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bronchioles [1]. Globally, COPD leads to a reduced qual-
ity of life and a high disease burden [2]. According to 
the World Health Organization, COPD affects more 
than 65  million people worldwide; in 2005, 5% of the 
global population (more than 3  million people) died 
from COPD-related illness, and COPD is expected to 
be the fourth most common cause of death by 2030 [3]. 
In South Korea, COPD is the seventh leading cause of 
death and is expected to result in higher medical costs, 
as well as social and economic burdens, due to continu-
ous exposure to risk factors and an aging population [4]. 
Although many studies have been conducted to identify 
biomarkers for early detection and diagnosis of COPD, 

Introduction
Chronic obstructive pulmonary disease (COPD) is a 
leading cause of morbidity and mortality worldwide. It 
is characterized by irreversible expiratory airflow limita-
tion due to obstruction in the small airways and emphy-
sematous destruction of distal airspaces in the terminal 
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Abstract
Background  Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality 
worldwide. Single-cell RNA sequencing (scRNA-seq) provides gene expression profiles at the single-cell level. Hence, 
we evaluated gene expression in the peripheral blood of patients with COPD.

Methods  Peripheral blood samples from seven healthy controls and eight patients with COPD were obtained in this 
study. The 10X Genomics Chromium Instrument and cDNA synthesis kit were utilized to generate a barcoded cDNA 
library for single cell RNA-sequencing. We compared the scRNA-seq data between the COPD and control groups 
using computational analysis. Functional analyses were performed using Gene Ontology and Kyoto Encyclopedia of 
Genes and Genomes pathway analyses.

Results  scRNA-seq was used to analyze the transcriptome of peripheral blood mononuclear cells from seven 
normal controls and eight patients with COPD. We found an increased number of monocyte/macrophages in the 
COPD group compared to the normal control group. Among the differentially expressed genes (DEGs) in monocyte/
macrophages, we identified 15 upregulated genes (EGR1, NR4A1, CCL3, CXCL8, PTGS2, CD83, BCL2A1, SGK1, IL1B, 
BTG2, NFKBIZ, DUSP2, MAFB, PLAUR and CCL3L1) and 7 downregulated genes (FOLR3, RPS4Y1, HLA-DRB5, NAMPT, 
CD52, TMEM176A and TMEM176B) in the COPD group compared to the normal control group.

Conclusions  Using scRNA-seq, we found differences in cell type distribution, especially in monocyte/ macrophages. 
Several upregulated and downregulated genes were found in the monocyte/macrophages of the COPD group.
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the biomarkers responsible for COPD remain poorly 
understood. To better understand how biomarkers can 
be used to diagnose COPD,, it is vital to identify gene 
expression-based molecular predictors using single-cell 
RNA sequencing (scRNA-seq) [5, 6].

Many genetic studies have been performed on lung 
tissue or bronchoalveolar lavage (BAL) fluid. However, 
because sample collection for these approaches is inva-
sive, it is important to identify more easily accessible bio-
markers. Therefore, we used peripheral blood samples to 
study transcriptomic profiles because of their ease of use 
in biomarker screening. As scRNA-seq can resolve cell 
expression variability within cellular populations, it could 
enhance our understanding of COPD biomarkers.

The development of scRNA-seq has greatly facilitated 
transcriptomic studies, leading to insightful findings 
regarding cellular expression variability and dynamics 
[7]. scRNA-seq provides unprecedented opportunities 
for exploring gene expression profiles at the single-cell 
level [6, 7]. These studies have revealed significant cell-
to-cell gene expression variability. To discover blood 
biomarkers of COPD, we conducted scRNA-seq at the 
single-cell level on the peripheral blood of patients with 
COPD and normal controls. We analyzed differences in 
cell type distribution and differentially expressed genes 
(DEGs). Finally, we performed functional analysis using 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analyses for COPD group 
compared to normal control group.

Method
Study design and population
Data from the Chronic Obstructive Pulmonary Dis-
ease in Dusty Areas (CODA) cohort were analyzed. The 
CODA cohort enrolled participants living in six cities 
(Gangneung, Donghae, Samcheok, Yeongwol, Danyang, 
and Jecheon) near cement plants in the Kangwon and 
Chungbuk provinces of South Korea between 2012 and 
2017. Details of the design and materials of the CODA 
study have been described previously [8].

We obtained data from seven healthy participants 
and eight participants with COPD from the CODA 
cohort. Peripheral blood samples were obtained from 
patients living in two cities (Samcheok and Yeongwol), 
who were divided into two groups: COPD and normal 
control. Peripheral blood mononuclear cells (PBMCs) 
were isolated by density centrifugation and processed 
either directly or after frozen storage. The cells were then 
labeled with cell hashing antibodies and loaded onto 
droplet-based (10x) scRNA-seq platforms (Fig. 1).

Written informed consent was obtained from all the 
participants. This study was approved by the Institutional 
Review Board (IRB) of Kangwon National University 
Hospital (IRB No. 2012-06-007-061).

scRNA-seq
We utilized the 10X Genomics Chromium Instrument 
and copy DNA (cDNA) synthesis kit (10x Genomics: 
Chromium Next GEM Automated Single Cell 5′ Library, 
Gel Bead Kit v1.1 and Human TCR/BCR amplification 
kit) to generate a barcoded cDNA library for scRNA-seq 
from approximately 3,000 cells. The quality of the cDNA 
library was assessed using an Agilent Bioanalyzer. Using 
this library, we performed two paired-end 100  bp Flow 
Cells using an Illumina Novaseq 6000 whole-genome 
sequencing system.

scRNA-seq analysis
Sequencing reads were processed with Cell Ranger v6.0.2 
software, using the human reference genome, GRCh38. 
Feature-barcode matrices were generated, and down-
stream analyses were performed using the Seurat v4.2.0 
package in R v4.0.3 software [9]. Quality control, cell fil-
tering, normalization, and clustering were performed 
using Seurat. We annotated annotated cell type-specific 
markers using PanglaoDB [10] and confirmed them with 
a dot plot in Supplementary Fig.  1. Candidate marker 
genes with high expression levels in each cluster were 
selected and cell types were defined according to the 
criteria in Supplementary Table 1. Data integration was 
achieved through FindIntegrationAnchors and Integrat-
eData functions with default options. The integrated data 
was further processed using the ScaleData and RunPCA 
functions. We performed normalization and principal 
component analysis on the preprocessed matrix, using 
the first 16 principal components for clustering. The 
shared nearest neighbor algorithm was used to perform 
clustering with a resolution of 0.4, and visualization was 
performed using uniform manifold approximation and 
projection. To identify DEGs between the normal con-
trol and COPD groups, we used the default test in the 
“FindAllMarkers” function of Seurat (i.e., the Wilcoxon 
rank-sum test), which is the most widely used approach. 
scProportionTest v0.0.0.9000 was used to confirm differ-
ences between COPD and the normal control by cell type 
[11]. scProportionTest analyzes the differences between 
cell proportions corresponding to cell types between dif-
ferent groups. For DEGs, GO and KEGG pathway analy-
ses were performed using the “ClusterProfiler v3.18.1” 
package in R, which supports statistical analysis and 
visualization of functional profiles for genes and gene 
clusters.

Results
Study characterization
The mean age was 78 years in the normal control group 
and 80.6 years in the COPD group (Table 1), and 73.3% 
of the participants were male. In the control group, there 
were four former smokers and three current smokers, 
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while in the COPD group, there were five former smok-
ers and one current smokers. The emphysema index was 
7.8 in the control group and 6.44 in the COPD group. 
The FEV1/FVC value was normal at 0.75 in the normal 
control group but decreased to 0.58 in the COPD group. 
In the COPD group, there was one participant in GOLD 
stage 1, six participants in GOLD stage 2, and one par-
ticipant in GOLD stage 3. There were no significant dif-
ferences in age and sex between the normal control and 
COPD groups. The COPD group showed lower lung 
function compared to the control group. Using available 
clinical data, we compared the levels of peripheral blood 
cells (Fig. 2; Table 2).There were no significant differences 
in the blood cell differential count between peripheral 
blood samples from the control and COPD groups.

Table 1  Baseline characteristics of study participants
Baseline All (n = 15) Control (7) COPD (8) p-Value
Age 79.4(6.59) 78.0(5.69) 80.63(7.44) 0.4266
Gender
  Male 11(73.3) 6(85.7) 5(62.5) 0.5692
  Female 4(26.7) 1(14.3) 3(37.3)
Smoking
  Current-smoker 1(6.7) 1(12.5) 1
  Former-smoker 9(60.0) 4(50.0) 5(62.5)
  Never-smoker 5(33.3) 3(20.0) 2(25.0)
Emphysema index 7.02(6.59) 7.80(10.53) 6.44(6.20) 0.8493
FEV1 (L) 1.83(0.68) 2.21(0.63) 1.49(0.56) 0.0769
FVC (L) 2.71(0.77) 2.93(0.73) 2.52(0.80) 0.4001
FEV1/FVC 0.66(0.11) 0.75(0.06) 0.58(0.07) 0.0066
Definition of abbreviations: FEV1 forced expiratory volume in one second, FEV 
forced vital capacity

Fig. 1  Overview of study design. Overview of study design for normal and COPD blood samples using scRNA seq
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Cell subpopulation identification
We used Uniform manifold approximation and Projec-
tion (UMAP) for scRNA seq profiling. UMAP was used 
for reference-based cell type annotation in the COPD 
group. The UMAP visualization of scRNA-seq profiles 
(10x) included 56,097 cells from 15 samples (26,462 cells 

from seven normal control samples and 29,635 cells from 
eight COPD samples) (Fig. 3).

We found an increased number of monocyte/macro-
phages in the COPD group compared to the normal con-
trol group (Fig.  4; Table  3). Among the cell types, only 
monocyte/macrophages showed a significant difference 
in the COPD group compared with the normal control 
group (FDR < 0.05) (Fig. 5).

Analysis of DEGs
Bioinformatics analysis revealed the presence of DEGs 
in the COPD group. Volcano plots were used to visualize 
the identified DEGs in each cell type within the COPD 
group (Fig. 6). Based on the proportion of cell types, we 
focused on DEGs in monocyte/macrophages. For DEGs 
in other cell types, refer to Table 4.

Among the DEGs in monocyte/macrophages, we found 
15 upregulated genes (EGR1, NR4A1, CCL3, CXCL8, 
PTGS2, CD83, BCL2A1, SGK1, IL1B, BTG2, NFKBIZ, 
DUSP2, MAFB, PLAUR and CCL3L1)and 7 downregu-
lated genes (FOLR3, RPS4Y1, HLA-DRB5, NAMPT, 
CD52, TMEM176A and TMEM176B) in the COPD 
group compared to the normal control group (Fig.  6; 
Table 4).

Table 2  Comparison of blood cell differential counts between 
the COPD and normal control groups

All (n = 15) Control (7) COPD (8) p-value
WBC 6.56 (1.41) 5.96 (0.96) 7.09 (1.59) 0.2037
RBC 4.39 (0.41) 4.30(0.50) 4.46(0.34) 0.2901
MCV 91.83(3.05) 91.51(2.46) 92.11(3.64) 0.8647
MCH 30.48(1.54) 30.03(0.75) 30.88(1.97) 0.5713
MCHC 33.19(0.90) 32.81(0.67) 33.53(0.98) 0.1533
Hemoglobin 13.36(1.22) 12.93(1.55) 13.74(0.76) 0.2440
Hematocrit 40.23(3.24) 39.34(4.05) 41.01(2.32) 0.4640
Platelets 228.33(64.68) 200.43(43.49) 252.75(72.71) 0.2045
Seg. neutrophil 59.86(9.29) 59.41(11.08) 60.25(8.18) 0.6916
Lymphocytes 27.75(7.85) 29.00(8.44) 26.65(7.69) 0.6916
Monocyte 8.45(2.56) 8.59(2.68) 8.34(2.64) 1.0000
Eosinophils 3.21(3.03) 2.30(2.18) 4.00(3.56) 0.2428
Basophils 0.73(0.27) 0.70(0.27) 0.76(0.29) 0.8602
Definition of abbreviations: WBC white blood cell, RBC red blood cell, MCV mean 
corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean cell 
hemoglobin concentration

Fig. 2  Results of white blood counts in peripheral blood from COPD and normal groups. Definition of abbreviations: WBC white blood cell, LYMP lympho-
cyte, MONO monocyte, SEG segmented neutrophil, EOSINO eosinophil, BASO basophil
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Enrichment analysis of DEGs in the COPD group
Analysis of signaling pathways (GO, KEGG)
We found an increased ratio of monocyte/macrophages 
in the COPD group compared to the normal control 
group. Therefore, we performed further functional analy-
sis of monocyte/macrophages.

GO analysis revealed that the upregulated DEGs 
in monocyte/macrophages of the COPD group were 
enriched in cytoplasmic translation, DNA replication, 
histone modification, ribonucleoprotein complex biogen-
esis, ribosome biogenesis, peptidyl-lysine modification, 
non-coding RNA processing, non-coding RNA meta-
bolic processing, DNA-dependent DNA replication, and 
double-strand break repair. The downregulated DEGs 
in monocyte/macrophages of the COPD group were 
enriched in aerobic respiration, cellular respiration, T cell 

activation, adenosine triphosphate metabolic process, 
positive regulation of lymphocyte activation, generation 
of precursor metabolites and energy, adaptive immune 
response based on somatic recombination of immune 
receptors built from immunoglobulin superfamily 
domains, oxidative phosphorylation, immune response-
regulating signaling pathways, and energy derivation by 
oxidation of organic compounds (Fig. 7).

The results of the KEGG pathway analysis revealed 
that the upregulated DEGs in monocyte/macrophages 
of the COPD group were enriched in the ribosome, cell 
cycle, nucleocytoplasmic transport, spliceosome, sphin-
golipid signaling pathway, nucleotide excision repair, 
and autophagy. The downregulated DEGs in the mono-
cyte/macrophages of the COPD group were enriched 
in oxidative phosphorylation and proteasomes (Fig.  8). 

Fig. 3  UMAP visualization of 56,097 cells from 15 samples. 26,462 cells from seven normal control samples and 29,635 cells from eight COPD samples. 
Nine cell types were identified based on cluster-specific marker genes
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Both GO and KEGG pathway analyses indicated that 
the upregulated DEGs in monocyte/macrophages of 
the COPD group were enriched in ribosome biogenesis, 
while the downregulated DEGs in monocyte/macro-
phages of the COPD group were enriched in oxidative 
phosphorylation.

Differentially expressed genes were categorized and 
integrated into the transduction signaling map using the 
KEGG pathway database. KEGG pathway analysis was 
performed on monocyte/macrophages (Fig. 8).

Discussion
In this study, we identified genes in each cell type of the 
COPD group compared to the control group through 
scRNA analysis, uncovering novel insights. Our study 
had two major findings. First, we found an increased 
ratio of monocytes/macrophages in the COPD group 
compared to those in the control group. Although this 
has been previously reported in studies on COPD [12], 
out findings provide new context and significance. Sec-
ond, among the DEGs in monocytes/macrophages, we 
found 15 upregulated genes (EGR1, NR4A1, CCL3, 
CXCL8, PTGS2, CD83, BCL2A1, SGK1, IL1B, BTG2, 
NFKBIZ, DUSP2, MAFB, PLAUR and CCL3L1) and 7 
downregulated genes (FOLR3, RPS4Y1, HLA-DRB5, 

NAMPT, CD52, TMEM176A and TMEM176B) in the 
COPD group compared to the control group.

Neutrophils, the most abundant cells in the sputum 
or BALF of patients with stable or worsening COPD, 
are associated with the severity of airflow obstruc-
tion in COPD [13]. Studies have shown that inhibiting 
these cells or their functions can improve symptoms 
and reduce lung damage in chronic respiratory diseases 
[14, 15]. Although not statistically significant, our study 
found increased numbers of neutrophils, eosinophils, 
and white blood cells, which is consistent with previous 
research. Neutrophils have low RNA content, which lim-
its the number of transcripts that can be analyzed within 
these cells compared to other cell types. This necessitates 
a separate protocol or additional collection of neutrophil 
cells for in-depth analysis during the experiment [16, 
17]. We should have explored this aspect in the current 
study, as our focus was on a comprehensive observation 
of the proportions of all cell types in the COPD group 
compared to the normal control group. This suggests that 
further studies are needed to fully understand the role of 
neutrophils in chronic respiratory diseases.

Several studies have used scRNA-seq to profile gene 
expression in patients with COPD. Xiuying et al. [18] 
reported that scRNA-seq is useful for identifying tran-
scriptional changes and individual protein levels that 
may contribute to the development of emphysema in a 
cell type-specific manner. They performed scRNA-seq on 
peripheral lung parenchymal tissue to confirm cell-spe-
cific transcriptomic changes between normal and COPD 
groups, finding more differentially expressed genes in 
monocytes, macrophages, and ciliated epithelial cells in 
the COPD group compared to the control group. Nota-
bly, QKI and IGFBP5 protein levels were especially high 
in the ciliated epithelial cells of the COPD group. Thus, 
in the future, scRNA-seq profiling of gene expression 
could potentially be used as an additional tool for COPD 
diagnosis and severity assessment in the future. However, 
further investigations are needed before scRNA-seq pro-
filing of gene expression can be established as a clinical 
biomarker for diagnosing COPD.

In this study, we found an increased ratio of monocyte/
macrophages in the COPD group compared to the nor-
mal control group. The increased ratio of monocytes/
macrophages in the COPD group compared to the con-
trol group highlights the importance of the inflammatory 
processes, including the role of monocytes/macrophages, 
in the pathogenesis of COPD. This is because monocytes/

Table 3  Percentage of cells contained in each cell type in COPD and control groups. Cell subpopulation identification using scRNA 
sequencing of COPD and normal control groups
Group T cell NK T cell NK cell Monocyte/macrophage Macrophage B cell Endothelial cell Dendritic cell Neutrophil
Control 27.5 20.8 21.7 15.0 3.4 6.6 2.6 1.5 0.9
COPD 28.0 15.7 19.2 19.4 3.6 9.4 2.0 1.7 1.0

Fig. 4  Comparison of cell ratio contained in each cell type in COPD and 
control groups
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macrophages are key players in immune responses and 
inflammation [19]. Monocytes have been implicated in 
several diseases. For instance, a recent study suggested 
that peripheral blood monocyte count in patients with 
idiopathic pulmonary fibrosis might be a valuable pre-
dictor of poor prognosis [20]. Similarly, activated circu-
lating monocytes have been observed in patients with 
systemic sclerosis, indicating their potential involvement 
in disease processes [21]. Based on these findings, we 
hypothesized that the increased presence of monocyte/
macrophages in COPD would contribute to its pathogen-
esis and that the upregulated or downregulated genes in 
these cells could serve as significant biomarkers for the 
early diagnosis of COPD in the future.

Among the DEGs in monocyte/macrophages, we 
found 15 upregulated genes (EGR1, NR4A1, CCL3, 
CXCL8, PTGS2, CD83, BCL2A1, SGK1, IL1B, BTG2, 
NFKBIZ, DUSP2, MAFB, PLAUR and CCL3L1) and 7 

downregulated genes (FOLR3, RPS4Y1, HLA-DRB5, 
NAMPT, CD52, TMEM176A and TMEM176B) in the 
COPD group compared to the normal control group.

The EGR1 (early growth response 1) gene encodes a 
member of the EGR family of C2H2-type zinc-finger pro-
teins, which are nuclear proteins that function as tran-
scriptional regulators. These proteins are essential for 
differentiation and mitogenesis and have been suggested 
to act as cancer suppressors in other studies. EGR1 plays 
a critical role in promoting autophagy and apoptosis in 
response to cigarette smoke exposure [22]. In pulmonary 
epithelial cells, EGR-1 is induced by cigarette smoke and 
contributes to proinflammatory mechanisms that are 
likely involved in the pathogenesis of COPD in the lungs 
of smokers [23]. These data are particularly interest-
ing given the important role of chronic inflammation in 
COPD.

Fig. 5  Comparison of cell type significance between COPD and normal control groups. The average cell expression values of different COPD groups for 
the same cell type are compared, and the statistical significance of these comparisons is analyzed using advanced scProportionTest. Only monocyte/
macrophages showed a significant difference in the COPD group compared with the normal control group (FDR < 0.05)
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The CXCL8 (C-X-C motif chemokine ligand 8) gene 
encodes a protein that is a member of the CKC chemo-
kine family and serves as a major mediator of the inflam-
matory response. Especially, CXCL8 is considered a key 
regulator of local bronchial inflammatory response in 
COPD [24]. Additionally, evidence suggests that CXCL8 
is involved in peripheral muscle damage in myositis 
[25] and in the relationship between peripheral muscle 
strength and systemic levels of inflammatory markers 
in patients hospitalized for acute exacerbation of COPD 
[26]. This underscores the relevance of the inflammatory 
response in the pathogenesis of COPD.

In conclusion, the 15 upregulated genes (EGR1, 
NR4A1, CCL3, CXCL8, PTGS2, CD83, BCL2A1, SGK1, 
IL1B, BTG2, NFKBIZ, DUSP2, MAFB, PLAUR and 
CCL3L1) found in monocyte/macrophages in the COPD 
group are associated with proinflammatory functions 
related to COPD. These findings highlight the critical role 
of inflammatory responses in COPD and underscore the 
potential of these genes as biomarkers for diagnosing and 
assessing the severity of COPD.

Among the 7 downregulated genes (FOLR3, RPS4Y1, 
HLA-DRB5, NAMPT, CD52, TMEM176A and 
TMEM176B) in the COPD group compared to the nor-
mal control group, HLA-DQB1 stands out as particularly 
notable. Its function is described below.

The HLA-DRB5 (major histocompatibility complex, 
class II, DR beta 5) is part of the human leukocyte antigen 
(HLA) class II beta-chain paralog. It plays a central role in 
the immune system by presenting peptides derived from 
extracellular proteins. HLA-DRB5 is an expression quan-
titative trait loci (eQTL) expressed in neutrophils and 
may be involved in immune recognition and regulation. 
It has also been implicated in mitochondrial function 

Table 4  DEGs of monocyte/macrophage with |Fold 
change|>=1.2 and p-value < 0.05
Gene p-value Fold change pct.1 pct.2 p_val_adj
FOLR3 0 -1.61601723 0.104 0.419 0
CD52 1.07E-180 -1.33544358 0.521 0.743 3.92E-176
RPS4Y1 2.01E-151 -1.32380721 0.395 0.683 7.35E-147
TMEM176B 1.06E-130 -1.25889673 0.478 0.703 3.87E-126
HLA-DRB5 8.20E-118 1.22836361 0.801 0.657 3.00E-113
NAMPT 6.24E-117 1.27072085 0.676 0.461 2.28E-112
TMEM176A 8.90E-115 -1.25027853 0.418 0.644 3.26E-110
EGR1 8.91E-111 1.2896648 0.382 0.178 3.26E-106
NR4A1 4.86E-105 1.29614348 0.432 0.229 1.78E-100
CCL3 5.70E-105 1.35998206 0.489 0.287 2.09E-100
CXCL8 3.71E-104 1.33145698 0.342 0.15 1.36E-99
PTGS2 3.75E-102 1.26310306 0.308 0.122 1.37E-97
CD83 4.12E-93 1.24187736 0.515 0.315 1.51E-88
BCL2A1 1.56E-92 1.24669472 0.477 0.281 5.70E-88
SGK1 5.89E-90 1.25023228 0.594 0.408 2.16E-85
IL1B 9.45E-81 1.27457393 0.533 0.351 3.46E-76
BTG2 4.58E-79 1.22516768 0.562 0.402 1.68E-74
NFKBIZ 6.56E-78 1.22382692 0.626 0.474 2.40E-73
DUSP2 1.77E-74 1.26143133 0.413 0.25 6.49E-70
MAFB 1.51E-70 1.22154038 0.605 0.459 5.54E-66
PLAUR 5.92E-70 1.20258311 0.601 0.439 2.17E-65
CCL3L1 4.50E-55 1.20903763 0.525 0.352 1.65E-50
Note Fold Change: fold-change of the average expression between the two 
groups. Positive values indicate that the feature is more highly expressed in the 
COPD group

pct.1: The percentage of cells where the feature is detected in the COPD group

pct.2: The percentage of cells where the feature is detected in the normal 
control group

p_val_adj: Adjusted p-value, based on bonferroni correction using all features 
in the dataset

Fig. 6  Volcano plot of monocyte/macrophage. |Fold change|>=1.2 and p-value < 0.05 as criteria for selecting DEGs. Red indicates upregulated genes in 
the COPD group compared to the normal control group. Blue indicates downregulated genes
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and associated with diseases such as inflammatory bowel 
disease, ulcerative colitis, Type 1 diabetes, multiple scle-
rosis, and systemic lupus erythematosus [27]. In another 
study, HLA-DRB5 was identified as hypermethylated in 
patients with smoking-related COPD [28]. Future stud-
ies are required to correlate DNA methylation status with 
the transcriptomic profiles of the genes identified in this 
study and to elucidate their relationship with COPD.

Functional analysis using GO and KEGG pathway anal-
yses revealed that the upregulated DEGs in monocyte/
macrophages of the COPD group were enriched in ribo-
some biogenesis. This finding is consistent with another 
study that also identified DEGs related to COPD as being 
enriched in ribosomal biogenesis through GO enrich-
ment analysis [29]. Additionally, both GO and KEGG 
pathway analyses in our study showed that the down-
regulated DEGs in monocyte/macrophages of the COPD 
group were enriched in oxidative phosphorylation.

Finally, this study utilized peripheral blood samples, 
which are more easily obtained than lung tissue or BAL 
samples, highlighting a key advantage of our approach. 
Unlike studies that primarily use tissue samples for 
scRNA-seq, the use of blood samples offers several 

benefits: it is less invasive, more cost-effective, and has 
the potential for developing useful blood biomarkers.

This study had several limitations. First, the number 
of participants was limited, with only eight patients with 
COPD and seven healthy controls included in the analy-
sis. Further studies with larger sample sizes could provide 
more robust results and identify reliable biomarkers for 
COPD development. Nonetheless, this study made sig-
nificant contributions by analyzing cell populations and 
gene expression at the single-cell level in the peripheral 
blood of COPD patients, revealing important biological 
pathways. Second, our study found that the monocyte/
macrophage group displayed the most significant dif-
ference between the control and COPD groups. Since 
macrophages are known to arise from circulating blood 
monocytes, these two cell types share many markers 
in common. Nevertheless, the monocyte/macrophage 
population can be re-clustered, but may display distinct 
proportion of subtypes within the population depend-
ing on the stage of COPD [30]. Thus, large numbers of 
COPD tissue samples from the different stages of COPD 
patients are needed to obtain an exact trend of subtypes 
after monocyte/macrophage re-clustering. Third, two 
key factors influence the appearance of genes during 

Fig. 7  Enrichment analysis of monocyte/macrophage for Gene Ontology in the COPD and normal control groups. (Red for the COPD group, and blue 
for the normal control group)
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DEG analysis. Firstly, when the number of cells in the 
two comparison groups is small, comparing genes poses 
a significant challenge, resulting in fewer genes appear-
ing accurately. Secondly, in the case of low-content RNA, 
i.e., cells with low gene expression values, the number of 
genes may vary due to their identification as non-cells 
in the initial filtering stage and subsequent removal. 
This study did not incorporate cell number correction; 
instead, it relied on the average gene expression value of 
all identified cells in the corresponding cell type. In future 
studies, we aim to determine the number of cells and the 
cell inclusion ratio by cell type to enhance the accuracy 
of our analyses. Additionally, scRNA-seq only recovers a 
few thousand unique transcripts from a single cell, which 
is far less than would be recovered from a complete 
transcript profile, thus limiting its range of applications. 
However, this study revealed meaningful cell-to-cell gene 
expression variability.

In conclusion, we found differences in cell type distri-
bution, especially an increase in monocyte/macrophages, 
in COPD group compared to normal control group, using 
scRNA-seq on peripheral blood samples. These findings 
suggest that monocyte/macrophages may be associated 
with the mechanisms underlying COPD development. 

Further research is needed to elucidate the precise role 
of monocyte/macrophages in the development of COPD.

The five upregulated and seven downregulated genes 
identified in monocyte/macrophages of the COPD group 
have potential as biomarkers for evaluating COPD diag-
nosis and severity. Further studies are needed to fully 
understand the roles of the these genes in COPD and val-
idate their utility in clinical settings.
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