic obstructive pulmonary disease (COPD) 
is a type of chronic respiratory disease that is 
not completely reversible and is progressive 
[29]. It can be effectively prevented and active-
ly treated, and its pathophysiological character-
istics include chronic inflammatory changes in 
the airway, lung parenchyma, and pulmonary 
vessels, which continue to develop. Chronic air-
way inflammation plays a key role in the devel-
opment of COPD [30]. Substances, such as 
cigarettes, can stimulate airway cells to release 
inflammatory cytokines and lead to airway 

Figure 10. Zhebeiresinol inhibited the phosphorylation and nuclear entry of RXRA, a transcription factor of PLA-
2G2A. A. The transcription factors of PLA2G2A were identified using the hTFtarget database and ChIPBase v3.0. 
B. The common factors were determined using the transcription factors of the PLA2G2A and NLBK targets. C. The 
combination of zhebeiresinol and RXRA was predicted. D. The phosphorylation levels of RXRA were evaluated in the 
COPD model via Western blotting analysis. E. The expression of RXRA in the nucleus and cytoplasm was investigated 
in a COPD model via Western blotting analysis. Lamin B and GAPDH were used as loading controls. F. The phos-
phorylation levels of RXRA were evaluated via Western blotting after zhebeiresinol treatment. G. The expression 
of RXRA in the nucleus and cytoplasm was investigated after zhebeiresinol treatment. Lamin B and GAPDH were 
used as loading controls. H. The expression levels of PLA2G2A were assessed after RXRA was knocked down. I. The 
mRNA levels of PLA2G2A were determined after RXRA was knocked down; **P < 0.01.



NLBK alleviates airway remodeling

6517	 Am J Transl Res 2025;17(8):6504-6521

damage [31]. The drugs currently used to treat 
COPD have had limited effects on controlling 
the progression of COPD. In this study, we found 
that NLBK significantly inhibited the inflamma-
tory response, mitigated damage to pulmonary 
function, and improved airway remodeling and 
ERS in COPD model mice. Next, we determined 
the composition of zhebeiresinol through net-
work pharmacological analysis and mass spec-
trometry analysis. The effect target, PLA2G2A, 
was also determined through bioinformatics 
analysis. However, rescue experiments re- 
vealed that zhebeiresinol had a greater ability 
to ameliorate the CSE-mediated promotion of 
the inflammatory response and damage to pul-
monary function and to enhance airway remod-
eling and ERS in COPD model mice. Knocking 
down PLA2G2A significantly improved the abili-
ty of zhebeiresinol to alleviate the symptoms of 
COPD. Our findings indicated that zhebeiresinol 

inhibited the expression of PLA2G2A by sup-
pressing the phosphorylation of RXRA and pre-
venting the entry of RXRA into the nucleus. 
Additionally, studies on the molecular mecha-
nism revealed that RXRA regulates the tran-
scription of PLA2G2A by binding to its promoter. 
Our findings suggest that NLBK inhibits the 
transcription of PLA2G2A by inhibiting the 
phosphorylation of RXRA and downregulating 
the expression of RXRA in the nucleus, which 
inhibits the inflammatory response, ERS, and 
damage to airway remodeling in mice with 
COPD. These findings provided a strong scien-
tific basis for treating COPD with traditional 
Chinese medicine and new ideas for developing 
new COPD drugs based on traditional Chinese 
medicine.

Several recent studies have demonstrated that 
NLBK intervention significantly reduces the 

Figure 11. The PLA2G2A mutant failed to bind with RXRA. A. The DNA motif of RXRA was predicted using the JAS-
PAR database (http://jaspar.genereg.net/). B. Predicted sites of RXRA binding in the PLA2G2A promoter by gene 
sequence analysis. C. A ChIP assay was performed to determine the affinity of RXRA for the PLA2G2A promoter E1. 
D. A ChIP assay was performed to determine the affinity of RXRA for the PLA2G2A promoter E1. E. A dual-luciferase 
reporter assay was performed by cotransfecting the full-length PLA2G2A promoter or the mutated PLA2G2A pro-
moter (E1 fragment) in 293T cells with the RXRA knockdown plasmid or empty vector. F. A dual-luciferase reporter 
assay was conducted by cotransfecting the full-length PLA2G2A promoter or the mutated PLA2G2A promoter (E2 
fragment) in 293T cells with the RXRA knockdown plasmid or empty vector. G. A dual-luciferase reporter assay was 
conducted by cotransfecting the full-length PLA2G2A promoter or the mutated PLA2G2A promoter (E1 fragment) in 
293T cells with or without zhebeiresinol treatment. H. A dual-luciferase reporter assay was conducted by cotrans-
fecting the full-length PLA2G2A promoter or the mutated PLA2G2A promoter (E2 fragment) in 293T cells with or 
without zhebeiresinol treatment; **P < 0.01.
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incidence and duration of acute exacerbations 
of COPD and improves the symptoms of 
patients with stable COPD [32]. However, the 
mechanism by which NLBK can alleviate COPD 
is unclear. Under the effect of infection, smoke, 
dust, and other factors, neutrophils and macro-
phages infiltrate the airway, causing the release 
of TNF-α, IL-6, IL-8, and other inflammatory 
mediators, leading to the proliferation of goblet 
cells, hypertrophy of the submucosal glands, 
an increase in the synthesis of mucin and col-
lagen, and promotion of airway remodeling. We 
also found that NLBK intervention alleviates 
the inflammatory reaction caused by CSE, 
including reducing the levels of TNF-α, IL-1β, 
IL-5, IL-10, and IL-13 and increasing the levels 
of IL-12 and IFN-γ. This observation is consis-
tent with our findings in COPD patients [33]. 
Additionally, our study provides reliable evi-
dence that NLBK intervention partially pro-
motes the effects of CSE on inflammatory cells 
in the BALF, including total BALF cells, macro-
phages, eosinophils, neutrophils, CD4+ T lym-
phocytes, and CD8+ T lymphocytes, providing 
evidence that NLBK reduces the inflammatory 
response in COPD patients. Our results also 
showed that NLBK intervention significantly 
alleviated lung injury, as indicated by the 
improvement in lung function, which further 
confirmed the benefits of NLBK in improving 
COPD. ERS is a pathogenesis of COPD and is 
the key signal triggering tissue remodeling 
under pathological conditions [34]. By investi-
gating ERS-related proteins, we found that 
NLBK contributed to the reduction in the 
expression of proteins such as p-PERK, 
p-IRE1α, ATF4, and ATF6. These findings re- 
vealed a new mechanism by which NLBK allevi-
ates COPD and provided a basis for the clinical 
application of NLBK.

Identifying the downstream targets of NLBK is 
crucial for determining its molecular mecha-
nism, which may help further elucidate the 
mechanism underlying the activity of NLBK. In 
this study, bioinformatics analysis revealed that 
PLA2G2A was the DEG in COPD patients and 
was a target of NLBK. PLA2G2A belongs to the 
phospholipase A2 family and participates in 
immune regulation and various diseases [35, 
36]. Some studies have shown that the expres-
sion levels of PLA2G2A in the lung tissue and 
bronchial secretions of COPD patients may be 
associated with the severity of the disease 

[25]. High expression of PLA2G2A is associat-
ed with chronic inflammation and airway 
remodeling [24, 25]. We found that inhibiting 
PLA2G2A can protect lung function in a mouse 
model of COPD [24]. We also found that 
PLA2G2A was highly expressed in COPD 
patients. The role of PLA2G2A in COPD and air-
way inflammation has become an important 
area of research. Understanding its mecha-
nisms in inflammatory responses and airway 
remodeling can help in the development of new 
targeted therapeutic strategies to improve the 
prognosis of COPD patients.

We identified the active ingredients of NLBK. 
The results of network pharmacology and  
mass spectrometry analysis revealed that zhe-
beiresinol is the active compound of NLBK. The 
antibacterial activity of zhebeiresinol against 
Helicobacter pylori was reported in another 
study [37]. However, whether zhebeiresinol 
plays a role in reducing inflammation and air-
way remodeling in COPD mice is not known. 
Here, we determined the beneficial effects of 
zhebeiresinol in reducing COPD. The results of 
the rescue experiments revealed that the 
effects of zhebeiresinol on reducing COPD are 
consistent with those of NLBK, including allevi-
ating the inflammatory response and ERS and 
rescuing airway damage in mice with COPD. By 
further investigating the relationship between 
zhebeiresinol and PLA2G2A, we found that zhe-
beiresinol treatment inhibited the expression 
of PLA2G2A, and silencing PLA2G2A enhanced 
the ability of zhebeiresinol to reduce COPD. 
This included further remission of the inflam-
matory state, further improvement in lung func-
tion, further reduction in ERS-related protein 
levels, and further improvement in airway 
recombination-related protein levels. These 
findings confirmed that the zhebeiresinol/
PLA2G2A axis is needed for NLBK to alleviate 
COPD, providing a foundation and new regula-
tory pathways for the clinical application of 
NLBK in COPD.

Several studies have shown that transcription 
factors play an important role as a bridge 
between traditional Chinese medicine prescrip-
tions and targets [38, 39]. A study showed that 
NLBK exerts beneficial effects on patients with 
COPD by regulating inflammatory transcription 
factors, such as nuclear factor kappa-B and 
activator protein 1 [40, 41]. RXRA was found to 



NLBK alleviates airway remodeling

6519	 Am J Transl Res 2025;17(8):6504-6521

act as a bridge molecule between zhebeiresinol 
and PLA2G2A. The RXRA/PLA2G2A axis is 
related to the occurrence and development of 
COPD [25]. We found that zhebeiresinol and 
RXRA can directly bind to each other and then 
prevent the entry of RXRA into the nucleus by 
inhibiting the phosphorylation of RXRA; this is 
the first study to identify the downstream tar-
gets of zhebeiresinol. This study provided evi-
dence that RXRA can bind to the promoter of 
PLA2G2A and that RXRA can regulate the tran-
scription of PLA2G2A. This finding is consistent 
with our findings in the hippocampus of a COPD 
model of delirium [25]. Our findings suggest 
that the RXRA/PLA2G2A axis is a new thera-
peutic target for COPD and provides more 
effective therapeutic approaches for drug 
development that target this target, especially 
for COPD patients who do not respond well  
to traditional treatments. Zhebeiresinol is a 
potential therapeutic agent and may offer new 
treatment options because its mechanism of 
action involves targeting the RXRA/PLA2G2A 
axis, especially in alleviating symptoms of 
COPD and improving lung function.

This study had several limitations. First, we 
found that zhebeiresinol and RXRA can regu-
late the transcription of PLA2G2A in COPD,  
but whether zhebeiresinol directly regulates 
PLA2G2A needs to be determined. Moreover, 
seven target genes were also present in COPD 
and NLBK, and we investigated the mecha-
nisms of these targets. Zhebeiresinol is the 
active component of NLBK, and zhebeiresinol 
treatment can rescue damaged lung function in 
COPD patients. However, whether zhebeiresin-
ol can be used as a single drug to treat COPD 
and its potential side effects should be care-
fully considered.

Conclusion

To summarize, we found that NLBK regulates 
airway remodeling in COPD by inhibiting ERS 
and the inflammatory response. The active 
component zhebeiresinol of NLBK inhibits the 
transcription of PLA2G2A by directly binding 
and inhibiting the phosphorylation of RXRA, a 
transcription factor of PLA2G2A. Zhebeiresinol 
can alleviate CSE-induced airway reorganiza-
tion by inhibiting PLA2G2A. These results sug-
gested that PLA2G2A-RXRA may be a novel 
target for COPD and that the therapeutic effects 

of zhebeiresinol may not only contribute to a 
deeper understanding of COPD pathogenesis 
but also open new avenues for clinical treat-
ment, facilitating the prevention and manage-
ment of the disease.
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Supplementary Figure 1. A compound-putative target network was constructed.
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Supplementary Figure 2. The PPI network of candidate targets was constructed using the STRING database 
(https://cn.string-db.org/).

Supplementary Files. The results of liquid chromatography-tandem mass spectrometry analysis are presented.


