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Purpose: Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease with high morbidity and mortality rates. This 
study used proteomic profiling of serum to identify the differentially expressed proteins in COPD patients compared with healthy 
controls, to expand the knowledge of COPD pathogenesis and to ascertain potential new targets for diagnosis and treatment of COPD.
Methods: Serum samples were collected from 56 participants (COPD group n = 28; Healthy Control group n = 28). A data- 
independent acquisition quantitative proteomics approach was used to identify differentially expressed proteins (DEPs) between the 
two groups. Gene Ontology (GO) functional annotation, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway functional 
enrichment, and protein–protein interaction analyses of DEPs were conducted to identify their relevant biological processes, cellular 
components, and related pathways. We used a parallel reaction monitoring (PRM)-based targeted quantitative proteomics approach to 
validate those findings.
Results: Of 8484 peptides identified by searching the UniProtKB/Swiss-Prot knowledgebase, 867 proteins were quantifiable, of which 
20 were upregulated and 35 were downregulated in the COPD group. GO functional annotation indicated that the subcellular 
localization of most DEPs was extracellular. The top three molecular functions of the DEPs were signaling receptor binding, antigen 
binding, and immunoglobulin receptor binding. The most relevant biological process was immune response. The transforming growth 
factor-β signaling pathway, Staphylococcus aureus infection, and hematopoietic cell lineage were the top three pathways identified in 
the KEGG pathway functional enrichment. Our PRM analyses confirmed the identification of 11 DEPs identified in our data- 
independent acquisition analyses, 8 DEPs were upregulated and 3 DEPs were downregulated.
Conclusion: This study using data-independent acquisition analyses with PRM confirmation of findings identified 11 DEPs in the serum of 
patients with COPD. These DEPs are potential diagnostic or prognostic biomarkers or may be future targets for the treatment of COPD.
Keywords: chronic obstructive pulmonary disease, proteomics, differentially expressed proteins, data-independent acquisition, 
parallel reaction monitoring

Introduction
Chronic obstructive pulmonary disease (COPD) is widespread and characterized by progressive airflow restriction 
and lung tissue destruction manifested as breathlessness, coughing, and sputum production. Airway inflammation, 
emphysema, and epithelial barrier dysfunction are all considered to be involved in the pathogenesis of COPD.1 

Immune cells, such as neutrophils and macrophages, are also related to the airway inflammation and immune 
imbalance leading to the occurrence of COPD.1,2 The disease burden of COPD has increased in the last decades.3 
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Conclusions from the Global Burden of Disease 2019 study cohort showed that the global incidence of COPD 
increased by 85.89% from 1990 to 2019.4 In addition, 3,280,636 people died of COPD in 2019, compared with 
2,520,219 in 1990, an increase of 30.17%.4 The pathogenesis and etiology of COPD have not been fully 
elucidated, and it is difficult to predict its development or progression. Therefore, mechanistic insights into the 
pathogenesis of COPD are urgently needed to enable discovery of reliable diagnostic and therapeutic targets for 
this disease.

With the development of biological technology, the methods for discovering new targets have gradually developed 
into large-scale high-throughput detection based on multi-omics, such as genomics, transcriptomics, proteomics and 
metabolomics. In essence, proteomics can study the characteristics of proteins on a large scale, including the 
expression level of proteins, post-translational modifications, protein–protein interactions, etc, so as to obtain 
a holistic and comprehensive understanding of the processes of disease occurrence and cell metabolism at the protein 
level. Previous studies conducting proteomic profiling of the serum of patients with COPD have detected some 
differentially expressed proteins (DEPs), including fibulin-3.5 However, there is a dearth of studies assessing DEPs 
in COPD that have used data-independent acquisition (DIA) quantitative proteomics, a relatively recently developed 
proteomics strategy based on global mass spectrometry (MS), combined with parallel reaction monitoring (PRM) for 
targeted quantitative verification in MS to confirm the DIA findings. PRM is currently the mainstream approach for 
targeted proteomics data acquisition. It is used to selectively detect specific peptides or target peptides (such as 
peptides undergoing post-translational modification). Thus, the relative or absolute quantification of the target protein/ 
modified peptide segment can be achieved. Thus, to ascertain potential new targets for the diagnosis and treatment of 
COPD, we used DIA quantitative proteomics technology to distinguish DEPs in serum samples from COPD patients 
and healthy control participants. We then conducted Gene Ontology (GO) functional annotation, Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway functional enrichment, and protein–protein interaction (PPI) analyses of 
DEPs to identify their associated biological processes, cellular components, and related molecular and signaling 
pathways. We then used PRM targeted quantitative proteomics technology to conduct a quantitative analysis of the 
DEPs (Figure 1).

Figure 1 Schematic representation of the project workflow.
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Materials and Methods
Clinical Data and Serum Samples
Patients with COPD were recruited into the COPD group (n = 28) during follow-up visits to the China-Japan Friendship 
Hospital. Healthy individuals visiting the hospital for physical examinations were recruited into the Healthy Control group 
(n = 28). Peripheral blood was collected without coagulant. Samples were centrifuged at 3000 rpm for 15 min at 4 °C. The 
serum was subsequently separated and immediately frozen at −80 °C until use in analyses. Equal portions of serum samples 
from seven patients with COPD were combined into a single sample, and (separately) serum samples from seven healthy 
persons were combined into a single sample. Thus, we obtained four batches of the combined samples for the COPD group 
(identification numbers A1-A4) and four batches of the combined samples for the Healthy Control group (identification 
numbers B1-B4).

Inclusion criteria for patients with COPD were (1) aged ⩾20 years with a confirmed diagnosis of COPD in 
compliance with the GOLD guideline (forced expiratory volume in the first second after bronchodilator percentage of 
forced vital capacity [FEV1/FVC] < 70%), with or without chronic respiratory symptoms; (2) volunteered to participate 
in the study; and (3) had not participated in other clinical studies.

Exclusion criteria were (1) COPD accompanied by asthma, tuberculosis, malignant tumor, or occupational disease; 
(2) COPD accompanied by serious disease of the brain, heart, kidney, or liver; (3) COPD accompanied by mental 
disorder or cognitive disorder; and (4) had undergone chest, abdominal, or eye surgery in the last 3 months.

This study was approved by the ethics committees at the China-Japan Friendship Hospital (permit number 2022-KY 
-141). All participants provided written informed consent for inclusion in this study. The design and implementation 
process of the study complies with the Declaration of Helsinki.

Protein Extraction and Preparation for Proteomics
After thawing on ice, samples stored at −80 ° C were centrifuged at 12,000 × g for 10 min at 4 °C using a cryogenic high- 
speed centrifuge. After centrifugation, cell debris was removed, and the supernatant was transferred to a new centrifuge 
tube. Removal of highly abundance proteins was achieved using the Pierce™ Top 14 Abundant Protein Depletion Spin 
Columns Kit (Thermo Scientific) and the experimental procedure followed the instructions provided. Protein concentra-
tion was determined using bicinchoninic acid kits. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis was 
conducted to control sample quality.

The same amount of protein from each sample was used for enzymolysis. The volume was adjusted to be consistent 
with the lysate, and dithiothreitol was added to make the final concentration 5 mM, which was reduced at 56 °C for 30 
min. Iodoacetamide was then added to make the final concentration 11 mM, and the samples were incubated in the dark 
at room temperature for 15 min. The alkylated samples were transferred to an ultrafiltration tube, centrifuged at 12,000 × 
g at room temperature for 20 min. The buffer was replaced three times with 8 M urea, and then three times with 
a replacement buffer. Trypsin was added at a ratio of 1:50 (trypsin:protein, m/m), and enzymolysis was performed 
overnight. The peptides were recovered by centrifugation at 12,000 × g at room temperature for 10 min. The peptides 
were recovered from the precipitate once more with ultra-pure water, and the peptide solution was combined.

Nano-Liquid Chromatography Tandem Mass Spectrometry (Nano-LC-MS/MS) 
Analyses
HPLC Fractionation: Eight groups of the trypsin-hydrolyzed peptides were mixed and graded into 12 fractions by high- 
pH reverse high-performance liquid chromatography. The iRT kit was added to all the fractions according to manufac-
turer’s instructions and dried by vacuum centrifuging.

Spectral Library Building—LC-MS/MS Analysis: The fraction samples were dissolved in liquid chromatography 
mobile phase A (Phase A is a water solution containing 0.1% formic acid and 2% acetonitrile) and separated using an 
EASY-nLC 1200 ultra-performance liquid system and injected into a nanospray ionization source for ionization. The data 
were collected using data-dependent acquisition mode with Thermo Q Exactive HF-X.
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Data-independent Acquisition (DIA)—LC-MS/MS Analysis: The iRT kit was added to all the samples according to 
manufacturer’s instructions. The LC gradient was kept consistent with those in the spectral library building method. The 
separated peptides were analyzed in Q Exactive HF-X with a nano-electrospray ion source. The data acquisition was 
performed in DIA mode. The full MS scan resolution was set to 120,000 for a scan range of 385–1200 m/z. Each cycle 
contains one full scan followed by 70 DIA MS/MS scans with predefined precursor m/z range. The HCD fragmentation 
was performed at a normalized collision energy (NCE) of 27%. The fragments were detected in the Orbitrap at 
a resolution of 15,000. Fixed first mass was set as 200 m/z. Automatic gain control (AGC) target was set at 5E5.

Sequence Database Search
A spectral library was constructed by processing the generated data-dependent acquisition data using the MaxQuant 
search engine (v.1.6.6.0). The Pulsar search engine embedded in Spectronaut (v14.6) was searched using software default 
parameters. The database used was the human UniProtKB/Swiss-Prot (20395 sequences), and a decoy database was 
searched to calculate the false discovery rate caused by random matching.

DIA Data Analysis
All DIA data were analyzed in Skyline (v 20.1.0). The DDA search results were imported to Skyline to generate the 
spectral library, and the retention times were aligned to iRT reference values. Transition settings: precursor charges were 
set as 2, 3, 4, 5, ion charges were set as 1, 2. The ion match tolerance was set as 0.02 Da. Six most intense fragment ions 
from the spectral library were selected for each precursor. Decoy generation was based on shuffled sequences, and the 
FDR was estimated with the mProphet approach and set to 1%. Relative quantification of proteins was performed using 
the MSstats software package.

GO Functional Classification Annotation
GO is a bioinformatics analysis method that can organically link genes and various information about gene products 
(such as proteins) to provide statistical information. We used the GO annotation (GOA) program in the UniProt 
Knowledgebase (http://www.ebi.ac.uk/GOA/). GO annotation is divided into three categories—biological process, 
cellular component, and molecular function—to explain the biological effects of DEPs. Analyses of the Clusters of 
Orthologous Groups of proteins (prokaryotic homologous protein clusters/eukaryotic homologous protein clusters, COG/ 
KOG) functional classification statistics for DEPs were conducted through database comparisons.

KEGG Pathway Functional Enrichment
The KEGG pathway enrichment analysis of DEPs was performed using two-tailed Fisher exact tests (p<0.05 was 
considered statistically significant) and the KEGG database. KEGG is an information network connecting known 
interactions between molecules, such as metabolic pathways, complexes, and biochemical reactions. KEGG pathways 
mainly include metabolism, genetic information processing, environmental information processing, cellular processes, 
human diseases, and drug development.

PPI Networks Analysis
The DEP database number or protein sequence screened from the comparison group was compared with the STRING 
(v.11.0) protein interaction network database. The interactions among DEPs were extracted with a confidence score >0.7, 
indicating high confidence. The R package networkD3 tool was then used to visualize the PPI networks of the DEPs. The 
circles in the visualized network represented DEPs, and the different colors represented different DEPs. The darker the 
color, the larger the multiple of the difference.

PRM Validation
PRM targeted quantitative proteomics methods were used to conduct quantitative analyses of the candidate COPD 
diagnostic marker proteome in serum samples. The process included protein extraction, protein enzymolysis, classifica-
tion, extraction of characteristic peptide segments of target proteins, optimization of PRM MS detection conditions, PRM 
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MS detection, and data analysis. The feasibility of a diagnostic marker proteome for COPD was confirmed, and the 
combination of protein markers having COPD diagnostic value was selected.

Statistical Analysis
The results are presented as the mean ± standard error of the mean (mean ± SEM), and a value of p < 0.05 was 
considered statistically significant. Differences among the groups were analyzed using Student’s t-tests or one-way 
analyses of variance. The primary software used for statistical analyses included GraphPad Prism (version 9.0.0) and 
SPSS (version 26.0).

Results
Clinical Characteristics of the Study Population
The clinical characteristics of all participants are given in Table 1. In total, 56 males were included in this study, and all 
participants were Han Chinese. There was no significant difference in age between the COPD (n = 28) and Healthy 
Control (n = 28) groups. In addition, no significant differences were found between the two groups for Forced expiratory 
volume in the first second (FEV1) and FEV1%pre, whereas there were significant differences between the groups for 
FVC and FEV1/FVC. Patients with COPD had a lower body mass index. These differences reflected the clinical features 
of patients with COPD, and the data indicated that patients in this study appeared to be in the early stage of the disease.

Protein Lysis, Quantification, and Enzymatic Digestion
The results of our sodium dodecyl sulfate–polyacrylamide gel electrophoresis analyses showed that the protein quality in 
the eight groups of samples was satisfactory for use in this study (Figure 2A). We identified 8484 peptides by searching 
the UniProtKB/Swiss-Prot knowledgebase. A comparison of these peptides with proteins yielded 906 identified proteins, 
of which 867 were quantifiable (Figure 2B). We generated a boxplot of the relative standard deviations (RSDs) of protein 
quantitative values among repeated samples and found that the overall RSD was small, indicating good quantitative 
repeatability (Figure 2C). Most peptide segments were 7–20 amino acids in length, which was consistent with proteolysis 
by trypsin and fragmentation of the higher-energy collision dissociation (HCD). The length distribution of the peptides 
identified by MS met the quality control requirements (Figure 2D). A correlation heatmap of the correlation coefficient 
matrix representing the degree of intra-sample repeatability and inter-sample correlation indicated that the experimental 
results were good (Figure 2E). Together, these findings suggested that the proteomic data were reliable and reproducible.

Table 1 Clinical Diagnoses and Demographic Characteristics of Participants

COPD Healthy Control P value

Number 28 28 –
Age (year) 59.15±11.23 61.79±11.20 0.382

Gender (male/female) 28/0 28/0 –

BMI (kg/m2) 23.07±2.85 24.87±2.94 0.024
FEV1 (L) 2.68±0.75 2.87±0.67 0.331

FVC (L) 4.17±0.98 3.64±0.88 0.04

FEV1/FVC 63.81±6.18 79.01±6.22 <0.01
FEV1%pre 88.18±20.49 97.36±13.67 0.054

GOLD grade

I 20 – –
II 7 – –

III 1 – –

IV 0

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in one second; FVC, forced 
vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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DIA Analysis and Identification of DEPs
Our principal component analysis indicated a significant difference between the serum proteins detected in the COPD 
group and in the Healthy Control group (p< 0.05). Proteins derived from the COPD group and Healthy Control group 
were completely separated. The samples showed good clustering based on the two principal components (Figure 3A). 
Among the 867 quantifiable proteins, 20 were upregulated and 35 were downregulated (Figure 3B) in the COPD group 
compared with the Healthy Control group. We used a volcano map and a heatmap to show specific upregulated proteins 
(eg, LTA4H, which is a pro-inflammatory enzyme, and SFTPB, a protein involved in immune response and regulation) 
and specific downregulated proteins (eg, IGHG2, IGHG4, which are the heavy chains of IgG2 and IgG4, respectively) 
(Figure 3C, D and Supplemental Table 1).

GO Annotation and KEGG Pathway Enrichment
We performed GO functional classification annotation for the DEPs in COPD group vs the Healthy Control group. For 
the cellular component category, 45 proteins were associated with the most frequent GO term extracellular region. The 
top three proteins were IGKV3D-11, HLA-A, and PSAP. For the molecular function category, the most frequent term, 
antigen binding, was associated with 14 proteins. The top three proteins were IGKV1D-33, IGKV1-17, and IGKV3-20. 
For the biological process category, antigen binding was the most frequent GO term, and it was associated with 22 
proteins. The top three proteins were IGKV3D-11, HLA-A, and ST6GAL1 (Figure 4A). The top three subcellular 
localizations were the extracellular space (30 proteins, 54.55%), cytoplasm (12 proteins, 21.82%), and nucleus (5 
proteins, 9.09%) (Figure 4B).

Figure 2 Process and quality control of DIA. 
Notes: Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) after removal of highly abundant proteins and data quality control (A). Lanes A1-A4 show 
serum proteins from COPD group. Lanes B1-B4 show serum proteins from Healthy Control group. Lane M shows the marker. Results of identified peptides, identified 
proteins and quantifiable proteins (B). The horizontal axis is the peptides or proteins, and the vertical axis is the amount. Boxplot for relative standard deviation (RSD) of 
protein quantification from all repeated samples (C). The horizontal axis is the sample group, and the vertical axis is the RSD. Diagram of peptide length distribution (D). The 
horizontal axis is the peptide length, and the vertical axis is the number of peptides. Heat map for correlation coefficients within protein quantification for every two samples 
(E). This value measures the degree of linear correlation between two groups: the closer the Pearson correlation coefficient is close to −1, the correlation is negative; the 
closer it is to 1, the correlation is positive; the closer it is to 0, the correlation is not correlated.
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Our COG/KOG results indicated that the processes that the DEPs were most associated with included posttransla-
tional modification, protein turnover, chaperones, signal transduction mechanisms, and defense mechanisms (Figure 4C). 
The transforming growth factor-β (TGF-β) signaling pathway, Staphylococcus aureus infection, and hematopoietic cell 
lineage were the top three pathways detected in the KEGG pathway functional enrichment (Figure 4D).

PPI Networks Analysis
PPI analyses of the DEPs were performed using the online database STRING. The PPI network of five upregulated DEPs 
and one downregulated DEP shown in Figure 5 indicates the relationships among the DEPs in this network. The PPIs of 
ITGAM and FCG were newly found in the database, whereas the PPIs of PSMA1 and PSMA3 had been identified by 
previous studies and were confirmed herein.

PRM Validation of DEPs in COPD
To validate the results of our DIA LC-MS/MS strategy, we used PRM. The quality control chromatogram for PRM 
showed good retention time overlap and peak shape (Figure 6). As mentioned, of 11 DEPs identified through our DIA 
analysis, 8 were upregulated (HLA-A, S10A6, SAP, SFTPB, LKHA4, ECP, SIAT1, and PSMA3) and 3 were down-
regulated (IGHG2, IGHG4, and SG3A2) (Table 2). The results of the DEPS detected in our PRM analysis were 
consistent with those detected using our DIA LC-MS/MS strategy, although the DIA analysis indicated that HLA-A 
and PSMA3 were downregulated rather than upregulated.

Discussion
This study is the first study, to our knowledge, to identify DEPs in the serum of patients with COPD compared with healthy 
individuals by using a DIA LC-MS/MS approach and to validate those findings using PRM. Of the initial 8484 peptides, 55 

Figure 3 Results of differential expression proteins (DEPs) analysis. 
Notes: Principal-component analysis (PCA) of samples from COPD (A1-A4) and Healthy Control group (B1-B4) (A). The higher degree of aggregation between the 
duplicated samples, the better the quantitative repeatability. Histogram of DEPs from COPD and Healthy control group (B). Volcano plots of DEPs from COPD and Healthy 
control group (C). The horizontal axis is the relative quantitative protein value after Log2 transformation, and the vertical axis is the P value of difference significance test 
after Log10 transformation. Heat map of DEPs from COPD and Healthy Control group (D). Each column indicates a sample and each row indicates a protein. The red colors 
represent up-regulated proteins and the blue colors represent down-regulated proteins. The color intensity represents the ratio of relative protein content from COPD to 
Healthy control group.
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different proteins were identified using LC-MS/MC. Bioinformatics analyses, including GO, KEGG, and PPI, of these DEPs 
found that the most relevant biological processes were immune response and the most relevant molecular functions included 
signaling receptor binding, antigen binding, and immunoglobulin receptor binding. Using PRM, 11 proteins (3 downregulated 
and 8 upregulated) were identified that may be useful in understanding the pathogenesis and well as the diagnosis and 
treatment of COPD.

In our study, immunoglobulin heavy constant gamma 2 (IGHG2), IGHG4, and secretoglobin 3A2 (SGB3A2) were 
downregulated in the serum of patients with COPD compared with healthy individuals. IGHG2 and IGHG4 belong to the 
heavy chains of IgG2 and IgG4, respectively. As an important humoral immunity molecule, IgG plays major roles in the fight 
against bacterial and viral infections as well as in mediating antibody-dependent cell-mediated cytotoxicity and complement 
activation.6 IgG2 primarily provides a universal immune response against polysaccharide antigens, and IgG2 deficiency is 
associated with recurrent respiratory infections in children.6 Serum IgG subtypes were previously detected during hospitaliza-
tion and after discharge of patients with COPD with acute exacerbation, and it was found that IgG and IgG4 levels were 
significantly decreased, which may be an important reason for the susceptibility to infection in these patients.7 In another 
study, a subgroup of persons with Down syndrome and IGHG4 deletion was susceptible to infection, suggesting that decreased 
IGHG4 protein expression is more likely to result in infection.8 In addition, the expression level of IGHG2 in sarcoma tumor 
cells is decreased and correlated with pyroptosis,9 a type of programmed cell death characterized by a robust inflammatory 
response.10 Zhu et al11 found that after cigarette smoke exposure of mice, alveolar macrophages showed an elevation of 

Figure 4 Gene Ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway functional enrichment of DEPs. 
Notes: The biological process, cellular component and molecular functional annotation of DEPs (A). The horizontal axis is the GO terms name, and the vertical axis is the 
number of proteins. Cellular component annotation of DEPs (B). Clusters of Orthologous Groups of proteins (prokaryotic homologous protein clusters/eukaryotic 
homologous protein clusters, COG/KOG) functional classification annotation of DEPs (C). The horizontal axis is the COG/KOG categories, and the vertical axis is the 
frequency of matched COG/KOG. KEGG pathway enrichment annotation of DEPs (D). The horizontal axis is the rich factor, and the vertical axis is the pathway.
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proteins indicative of pyroptosis. Mucus production and pro-inflammatory mediators, such as IL-6 and TNF-α, were also 
increased, whereas the phagocytic ability of the macrophages was decreased. These effects were alleviated by treatment with 
exosomes collected from adipose-derived stem cells. Consistent with the results of these studies, our study found that 
inflammation with an impaired innate immune response may be involved in the development of COPD. In addition, our 
enrichment and cluster analyses showed that the DEPs were closely related to inflammation signaling and bacterial defense 
mechanisms in COPD. IgG or IGHG functions are achieved via extracellular binding to antigens or microorganisms, which is 

Figure 5 Protein–protein interaction (PPI) networks analysis of DEPs. 
Note: Each node represents a protein and lines between the nodes represent the interaction between two proteins.

Figure 6 Chromatogram of quality control for parallel reaction monitoring (PRM) verification of DEPs.
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consistent with our GO annotation results. Therefore, we suggest that the enhanced susceptibility to infection for persons with 
COPD may be attributable to decreases in levels of IGHG2 and IGHG4, which may be a causal factor in the onset of COPD.

SCGB3A2 is a secreted protein that is highly expressed in airway epithelial cells. Previous studies have shown that 
SCGB3A2 significantly inhibits the upregulated inflammation in cells derived from the normal human bronchial 
epithelial (BEAS-2B) cell line after lipopolysaccharide stimulation. Moreover, SCGB3A2 inhibits the phosphorylation 
of extracellular signal-regulated kinase (ERK) and c-Jun N-terminal kinase (JNK) in lipopolysaccharide-induced BEAS- 
2B cells, suggesting that SCGB3A2 reduces lipopolysaccharide-induced inflammation in bronchial epithelial cells by 
inhibiting the activation of ERK and JNK.12 The ERK signaling pathway is a pro-inflammatory pathway associated with 
many diseases, including COPD.13,14 In a mouse model of COPD, cigarette smoke and lipopolysaccharide induced a lung 
inflammatory response via ERK signaling.15 Our results show that SCGB3A2 expression levels were significantly 
reduced in the serum of patients with COPD, suggesting that the ability to inhibit inflammation may be reduced in 
part due to a decrease in SGB3A2 levels and thus result in the progression of airway inflammation in COPD.

Eight upregulated proteins were also identified in our study. Leukotriene A4 hydrolase (LTA4H), a pro-inflammatory 
enzyme, induces substrate LTA4 to produce the inflammatory mediator leukotriene B4 (LTB4), which promotes inflamma-
tion in disease. However, this enzyme contains both hydrolase and aminopeptidase activities, which play roles in pro- 
inflammatory and anti-inflammatory responses, respectively. In the pathogenesis of COPD, LTA4H acts as a double-edged 
sword. Studies have found that although LTA4 increases the production of LTB4 and has pro-inflammatory effects, it also 
promotes the degradation of proline in the tripeptide proline-glycine-proline (PGP), thus performing anti-inflammation 
activity to some extent.16 In another study,17 cigarette smoke promoted the development of emphysema by inhibiting the 
enzyme activity of LTA4H aminopeptidase in lung tissue and by accumulating proline-glycine-proline and neutrophils in 
the air cavity. Thus, LTA4H has attracted a lot of research interest in recent years for the development of novel drugs to treat 
chronic inflammatory diseases. Novel, highly potent and selective inhibitors of LTA4H are currently undergoing clinical 
trials. Thus, it is expected that LTA4H will play a role in the treatment of COPD.18

Human leukocyte antigen-A (HLA-A) plays important roles in immune response and regulation. Our study found that 
HLA-A expression levels were increased in patients with COPD, in line with the results of previous studies. For example, in 
the genomic analysis of patients with COPD, expression of the HLA-A gene was significantly increased.19 In another study, 
Chen et al explored copy number variations in susceptible regions of long noncoding RNAs associated with HLA-A and the 
development of COPD.20 They found that the variations increased the expression of HLA-A in COPD lung tissues compared 
with normal lung tissues. Another group showed that HLA-A was significantly increased in the airway of patients with COPD, 
and its expression was decreased after intervention with azithromycin, suggesting that HLA-A may be involved in the 

Table 2 Differential Expression Proteins in Serum Samples from COPD and Healthy 
Control Group

Protein Accession Protein Name Gene Name P value Change

P04439 HLA-A HLA-A 0.010815911 Up-regulated

P06703 S100A6 S100A6 0.024116471 Up-regulated

P07602 SAP PSAP 0.26089498 Up-regulated
P09960 LKHA4 LTA4H 0.4135675 Up-regulated

P12724 ECP RNASE3 0.021189584 Up-regulated

P25788 PSMA3 PSMA3 0.66497472 Up-regulated
P07988 SFTPB SFTPB 0.007531858 Up-regulated

P15907 SIAT1 ST6GAL1 0.007531858 Up-regulated
P01859 IGHG2 IGHG2 0.005106837 Down-regulated

P01861 IGHG4 IGHG4 0.017569246 Down-regulated

Q96PL1 SG3A2 SCGB3A2 0.42952995 Down-regulated

Notes: Differential expression proteins levels between COPD to Healthy Control group. The difference expression 
level was more than 1.5 as the up-regulated change threshold, and less than 1/1.5 as the down-regulated change 
threshold.
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antibiotic effects of azithromycin in the treatment of COPD.21 Although there is currently a lack of research investigating the 
specific functions of HLA-A in COPD, it appears to warrant future research.

Eosinophil cationic protein (ECP) is a secreted protein with potent cytotoxic, antibacterial, and antiviral properties. 
ECPs are released by activated eosinophils and are considered a marker of eosinophilic inflammation. Previous studies 
have shown that ECP expression is significantly increased in patients with eosinophilic COPD, with the frequency of 
acute exacerbation and the risk of hospitalization being high in these patients.22 Eosinophilic inflammation may be 
evaluated to predict the treatment response to inhaled steroids, and ECP may be a biomarker. ECP has shown high 
sensitivity and specificity for inflammatory activity in mild COPD, with a strong association with sputum eosinophils 
counts.23 In a crossover study,24 the phosphodiesterase 4 inhibitor roflumilast significantly reduced the absolute number 
of eosinophils and levels of ECP in sputum from patients with COPD, suggesting that these anti-inflammatory effects 
may be involved in the treatment of COPD. Therefore, we believe that this protein may also be developed as 
a therapeutic target for specific types of COPD, but its role in non-eosinophilic COPD types still needs to be investigated.

The protein levels for proteasome 20S alpha 3 (PSMA3) were also found to be differentially elevated in our study. 
Proteasomes are distributed in high concentrations in eukaryotic cells and cleave peptides in non-lysosomal pathways in an 
ATP/ubiquitin-dependent process.25 Previous tumor studies have shown that increased PSMA3 levels lead to the proliferation 
and migration of pancreatic ductal adenocarcinoma cells.26 In the regulation of gene expression, a decrease in the RNAse 
activity of PSMA1 and PSMA3 is paralleled by changes in their phosphorylation and ubiquitylation status on hemin-induced 
differentiation of K562 erythroleukemia cells.27 Those findings indicated that the two proteins interacted with each other, 
which is consistent with the results of our study. Shi et al28 reported that fine particulate matter (PM2.5) induced an 
inflammatory response and lung toxicity in rats. To investigate the potential mechanism, they performed genome-wide 
DNA methylation and RNA transcript analysis using human bronchial epithelial cells (BEAS-2B). Their validation of the 
gene expression changes for several proteins, including PSMA3, indicated the functional participation of these proteins in 
biological processes critical to the pathogenesis of respiratory diseases. However, the role of PSMA3 in airway inflammation 
remains unclear. Further studies need to be performed to confirm whether PSMA1 and PSMA3 are good new candidate 
markers for the pathogenesis of COPD or as targets in the treatment of this disease.

We also found that several biological processes were associated with COPD. The TGF-β signaling pathway, which 
regulates a wide variety of cellular processes, such as pro-inflammation, inhibition of effects on immune cells, and induction of 
fibrosis29,30 was enriched, suggesting that this signaling pathway plays a vital role in COPD, fibrosis, and cancer. Previous 
study results have suggested that the levels of TGF-β signaling via SMAD are increased in macrophages collected from 
a mouse model of COPD.31 TGF-β pathway activation is also involved in the progression of COPD by regulating fibroblasts in 
lung tissue and small airway remodeling.32,33 Our findings were consistent with the previous study results.

In the present study, proteomic methods were used to find and verify DEPs in the serum of patients with COPD. 
However, this study had some limitations. Because we combined several samples within each participant group and 
analyzed the combined samples, we were unable to conduct association analyses between the DEPs and each partici-
pant’s phenotypes. All data analyzed in this study were obtained from serum samples; further experimental evidence of 
mechanisms underlying COPD development or occurrence associated with the observed protein level changes is needed 
using cell lines and animal models. In this study, the subjects were all male and mainly patients with mild COPD. 
Multicenter studies with larger sample sizes, all genders, and all stages are needed.

Conclusions
A DIA quantitative proteomics study with PRM confirmation of results was conducted to compare proteomic changes in 
the serum of patients with COPD. We identified DEPs associated with the occurrence and development of COPD. Our 
bioinformatics analysis results indicated that the DEPs were associated with the inflammatory process, infection, and 
immune response in COPD. The DEPs identified in this study may serve as potential diagnostic and prognostic markers 
for COPD phenotypes in the future and provide a basis for generating optimized treatment strategies.
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