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Purpose: The identification of blood biomarkers to diagnose acute exacerbation of chronic 
obstructive pulmonary disease (AECOPD) will have clinical utility. Here, we used 
a proteomics-based approach to identify biomarkers capable of identifying AECOPD.
Patients and Methods: This prospective, single-center pilot study enrolled 12 patients 
who came to Asan Medical Center (South Korea) via the outpatient clinic or emergency 
department with symptoms of AECOPD and were follow-up in the outpatient clinic during 
convalescence between 2015 and 2017. Paired blood samples collected from each patient 
during the treatment naïve AECOPD and convalescence stages were analyzed. A sequential 
window acquisition of all theoretical fragmentation spectra-mass spectrometry (SWATH-MS) 
-based proteome analysis was performed and a subset of the data were verified by ELISA.
Results: The SWATH-MS analysis identified 226 plasma proteins across all samples 
examined. The median coefficient of variation for triplicate technical replicates of each 
sample was 1.13 ± 1.38%, indicating high precision of the technique. Fold-change and paired 
t-test analyses revealed that 14 proteins were present at higher levels in the AECOPD 
samples than in the convalescence samples. A gene ontology analysis revealed that these 
proteins are involved in the acute-phase response. A total of 15 proteins were present at 
higher levels during the recovery (convalescence) stage than during the acute exacerbation 
phase, and gene ontology analysis revealed that these proteins are related to lipid metabolism 
and transport. Verification of the SWATH-MS data was performed using ELISAs for three 
proteins that were up-regulated in AECOPD, namely, LBP, ORM2, and SERPINA3. Among 
them, SERPINA3 (p = 0.005) was up-regulated significantly in AECOPD compared with the 
convalescence state.
Conclusion: Potential plasma biomarkers of AECOPD were discovered using the SWATH- 
MS proteomics method, and functional molecular associations were investigated. SERPINA3 
could be a promising diagnostic biomarker for the early identification and tracking of 
AECOPD.
Keywords: COPD, plasma, biomarker, ELISA, SWATH, mass spectrometry

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by irreversible 
airflow restrictions, which occur as a result of chronic airway inflammation and 
parenchymal destruction.1 With an estimated prevalence of 11.7% in the adult 
population,2 COPD is a heterogenous and complex disease that has a high mortality 
rate and represents a significant burden to the healthcare system. Indeed, it has been 
estimated that COPD will be the third leading cause of deaths worldwide by 2030.3 

Furthermore, COPD is a risk factor for lung cancer, which is the leading cause of 
cancer-related death worldwide with a 5-year survival rate of 15%.4–6 It is also 
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known to aggravate the prognosis of lung cancer due to 
higher morbidity and mortality.4

Acute exacerbation of COPD (AECOPD) is character-
ized by an acute aggravation of respiratory symptoms, 
leading to the need for further treatment.7 Key symptoms 
of AECOPD include increased dyspnea, frequent coughing 
and wheezing, and increased sputum volume and 
purulence.8 AECOPD can be triggered by a number of 
factors, including bacterial or viral infection, environmen-
tal pollutants, cold weather, and interruption of regular 
treatment, and can have a high economic and social 
burden.9,10 For example, AECOPD is associated with tem-
porary or permanent loss of lung function and a rapid 
decline in exercise capacity and quality of life, leading to 
hospitalization or sometimes death.11 Although diagnostic 
monitoring of AECOPD is one of the primary goals of 
COPD management, there is still no clear and objective 
diagnostic tool. Currently, the diagnosis of AECOPD 
relies solely on the clinical presentation of the patient, 
which is hampered by the complexity and heterogeneity 
of the disease.

Several studies have evaluated the characteristics of 
AECOPD. The traditional approach has been to use the 
clinical phenotype to classify individuals into groups 
based on similar clinical symptoms, prognosis, and 
response to treatment. For example, the Spanish COPD 
Guidelines (GesPOC) define the various clinical pheno-
types as follows: non-exacerbator phenotype with either 
chronic bronchitis or emphysema; asthma-COPD overlap 
syndrome; frequent exacerbator phenotype with emphy-
sema; and frequent exacerbator phenotype with chronic 
bronchitis.12 However, this method of classifying COPD 
is limited by the overlap of phenotypes and the possibility 
that different biological mechanisms may exist within the 
same phenotype group.

Moreover, molecular diagnostic analyses using multi- 
omics approaches have also been used to characterize and 
diagnose COPD.13 Multi-omics is a tool for analyzing 
complex datasets, including genomic, transcriptomic, pro-
teomic, and metabolomic data.14 In particular, some stu-
dies have attempted to identify blood biomarkers of COPD 
and AECOPD.15,16 One study reported that the serum level 
of IGFBP7 is up-regulated in AECOPD.17 In recent years, 
sequential windowed acquisition of all theoretical frag-
ment ion spectra-mass spectrometry (SWATH-MS),18 

a type of data-independent acquisition (DIA), has been 
used to discover clinical biomarkers.19–21 With this next 
generation proteomics method that considers both the 

selected reaction monitoring (SRM) and data-dependent 
acquisition (DDA) methods, it is possible to obtain stable 
quantitative information with high reproducibility for as 
many proteins as possible.22 Here, we used SWATH-MS to 
discover novel biomarkers that are increased in AECOPD 
and reduced in the recovery phase.

Patients and Methods
Study Population and Design
This prospective, single-center pilot study enrolled 12 
patients who came to Asan Medical Center (South 
Korea) via the outpatient clinic or emergency department 
with symptoms of AECOPD, and then underwent follow- 
up treatment in the outpatient clinic between 2015 and 
2017. Blood samples were collected from each patient 
during the treatment naïve AECOPD and stable COPD 
(convalescence) stages. All patients visited the Asan 
Medical Center within 14 days after the onset of 
AECOPD symptoms. A follow-up visit with sampling 
was performed at least 6 weeks after discharge. This 
study was approved by the Institutional Review Board 
(IRB) of Asan Medical Center (IRB number: 2019–0581) 
and was based on a previous study cohort of AECOPD 
patients (IRB number: 2015–0088). All patients provided 
written informed consent. This study was conducted in 
accordance with the principles of the Declaration of 
Helsinki.

The diagnosis of COPD was based on the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
criteria (a compatible history [example: age ≥40 years, 
history of smoking] and spirometry findings [a post 
bronchodilator forced expiratory volume in one second 
(FEV1)/forced vital capacity (FVC) ratio of ≤70%]).1 

AECOPD was also defined using the GOLD criteria.23,24 

We defined convalescence of COPD as having no symp-
toms correlated with exacerbation and no requirement for 
additional treatment above maintenance therapy, other 
than bronchodilator administration, with minimum two 
weeks after discharge.

The study inclusion criteria were as follows: 1) COPD 
diagnosis by the GOLD criteria; 2) patient required a visit 
to the outpatient clinic or emergency department for treat-
ment within 2 weeks after the onset of AECOPD symp-
toms; and 3) paired blood samples were available from the 
treatment naïve AECOPD and stable COPD states. The 
exclusion criteria were as follows: 1) age <40 years; 2) 
signs of pneumonia on chest X-ray; 3) presence of other 
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pulmonary comorbidities (for example, bronchiectasis, 
tuberculosis destroyed lung, active pulmonary tuberculo-
sis, lung cancer, interstitial lung disease, pulmonary arter-
ial hypertension, or sarcoidosis); 4) pregnant or 
breastfeeding; and 5) presence of other comorbidities that 
could cause death or disability (such as cancer, heart fail-
ure, coronary artery disease, cerebrovascular disease, 
chronic kidney disease, diabetes with major complications, 
or uncontrolled hypertension).

Clinical Variables
The following baseline parameters were reviewed retro-
spectively: full medical history (age, sex, body mass 
index, medical history, medication [including inhalers 
and steroids], smoking history, and exacerbation history), 
laboratory blood test results, sputum test results, electro-
cardiogram results, oxygen saturation (SpO2), blood gas 
analysis, chest radiograph, chest computed tomography, 
pulmonary function test (PFT), and quality of life ques-
tionnaire (for example, COPD Assessment Test). In addi-
tion, the treatment history, recovery period of AECOPD, 
and date of death or last follow-up after enrollment were 
also reviewed.

Plasma Sample Collection
Blood samples (12 mL) were collected during the 
AECOPD and convalescence states in tubes containing 
ethylenediaminetetraacetic acid. Plasma was prepared by 
centrifugation for 15 min at 2500 × g and 4°C, and then 
frozen in aliquots at −80°C.

Protein Digestion and Sample Preparation
Paired plasma samples collected from patients in the 
AECOPD and convalescent COPD states were used for 
the proteomic analysis. First, a 40 μL aliquot of plasma 
was diluted 4-fold and injected into a MARS14 column 
(100 × 4.6 mm; Agilent Technology, Palo Alto, CA, USA) 
on a binary HPLC system (20A Prominence, Shimadzu, 
Tokyo, Japan). The unbound fraction was lyophilized with 
a cold trap (CentriVap Cold Traps, Labconco, Kansas City, 
MO, USA). Next, protein digestion was conducted using 
suspension-trapping sample preparation.25 The lyophilized 
protein was resuspended in 400 μL of 5% SDS in 50 mM 
TEAB (pH 7.55), and disulfides were reduced by adding 
dithiothreitol to a final concentration of 20 mM and incu-
bating for 10 min at 95°C. Cysteines were alkylated by the 
addition of iodoacetamide to a final concentration of 40 
mM, and the samples were then cooled to room 

temperature and incubated in the dark for 30 min. 
Subsequently, the samples were diluted 10-fold in 12% 
phosphoric acid. Each sample was then loaded onto 
a S-Trap mini column (CO2-mini-80; ProtiFi, 
Farmingdale, NY, USA) along with 10 μg of Lys-C/trypsin 
mixture, and the column was incubated for 1 h at 47°C. 
The eluted peptide mixture was lyophilized with a cold 
trap and stored at −80°C until use.

Mass Spectrometry Analysis
Prior to liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) analyses, dried peptide samples were recon-
stituted in 0.1% formic acid and the total peptide concen-
trations were measured using a UV/Vis spectrophotometer 
(NanoDrop One, Thermo Fisher Scientific, Waltham, MA, 
USA) at a wavelength of 280 nm, with the sample type 
option set to “1 Abs = 1 mg/mL”. Subsequently, for 
calibration of the retention time, the iRT-standard provided 
by the iRT-Kit (Biognosys AG, Schlieren, Switzerland) 
was added to the sample at a 1/10 dilution, according to 
the manufacturer’s instructions.26 Each 40 μg sample was 
dissolved in a total volume of 40 μL. The injected samples 
(4 μL) were analyzed using a SCIEX TripleTOF 5600+ 
mass spectrometer system. For LC separation, the 
ekspertTM nanoLC 425 system (Eksigent, Dublin, CA, 
USA) was used with an Eksigent micro trap cartridge 
(ChromXP C18CL, 5 μm, 120 Å) as the trap column, 
and an Eksigent column (C18-CL, 0.3×150 mm, particle 
size 3 μm, pore size 120 Å) as the analytical column. The 
column temperature was maintained at 40°C. The samples 
were loaded onto the trap column using 100% eluent 
A (0.1% formic acid) at a flow rate of 10 μL/min. After 
10 min, the peptide mixtures were separated for 57 min 
using eluent A and eluent B (0.1% formic acid in 100% 
acetonitrile). Eluent B was supplied at a flow rate of 5 μL/ 
min and was increased from 3% to 25% over 38 min, 25% 
to 32% over 5 min, and 32% to 80% over 2 min, kept at 
80% for 3 min, and then reduced to 3% over 1 min and 
kept at 3% for a further 8 min. For each sample, all mass 
spectrometry runs were operated in SWATH mode using 
100 variable windows, as per the SCIEX technical notes. 
The SWATH parameters were as follows: lower m/z limit, 
400; upper m/z limit, 1250; window overlap (Da), 1.0; 
CES, 5 for the smaller windows, 8 for the larger windows, 
and 10 for the largest windows. MS2 spectra were col-
lected in the 100–1500 m/z range for 2.5 ms in the high 
sensitivity mode and the total cycle time was 2.8 s. Other 
MS parameters were set as follows: ion source gas 1 
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(GS1), 15; ion source gas 2 (GS2), 20; curtain gas (CUR), 
30; temperature (TEM), 250°C; ion spray voltage floating 
(ISVF), 5500. Triplicate LC-MS/MS runs were analyzed, 
giving a total of 72 files (12 patients, two plasma samples, 
three replicates of each).

SWATH Data Analysis
The DIA files for individual samples were processed using 
Spectronaut Professional + x64 (13.12.200217.43655) and 
compared with a pan-human protein mass spectrometry 
library.27 Default analysis settings were used, with the fol-
lowing minor changes: the false discovery rate (FDR) of 
protein identification was set to 5% and a maximum of six 
precursors was used for quantification. For peptide/protein 
quantification, the peak area of fragment ions was used and 
the mean peptide quantity was measured. The results of 
protein quantification were further processed and analyzed 
using R (ver. 3.6.0). All data were log2 transformed and the 
differences between protein levels in groups were compared 
using paired t-tests with Benjamini’s-Hochberg’s correction 
of the p-value (q-value). The resulting q-value of 0.05 was set 
as a cut-off.

Validation with ELISA
ELISA analyses were performed to validate the potential 
biomarkers identified via SWATH-MS. The following 
ELISA kits were used: alpha 1 antichymotrypsin 
(Product ID ab157706; Abcam, Cambridge, UK), lipopo-
lysaccharide-binding protein (Product ID: DY870-05; 
R&D Systems, Minneapolis, MN, USA), and alpha- 
1-acid glycoprotein 2 (Product ID: MBS763511; 
MyBioSource, San Diego, CA, USA). Briefly, 96-well 
microplates were coated with monoclonal antibodies by 
incubating each well at 4°C overnight with 50 μL of anti-
body in phosphate buffer (pH 7.4). After removal of the 
coating buffer, the coated plate was blocked with PBS 
containing 1% BSA (100 μL/well) for 1 h at room tem-
perature. The plates were then washed three times with 
200 μL of 0.05% Tween-20 in PBS. Subsequently, the 
samples and standard were dispensed into the coated 
wells (100 μL/well, in duplicate) and the plates were incu-
bated for 1 h at room temperature, after which they were 
washed three times with 0.05% Tween-20 in PBS. For 
detection, a biotinylated or horseradish peroxidase- 
conjugated antibody was dispensed into each well and 
the plates were incubated for 1.5 h (biotinylated) or 30 
min (horseradish peroxidase) at room temperature. The 
plates were then washed a further three times with 0.05% 

Tween-20 in PBS. TMB substrate solution was dispensed 
into each to develop the color reaction and the reaction 
was stopped by the addition of stop solution (0.18 M 
sulfuric acid). The absorbance was then measured at 405  
nm using a microplate reader (BioRad).

Statistical Analysis
The demographic factors are presented as the median and 
interquartile range (IQR). For the proteomic data, principal 
component analyses and volcano plots were performed 
using R (version 3.6.0; R Foundation for Statistical 
Computing). Differentially expressed proteins were identi-
fied using paired t-tests to compare the normalized protein 
abundances in the AECOPD and convalescence groups. 
The p-value was corrected using the Benjamini-Hochberg 
method. For the ELISA results, paired t-tests were used to 
compare the mean values in the AECOPD and convales-
cence groups.

Functional Annotation
Proteins that were differentially expressed between the 
AECOPD and convalescence groups were annotated by 
the rapid integration of term annotation and network 
resources (RITAN) R package.28 Only the “GO” func-
tional annotation database was selected. Only terms with 
an FDR <0.0001 were selected.

Results
Baseline Characteristics of the Study 
Population
After excluding 19 patients, a total of 12 male patients diag-
nosed with COPD were enrolled in the study (Figure 1). Paired 
blood samples collected in the exacerbation and convales-
cence stages were available for all patients. The clinical factors 
of all patients during the exacerbation stage, including age, 
BMI, smoking status, and pulmonary function test, are 
described in Table 1. The median age of the study population 
was 68.5 years (IQR = 7.25 years) and the median BMI was 
23.95 kg/m2 (IQR = 4.53 kg/m2). In terms of the spirometry 
results, the median FEV1 was 48% (IQR = 21.75%), the 
median FVC was 81.5% (IQR = 22.25%), and the median 
FEV1/FVC ratio was 0.405 (IQR = 0.1225).

Plasma Proteome Analysis Using 
SWATH-MS
SWATH-MS was used to compare the proteomic profiles 
of plasma samples collected during the exacerbation and 
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convalescence stages. LC-MS/MS runs were performed 
in triplicate. Data from 72 samples (12 patients, two 
plasma samples, three replicates of each) were analyzed 

against the public pan-human protein mass spectrometry 
library. Overall, 226 plasma proteins were quantified 
(Figure 2A).27 To determine the quantitative reproduci-
bility of the SWATH-MS data, we computed the coeffi-
cient of variation (CV) for each set of three technical 
replicates. The median CV% for each sample was 1.13  
± 1.38% (standard deviation). Among the proteins quan-
tified in all three replicates, 99.42% had a CV <20%, 
meaning that they met the clinical criteria according to 
the Clinical Proteomic Tumor Analysis Consortium 
(CPTAC) guideline (Figure 2B).29 Next, a principal 
component analysis was performed for each sample 
(Figure 3) to reveal differences between samples accord-
ing to individual COPD status. In the most extreme 
cases, such as in the case of patient #1, the plasma 
protein profiles in the AECOPD and convalescence 
states were very similar, whereas in the case of patient 
#5, they were very different.

Functional Annotation of Proteins 
Expressed at Different Levels in the 
COPD Acute Exacerbation and 
Convalescence States
Significant differences between the abundances of proteins 
in the AECOPD and convalescence samples were deter-
mined using paired t-tests. Subsequently, the 

Figure 1 Flow chart of the study.

Table 1 Clinical Characteristics of the 12 COPD Patients in the State of Exacerbation

Patient Number Age Gender BMI Smoking Status FEV1 (%) FVC (%) FEV1/FVC (%)

1 71 Male 29.23 Former 63 71 58

2 71 Male 23.80 Current 47 73 44

3 64 Male 26.18 Former 49 99 37

4 84 Male 24.10 Former 47 80 36

5 68 Male 22.39 Never 42 94 32

6 66 Male 22.41 Current 68 112 44

7 76 Male 21.39 Current 67 98 46

8 75 Male 29.37 Former 26 54 32

9 69 Male 24.70 Former 34 82 29

10 64 Male 23.02 Former 64 72 66

11 58 Male 21.51 Former 40 86 36

12 65 Male 32.72 Former 59 81 51

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in one second; FVC, forced vital capacity.
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Figure 2 Proteomic analysis of the plasma samples using SWATH-MS. (A) Boxplots of normalized plasma protein abundances in the 12 pairs of COPD patient samples. (B) 
Reproducibility of the SWATH-MS measurements. The graph shows the CVs of the peak areas detected in triplicate analyses of each sample.

Figure 3 Principal component analysis of protein abundances in plasma samples collected from the 12 patients in the AECOPD or convalescence state.
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FDR-corrected p-value (q-value) was calculated. 
A volcano plot representing log2-fold-changes (convales-
cence/AECOPD) against minus log10 q-values identified 
14 proteins that were up-regulated and 15 proteins that 
were down-regulated in AECOPD samples compared with 
convalescence samples (|fold-change| > 1.3; q-value < 

0.05; Figure 4A and Table 2). Subsequently, we performed 
a gene ontology (GO) analysis (FDR < 0.0001) to examine 
the biological relevance of these changes (Figure 4B). 
Proteins related to the “Acute-phase response” were up- 
regulated in AECOPD, whereas those related to 
“Lipoprotein metabolic process”, “Lipid transport”, and 

Figure 4 Volcano plot and functional annotation of proteomic data from paired COPD plasma samples (N = 12). (A) A volcano plot showing the log2 fold-change in the 
abundance of each protein between the AECOPD and convalescence samples on the x-axis, and the FDR-corrected p-value (q-value) on the y-axis. Red circles show the 14 
plasma proteins that were present at significantly higher levels in AECOPD samples than in convalescence samples. Blue circles show the 15 plasma proteins that were 
present at significantly higher levels in convalescence samples than in AECOPD samples. Gray circles represent plasma proteins that were not differentially expressed 
between the two groups. (B) A gene ontology (GO) analysis of the proteins that were differentially expressed between the two COPD states (FDR < 0.0001). The GO 
terms represent the link between a protein and a particular biological process, molecular function, or cellular component.
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“Very low density lipoprotein particle” were up-regulated 
during convalescence. Both conditions were associated 
with the terms “Extracellular space”, “Extracellular 
region”, “Blood microparticle”, and “Extracellular 
exosome”.

Selection of Biomarkers of AECOPD for 
ELISA Validation
We preferentially selected 14 proteins that were up- 
regulated in AECOPD because they can be detected 

Table 2 The 29 Proteins That Were Differentially Expressed Between AECOPD and Convalescence Samples

Index Protein Name Up-Regulated in Log2 Fold-Change (Convalescence/AECOPD) q-Value

1 CRP AECOPD −3.29 2.62E-02

2 SAA1 −2.31 1.98E-04

3 FGA −1.20 8.81E-03

4 DCD −1.06 4.04E-02

5 LBP −0.83 1.85E-03

6 C1QA −0.72 1.19E-03

7 ORM2 −0.63 1.40E-04

8 KNG1 −0.61 8.81E-03

9 C9 −0.57 1.97E-04

10 APOC1 −0.56 1.98E-04

11 PROZ −0.54 1.43E-02

12 ORM1 −0.49 1.85E-03

13 SERPINA3 −0.45 4.60E-03

14 CFI −0.40 1.85E-03

15 APOA4 Convalescence 1.21 2.88E-03

16 IGHE 0.79 3.52E-02

17 APOC2 0.77 1.32E-04

18 HDAC4 0.73 1.42E-02

19 ITIH2 0.61 5.75E-05

20 MASP1 0.58 7.65E-03

21 F12 0.56 1.02E-03

22 SERPINA5 0.48 1.67E-03

23 ACTB 0.47 9.61E-03

24 TF 0.47 1.32E-04

25 APOL1 0.47 1.40E-04

26 RBP4 0.45 2.27E-02

27 ADSS2 0.42 4.38E-02

28 APOA2 0.40 8.33E-04

29 AFM 0.40 1.20E-03
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easily in the clinical setting. Among them, the following 
three proteins were selected for ELISA validation based 
on their absolute fold-changes in abundance between the 
AECOPD and convalescence samples, the schematic 
trend of their before-after concentration plot, and the 
fact that they are acute-phase response-related proteins: 
lipopolysaccharide-binding protein (LBP), alpha-1-acid 
glycoprotein 2 (ORM2), and alpha-1-antichymotrypsin 
(SERPINA3). The differences in the expression levels 
of these proteins between the AECOPD and convales-
cence samples identified via SWATH-MS were validated 
using ELISAs (Figure 5A–C). For all three proteins, there 
was a trend of higher expression in AECOPD and lower 
expression in the recovery (convalescence) phase. 
SERPINA3 (p = 0.005) was up-regulated significantly 
in the AECOPD samples compared with the convales-
cence samples. By contrast, the observed differences in 
the levels of ORM2 and LBP were not statistically sig-
nificant (p = 0.07 and p = 0.14, respectively).

Discussion
To our knowledge, our current study is the first to identify 
biomarkers of AECOPD using the SWATH-MS method. 
Unlike other proteomics methods such as data dependent 
acquisition (DDA) and isobaric labeling-based relative 
quantification, SWATH-MS enables the identification of 
proteins with low abundance and has good reproducibility 
and data consistency.19–22 A previous study using multiple 
reaction monitoring (MRM) mass spectrometry identified 
55 proteins in a panel of samples from COPD patients in 

the acute exacerbation or convalescent state, of which 
seven proteins were differentially expressed between the 
two states.15 By contrast, our study enabled the identifica-
tion of 226 proteins in the plasma samples, of which 29 
were differentially expressed between states. In addition, 
four of seven proteins, namely, APOA4, C9, CRP, and 
LBP, overlapped and the quantitative patterns were con-
sistent with each other.

Our analyses confirmed that proteins related to 
acute-phase systemic inflammation and immune 
responses, which are key players in the pathogenesis 
of COPD and AECOPD, were expressed at higher levels 
during the AECOPD stage than during the convales-
cence stage.30 The complement system is involved in 
both innate and adaptive immunity; the complement 
proteins C1QA and C9 are involved in the classical 
pathway that leads to formation of the membrane attack 
complex. In addition, complement factor I (CFI) regu-
lates the complement system by degrading the activated 
complement proteins C3b and C4b. The observed up- 
regulation of C1QA, C9, and CFI in the AECOPD 
samples may be a consequence of the hyper- 
inflammatory status of the patient. In addition, the 
observed increase in the level of CRP protein in the 
AECOPD samples might play a role in the up- 
regulation of these complement proteins since it is 
a weak enhancer of the complement system.31 In line 
with our current findings, previous studies have shown 
that CRP is up-regulated during AECOPD and down- 
regulated during recovery.17,32

Figure 5 Boxplots of the plasma concentrations of SERPINA3 (A), ORM2 (B), and LBP (C) determined using ELISAs.
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Proteins related to lipid transport and metabolism were 
down-regulated in the AECOPD stage. This was also 
observed in a previous study on lipid profiles during 
clinical sepsis, which is associated with acute systemic 
inflammation.33 In patients with severe sepsis, most lipo-
proteins (total cholesterol, triglycerides, VLDL, LDL, and 
HDL cholesterol) and lipid transport proteins (lecithin: 
cholesterol acyltransferase and plasma cholesteryl ester 
transfer protein) were present at low levels because of 
reverse cholesterol transport inhibition,34,35 combined 
with high levels of inflammatory markers such as CRP. 
This mechanism has been reported to normalize HDL 
levels with increased production of pre-beta HDL.33 

Overall, these findings suggest an increased disruption 
of pulmonary lipid homeostasis in AECOPD.36 

Furthermore, up-regulation of lipid profiles during con-
valescence state might have important clinical implica-
tions, since these profiles are closely related to metabolic 
syndrome which is common in COPD patients37 and 
increases the risk of COPD exacerbation and lung 
impairment.38 Thus, lipid profiles in stable COPD patients 
should also be carefully monitored and treated 
accordingly.

We used ELISAs to validate the increased expression 
levels of LBP, ORM2, and SERPINA3 identified via 
SWATH-MS in the AECOPD samples. Along with CRP, 
LBP is well known as a systemic anti-inflammatory 
mediator,39–41 and ORM2 has been identified as an acute- 
phase protein in the inflammatory response.42 SERPINA3 
antiproteases prevent proteolytic activity to inhibit par-
enchymal inflammation of the lung by environmental fac-
tors such as smoking.43 A rare SERPINA3 polymorphism 
is associated with the development of COPD.44 Serum 
SERPINA3 levels are negatively correlated with the 
FEV1, an indicator of lung function,43 and are related to 
poor COPD prognosis, including an exacerbation of sys-
temic inflammatory conditions and increased 10-year 
mortality.45 Notably, a protease-antiprotease imbalance in 
COPD patients is associated with the presence of airway 
injury and decreased lung function.43 Along with these 
previous findings, our current results suggest that the 
SERPINA3 protein may be a potential biomarker reflect-
ing exacerbation of COPD with pulmonary inflammation. 
Thus, SERPINA3 may aid the early identification of 
AECOPD and could be used to evaluate treatment 
response.46 However, studies on the mechanism and role 
of SERPINA3 in AECOPD are still limited, and further 
studies are warranted to support our study findings.

This prospective proteomic study used paired plasma 
samples, which might increase the statistical power of the 
study by correcting for within-individual variations in 
protein levels. However, the study has some limitations. 
Because it was a short-term single-center study, it has 
a relatively small sample size, which diminishes the like-
lihood of generalization. In addition, the use of plasma 
biomarkers to diagnose and track AECOPD is hampered 
by the fact that their abundance levels may display 
a variety of trends depending on the specific drug being 
taken or bacterial, viral, or other causes of COPD exacer-
bation. To assess their applicability to a larger population, 
the results presented here need further validation using 
multi-center cohorts with large numbers of patients. 
Lastly, due to limited resources, we enrolled only COPD 
patients in AECOPD or convalescent stage. Further studies 
including healthy volunteers are warranted to validate our 
study findings.

Conclusion
In summary, our study attempted to identify candidate 
plasma biomarkers of AECOPD using the SWATH-MS 
method. We identified 29 proteins that were differentially 
expressed between COPD patients in the acute exacerba-
tion and recovery stages. Among them, the up-regulation 
of three proteins (LBP, SERPINA3, and ORM2) in the 
AECOPD stage was verified by ELISA, although only 
SERPINA3 showed statistical significance.
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