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Ardisia japonica (Thunb.) Blume
and Lespedeza cuneata G. Don
may treat chronic obstructive
pulmonary disease by targeting
HK2 and PTAFR
Xian Luo1, Zheng Hang Ge1*, Shan Luo1, Bo Li1, Xun Zhou1,
Yi Yang1, Yong Jiang2, Tao Tan1 and Ke Lin Wang1

1The Second Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang,
Guizhou, China, 2Guizhou Provincial Staff Hospital, Guiyang, Guizhou, China

Introduction: Previous studies have demonstrated the significant efficacy of

Ardisia japonica (Thunb.) Blume (Zijinniu) and Lespedeza cuneata G. Don

(Tiesaozhou) in alleviating cough and reducing phlegm. This study employed

network pharmacology and bioinformatics approaches to identify key genes

associated with Zijinniu and Tiesaozhou in chronic obstructive pulmonary

disease (COPD), offering insights into potential therapeutic strategies.

Methods: Data on COPD, along with the active ingredients and target

genes of Zijinniu and Tiesaozhou, were utilized. By integrating the results

of differential expression analysis and the target genes of these two plants,

candidate genes were identified. Key genes were then confirmed through gene

expression analysis in the GSE124180 and GSE42057 datasets. A nomogram

was constructed based on these genes to assess COPD risk, followed by

validation. Additionally, functional analysis, immune factor profiling, molecular

docking, and reverse transcription-polymerase chain reaction (RT-qPCR) were

performed.

Results: HK2 and PTAFR emerged as critical genes for COPD treatment,

exhibiting significantly elevated expression in COPD samples. RT-qPCR

confirmed the significantly higher expression of HK2 (P = 0.0425) in COPD

samples. These findings highlight the potential of HK2 and PTAFR as therapeutic

targets for COPD. Functional analysis further indicated that HK2 and PTAFR

were co-enriched in pathways such as the “chemokine signaling pathway”

and “FC gamma R-mediated phagocytosis,” suggesting their involvement

in immune responses. Immune factor analysis revealed strong correlations

between these genes and various chemotactic factors (e.g., CCL23, CCL5),

immunosuppressants (e.g., IDO1, CSF1R), immunostimulants (e.g., ICOS, CD28),

chemokine receptors (e.g., CXCR1, CXCR2), and major histocompatibility

complex (MHC) molecules (e.g., HLA-B). Molecular docking revealed favorable

binding energies between HK2 and quercetin (−8.2 kcal/mol), and between

PTAFR and daucosterol (−8.4 kcal/mol), suggesting their potential as effective

compounds targeting key genes for COPD therapy.
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Conclusion: HK2 and PTAFR were identified as crucial genes in COPD, providing

a solid theoretical foundation for future treatment strategies.

KEYWORDS

chronic obstructive pulmonary disease, active ingredients, network pharmacology,
HK2, PTAFR

1 Introduction

Chronic obstructive pulmonary disease (COPD) is a prevalent
and heterogeneous chronic respiratory disorder characterized by
various pulmonary and extrapulmonary clinical features, along
with comorbid chronic conditions, making it the third leading
cause of death globally (1). Patients typically present with distal
bronchiectasis, airway wall degeneration, and progressive airflow
limitation due to abnormal pulmonary inflammatory responses.
As inflammation intensifies, pathological changes such as ciliary
dysfunction and increased mucus production may arise, leading to
clinical symptoms like cough and sputum production (2). COPD
primarily affects the elderly, with its incidence steadily increasing
due to worsening air pollution and the aging population. As a
disease marked by high morbidity, disability, prolonged duration,
and numerous complications, COPD significantly impacts patient
quality of life and imposes a considerable economic burden on both
families and society (3).

Recent studies indicate that acute exacerbations of COPD are
linked to heightened airway and systemic inflammation, as well
as physiological alterations (4). However, clinical management
of COPD remains challenging due to the absence of specific
treatments. Some studies show challenges to Western medicine’s
effectiveness in treating common COPD (5, 6). COPD patients not
only face the challenge of long-term disease management, but also
have an increased risk of lung cancer due to dysregulation of genes,
immune system and microenvironment in the pathomechanism.
Therefore, the development of safer and more effective treatments
for COPD is particularly important. Optimizing treatment
regimens can improve patients’ quality of life while effectively
reducing the risk of lung cancer, thus improving the overall health
of COPD patients while reducing the potential threat of cancer (7).

COPD is categorized as “cough” and “lung swelling” in Chinese
medicine, and its main symptoms include cough, phlegm, wheezing
and chest tightness. Plants are rich in bioactive substances, such
as flavonoids, polyphenols and terpenoids, which have important
applications in the prevention and treatment of various diseases
through a variety of biological mechanisms, such as antioxidant,
anti-inflammatory, and immunomodulatory. Some studies have
shown the efficacy of Ardisia japonica (Thunb.) Blume (Zijinniu)
and Lespedeza cuneata G. Don (Tiesaozhou), in COPD treatment
(8, 9). In addition, Zijinniu has shown effects of modulating
inflammatory responses and improving blood rheology, which may
be one of the potential mechanisms for its treatment of blood
stasis (10–12), whereas the process of pulmonary vascular injury
and obstruction of blood flow in patients with COPD is similar
to the manifestation of blood stasis, where abnormalities in blood
flow lead to a decrease in the efficiency of gas exchange, which

in turn affects the patient’s overall health status (13). Zijinniu
is effective in chronic bronchitis and inflammation of the upper
respiratory tract. Zijinniu and Tiesaozhou are traditional herbs
of the Miao people of Guizhou with remarkable curative effects,
especially in relieving cough and resolving phlegm (14). Zijinniu is
a small evergreen shrub of the genus Purple golden ox in the family
Primulaceae, rich in a variety of bioactive components, including
flavonoids, sugars and organic acids. Its main active ingredient is
the dwarf camptothecin (petitgrain), which is considered to be the
key ingredient in its cough-relieving and asthma-relieving effects
(15, 16). Tiesaozhou is a small shrub of the genus Tiesaozhou in the
family Leguminosae, rich in flavonoids, polyphenols and saponins
antioxidant components, which are able to scavenge free radicals,
reduce oxidative stress and inhibit the release of inflammatory
mediators, which in turn reduces inflammation in the lungs and
aids in the prevention and treatment of COPD (17–19). Despite
the positive effects of Zijinniu and Tiesaozhou in the treatment of
COPD, the specific mechanism of action is not yet completely clear,
and further research is still needed to explore.

Network pharmacology has emerged as a powerful approach
to predict the therapeutic mechanisms of TCM. By screening
active ingredients, identifying targets, constructing disease
target databases, and conducting enrichment analyses, network
pharmacology offers valuable insights for addressing research
challenges related to TCM (20–23). Purple golden cow [Ardisia
japonica (Thunb.) Blume] and iron broom (Lespedeza cuneata) are
traditional herbs of the Miao people of Guizhou with remarkable
curative effects, especially in relieving cough and resolving phlegm.
Purple golden ox is a small evergreen shrub of the genus Purple
golden ox in the family Primulaceae, rich in a variety of bioactive
components, including flavonoids, sugars and organic acids. Its
main active ingredient is the dwarf camptothecin (petitgrain),
which is considered to be the key ingredient in its cough-relieving
and asthma-relieving effects. Through synergistic multi-compound
network pharmacology and drug repurposing, precise and
effective therapeutic interventions can be achieved, bypassing the
need for extensive drug development and accelerating clinical
application (24). Thus, utilizing network pharmacology to analyze
the mechanisms of action, predict drug targets, and evaluate
the efficacy of Zijinniu and Tiesaozhou in COPD represents a
significant advancement in COPD treatment strategies.

This study leverages data from the GEO public database,
along with the active ingredients of Zijinniu and Tiesaozhou
obtained from the Herbal Ingredients’ Targets database and
literature sources, to predict target genes. By combining network
pharmacology and bioinformatics, this study explores the potential
targets of Zijinniu and Tiesaozhou in COPD treatment, further
investigating the molecular regulatory mechanisms of key genes
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involved in COPD. These findings provide valuable insights into
the mechanisms of action of Zijinniu and Tiesaozhou, offering new
references for their use in COPD therapy.

2 Materials and methods

2.1 Data source

Three transcriptomic datasets, GSE124180, GSE248493 and
GSE42057, sourced from the Gene Expression Omnibus (GEO),1

were included in this study. Specifically, GSE124180 contained 6
COPD and 15 healthy control peripheral blood samples, based
on the GPL16791 platform, GSE248493 included 25 COPD and
12 health control peripheral blood samples relied on GPL18573
platform, while GSE42057 consisted of 94 COPD and 42 healthy
control peripheral blood samples, utilizing the GPL570 platform.
Additionally, the active ingredients of Zijinniu were sourced from
the Herbal Ingredients’ Targets database (HERB),2 and the active
ingredients of Tiesaozhou were obtained from previously published
literature (25).

2.2 Differential expression analysis

Differential expression analysis was conducted on the
GSE124180 dataset using the “DESeq2” package (v 3.4.1) (26) to
identify differentially expressed genes (DEGs) between COPD
and control samples. The criteria for significance were |log2Fold
Change (FC)| > 0.5 and P < 0.05. DEG visualization was achieved
using the “ggplot2” (v 3.4.1) (27) and “ComplexHeatmap”
(v 2.14.0) (28) packages, which produced a volcano plot and
heatmap, respectively.

2.3 Construction of Chinese medicinal
herb-active ingredient-target genes
network

To predict potential target genes for the active ingredients
of Zijinniu and Tiesaozhou, the HERB and PubChem databases
were utilized, followed by target gene prediction using the
SwissTargetPrediction tool. Specifically, target genes for the active
ingredients of Zijinniu (target genes 1) and Tiesaozhou (target
genes 2) were predicted. Cytoscape software (v 3.7.2) (29) was
then used to construct and visualize the network linking Chinese
medicinal herbs, active ingredients, and target genes.

2.4 Function analysis of candidate genes

Candidate genes were identified by overlapping DEGs with
target genes 1 and target genes 2 using the “VennDiagram”

1 https://www.ncbi.nlm.nih.gov/gds

2 http://herb.ac.cn/

package (v 1.7.1) (30). To explore the potential biological processes
and signaling pathways associated with these candidate genes,
gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses were performed using the
“ClusterProfiler” package (v 4.7.1.3) (31), applying a significance
threshold of P < 0.05. GO analysis included cellular components
(CC), biological processes (BP), and molecular functions (MF).

2.5 Identification of the key genes

Gene expression analyses of the candidate genes in both
GSE124180 and GSE42057 datasets were performed using the
Wilcoxon test (COPD vs. control). Genes exhibiting significant
differences (P < 0.05) and consistent expression patterns across
both datasets were selected as key genes for further analysis.
The results from both datasets were visualized using the
“ggplot2” package.

2.6 Establishment and evaluation of the
nomogram

To assess the risk of COPD development, a nomogram was
constructed using the “rms” package (v 6.5.0) (32), based on the
identified key genes and samples from the GSE124180 dataset.
A calibration curve (threshold P > 0.05) was generated to evaluate
the nomogram’s accuracy, where a slope closer to 1 indicated
improved predictive accuracy. Receiver operating characteristic
(ROC) curves were plotted using the “pROC” package (v
1.18.5) (33), with a threshold of area under the curve (AUC)
> 0.7 to evaluate the nomogram’s predictive performance. Then,
based on the dataset GSE248493, a nomogram was constructed,
and the model performance was evaluated using calibration
curve and ROC curve.

2.7 Construction of key
genes-organ/tissue network

To investigate the specific distribution of key genes across
various tissues and organs, mRNA expression data for each key
gene were obtained from the Biological Gene Portal System
database (BioGPS).3 Relevant organs and tissues with mRNA
expression levels above the overall mean for each key gene
were extracted. These data were used to construct a key genes-
organ/tissue network, visualizing the localization of key genes
across different organs and tissues, which was then displayed
using Cytoscape.

2.8 Correlation analysis and function
analysis of key genes

Spearman analysis was performed on the GSE124180 dataset
using the “cor” function in R to investigate the relationships

3 https://biogps.org
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among key genes. A threshold of |Cor| > 0.3 and P < 0.05 was
applied to determine the strength and significance of associations
between key genes.

GeneMANIA4 was employed to identify functionally related
genes, and a gene-gene interaction (GGI) network was constructed.
To explore the biological functions of the key genes, the
“c2.cp.kegg.v2023.1.Hs.symbols.gmt” file was downloaded from
the gene set enrichment analysis (GSEA) website5 as the
background gene set. GSEA analysis was then conducted using the
“clusterProfiler” package based on the GSE124180 dataset, with a
significance threshold of P < 0.05.

2.9 Immune factor analysis

To examine the correlation between key genes and immune
factors, data on related immune factors, including chemotactic
factors, immunosuppressants, immunostimulants, chemokine
receptors, and major histocompatibility complex (MHC), were
downloaded from the Tumor and Immune System Interaction
Database (TISIDB).6 Spearman analysis was subsequently
performed to explore associations between key genes and these
immune factors, applying a threshold of |Cor| > 0.3 and P < 0.05.

2.10 Regulatory network analysis

To elucidate the molecular regulatory mechanisms of key genes,
transcription factors (TFs) targeting these genes were predicted
using the Just Another Gibbs Sampling (JASPAR)7 database via the
NetworkAnalyst platform. A TF-mRNA network was subsequently
constructed and visualized using Cytoscape.

The miRTarBase8 database, accessed through the
NetworkAnalyst platform, was utilized to predict microRNAs
(miRNAs) associated with the key genes. Following this, the
miRNet database9 was used to predict long non-coding RNAs
(lncRNAs) targeting the identified miRNAs. These relationships
were integrated to construct and visualize a comprehensive
lncRNAs-miRNAs-mRNAs network using Cytoscape.

2.11 Diseases prediction and molecular
docking analysis

To examine the relationship between key genes and diseases,
the Comparative Toxicogenomics Database (CTD)10 was utilized,
and inference scores were calculated. The top 10 diseases with the
highest inference scores were then selected to construct a network
linking key genes to diseases.

4 https://genemania.org/

5 https://www.gsea-msigdb.org/gsea/msigdb/index.jsp

6 http://cis.hku.hk/TISIDB/

7 https://jaspar.genereg.net/

8 http://mirtarbase.mbc.nctu.edu.tw/

9 https://www.mirnet.ca/miRNet/home.xhtml

10 http://ctdbase.org

Molecular docking was performed to assess the binding
affinities between the key genes and active ingredients. Active
ingredients with the highest Oral Bioavailability (OB) scores in
Zijinniu and Tiesaozhou were selected for docking analysis. The
3D structures of the key genes (receptors) were retrieved from
the Research Collaboratory for Structural Bioinformatics Protein
Data Bank (RCSB PDB),11 while the 3D structures of the key
active ingredients (ligands) were downloaded from the PubChem
database.12 Molecular docking was conducted using the cb-dock
website,13 and the total docking score was calculated. A binding
energy of <−7.0 kcal/mol indicated a strong binding affinity.

2.12 Metabolic pathways analysis

In the GSE124180 dataset, the potential impact of body
metabolism on COPD was investigated. Metabolic pathway data
were sourced from the Molecular Signatures Database (MSigDB).14

Spearman correlation analysis was performed to assess the
relationship between key genes and metabolic pathways, with
a threshold of |cor| > 0.3 and P < 0.05 used to determine
significant correlations.

2.13 Expression validation of key genes

The expression of key genes was validated through RT-qPCR.
A total of 10 blood samples (5 normal and 5 COPD) were obtained
from the clinic at The Second Affiliated Hospital of Guizhou
University of Traditional Chinese Medicine. Informed consent was
obtained from all participants, and the study was approved by the
hospital’s ethics committee (approval number: 2W20240601).

Total RNA was extracted from the samples using TRIzol
reagent (Ambion, USA) according to the manufacturer’s protocol.
RNA concentration was assessed using the NanoPhotometer N50.
cDNA synthesis was performed using the SureScript-First-strand-
cDNA-synthesis-kit, and reverse transcription was carried out with
the S1000TM Thermal Cycler (Bio-Rad, USA). Primer sequences
are listed in Supplementary Table 1. qPCR was conducted
using the CFX Connect Real-time Quantitative Fluorescence PCR
Instrument (Bio-Rad, USA) with the following protocol: pre-
denaturation at 95◦C for 1 min, denaturation at 95◦C for 20 s,
annealing at 55◦C for 20 s, extension at 72◦C for 30 s, for a total
of 40 cycles. Relative mRNA quantification was calculated using the
211CT method.

2.14 Statistical analysis

All analyses were performed in R software (v 4.2.3). Differences
between groups were evaluated using the Wilcoxon test, and
P < 0.05 was considered statistically significant.

11 https://www.rcsb.org/

12 https://pubchem.ncbi.nlm.nih.gov/

13 https://cadd.labshare.cn/cb-dock/php/blinddock.php

14 https://www.gsea-msigdb.org/gsea/msigdb
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3 Results

3.1 The function and enriched pathways
of six candidate genes were mined

In the GSE124180 dataset, 448 DEGs were identified,
comprising 251 up-regulated and 197 down-regulated genes. The
DEG results were visualized in both a volcano plot and a heatmap,
with the top 10 up- and down-regulated DEGs, ranked by log2FC,
highlighted (Figures 1A, B).

Additionally, 15 active ingredients for Zijinniu and 8 for
Tiesaozhou were identified, along with 345 target genes for Zijinniu
and 375 target genes for Tiesaozhou. These findings facilitated
the construction of a network encompassing Chinese medicinal
herbs, active ingredients, and target genes, which consisted of 571
nodes and 1,362 edges. Notable network connections included
Zijinniu-HBIN041726-NQO2 and Tiesaozhou-HBIN031753-
DRQ4 (Figure 1C). Six candidate genes were identified through
overlap of the 448 DEGs, 345 target genes for Zijinniu, and 375
target genes for Tiesaozhou (Figure 1D). Functional enrichment
analysis revealed that these 6 candidate genes were significantly
enriched in 334 GO terms (278 BPs, 24 CCs, and 32 MFs) and
19 KEGG pathways. Key GO terms included “lipoxygenase
pathway,” “positive regulation of cell adhesion,” and “apical
plasma membrane” (Figure 1E). The KEGG pathways included
“efferocytosis,” “arachidonic acid metabolism,” and “serotonergic
synapse” (Figure 1F).

3.2 HK2 and PTAFR were identified as key
genes

Gene expression analysis of datasets GSE124180 and GSE42057
revealed significant increases in the expression levels of HK2
and PTAFR in COPD samples (P < 0.05) (Figures 2A, B).
Consequently, HK2 and PTAFR were identified as key genes for
further investigation. RT-qPCR analysis demonstrated that the
expression of HK2 (P = 0.0425) was significantly elevated in COPD
samples, while no significant difference was observed for PTAFR
(P = 0.7338) between COPD and control samples (Figure 2C).

Using these key genes, a nomogram was constructed,
where higher total points correlated with a higher risk of
COPD (Figure 2D). The calibration curve yielded a P-value
of 0.481, indicating strong predictive performance (Figure 2E).
Furthermore, ROC analysis demonstrated the nomogram’s high
efficacy association with COPD risk, with an AUC value of 0.867
(Figure 2F). Then, we performed external validation of the model
using the dataset GSE248493. The results showed a calibration
curve p = 0.411 and AUC = 0.831, indicating that the model had
good accuracy in the external dataset (Supplementary Figure 1).

3.3 Investigating the biological functions
and signaling pathways associated with
HK2 and PTAFR

To delineate the organ and tissue distribution of key genes,
a key genes-organ/tissue network was constructed, revealing that

14 and 11 organs and tissues were associated with HK2 and
PTAFR, respectively. Six tissues were common to both genes:
721 B lymphoblasts, CD14+ monocytes, CD33+ myeloid cells,
Wholeblood, Lymphoma Burkitts (Raji), and Lymphoma Burkitts
(Daudi) (Figure 3A). Additionally, correlation analysis revealed a
significant positive correlation between HK2 and PTAFR (r = 0.66,
P = 0.0015) (Figure 3B). Using these key genes, 20 functionally
related genes were predicted, and the shared biological functions
they contribute to were identified, including “monosaccharide
metabolic process” and “purine ribonucleoside diphosphate
metabolic process” (Figure 3C). Moreover, GSEA uncovered
distinct pathways enriched with HK2 and PTAFR (P < 0.05).
Specifically, HK2 was significantly enriched in the “Neurotrophin
signaling pathway,” “Epithelial cell signaling in Helicobacter pylori
infection,” and “MAPK signaling pathway,” while PTAFR was
primarily involved in “Leukocyte transendothelial migration,”
“Endocytosis,” and “Systemic lupus erythematosus” pathways.
Notably, both HK2 and PTAFR co-enriched in the “Chemokine
signaling pathway” and “FC gamma R-mediated phagocytosis”
pathways (Figures 3D, E).

3.4 HK2 and PTAFR played intricate roles
in modulating various aspects of the
immune response

Correlation analysis between key genes and immune-
related factors revealed notable associations. In chemotactic
factors, HK2 showed a significantly positive correlation with
CCL23, while PTAFR was positively correlated with CCL5
(P < 0.05) (Figure 4A). Regarding immunosuppressants, HK2
demonstrated a positive correlation with IDO1, whereas PTAFR
was positively correlated with CSF1R (P < 0.05) (Figure 4B).
In immunostimulants, HK2 exhibited a significant positive
correlation with CXCR4 and a negative correlation with ICOS,
whereas PTAFR showed a notable negative correlation with
ICOS (P < 0.05) (Figure 4C). For chemokine receptors, HK2
displayed significant positive correlations with CXCR1, CXCR2,
and CXCR3, while PTAFR was positively correlated with CXCR1
and CXCR2 but negatively correlated with CCR4 (P < 0.05)
(Figure 4D). Finally, with respect to MHC molecules, HK2 showed
significant positive correlations with HLA-DRB1 and HLA-B,
while PTAFR had the strongest positive correlation with HLA-B
and TAP1 (P < 0.05) (Figure 4E). In conclusion, the correlation
analysis highlighted the intricate associations between HK2 and
PTAFR and various immune-related factors, underscoring their
potential roles in modulating diverse aspects of the immune
response.

3.5 Unraveling regulatory networks of
HK2 and PTAFR

Five TFs targeting HK2 and ten TFs targeting PTAFR were
predicted. A TF-mRNA network was subsequently constructed,
comprising 17 nodes and 16 edges, with key relationships such
as ARID3A-PTAFR and YY1-HK2 (Figure 5A). Additionally, 42
miRNAs (9 targeting HK2 and 33 targeting PTAFR) associated
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FIGURE 1

Identification and functional enrichment of candidate genes. (A) Differential expression volcano plot. The horizontal axis represents the fold change
in gene expression, and the vertical axis shows the –log10 of the P-value. Red dots indicate upregulated genes, green dots indicate downregulated
genes, and grey dots represent non-differentiated genes. (B) Heatmap of differentially expressed genes. The image consists of two parts: the upper
section displays the heatmap of gene expression density, with lines representing the five quartiles and the mean; the lower section shows the
heatmap of differential gene expression across samples, where each row represents a gene (top 10 genes with the most significant up- and
downregulation), and each column represents a sample. Red areas correspond to disease samples, while blue areas indicate control samples.
(C) Herbal medicine-active ingredient-target gene network. Purple represents herbal medicine: Zijinniu, Tiesaozhou. Orange represents active
ingredients, Zijinniu: 15, Tiesaozhou:8. And green represents active ingredient’s potential target genes. The more lines around the orange node, the
more potential target genes predicted by the active ingredients. (D) The identification of six candidate genes: ALOX15, ALOX5, PTAFR, CA4, ABCB1,
HK2. (E,F) GO and KEGG enrichment analyses. HK2 did not show significant results in the GO and KEGG enrichment analyses. (E) GO enrichment
map of candidate gene. (F) KEGG enrichment of candidate genes.
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FIGURE 2

Expression of key genes HK2 and PTAFR in COPD. (A) Differential expression of candidate targets between disease and control groups in the training
set. (B) Differential expression of candidate targets between disease and control groups in the validation set. (C) RT-qPCR analysis. (D) Nomination
plot based on key gene constructs. (1) The variable names on the left represent the factors, with each line corresponding to a variable. The length of
the line segment reflects the magnitude of its contribution to the disease. The scale indicates the possible range of values for each variable. (2) Score:
Individual score corresponds to the score for each variable at different values, while total score represents the sum of individual scores. (3) Linear
predictor: The linear predictive value for the variables. (4) Predictive probability: Indicates the likelihood of disease development. (E) Calibration
curve. The horizontal axis represents the predicted risk of disease based on the column-line graph model, and the vertical axis represents the actual
disease occurrence probability. “Ideal” denotes the ideal calibration curve, “Apparent line” represents internal correction, and “Bias-corrected line”
represents external correction. (F) ROC curve. The horizontal axis represents the false-positive rate (1-specificity), and the vertical axis represents the
true-positive rate (sensitivity). The AUC value reflects the area under the ROC curve. *P < 0.05, **P < 0.01, ****P < 0.0001.

with the two key genes were predicted. Furthermore, 589

miRNA-lncRNA relationships were retrieved from the miRNet

database, leading to the construction of an lncRNA-miRNA-mRNA

interaction network (Figure 5B), featuring interactions such as

LIFR-AS1-“hsa-mir-1307-3p”-PTAFR and MIR99AHG-“hsa-mir-

98-5p”-HK2. Disease association analysis, performed via the CTD
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FIGURE 3

Biological functions and signaling pathways of HK2 and PTAFR in disease. (A) Key target-organ localization network diagram. Blue represents key
targets, and purple represents organs. (B) Key target correlation scatter plot. (C) Analysis of key targets and their co-expressed genes by GeneMANIA.
The center circle represents the two key targets, and the outer circle displays co-expressed genes associated with the hub genes. (D) Significantly
enriched pathways for HK2. In this figure, the vertical axis represents the enrichment scores (ES). A positive ES indicates that a functional gene is
enriched at the beginning of the sorted sequence, implying positive enrichment, while a negative ES suggests that the functional gene is enriched at
the end of the sequence, indicating negative enrichment. The horizontal axis represents genes, with each small vertical line corresponding to an
individual gene. (E) Significantly enriched pathway of PTAFR. In this figure, the vertical axis represents the ES. A positive ES indicates that a functional
gene is enriched at the beginning of the sequence, reflecting positive enrichment, while a negative ES indicates that the gene is enriched at the end
of the sequence, reflecting negative enrichment. The horizontal axis represents genes, with each small vertical line corresponding to an individual
gene.

database, identified the top 10 diseases (ranked by inference

scores) linked to HK2 and PTAFR. Among these, “Chemical and

drug-induced liver injury,” “Weight loss,” “Pulmonary disease,

Chronic Obstructive,” “Prenatal exposure delayed effects,” and

“Necrosis” were found to be associated with both HK2 and PTAFR

(Figure 5C).
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FIGURE 4

Relationship between immunofactor analysis and HK2 and PTAFR. (A) Correlation of chemokines with key targets. (B) Correlation of
immunosuppressants with key targets. (C) Correlation of immunostimulatory factors with key targets. (D) Correlation of chemokine receptors with
key targets. (E) Correlation of major histocompatibility complexes with key targets.

3.6 The quercetin and daucosterol were
potential active ingredients for treating
COPD

Based on OB scores, quercetin (OB = 46.433) and daucosterol
(OB = 20.631) were selected for molecular docking analysis
(Supplementary Table 2). The PDB code of HK2 is 2nzt, and the
PDB code of PTAFR is 5zkp. Quercetin demonstrated a binding
energy of −8.2 kcal/mol with HK2, while daucosterol showed a
binding energy of −8.4 kcal/mol with PTAFR (Figure 6A). These
results suggest that both quercetin and daucosterol exhibit strong
binding affinities with the key genes. Moreover, metabolic pathway
analysis revealed that both HK2 and PTAFR were significantly
positively correlated with “Xenobiotic metabolism,” “Hypoxia,” and
“Cholesterol homeostasis” (P < 0.05) (Figure 6B). Additionally,
PTAFR showed a notable positive correlation with “Glycolysis”
(P < 0.05) (Figure 6B).

4 Discussion

COPD is categorized as “cough” and “lung distension” in TCM.
Purple golden ox and iron broom refer to a traditional medicinal
pair, these two herbs are analyzed together because they are similar
in nature and both belong to the lung meridian in traditional
Chinese medicine (TCM), and their effects complement each
other, making them suitable for pairing and use, and when used
together, they can synergistically enhance the effect of resolving
phlegm and relieving coughs, and they have been used for a long
time to treat respiratory disorders in the theory of traditional
Chinese medicine (TCM) (34). Modern pharmacological research
has demonstrated that the active ingredients of Tiesaozhou
exhibit various therapeutic effects, including asthma alleviation,
antifungal, lipid-lowering, and antitumor properties, making it
effective in the treatment of chronic bronchitis. Additionally, both
Zijinniu and Tiesaozhou can counteract several major pathogenic
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FIGURE 5

Regulatory relationships between key targets and transcription factors and related molecular regulatory networks. (A) TF-mRNA network diagram.
Red nodes represent mRNAs (key genes), and blue nodes represent transcription factors. (B) Construction of the lncRNAs-miRNAs-mRNAs
regulatory network for key targets. Red nodes represent mRNAs, green nodes represent miRNAs, and orange nodes represent lncRNAs. (C) Key
target-COPD-TOP10 related disease regulatory network. Red nodes represent mRNAs, green nodes represent COPD, and light green nodes
represent the correlative top 10 diseases.

inflammatory factors in COPD through specific pathways, inhibit
the proliferation of airway fibrous tissues in COPD rat models,
and slow down the progression of the disease. In this study,
network pharmacology was used to analyze the targets of the active
ingredients in Zijinniu and Tiesaozhou, confirming their potential
to delay COPD progression, particularly pulmonary distension,
through multi-target and multi-gene mechanisms.

GO and KEGG enrichment analyses of candidate genes
identified HK2 and PTAFR as key targets. HK2, an isoform of
hexokinase (HK), plays a pivotal role in glucose metabolism. It is
highly expressed in muscle, heart, and various types of cancers,
with enriched expression in mouse and human microglial cells (35,
36). Ablation of HK2 significantly promotes microglial activation
and phagocytic activity, along with increased levels of inflammatory
markers such as tumor necrosis factor, interleukin (IL)-6, IL-1B,
and type I interferon response molecules (37). This suggests that
HK2 enhances the inflammatory response, thereby contributing to

disease progression. Furthermore, HK2 overexpression in tumor
cells has been shown to promote the proliferation of non-small
cell lung cancer cells and tumor growth, highlighting its role
in cancer development (38). In this study, the expression of
HR2 in the COPD group was significantly higher than in the
normal control group, suggesting that HK2 may enhance the
inflammatory response and contribute to the progression of COPD.
Regarding platelet-activating factor receptor (PTAFR), platelet-
activating factor is a multifunctional phospholipid that exerts
pro-inflammatory, pro-coagulant, and angiogenic effects on blood
vessels (39). PTAFR is present in various intracellular locations,
including the nucleus, and is implicated in a wide range of
cancers and disease processes. Respiratory pathogens, such as
viruses and bacteria, utilize PTAFR to interact with human cells
and initiate infections (40). PTAFR has also been identified as
a major driver of lung inflammation during COVID-19 viral
infections, with inhibition of PTAFR shown to protect against
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FIGURE 6

Relationships between pharmacologically active components and target genes in Zijinniu and Tiesaozhou. (A) HK2-quercetin molecular docking.
(B) PTAFR-daucosterol molecular docking.

the severe consequences and lung damage caused by pathogens
(41). These findings suggest that PTAFR plays a significant role
in lung inflammation. This study is the first to highlight the
potential involvement of these two genes in the development
of COPD. Our results demonstrate that the expression levels
of HK2 and PTAFR were significantly elevated in COPD,
supporting the hypothesis that both genes may contribute to the
disease process. Consequently, down-regulating the expression
of HK2 and PTAFR could prevent or delay COPD progression.
Furthermore, a nomogram model was constructed based on these
two key genes, which exhibited predictive value as assessed by
calibration and ROC curves.

Additionally, immunofactor analyses revealed significant
correlations between HK2 and PTAFR and various chemokines
(e.g., CCL23, CCL5), chemokine receptors (e.g., CXCR1, CXCR2),
immunosuppressants (e.g., IDO1, CSF1R), immunostimulants
(e.g., ICOS, CD28), and HLA-B. The expression of chemokines
and their receptors is associated with several inflammatory

diseases, as they recruit leukocytes and promote the release
of inflammatory mediators. These molecules are involved in
homeostasis, development, angiogenesis, tumor-associated
inflammation, immunity, tumor growth, metastasis, and
autoimmune diseases. Chemokines also play a critical role in
cellular fibrosis and senescence. Additionally, CCL5 expression
is significantly increased in senescent fibroblasts (42). Previous
studies have demonstrated that the levels of CCL5, CXCL8,
CXCL12, and CX3CL1 correlate with lung function, particularly
MMEF, with CXCL8 and CX3CL1 exhibiting the strongest
associations with MMP-9 and MMP-12. These findings suggest
that chemokines may play a direct or indirect role in airway
remodeling (43). Furthermore, targeting chemokine receptors,
including CXCR1, CXCR2, and CD8 on neutrophils, as well as
CXCR3 on CD8+ T cells, could prevent the recruitment of healing
cells to inflamed lungs (44) and may offer a potential therapeutic
strategy for COPD (45). However, ICOS, an immunostimulatory
factor, is crucial in humans, where its deficiency leads to common

Frontiers in Medicine 11 frontiersin.org

https://doi.org/10.3389/fmed.2025.1527632
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-12-1527632 May 6, 2025 Time: 10:31 # 12

Luo et al. 10.3389/fmed.2025.1527632

variable immunodeficiency (46), predisposing individuals to
frequent bacterial infections in the respiratory and digestive
tracts (47). COPD is recognized as an immunodeficiency
disorder, and defects in the immunostimulatory factor ICOS
have been linked to its development. The ICOS-mediated signaling
pathway regulates T lymphocytes and controls their selective
migration into inflamed peripheral tissues. Additionally, the
persistence of bacteria in the airways of COPD is attributed to
the mediation of this ICOS signaling pathway (48), suggesting
that ICOS deficiency contributes to COPD pathogenesis. In
the present study, a significant negative correlation between
HK2, PTAFR, and ICOS was identified, suggesting that patients
with COPD exhibit reduced or defective ICOS expression.
Additionally, research on SARS-CoV-2 infection has indicated
that enhancing the expression of human leukocyte antigen-B
(HLA-B) may facilitate viral clearance (49), implying that HLA-B
could play a role in inflammation modulation. In the present
study, a significant positive correlation between HK2, PTAFR,
and HLA-B was observed, with higher expression levels of
both HK2 and PTAFR in patients with COPD corresponding
to increased HLA-B expression. These findings highlight
the association between chemokines, chemokine receptors,
and immunostimulatory factors in COPD. Furthermore, our
results confirmed that CCL5 and ICOS are positively correlated
with HK2 and PTAFR, both of which are highly expressed in
patients with COPD. Thus, chemokines, chemokine receptors,
immunostimulatory factors, HLA-B, HR2, and PTAFR collectively
mediate COPD development.

Based on the molecular docking simulation results, we
hypothesized that the active ingredients of Zijinniu and
Tiesaozhou might bind to and inhibit HK2 and PTAFR, but
this conclusion needs to be confirmed by further experimental
validation. Quercetin (3,3′,4′,5,7-pentahydroxyflavone), a dietary
flavonoid present in various plants, is the active component in
Zijinniu officinalis. At the molecular level, quercetin functions
as an antioxidant by scavenging reactive oxygen species (50),
inhibits a range of kinases with anti-inflammatory effects
(51), and reduces basal cell hyperplasia, squamous epithelial
chemotaxis, and cupping chemotaxis (52, 53). In bronchial
epithelial cells from patients with COPD, quercetin significantly
upregulates the expression of HOXB2 and ELF3, facilitating
bronchial epithelial polarization and repair, thus promoting
normal cellular differentiation and reducing the expression of
TGF-β and IL-8 (54). Furthermore, quercetin holds potential
in controlling and preventing bacterial infections in the lower
respiratory tract in COPD, while potentially enhancing the effects
of β-agonists, M-receptor antagonists, corticosteroids, roflumilast,
antibiotics, and N-acetylcysteine through bronchodilatory, anti-
inflammatory, antibacterial, and antiviral actions, respectively
(55–57). Daucosterol, the active ingredient in Tiesaozhou, has
been shown to induce oxidative stress-mediated apoptosis in
various cancer cell lines (58). Since oxidative stress is a key
mechanism underlying COPD development, daucosterol may
offer protection in acute lung injury models by inhibiting
p38 through regulation of NLRP3 inflammasome activation
(59, 60). This suggests that quercetin and daucosterol may
influence cell proliferation, pointing to their therapeutic
potential in COPD.

In this study, network pharmacology and bioinformatics
analyses identified two key COPD-related genes, HK2 and PTAFR,
through differential expression analysis and gene screening.
Using these approaches, the active ingredients quercetin and
daucosterol were docked with HK2 and PTAFR, revealing potential
mechanisms of action. These findings may provide novel insights
into the clinical diagnosis and treatment of COPD. However, Our
study still has some limitations, the insufficient sample size of RT-
qPCR may lead to insufficient statistical efficacy, which makes the
experimental results unable to accurately reflect the real biological
effects, and molecular docking only provides a theoretical model,
and the calculation of affinity is only a preliminary speculation,
which can not directly reflect the actual biological activity, so we
plan to increase the sample size to enhance the statistical efficacy
of the RT- Therefore, we plan to increase the sample size in future
studies to enhance the statistical efficacy of RT-qPCR experiments,
and at the same time conduct multiple independent experiments
for validation and cross-validation of data in combination with
other research methods, so as to improve the reliability and
generalizability of the results.
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