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COPD patients was down-regulated, and its level was 
correlated with the decline of lung function and the 
enhancement of inflammation. It also had a diagnos-
tic value for COPD (AUC = 0.8229) and was an inde-
pendent protective factor. Mechanistically, CXCL1 
was confirmed to be a direct target of miR-532-5p; in 
the cell smoke injury model; miR-532-5p inhibited 
CXCL1 to alleviate inflammation and oxidative stress. 
This study identifies miR-532-5p as a potential protec-
tive factor in COPD that acts by targeting CXCL1 to 
mitigate inflammation and oxidative stress, suggesting 
its diagnostic and therapeutic relevance.

Introduction
Chronic obstructive pulmonary disease (COPD) im-

poses substantial health burdens globally. It is character-
ized by persistent respiratory symptoms and irreversible 
airflow limitation. As the third leading cause of death 
worldwide, COPD affects over 250 million people, with 
incidence rising particularly in low- and middle-income 
countries (Niu et al., 2024; Huang et al., 2025). The 
disease develops through several mechanisms: chronic 
airway inflammation triggered by inhaled irritants, oxida-
tive stress from reactive oxygen species, and dysregu-
lated tissue remodelling caused by protease-antiprotease 
imbalance. Together, these processes lead to progressive 
airflow limitation and structural lung destruction (Parajuli 
et al., 2025). 

The clinical management of COPD currently centres 
on dual bronchodilation (LAMA+LABA), which, com-
pared to monotherapy, reduces hospitalization and mor-
tality (Huang et al., 2025). However, patient responses 
vary widely. This heterogeneity stems partly from per-
sistent airway inflammation driven by neutrophil extracel-
lular traps (NETs), which also cause steroid resistance by 
suppressing GRα and HDAC2 (Mani et al., 2025). These 
findings underscore the need for biomarkers that accu-
rately reflect underlying molecular pathways.

MicroRNAs (miRNAs) have emerged as pivotal post-
transcriptional regulators and promising biomarkers in 
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Abstract. Chronic obstructive pulmonary disease 
(COPD) involves persistent airflow limitation and 
chronic inflammation. To define the clinical and mech-
anistic role of the miR-532-5p/CXCL1 axis in COPD, 
this study used bioinformatic analysis of the GEO 
dataset GSE70080 to identify miR-532-5p, which was 
significantly down-regulated in COPD. Multiple da-
tabases predicted CXCL1 as its potential target gene. 
The clinical study included 90 subjects (52 with COPD, 
38 controls). We detected serum levels of miR-532-5p 
and CXCL1 mRNA using RT-qPCR and evaluated 
their diagnostic value through ROC curves and logis-
tic regression. Inflammatory factors (TNF-α, IL-1β) 
and oxidative stress indicators (SOD, MDA) were 
measured by ELISA and colorimetry. A dual-lucifer-
ase reporter gene assay verified that miR-532-5p di-
rectly targets CXCL1. In BEAS-2B cells treated with 
cigarette smoke extract (CSE), we conducted func-
tional recovery experiments by transfecting miR-532-5p 
mimics and CXCL1 over-expression vectors to explore 
their regulatory role in cell injury. The study found 
that the expression of miR-532-5p in the serum of 
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chronic inflammatory diseases, capable of fine-tuning 
complex gene networks that control inflammation and 
tissue remodelling (Qiao et al., 2022; Kim and Lee, 2024). 
In COPD, several miRNAs actively contribute to disease 
progression. For example, miR-21 promotes neutrophil 
infiltration, while miR-320d deficiency exacerbates epi-
thelial inflammation. Other miRNAs such as miR-34a, 
miR-613, and miR-377-3p have been implicated in vas-
cular damage, epithelial-mesenchymal transition, and 
fibroblast senescence, respectively (Kim et al., 2021; 
Zhang et al., 2021; Lu et al., 2024; Fu et al., 2025; Huo 
et al., 2025). In contrast to these “disease-promoting” 
miRNAs, the potential involvement of miRNAs with 
intrinsic protective or regulatory functions in counteract-
ing COPD progression is far less understood. Interestingly, 
miR-532-5p has been reported to exert protective roles 
in other respiratory disease contexts (Li et al., 2022), yet 
its role in COPD remains largely unexplored. 

This study investigates how the miR-532-5p/CXCL1 
regulatory axis contributes to COPD progression. It also 
evaluates its potential as both a diagnostic biomarker and 
a therapeutic target for early intervention.

Material and Methods

Bioinformatic analysis

To explore miRNA expression characteristics related 
to COPD, this study analysed dataset GSE70080 from 
the NCBI GEO database. The dataset included 16 healthy 
individuals and 16 individuals with COPD. We screened 
for miRNAs with significant differential expression using 
the following criteria: |log2FC| > 1.5 and P < 0.05.

Research design and ethical approval
This study included 90 subjects: 52 COPD patients and 

38 healthy controls (HCG). All COPD patients were re-
cruited from the respiratory outpatient department of 
Yichang People’s Hospital. The inclusion criteria for 
COPD patients were based on the “GOLD 2023 
Guidelines” (Agustí et al., 2023) and included: (1) a post-
bronchodilator FEV1/FVC < 0.7; (2) the presence of 
persistent respiratory symptoms such as chronic cough, 
sputum production, and/or dyspnoea; and (3) clinical 
stability, defined as no acute exacerbations within the 
preceding 4 weeks while on a stable maintenance medi-
cation regimen. To ensure study accuracy and specificity, 
we excluded patients with other respiratory diseases (such 
as asthma or pulmonary fibrosis), malignant tumours, or 
recent infections. The 38 healthy controls were required 
to have normal lung function (FEV1/FVC > 0.7). Strict 
screening through detailed inquiries and pulmonary func-
tion tests ensured that this group could serve as reliable 
controls.

We collected 5 ml of venous blood from all subjects in 
pyrogen-free vacuum tubes (BD Vacutainer® SST™ II, 
Becton, Dickinson and Company, Franklin Lakes, NJ). 
After collection, samples were left at room temperature 
for 30 minutes to allow complete clotting. Then, they 

were transferred to a 4 ℃ environment and centrifuged 
at 1500 × g for 15 min to separate the serum (Centrifuge 
5424R, Eppendorf, Hamburg, Germany). After centrifu-
gation, we carefully drew the supernatant serum and ali-
quoted it into sterile centrifuge tubes, each containing 
200 μl. To ensure sample quality, serum samples were 
immediately frozen at −80 ℃. We strictly limited freeze-
thaw cycles to no more than three to avoid damage to 
biomolecules and ensure the accuracy and reliability of 
subsequent experimental results. The study protocol was 
approved by the Institutional Ethics Committee at The 
People’s Hospital of Yichang City, and all participants 
provided written informed consent before enrolment.

RT-qPCR quantitative analysis of miR-532-5p 
and CXCL1 mRNA 

We quantified the relative levels of miR-532-5p and 
CXCL1 mRNA in the serum and cell lysates stored at 
−80 ℃ using RT-qPCR. Total RNA was isolated with 
TRIzol reagent (Invitrogen, Carlsbad, CA). For miR-532-5p, 
cDNA synthesis was performed using the TaqMan 
MicroRNA Reverse Transcription Kit (Cat#4366596, 
Thermo, Waltham, MA) with specific primers (Assay ID: 
002198). For CXCL1 mRNA, cDNA was generated using 
the High-Capacity cDNA Reverse Transcription Kit 
(Thermo, Cat#4368814). Quantitative PCR analysis was 
performed in the QuantStudio 5 system with TaqMan 
Universal Master Mix II (Thermo, Cat#4440040,) in a 
final reaction volume of 20 µl, containing 2 µl of cDNA 
template. The thermal cycling conditions consisted of an 
initial step at 95 °C for 10 min, followed by 40 cycles of 
95 °C for 15 s and 60 °C for 1 min. CXCL1 mRNA was 
detected using the TaqMan probe Hs00174577_m1. Using 
U6 and GAPDH as internal reference genes, the expres-
sion levels of miR-532-5p and CXCL1 mRNA were 
standardized. Relative quantification was calculated via 
the 2−ΔΔCt method.

Detection of CXCL1, inflammatory factors and 
oxidative stress indicators

Inflammatory factors tumour necrosis factor alpha 
(TNF-α), interleukin-1 beta (IL-1β) and superoxide dis-
mutase (SOD) activities were detected using commer-
cial human ELISA kits (Shanghai Enzyme-Linked 
Biotechnology, Shanghai, China, Cat#ml077385, 
Cat#ml058059 and Cat#ml063052, respectively). CXCL1 
protein secretion levels were measured using a commer-
cial human CXCL1 ELISA kit (FineTest, Palm coast, FL, 
Cat#EH0005). The detection ranges for standard samples 
in each kit were: TNF-α: 15.62–1000 pg/ml; IL-1β: 6.25–
400 pg/ml; SOD: 0.5–40 U/ml; CXCL1: 15.625–
1000 pg/ml. The limits of detection (LLOD) were: 
7.81 pg/ml, 3.13 pg/ml, 0.16 U/ml, and 9.375pg/ml, re-
spectively. According to the manufacturer’s validation 
data, the intra-assay and inter-assay coefficients of vari-
ation (CV) for all assays are less than 10 %. Serum sam-
ples were thawed at room temperature and centrifuged 
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at 3000 × g for 10 min at 4 ℃ to remove precipitated 
material. For cell culture supernatants, media were col-
lected after 48 h of incubation, centrifuged at 2000 × g 
for 5 min at 4 ℃ to remove cellular debris, and the result-
ing supernatant was used for analysis. Antibody coating, 
blocking, sample/standard incubation, enzyme-labelled 
antibody incubation and TMB colour reaction were per-
formed according to the kit instructions. The reaction was 
terminated with 2M H2SO4, and absorbance was read at 
450 nm using the BioTek Synergy H1 microplate reader.

The malondialdehyde (MDA) content was determined 
using the TBA colorimetric kit (Beijing Solaibao 
Technology, Beijing, China, Cat#BC0025). The sample 
was mixed with TBA reagent at a 1 : 3 volume ratio and 
incubated in a water bath at 100 ℃ for 15 min. The mix-
ture was then cooled in an ice bath and centrifuged at 
10,000 × g for 10 min at 4 ℃. The supernatant was col-
lected, and absorbance was measured at 532 nm using a 
Mindray BS-600 fully automatic biochemical analyser.

Target gene prediction
To predict the target genes of miR-532-5p, we used 

multiple bioinformatic databases. First, we employed the 
miRDB database with a Target Score threshold greater 
than 90 to identify potential target genes that may bind 
to miR-532-5p. Next, we used the TargetScan v7.0 data-
base to select genes containing conserved binding sites 
with a Cumulative weighted context++ score and Total 
context++ score less than −0.4 as candidate target genes. 
We also searched the GeneCards database using the key-
word “COPD” and selected genes with a relevance score 
(GIFT value) exceeding 55 to identify those associated 
with COPD. Finally, we used the Venny 2.1 intersection 
tool to identify common target genes across all three 
databases. These overlapping genes were considered the 
most likely to be regulated by miR-532-5p. 

Cell culture and transfection
Human bronchial epithelial cells (BEAS-2B, ATCC® 

CRL-9609™) were cultured in DMEM/F12 medium 
supplemented with 10 % FBS at 37 °C with 5 % CO2. 
Cells were seeded in 6-well plates at 2.5 × 105 cells/well 
and incubated for 24 h to reach 80 % confluence. Transient 
co-transfection was performed using Lipofectamine 3000 
(Thermo Fisher, L3000015) according to the manufac-
turer’s protocol. Plasmid constructs and miRNA mimics 
were diluted in Opti-MEM medium, mixed with the 
transfection reagent and added to each well. After 6 h, 
the medium was replaced with fresh complete DMEM/
F12, and cells were cultured for an additional 48 h before 
functional analysis.

Dual-luciferase reporter gene assay
To confirm that miR-532-5p directly targets CXCL1, 

we commissioned Beijing Zeping Biotechnology Co., 
Ltd. (Beijing, China) to generate luciferase reporter vec-
tors containing either the wild-type (WT) CXCL1 3’UTR 

sequence or a mutant (MUT) version with a disrupted 
miR-532-5p binding site. BEAS-2B cells were co-trans-
fected with either the WT or MUT vector along with 
miR-532-5p mimics or negative control mimics (NC). 
After 48 h, cellular lysates were prepared, and luciferase 
activity was measured using a dual-luciferase assay sys-
tem.

Standardized preparation of cigarette smoke 
extract

This experiment used a cigarette smoke extract (CSE) 
model and functional rescue experiments to explore the 
role of miR-532-5p and CXCL1 in CSE-induced BEAS-
2B injury. The experimental process, adapted from the 
literature (Li et al., 2024), is as follows: first, CSE was 
prepared using a standardized protocol. Marlboro Red 
cigarettes (10 mg tar, 0.8 mg nicotine) were selected. 
Three cigarettes were burned, and the smoke was intro-
duced into 10 ml serum-free DMEM at a flow rate of 
1 l/min. The solution was then sterilized with a 0.22 μM 
filter membrane (Millipore, Burlington, MA, SLGP033RB) 
and pH was adjusted to 7.4. This solution was defined as 
100 % CSE – representing the complete extraction from 
the specified number of cigarettes per unit volume of 
medium – and served as a standardized stock solution for 
subsequent dilution. 

To ensure batch consistency and verify biological ac-
tivity, the optical density (OD) of each batch was mea-
sured at 320 nm. The cytotoxic effect on BEAS-2B cells 
was assessed via a cell viability assay. Only batches with 
OD values and half-maximal inhibitory concentration 
(IC50) within a 15 % coefficient of variation were used 
for experiments. The 100 % CSE solution was aliquoted 
and stored at −80 ℃ for no more than two weeks. For all 
cellular treatments, fresh working dilutions were prepared 
from the stock immediately before each experiment to 
minimize degradation of active components. 

Statistical analysis
Statistical analyses were performed using SPSS 26.0 

for clinical data processing and GraphPad Prism 9.4.1 
for graphical presentation. All datasets underwent Sha
piro-Wilk normality assessment. For two-group com-
parisons, we used an independent samples t-test (homo-
geneous variance) or Mann-Whitney U test (heterogeneous 
variance). For multi-group comparisons, we applied one-
way ANOVA with Tukey post hoc testing (homogeneous 
variance) or Kruskal-Wallis with Dunn’s test (heteroge-
neous variance). Correlations were analysed using 
Pearson (normal distribution) or Spearman (non-normal 
distribution) methods. Diagnostic performance was eva
luated through receiver operating characteristic (ROC) 
curve analysis, reporting area under the curve (AUC) 
with 95% confidence intervals. Multivariate assessment 
used binary logistic regression. Statistical significance 
was set at P < 0.05.

miR-532-5p/CXCL1 Axis in COPD
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in age, gender distribution, body mass index (BMI), or 
smoking history, indicating well-matched baseline char-
acteristics. However, COPD patients exhibited signifi-
cantly reduced pulmonary function metrics (including 
FEV1 % predicted and FEV1/FVC %) and markedly 
elevated inflammatory markers – C-reactive protein 
(Hs-CRP) and white blood cell (WBC) count. These 
findings confirm baseline comparability between groups 
while demonstrating expected disease-specific differ-
ences in pulmonary function and inflammation levels.

Serum RT-qPCR detection revealed that miR-532-5p 
expression in COPD patients was significantly lower than 
in healthy controls (Fig. 1B), suggesting it may be a 
protective molecule in COPD. The markedly decreased 
miR-532-5p level exhibited a strong and significant cor-
relation with the substantially reduced lung function in-
dicator, FEV1 % Predict (Fig. 1C, r = 0.714, P < 0.001) 
and FEV1/FVC % ratio (Fig. 1D, r = 0.635, P < 0.001). 
Additionally, miR-532-5p expression was negatively 
correlated with Hs-CRP (Fig. 1E, r = −0.629, P < 0.001) 
and WBC (Fig. 1F, r = −0.576, P < 0.001), suggesting its 
role in regulating inflammatory pathways. 

Results

Screening of miR-532-5p

We analysed the GSE70080 database and screened for 
differential miRNAs, including miR-532-5p, which 
showed significantly down-regulated expression in the 
COPD group (Fig. 1A, log2FC = −1.80, P < 0.05). After 
identifying miR-532-5p as a candidate molecule, we 
verified its clinical significance. 

Clinical expression verification and protective 
effect of miR-532-5p

This study included two groups of subjects: HCG 
patients and COPD patients. All COPD patients pre-
sented with characteristic respiratory symptoms, includ-
ing chronic cough, sputum production, and/or dyspnoea. 
Based on the GOLD 2023 criteria, the cohort comprised 
43 patients (82.7 %) with moderate (stage II) and 9 pa-
tients (17.3 %) with severe (stage III) disease. As shown 
in Table 1, the groups showed no significant differences 
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Fig. 1. Correlation analysis of miRNAs and pathological characteristics of 
COPD. (A) Screening of differentially expressed miRNAs based on the GEO 
dataset GSE70080 (among which miR-532-5p is one of the significantly 
down-regulated molecules). (B) Comparison of serum miR-532-5p expres-
sion levels between COPD patients and healthy control groups. (C–D) Cor-
relation analysis between miR-532-5p and FEV1 (% predicted value) and the 
FEV1/FVC ratio. (E–F) Correlation analysis of miR-532-5p and Hs-CRP, 
WBC levels. (G) The ROC curve of miR-532-5p for COPD. P*** < 0.001.
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To account for the potential confounding influence of 
smoking status, we conducted a further comparison of 
miR-532-5p levels between smokers and non-smokers 
within the COPD patient cohort (Fig. S1). No statisti-
cally significant difference was observed (P > 0.05), 
suggesting that the down-regulation of miR-532-5p is 
associated with the disease state of COPD rather than the 
smoking behaviour itself.

The diagnostic value and independent protective 
effect of miR-532-5p

To evaluate the diagnostic potential of miR-532-5p for 
COPD, ROC analysis yielded an AUC of 0.8229 (Fig. 
1G, 95% CI: 0.7301–0.9156), indicating high discrimina-
tory accuracy. Multivariate logistic regression further 
confirmed that miR-532-5p was an independent protec-
tive factor for COPD (OR = 0.061; 95% CI: 0.020–0.187, 
P < 0.001), even after adjusting for age, gender, BMI and 
smoking history (Table 2).

CSE-induced BEAS-2B cell model
Fig. 2A shows that cell viability decreased signifi-

cantly as CSE concentration increased from 2.5 % to 
15 % over 24 hours. This demonstrates a concentration-
dependent toxic effect of CSE on BEAS-2B cells. For 
subsequent experiments, we selected 7.5 % CSE – the 
lowest concentration that significantly reduced cell via
bility.

To determine the optimal CSE exposure time, we 
evaluated cell viability at different time points (0, 6, 12, 
24 and 48 h) using a CSE concentration of 7.5 % (Fig. 
2B). Cell viability gradually decreased as treatment time 

increased, indicating that the CSE’s toxic effect on BEAS-
2B cells is time-dependent. Notably, 24 h exposure to 
CSE induced significant yet non-lethal cytotoxic effects 
(P < 0.001), with cell viability remaining above 80 %. 
This makes the 24 h exposure period ideal for observing 
significant toxic responses while preserving cell viability.

In conclusion, this study found that a CSE concentra-
tion of 7.5 % and a 24-hour exposure time are optimal 
for establishing a BEAS-2B cell smoke model. These 
findings provide an experimental foundation for future 
studies examining how CSE affects cell function and 
signalling pathways.

Identification and validation of miR-532-5p 
target gene CXCL1

We used bioinformatic analysis to predict COPD-
related genes targeted by miR-532-5p across three data-

miR-532-5p/CXCL1 Axis in COPD

Table 1. Comparison of baseline characteristics of COPD patients with HCG

Characteristic Total HCG COPD P value
Quantity 90 38 52 -
Age (years) 65.28 ± 4.89 64.03 ± 4.69 65.73 ± 5.00 0.236
Gender, Male (N%) 58.97 % 55.26 % 59.62 % 0.684
BMI (kg/m2) 25.86 ± 3.1 26.30 ± 2.38 25.7 ± 2.7 0.353
Smoking history 37.78 % 28.95 % 44.23 % 0.143
FEV1 (%Predict) 68.60 ± 15.96 82.26 ± 5.74 60.01 ± 9.86 < 0.001
FEV1/FVC (%) 56.63 ± 14.97 74.71 ± 5.13 47.78 ± 7.23 < 0.001
Hs-CRP (mg/l) 5.62 ± 4.00 1.43 ± 0.53 8.68 ± 2.39 < 0.001
WBC (109/l) 7.96 ± 2.46 5.49 ± 1.45 9.75 ± 1.2 < 0.001
GOLD stage, N (%) - - -
I - - 0 (0) -
II - - 43 (82.7) -
III - - 9 (17.3) -
IV - - 0 (0) -

Abbreviations: HCG – healthy control group, COPD – chronic obstructive pulmonary disease, BMI – body mass index, FEV1 – forced 
expiratory volume in 1 second, FVC – forced vital capacity, Hs-CRP – high-sensitivity C-reactive protein, WBC – white blood cell 
count. Grade I (mild): FEV1 ≥ 80 % predicted, Grade II (moderate): 50 % ≤ FEV1 < 80 % predicted, Grade III (severe): 30 % ≤ FEV1 
< 50 % predicted, Grade IV (very severe): FEV1 < 30 % predicted.

Table 2. Multivariable logistic regression results of COPD-
related factors

Characteristic OR
95% CI

P value
Lower Upper

Age 1.091 0.95 1.254 0.217
Gende 1.745 0.557 5.47 0.34
BMI 1.013 0.82 1.251 0.905
Smoking history 1.815 0.573 5.747 0.311
miR-532-5p 0.061 0.02 0.187 < 0.001

Abbreviations: BMI – body mass index
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bases: miRDB, TargetScan and GeneCards. By intersect-
ing the results, we identified two common target genes: 
CXCL1 and KRAS (Fig. 3A). Given that CXCL1 plays a 
more established and central role in the CSE-induced 
inflammatory pathway and is more directly relevant to 
the phenotype under investigation in this study, we se-
lected CXCL1 for subsequent experimental validation. 
In addition, we detected the expression level of CXCL1 
in clinical serum samples and found that it was signifi-
cantly up-regulated in COPD patients compared to HCG 
(Fig. 3B, P < 0.001).

To confirm that CXCL1 is a direct functional target of 
miR-532-5p, we conducted a dual-luciferase reporter 
gene assay. The results (Fig. 3C) showed that co-trans-
fection of the miR-532-5p mimic and the reporter vector 
containing the wild-type CXCL1 3’UTR sequence sig-
nificantly reduced luciferase activity compared with the 
control group. However, when the CXCL1 3’UTR bind-
ing site was mutated in the reporter vector, the inhibitory 
effect of miR-532-5p was eliminated. Additionally, trans-
fection of miR-532-5p mimics inhibited CXCL1 expres-
sion (Fig. 3D). These results confirm that miR-532-5p 
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Fig. 2. The effect of CSE on the viability of BEAS-2B cells. (A) Effects of different concentrations of CSE on the viabil-
ity of BEAS-2B cells. (B) The influence of CSE at different time points on the viability of BEAS-2B cells. P* < 0.05; 
P** < 0.01; P*** < 0.001.

Fig. 3. miR-532-5p targets CXCL1 in COPD pathogenesis. (A) 
Bioinformatic prediction of miR-532-5p targets. (B) CXCL1 ex-
pression is significantly elevated in the serum from COPD pa-
tients compared to HCG. (C) Luciferase activity of WT/MUT 
CXCL1 3’UTR with miR-532-5p mimic. (D) Over-expression of 
miR-532-5p significantly suppresses CXCL1 mRNA. P** < 0.01; 
P*** < 0.001. ns: not significant.
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negatively regulates CXCL1 mRNA expression by spe-
cifically binding to its 3’UTR.

miR-532-5p alleviates CSE-induced 
inflammatory responses and oxidative stress by 
targeting and inhibiting CXCL1

More importantly, in the in vitro smoke exposure mod-
el constructed using CSE, we observed significant down-
regulation of the expression level of miR-532-5p (Fig. 
4A). Meanwhile, the expression level of CXCL1 mRNA 
in this model was consistently up-regulated (Fig. 4B). 
Consistent with this, the secretion of CXCL1 protein was 
also significantly increased upon CSE stimulation, as 
measured by ELISA. Transfection with the miR-532-5p 
mimic effectively suppressed this increase, while co-
transfection with the CXCL1 over-expression plasmid 
reversed the suppressive effect of the mimic (Fig. 4C).

CSE stimulation induced significant inflammatory and 
oxidative stress injuries. Compared with controls, CSE 
treatment significantly increased expression of inflam-
matory factors TNF-α and IL-1β (P < 0.001), elevated 
oxidative stress marker MDA (P < 0.001), and decreased 
activity of antioxidant enzyme SOD (P < 0.001) (Fig. 
4D–G). Transfection with the miR-532-5p mimic effec-
tively alleviated these pathological changes. It inhibited 
TNF-α and IL-1β up-regulation (P < 0.01 vs CSE group), 
reduced MDA accumulation (P < 0.01 vs CSE group) and 
partially restored SOD activity (P < 0.05 vs CSE group) 
(Fig. 4D–G). The CXCL1 rescue experiment provided 
key evidence. When miR-532-5p mimic and CXCL1 
over-expression were co-transfected (mimic + OE CXCL1 
+ CSE), the protective effect was substantially reversed. 
TNF-α, IL-1β, and MDA levels in this group were sig-
nificantly higher than in the mimic + CSE group (P < 
0.01 for all comparisons), returning to levels not statisti-
cally different from the CSE-only group. Concurrently, 
the restored SOD activity was again suppressed compared 
to the mimic + CSE group (P < 0.05). These results dem-
onstrate that miR-532-5p protects against CSE-induced 
injury by inhibiting CXCL1. Forced CXCL1 expression 
abolishes this protection, confirming CXCL1 as a key 
functional downstream target of miR-532-5p.

Discussion
COPD is characterized by high morbidity and mortal-

ity rates, with its onset and progression closely associ-
ated with persistent airway inflammation and progressive 
airflow limitation (MacLeod et al., 2021). However, 
early diagnosis and disease monitoring lack sensitive and 
specific biomarkers, and current treatments have sig-
nificant limitations. Identifying key regulatory molecules 
and understanding how they drive disease progression is 
essential for developing new diagnostic and therapeutic 
strategies. This study combined clinical sample analysis 
with in vitro functional validation to identify miR-532-5p 
as a candidate closely tied to the COPD’s clinical features. 
The research revealed its critical role in driving inflam-

matory responses and oxidative stress through the regu-
lation of specific target genes. This finding offers new 
insights into the molecular basis of COPD and estab-
lishes a foundation for future clinical applications.

This study confirmed in a clinically well-matched 
baseline cohort that COPD patients exhibit a significant 
decline in pulmonary function alongside systemic inflam-
mation, consistent with the disease’s classic pathological 
model of airflow limitation caused by chronic airway 
inflammation (Rajnoveanu et al., 2024). Although mul-
tiple studies have reported abnormal expression of other 
miRNAs in COPD (Huang et al., 2019; Yang et al., 2022), 
this study found that miR-532-5p, which is down-regu-
lated in the COPD patient serum, shows significant cor-
relations with both systemic inflammation severity and 
pulmonary function impairment. The significant positive 
correlation observed between miR-532-5p expression 
and key pulmonary function indicators (FEV1 % pre-
dicted, r = 0.714; FEV₁/FVC ratio, r = 0.635) suggests 
its potential as a biomarker for assessing COPD disease 
severity. This finding aligns with the established consen-
sus that circulating miRNA profiles correlate closely with 
the severity of airflow limitation (Zhuang et al., 2021). 
Additionally, this study found that miR-532-5p expression 
was significantly negatively correlated with systemic 
inflammatory markers (WBC and Hs-CRP). In COPD, 
elevated WBC levels typically reflect active recruitment 
of immune cells to the lungs, while increased Hs-CRP 
levels indicate the presence and severity of systemic in-
flammation (Chen et al., 2021). This finding suggests that 
miR-532-5p may participate in regulating inflammatory 
pathways. Its down-regulation may be a key factor driv-
ing the persistent inflammation characteristic of COPD. 
More importantly, miR-532-5p exhibits strong diagnostic 
ability for COPD (AUC = 0.8229) and serves as a protec-
tive factor independent of common risk factors. This find-
ing supports the broader theory that circulating miRNAs 
can serve as valuable biomarkers for COPD (Cañas et 
al., 2020) by identifying a specific miRNA with signifi-
cant diagnostic and protective relevance. Collectively, 
these findings suggest that miR-532-5p may not merely 
serve as a biomarker; its down-regulation likely plays a 
functional role in the inflammatory progression and lung 
function decline of COPD. This provides a clear clinical 
rationale for subsequent exploration of its specific mo-
lecular mechanisms.

To investigate the functional mechanisms of miR-532-
5p in COPD at the cellular level, this study used human 
bronchial epithelial BEAS-2B cells and CSE to establish 
an in vitro model. Airway epithelium is a key target for 
cigarette smoke exposure (Park et al., 2015), and the 
BEAS-2B cell line is a well-established model for study-
ing CSE-induced oxidative stress and inflammatory re-
sponses (Liu et al., 2024). This system provides an ideal 
foundation for subsequent research. To identify miR-532-
5p target genes, we cross-analysed multiple prediction 
tools and selected the two highest-scoring candidates: 
KRAS and CXCL1. While KRAS, as a critical signalling 
node, may be implicated in COPD processes such as 
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airway remodelling through functional abnormalities 
(Wei et al., 2025), CXCL1 offers a more direct link to 
the COPD’s core inflammatory phenotype. As a well-
established neutrophil chemotactic factor (Zhou et al., 
2023), CXCL1 provides a robust evidence chain connect-

ing it to COPD inflammation. Given our preliminary 
findings linking miR-532-5p down-regulation to sys-
temic inflammation, CXCL1 investigation offers a direct 
pathway to elucidate the miR-532-5p’s protective role 
through inflammatory regulation.

Fig. 4. miR-532-5p antagonizes CSE-induced inflammatory responses and oxidative stress by targeting CXCL1. (A) The 
expression level of miR-532-5p under CSE treatment and over-expression conditions. (B) The expression level of CXCL1 
mRNA under CSE treatment and over-expression conditions. (C) CXCL1 concentration in cell culture supernatants was 
determined by ELISA. (D–E) The influence of miR-532-5p and CXCL1 on the levels of inflammatory factors TNF-α and 
IL-1β. (F) The influence of miR-532-5p and CXCL1 on the MDA level. (G) The influence of miR-532-5p and CXCL1 
on the SOD level. P* < 0.05; P** < 0.01; P*** < 0.001. ns: not significant.
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Subsequently, dual luciferase reporter assays confirmed 
that CXCL1 is a direct target of miR-532-5p, providing 
molecular validation of this regulatory relationship. 
Furthermore, in a CSE-induced cellular injury model, 
this study demonstrated that miR-532-5p alleviates CSE-
induced inflammation and oxidative stress by specifi-
cally inhibiting CXCL1; conversely, over-expression of 
CXCL1 reverses the protective effects of miR-532-5p. 
This finding offers a novel perspective on understanding 
inflammatory regulation in COPD. Notably, the anti-in-
flammatory and antioxidant role of miR-532-5p has been 
observed in other pathological contexts as well. For in-
stance, in femoral head necrosis, miR-532-5p mitigates 
oxidative stress and apoptosis in chondrocytes by target-
ing ABL1 (Shang et al., 2024). Similarly, under oxygen-
glucose deprivation conditions, miR-532-5p over-expres-
sion reduces lactate dehydrogenase release and ROS 
generation (Lu et al., 2021). These studies collectively 
highlight the consistent regulatory function of miR-532-
5p across different disease models. Our findings reveal 
that miR-532-5p directly suppresses CXCL1 expression 
at the RNA level. This suggests that during COPD patho-
genesis, reduced levels of regulatory factors such as 
miR-532-5p may significantly contribute to inflamma-
tory mediator over-expression (e.g., CXCL1), alongside 
activation of known inflammatory pathways. Crucially, 
CXCL1 functions not merely as a terminal inflammatory 
output, but as a central signalling molecule capable of 
amplifying its own production and driving downstream 
pathology.

CXCL1 is elevated in COPD patients and models, a 
process driven by NF-κB signalling (Inui et al., 2018). 
Upon binding to its receptor CXCR2, CXCL1 activates 
key pro-inflammatory cascades, notably NF-κB and 
MAPK (p38/JNK) pathways (Liu et al., 2025).This acti-
vation directly explains the observed up-regulation of 
cytokines (e.g., TNF-α, IL-1β), elevated oxidative stress 
markers (e.g., MDA) and antioxidant depletion (e.g., 
SOD) in our model (Tourlakopoulos et al., 2025). 
Therefore, we propose that miR-532-5p serves as an 
upstream regulator within a self-amplifying inflamma-
tory loop: its down-regulation by CSE elevates CXCL1, 
which activates NF-κB/MAPK signalling via CXCR2, 
thereby reinforcing inflammation and oxidative stress, 
and perpetuating airway epithelial injury in COPD. By 
identifying miR-532-5p as a direct repressor of CXCL1, 
this study reveals a potential intervention point in the 
COPD’s inflammatory cascade. Given CXCL1’s signal-
ling through pathways such as NF-κB, disrupting this 
axis may attenuate the inflammation-oxidative stress 
cycle in airway diseases.

This study provides evidence supporting the role of 
miR-532-5p in COPD pathogenesis, yet several limita-
tions warrant acknowledgment. Clinically, our cohort 
primarily consisted of patients with moderate to severe 
(GOLD stage II–III) COPD. While this reflects a com-
monly encountered clinical population, it may limit the 
generalizability of our findings to patients with mild 
(GOLD I) or very severe (GOLD IV) disease. Mecha

nistically, our conclusions are primarily based on an in 
vitro cigarette smoke extract model using bronchial epi-
thelial cells, which cannot fully replicate the complex 
multicellular environment of COPD or confirm the phys-
iological relevance of miR-532-5p modulation in vivo. 
Furthermore, while CXCL1 was validated as a func-
tional target, contributions from other predicted targets 
and the proposed downstream NF-κB/MAPK pathways 
require further investigation. These limitations highlight 
the preliminary nature of our findings. Future studies 
involving more stratified clinical cohorts, advanced mul-
ticellular or animal models and direct pathway validation 
will be essential to advance this axis toward therapeutic 
application.

In conclusion, this study systematically clarified the 
molecular mechanism by which miR-532-5p exerts anti-
inflammatory and antioxidant protective effects in COPD 
by targeting and inhibiting CXCL1, providing a new di-
rection for the diagnosis and treatment of COPD.
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