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Introduction: The mechanisms underlying chronic obstructive pulmonary disease (COPD) remain unclear. Genetic and genomic
changes may play a significant role in the pathogenesis of COPD. Identification of differentially expressed genes and miRNAs and
their regulatory mechanisms at the whole-genome level will provide a comprehensive understanding of the development of COPD.
Methods: Peripheral blood mononuclear cells (PBMCs) from 12 patients with COPD and 12 normal controls were examined at the miRNA
and mRNA expression levels using Affymetrix GeneChip. Microarray data were analyzed with Affymetrix Transcriptome Analysis Console
2.0 and GeneSpring software. Gene interaction pathways of the differentially expressed genes and miRNA-mRNA regulation were analyzed
using the Ingenuity Pathway Analysis software. Four differentially expressed genes and one miRNAwere further confirmed using RT-qPCR.
Results: One hundred and thirty-three upregulated and 973 downregulated genes were identified in PBMCs of patients with COPD.
Pathway analysis on the differentially expressed genes in COPD revealed significant enrichment in IL-8 signaling and iCOS-iCOSL
signaling in T helper cells. Seventy-seven upregulated miRNAs and 43 downregulated miRNAs were differentially expressed between
PBMCs from patients with COPD and normal controls. Among these 120 differentially expressed miRNAs, 42 miRNAs targeting 28
upregulated genes and 69 miRNAs targeting 498 downregulated genes were identified. The expression of CXCR1, HBEGF, TREM-1,
and hsa-miR-148a-3p was more elevated in patients with COPD than in normal controls, whereas NFAT5 was decreased.
Conclusion: miRNAs and mRNAs are differentially expressed in PBMCs of patients with COPD, compared with normal controls.
miRNAs regulate the expression of mRNAs, and thus play a role in the pathogenesis of COPD. Investigating these relationships may
provide further insight into the mechanisms of COPD.
Keywords: COPD, whole-genome transcription, gene, miRNA, peripheral blood mononuclear cells

Introduction
Chronic obstructive pulmonary disease (COPD) is one of themost common lung diseases in clinical practice. It is a leading cause
of morbidity and mortality worldwide, and causes an increasingly substantial socioeconomic burden.1 The pathophysiology of
COPD is characterized by progressive airflow limitation. According to the severity of airflow limitation, COPD is classified into
four grades—GOLD 1, 2, 3, and 4. Presently, the complex interactions between the environment and genes contribute to the
development of COPD. Cigarette smoking is themost important COPD risk factor,1–3 with several studies reporting that smoking
can lead to abnormal gene expression in different cells.4,5 Following the genome-wide analysis of lung tissues from patients with
COPD, including smokers and non-smokers, certain COPD-related genes were identified.6–8 Additionally, gene expression is
related to airflow limitation of COPD.9,10 Worsening airflow limitation is associated with exacerbations of COPD and
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a significantly increased risk of mortality in patients with GOLD 3 (severe) and GOLD 4 (very severe) COPD.1 However, the
gene expression profiles of GOLD 3 and 4 COPD cases are yet to be established.

Recently, the role of microRNA (miRNA/miR) expression has been widely studied in clinical research. miRNAs are a family
of small non-coding RNAs that negatively regulate gene expression post-translation. Considerable evidence has revealed that
miRNAsmay play important roles in the pathogenesis and development of COPD.11–16 For instance, the expression level of hsa-
miR-664a-3p increased in patients with COPD, and its target gene, four and a half LIM domains 1, was downregulated with
positive correlation with forced expiratory volume in one second (FEV1)/forced vital capacity (FVC).11

Peripheral blood mononuclear cells (PBMCs) can function as a critical component of immune response. COPD is
a systemic disease, and blood is more accessible for genomic and biomarker studies in clinical trials and practice than
lung tissue samples. Several studies on gene expression in COPD were completed through PBMC experiments.17–19

This study sought to establish dual profiles for differentially expressed mRNAs and miRNAs in the PBMCs of
patients with GOLD 3 and 4 COPD, and study whether miRNA expression may be linked to mRNA expression and thus
biological pathways associated with the pathogenesis of COPD.

Materials and Methods
Patients with COPD and Normal Controls
Twelve patients with COPD were recruited from the Xiangya Hospital of Central South University (Changsha, China) between
May and September 2016. COPD was diagnosed using the GOLD criteria. Ethics approval was obtained from the Xiangya
Hospital, and the experiments were conducted after each patient provided written informed consent. The inclusion criteria were
as follows: i) Post-bronchodilator FEV1/FVC <70%; ii) FEV1 <50% predicted; iii) age, 50–75 years; iv) no other co-existing
lung disease and no treatment with antibiotics in the past 4 weeks; and v) smokers or ex-smokers of at least 10 pack-years. The
exclusion criteria were as follows: i) Primary diagnosis of asthma; ii) chronic inflammatory or infectious disease; iii) cancer; iv)
chronic renal failure and chronic liver disease; and v) chronic antibiotic use. The clinical features of patients with COPD included
in this study are shown in Table 1. Twelve non-smoking volunteers with normal lung function were concurrently recruited as

Table 1 Clinical Characteristics of COPD Subjects

Variable n=12 (%) Variable n=12 (%)

Mean age, years (SD) 59.8±7.1 Medication use

Sex Short-acting β-agonist 12 100.0

Male 11 91.7 Short-acting anticholinergic 5 41.7

Female 1 8.3 Long-acting β-agonist 6 50.0

Smoking history Long-acting anticholinergic 8 66.7

≥20 pack-years 8 66.7 Inhaled steroid 6 50.0

≥10 and <20 pack-years 4 33.3 Theophylline 4 33.3

Symptoms Medications used to treat in last 12 months

Dyspnea 12 100.0 ≥1 Antibiotic course 12 100.0

Cough 10 83.3 COPD health care utilization in last 12 months

Sputum production 10 83.3 Emergency department 7 58.3

Wheezing and chest tightness 9 75.0 Hospitalizations 11 91.7

GOLD stage Hospitalization or emergency department visit 11 91.7

3-Severe 7 58.3 Home oxygen use 8 66.7

4-Very severe 5 41.7

Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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normal controls. The control group comprised healthy individuals with no history of airway disease. Patients with COPD and
controls were matched for age, sex, and ethnicity. All participants underwent spirometry as part of their routine clinical
assessment.

RNA Isolation
Peripheral blood samples were obtained from patients with COPD and normal controls. The PBMCs were isolated from
heparinized blood samples by density gradient centrifugation using Ficoll-Paque Plus (GE Healthcare, Piscataway, NJ,
USA). Total RNA was isolated from PBMCs by standard phenol-chloroform extraction using the TRIzol® reagent
(Invitrogen Life Technologies, Carlsbad, CA, USA), according to the manufacturer’s instructions. The concentration was
measured on a Nanodrop ND-1000 Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). RNA quality
was assessed using a Bioanalyzer Nanochip (Agilent Technologies, Santa Clara, CA, USA), and samples with an RNA
integrity number >7 were used for microarray analysis.

Gene Expression Microarray
According to the standard Affymetrix protocol, 100 ng of each RNA sample was processed using an Affymetrix
GeneChip Whole Transcript PLUS Reagent kit (Affymetrix, Santa Clara, CA, USA). cRNA (15 μg) was used during
the second cycle of the cDNA reaction. ss-cDNA (5.5 μg) was used for fragmentation and labeling. The fragmented
cDNA was labeled by terminal deoxynucleotidyl transferase using the Affymetrix proprietary DNA Labeling reagent,
which is covalently linked to biotin. Hybridization cocktails containing fragmented and labeled ss-cDNA were injected
into the Affymetrix Human Transcriptome Array 2.0 (Affymetrix, Santa Clara, CA, USA). Hybridization was performed
at 60 rpm for 16 h at 45°C. Following washing and staining, gene chips were scanned using the Affymetrix GeneChip
Command Console software (AGCC; Affymetrix, Santa Clara, CA, USA). After the scan was completed, AGCC was
used to save the imaging data and compute the probe intensity data (.cel file).

miRNA Microarray
miRNAs were profiled in all patients using the Affymetrix GeneChip 4.0 Array (Affymetrix, Santa Clara, CA, USA),
according to the manufacturer’s instructions. Briefly, total RNA was labeled with FlashTag Biotin HSR by Poly(A)
tailing and subsequent FlashTag Biotin HSR ligation, and incubated at 99°C for 5 min and 45°C for 5 min in the
Hybridization Master Mix. Arrays were hybridized at 48°C and 60 rpm for 16 h, and washed and stained with
phycoerythrin-conjugated streptavidin in an Affymetrix 450 Fluidics Station (Affymetrix, Santa Clara, CA, USA). The
arrays were scanned using an Affymetrix GeneChip Scanner 3000 (Affymetrix, Santa Clara, CA, USA) to generate
fluorescent images, as described in the Affymetrix Gene Chip protocol. Cell intensity files were generated using AGCC
(Affymetrix, Santa Clara, CA, USA). Differentially expressed miRNAs were visualized using hierarchical clustering
based on average linkage and Euclidean distance, as implemented in Cluster.

Gene and miRNA Expression Analysis
Microarray data were analyzed using Affymetrix Transcriptome Analysis Console 2.0 and GeneSpring software (Silicon
Genetics, Redwood City, CA, USA) successively to identify statistically significant genes (ANOVA P-value; fold change
>1.5 or <–1.5). With regards to GeneSpring, raw data were imported as.cel files and underwent RMA normalization using
baseline median values of all samples. In the next step, the raw data were filtered by expression signals of 20–100% to
eliminate particularly weak signals on the borderline of background noise. Unpaired t-test was used to identify differentially
expressed genes and miRNAs at a significance level of P <0.05 between COPD and control groups. Following false
discovery rate and significance analyses, fold change (>1.5 or <–1.5) was used as the secondary criterion for the selection of
differentially expressed genes and miRNAs. Using Venn diagram analysis, differentially expressed genes and miRNAs that
are common between these two analysis databases (TAC and GeneSpring software) were identified. Hierarchical clustering
was performed to show the different mRNA and miRNA expression profiles among samples.
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Pathway and Integrative Analysis of mRNA and miRNA Expression
The biological networks, canonical pathways, and functional analyses were generated using Ingenuity Pathway Analysis
(IPA®, QIAGEN Redwood City, CA, USA, www.qiagen.com/ingenuity). The canonical pathways in IPA summarized the
biological function of differentially expressed genes, and the significance values for the canonical pathways were
calculated using Fisher’s exact right-tailed test. Significance indicated the probability of an association between
differentially expressed genes and the canonical pathway by random chance only, which was referenced in the ratio of
the number of genes differentially expressed that mapped to the canonical pathways divided by the total number of
molecules in a certain pathway. The lists of the identified candidate genes were uploaded to the IPA site, and IPA core
analysis was used to generate a list of activated or inhibited pathways and gene networks with the highest degree of
significance. For differentially expressed miRNAs, all predicted targets in human genes overlapping with differentially
expressed genes were obtained using the IPA software Target Filter to identify whether the gene was a predicted target of
the miRNA. miRNA-mRNA pairs with statistically significant negative correlations were cross-referenced using
TargetScan to elucidate the target genes of the miRNAs.

Reverse Transcription-Quantitative (RT-q) PCR Validation of the Differential mRNA
and miRNA Expression
RT-qPCR was performed to verify the expression level of some candidate mRNAs and miRNAs, including C-X-C motif
chemokine receptor 1 (CXCR1), heparin-binding EGF-like growth factor (HBEGF), nuclear factor of activated T-cells 5
(NFAT5), triggering receptor expressed on myeloid cells 1 (TREM-1), and hsa-miR-148a-3p. These differentially
expressed genes and miRNA were validated using TaqMan assays on a 7900HT Fast Real-Time PCR system (Thermo
Fisher Scientific, Inc.). The assay was performed using a TaqMan RNA-to-CT 1-Step kit (Thermo Fisher Scientific, Inc.)
in a volume of 20 μL, which contained a final concentration of 900 nM sense and antisense primers, 250 nM TaqMan
gene probe, 1X TaqMan RT Enzyme Mix, and 1X TaqMan RT-PCR Mix. The cDNA amplification was monitored using
7900HT Fast Real-Time PCR system under the conditions of 48°C for 15 min, 95°C for 10 min, and 40 cycles of 95°C
for 15 sec and 60°C for 1 min. All RT-qPCR procedures were performed in three independent experiments conducted in
triplicate. Data are presented as 2(-ΔCq) relative to 18s RNA. Unpaired t-test was performed using SPSS version 20.0
(IBM Corp.), and P <0.05 indicated a statistically significant difference.

Results
Participant Characteristics
PBMC samples were obtained from 12 patients with COPD at GOLD stage 3 (30% ≤ FEV1 <50% predicted; n=7) or
stage 4 (FEV1 <30% predicted; n=5) and 12 normal controls without airflow obstruction. The mean age of patients with
COPD was 59.8±7.1 years and that of the normal controls was 58.6±6.7 years. No statistical difference in age between
the two groups was observed. Participants in each group were 11 males and one female. Clinical characteristics of
patients with COPD are presented in Table 1.

Identification of Differentially Expressed Genes in COPD
The whole-genome transcription profiles, including 67,528 genes (or transcripts), were compared between patients with
COPD and normal controls. The differential transcriptome profiles in COPD were analyzed using TAC and Gene Spring
software. A total of 2412 upregulated and 2622 downregulated genes were initially identified in patients with COPD
using the TAC software (Supplemental Table 1A–C; Table S1A–C). Additionally, 161 upregulated and 1223 down-
regulated genes were found to be aberrantly expressed in patients with COPD using the GeneSpring software
(Supplemental Table 2A–C; Table S2A–C). Integrated comparison by Venn diagram analysis identified 1106 common
genes between the two mRNA profiles (Supplemental Table 3A–C; Table S3A–C). As shown in the heat map, the 1106
genes clearly differentiated the COPD cases from the normal controls (Figure 1). Among the 1106 differentially
expressed genes, 133 genes were upregulated, 113 (85%) of which were coding genes, and 973 genes were down-
regulated, 638 (66%) of which were coding genes.
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Differentially Expressed miRNAs in COPD
The miRNA data were analyzed using the same protocol as in mRNA data analysis. Using the TAC software, 148
miRNAs, which were differentially expressed in COPD, were identified in human PBMCs. Among these 148 miRNAs,
104 miRNAs were upregulated, and 44 miRNAs were downregulated (Supplemental Table 4A–C; Table S4A–S4C).
A total of 689 upregulated and 215 downregulated miRNAs were identified using Gene Spring software (Supplemental
Table 5A–C; Table S5A–C). Venn diagram analysis revealed 120 common miRNAs, as illustrated in Figure 2. The
differentially expressed miRNAs in COPD included 77 upregulated and 43 downregulated miRNAs (Supplemental
Table 6A–C; Table S6A–C).

Canonical Pathways of Differential Gene Expression by the IPA Software
Biological network and pathway analyses were performed using the IPA software to identify canonical biological
pathways of the differentially expressed genes. The canonical pathways by which the 133 upregulated genes were
mostly enriched are shown in Figure 3. The top five pathways involving the upregulated genes included “granulocyte
adhesion and diapedesis”, “role of macrophages, fibroblasts, and endothelial cells in rheumatoid arthritis”, “interleukin
(IL)-8 signaling”, “glucocorticoid receptor signaling and role of osteoblasts”, and “osteoclasts and chondrocytes in

Figure 1 A heat map showing different expression patterns of 1106 genes with a P <0.05 and absolute fold change >1.5 or <-1.5 in patients with COPD and normal
controls. The heat map indicates upregulation (red), downregulation (green), and mean gene expression (black). The columns represent individual samples, including 12
COPD and 12 control samples. The rows represent individual gene symbols.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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rheumatoid arthritis.” Figure 4 illustrates the canonical pathways by which the 973 downregulated genes were mostly
enriched. The top five pathways involving the downregulated genes are “natural killer cell signaling”, “crosstalk between
dendritic cells and natural killer cells”, “inducible co-stimulator (iCOS)-iCOS ligand (iCOSL) signaling in T helper
cells”, “glucocorticoid receptor signaling”, and “role of BRCA1 in DNA damage response”.

The predicted pathway activation or inhibition was assessed with the z-score and ratio. Among the canonical pathways
modulated by aberrantly expressed genes in COPD, the IL-8 signaling pathway showed the highest significance, represented
by the upregulated genes in COPD (Figure 5). Five genes in the IL-8 signaling pathway, including C-X-C motif chemokine
receptor 1(CXCR1), C-X-C motif chemokine receptor 2 (CXCR2), heparin binding EGF-like growth factor (HBEGF),
insulin receptor substrate 2 (IRS2), and LIM domain kinase 2 (LIMK2), were overexpressed in patients with COPD, as
compared with the normal control group (Figure 6). This finding suggests that the activation of the IL-8 signaling pathway
may play a significant role in the pathogenesis of COPD. Similarly, downregulated genes were highly enriched in iCOS-
iCOSL signaling in the T helper cell pathway in COPD. As shown in Figure 7, the expression levels of AKT serine/threonine
kinase 3 (AKT3), ATM serine/threonine kinase (ATM), calcium/calmodulin-dependent protein kinase IV (CAMK4), CD40
ligand (CD40LG), lymphocyte cytosolic protein 2 (LCP2), nuclear factor of activated T-cells 5 (NFAT5), nuclear factor of
activated T cells 2 (NFATC2), phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA), phospha-
tidylinositol-4-phosphate 3-kinase catalytic subunit type 2 alpha (PIK3C2A), and T cell receptor-associated transmembrane

Figure 2 A heat map showing different expression patterns of 120 miRNAs with P <0.05 and absolute fold change >1.5 or <-1.5 in patients with COPD and normal
controls. The heat map indicates upregulation (red), downregulation (green), and mean gene expression (black). The columns represent individual samples, including 12
COPD and 12 control samples. The rows represent individual miRNAs.
Abbreviations: COPD, chronic obstructive pulmonary disease; miRNA, microRNA.
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adaptor 1 (TRAT1) were reduced in patients with COPD. The downregulation of these genes in iCOS-iCOSL signaling in the
T helper cell pathway indicated a dysregulated T cell response in COPD.

miRNA-mRNA Interactions and Target Gene Prediction
To elucidate the regulatory role of miRNA on mRNA expression in COPD, the IPA Target Filter was applied to the
miRNA and mRNA list based on the source and confidence level of the miRNA-mRNA target relationships. Of the 120
differentially expressed miRNAs, 42 putative miRNAs targeting 28 upregulated genes and 69 putative miRNAs targeting
498 downregulated genes were identified. Among them, 18 high-confidence miRNA-upregulated mRNA pairs and 561
high-confidence miRNA-downregulated mRNA pairs in human PBMCs were identified (Supplemental Table 7A and B;
Table S7A and B). Differentially expressed genes involved in the IL-8 signaling and iCOS-iCOSL signaling in T helper
cell pathways were also regulated by certain miRNAs (see Tables 2 and 3). Our analysis showed that the expression of
hsa-miR-4736 significantly decreased by 2.3-fold, targeting four genes in the IL-8 signaling pathway (CXCR1, CXCR2,
HBEGF, and LIMK2). In addition, the expression of hsa-miR-148a-3p increased by 2.54-fold, which was linked to the
downregulation of four genes involved in iCOS-iCOSL signaling in the T helper cell pathway (LCP2, NFAT5, PIK3CA,
and PIK3C2A). The inverse relationship between the expression level of miRNAs and mRNAs indicated the regulatory
role of miRNAs on aberrant gene expression in COPD.

RT-qPCR Validation of Differentially Expressed Genes and miRNAs
The expression of CXCR1, HBEGF, NFAT5, and TREM-1 was further confirmed using RT-qPCR based on their differential
expression in COPD and/or their significant enrichment in the identified pathways. Additionally, hsa-miR-148a-3p was
validated by the markedly increased expression in COPD and the finding that it had target genes. As illustrated in Figure 8,

Figure 3 Top 10 pathways among 133 upregulated genes in the PBMCs of patients with COPD using the Ingenuity Pathway Analysis software. The Orange-colored bars
indicate predicted pathway activation (z-score). White bars represent those with a z-score at or close to 0. Gray bars indicate pathways where no prediction can currently
be made. The Orange points connected by a thin line represent the ratio.
Abbreviations: PBMCs, peripheral blood mononuclear cells; COPD, chronic obstructive pulmonary disease; IL-8, interleukin-8.
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the expressions of hsa-miR-148a-3p, CXCR1, HBEGF, NFAT5, and TREM-1 in patients with COPD by RT-qPCR were
different (P <0.05) from those in the normal controls, which was consistent with the microarray data.

Discussion
This study performed a comprehensive analysis of miRNA and mRNA expression in PBMCs obtained from patients with
GOLD 3 and 4 COPD, and compared it to that of normal controls. Although multiple studies have been conducted on
gene expression in COPD, to the best of our knowledge, no studies on miRNA-mRNA regulation in PBMCs from
patients with GOLD 3 and 4 COPD have been conducted.

Several genes (133 upregulated and 973 downregulated genes) were found to be differentially expressed in COPD,
compared with the controls. Further pathway analysis was performed to elucidate the potential pathways regulated by the
aberrantly expressed genes in COPD. As expected, the upregulated genes in COPD were significantly enriched in
inflammatory reaction and inflammation regulatory pathways, such as “granulocyte adhesion and diapedesis”, “role of
macrophages, fibroblasts, and endothelial cells in rheumatoid arthritis”, and “IL-8 signaling”. Particularly, the ‘granulo-
cyte adhesion and diapedesis’ and “IL-8 signaling” pathways were found to be strongly associated with COPD. The
downregulated genes in COPD were enriched in immune regulatory pathways, such as “iCOS-iCOSL signaling in
T helper cells”, “natural killer cell signaling”, and “crosstalk between dendritic cells and natural killer cells”.

Several genes that participate in the IL-8 signaling pathway were differentially expressed in the current data. CXCR1,
CXCR2, HBEGF, IRS2, and LIMK2 were upregulated. CXCR1 and HBEGF expression was validated by RT-qPCR. IL-8
is a member of the C-X-C family of chemokines that play a significant role in inflammation and angiogenesis. The cell
surface receptors for IL-8, which are coupled to G proteins, include CXCR1 and CXCR2. CXCR1 is selectively activated
by IL-8 only. IL-8 induces NF-κB through a TNF receptor-associated factor 6-dependent pathway, leading to

Figure 4 Top 10 pathways among 973 downregulated genes in the PBMCs of patients with COPD using the IPA software. The blue-colored bars indicate predicted pathway
inhibition (z-score). White bars represent pathways with a z-score at or close to 0. Gray bars represent those in which no prediction could be made at the time. The Orange
points connected by a thin line represent the ratio.
Abbreviations: PBMCs, peripheral blood mononuclear cells; COPD, chronic obstructive pulmonary disease; BRCA1, BRCA1 DNA repair associated; NFAT, nuclear factor
of activated T-cells.
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inflammation and angiogenesis. Activation by IL-8 can trigger inflammation in cells, leading to chemotaxis, respiratory
burst, granule release, and increased cell adhesion. IL-8 has been the subject of several prior investigations in COPD.
Studies have shown that IL-8 levels are significantly elevated in the blood of patients with COPD, and that IL-8 levels
directly correlate with mortality, exacerbation rate, and BODE scores, and inversely correlate with FEV1 and diffusing
capacity of the lung for carbon monoxide.20–22 In summary, several factors in COPD cause an increase in IL-8
expression, which in turn further induces an inflammatory response, leading to persistent chronic inflammation.

Similarly, iCOS-iCOSL signaling in the T helper cell pathway is another molecular pathway in which downregulated
genes were found to be enriched in COPD in the present study. In total, 10 downregulated genes were involved in the

Figure 5 Diagram showing the IL-8 signaling pathway and upregulated genes involved in the pathway.
Abbreviations: IL-8, interleukin-8; CXCR1, C-X-C motif chemokine receptor 1; HBEGF, heparin binding EGF like growth factor; EGFR, epidermal growth factor receptor;
PI3K, phosphatidylinositol 3 kinase.

Figure 6 Array-based mRNA expression of upregulated genes involved in IL-8 signaling pathway (P <0.05).
Abbreviations: CXCR1, C-X-C motif chemokine receptor 1; HBEGF, heparin-binding EGF like growth factor; IRS2, insulin receptor substrate 2; LIMK2, LIM domain kinase
2; COPD, chronic obstructive pulmonary disease.
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regulation of iCOS-iCOSL signaling in the T helper cell pathway. Among them, NFAT5 was an important member of the
pathway, and its expression was validated using RT-qPCR. During an immune response, T cells are optimally activated to
appropriately migrate into areas of inflamed tissues. iCOS-mediated signaling plays important physiological roles in the
regulation of T helper type 1 (Th1) cells in the endothelium and control of the selective entry of Th1 cells into inflamed
peripheral tissues. The potency of iCOS is enhanced following its ligation to iCOSL. Despite its inflammatory etiology,
COPD is considered an immune-deficient state, since the abundant activated T cells in the airways of patients with COPD
do not eradicate bacterial infections. Although Th1 cells are crucial for immune responses to bacterial infections,23 they
display impaired immune response in COPD, such as the production of interferon-γ and phagocytosis.23–26 Impaired Th1
function is implicated in the susceptibility of patients with COPD to respiratory infections, which are common causes of
acute exacerbation of COPD (AECOPD).26 The present data revealed aberrant gene expression in iCOS- iCOSL
signaling in the T helper cell pathway in COPD, suggesting a potential mechanism of impaired T cell response in
COPD. This implied that patients with GOLD 3 and 4 COPD are more susceptible to infections and acute exacerbations,
which may be due to impaired immune function.

Figure 7 Array-based mRNA expression of downregulated genes involved in iCOS-iCOSL signaling in the T helper cell pathway (P <0.05).
Abbreviations: AKT3, AKT serine/threonine kinase 3; ATM, ATM serine/threonine kinase; CAMK4, calcium/calmodulin-dependent protein kinase IV; CD40LG, CD40
ligand; LCP2, lymphocyte cytosolic protein 2; NFAT5, nuclear factor of activated T-cells 5; NFATC2, nuclear factor of activated T cells 2; PIK3C2A, phosphatidylinositol-
4-phosphate 3-kinase catalytic subunit type 2 alpha; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; TRAT1, T cell receptor-associated
transmembrane adaptor 1; COPD, chronic obstructive pulmonary disease.

Table 2 Differentially Expressed miRNAs Targeting Upregulated Genes Involved in the IL-8 Signaling Pathway

miRNA Probe ID miRNA Fold Change Confidence Gene ID Gene

20518945 hsa-miR-4453 −3.510 Moderate (predicted) TC02002767.hg.1 CXCR1
20519583 hsa-miR-4736 −2.300 Moderate (predicted) TC02002767.hg.1 CXCR1
20500773 hsa-miR-3118 −1.810 Moderate (predicted) TC02003832.hg.1 CXCR2
20519583 hsa-miR-4736 −2.300 Moderate (predicted) TC02003832.hg.1 CXCR2
20519589 hsa-miR-6967-5p −1.650 Moderate (predicted) TC02003832.hg.1 CXCR2
20500469 hsa-miR-132-3p −2.050 High (predicted) TC05001854.hg.1 HBEGF
20519583 hsa-miR-4736 −2.300 High (predicted) TC05001854.hg.1 HBEGF
20504569 hsa-miR-96-5p −1.720 High (predicted) TC05001854.hg.1 HBEGF
20518892 hsa-miR-4497 −1.800 Moderate (predicted) TC13000871.hg.1 IRS2
20500773 hsa-miR-3118 −1.810 Moderate (predicted) TC22000224.hg.1 LIMK2
20519583 hsa-miR-4736 −2.300 Moderate (predicted) TC22000224.hg.1 LIMK2

Abbreviations: IL-8, interleukin-8; CXCR1, C-X-C motif chemokine receptor 1; HBEGF, heparin-binding EGF like growth factor; IRS2, insulin receptor substrate 2; LIMK2,
LIM domain kinase 2; miRNA/miR, microRNA.
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TREM-1 is an activating receptor on neutrophil, monocyte, and macrophage subsets. Its expression is upregulated by
microbial products.27 TREM-1 is considered to amplify both infectious and non-infectious inflammation28 and to elicit
the release of TNF-α, IL-8 myeloperoxidase, and nitric oxide by innate immune cells.29 According to previous reports,
levels of soluble TREM-1 in the serum of patients with stable COPD and AECOPD significantly increase.27,30

Furthermore, serum levels of sTREM-1 were shown to be significantly negatively correlated with lung function
impairment.30 In the present study, TREM-1 was highly expressed in the PBMCs of patients with COPD. Therefore,
we hypothesized that TREM-1 plays a significant role in the pathogenesis of COPD. However, the mechanism remains
unclear and requires further research.

Following miRNA expression analysis at the whole-genome level, a group of miRNAs that were differentially expressed
in COPD subjects, compared with normal controls, was identified. Due to the distinct characteristics of participants and the
different methods used, it was possible for results to be different. The present study compared the obtained list of differentially
expressed miRNAs with those previously reported in COPD. The miRNAs that were differentially expressed in this study and

Table 3 Differentially Expressed miRNAs Targeting Downregulated Genes Involved in iCOS-iCOSL Signaling T Helper Cells Pathway

miRNA Probe ID miRNA Fold Change Confidence Gene ID Gene

20502125 hsa-miR-16-5p 1.710 High (predicted) TC01006240.hg.1 AKT3
20518843 hsa-miR-1964-5p 1.590 Moderate (predicted) TC01006240.hg.1 AKT3
20500188 hsa-miR-29b-3p 2.100 High (predicted) TC01006240.hg.1 AKT3
20517724 hsa-miR-2355-3p 2.630 Moderate (predicted) TC11002857.hg.1 ATM
20502235 hsa-miR-18a-5p 1.520 High (predicted) TC11002857.hg.1 ATM
20506783 hsa-miR-1234-3p 1.540 Moderate (predicted) TC0X000666.hg.1 CD40LG
20500421 hsa-miR-148a-3p 2.540 Moderate (predicted) TC05003348.hg.1 LCP2
20500421 hsa-miR-148a-3p 2.540 High (predicted) TC16000570.hg.1 NFAT5
20502125 hsa-miR-16-5p 1.710 Moderate (predicted) TC16000570.hg.1 NFAT5
20502235 hsa-miR-18a-5p 1.520 High (predicted) TC16000570.hg.1 NFAT5
20504326 hsa-miR-21-5p 1.980 High (predicted) TC16000570.hg.1 NFAT5
20506716 hsa-miR-1184 1.850 Moderate (predicted) TC16000570.hg.1 NFAT5
20500745 hsa-miR-140-5p 1.650 High (predicted) TC16000570.hg.1 NFAT5
20500135 hsa-miR-19b-3p 1.610 High (predicted) TC03002674.hg.1 PIK3CA
20500421 hsa-miR-148a-3p 2.540 Moderate (predicted) TC03002674.hg.1 PIK3CA
20500421 hsa-miR-148a-3p 2.540 High (predicted) TC11003476.hg.1 PIK3C2A
20502125 hsa-miR-16-5p 1.710 High (predicted) TC11003476.hg.1 PIK3C2A
20502235 hsa-miR-18a-5p 1.520 Moderate (predicted) TC11003476.hg.1 PIK3C2A
20500135 hsa-miR-19b-3p 1.610 High (predicted) TC11003476.hg.1 PIK3C2A
20500488 hsa-miR-223-3p 1.830 High (predicted) TC11003476.hg.1 PIK3C2A
20506837 hsa-miR-1246 3.530 Moderate (predicted) TC11003476.hg.1 PIK3C2A
20504574 hsa-miR-130a-3p 2.300 High (predicted) TC11003476.hg.1 PIK3C2A

Abbreviations: AKT3, AKT serine/threonine kinase 3; ATM, ATM serine/threonine kinase; CD40LG, CD40 ligand; LCP2, lymphocyte cytosolic protein 2; NFAT5, nuclear
factor of activated T-cells 5; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; PIK3C2A, phosphatidylinositol-4-phosphate 3-kinase catalytic
subunit type 2 alpha; miRNA/miR, microRNA.

Figure 8 Expression levels of hsa-miR-148a-3p, CXCR1, HB-EGF, NFAT5, and TREM-1 by RT-qPCR (P <0.05).
Abbreviations: CXCR1, C-X-C motif chemokine receptor 1; HBEGF, heparin binding EGF-like growth factor; NFAT5, nuclear factor of activated T-cells 5; TREM-1,
triggering receptor expressed on myeloid cells 1; COPD, chronic obstructive pulmonary disease.
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previous studies, included hsa-miR-19a-3p,31 hsa-miR-29b-3p,32,33 hsa-miR-183-5p,31 hsa-miR-223,31,34 hsa-miR-142-5p,31

hsa-miR-451,35 hsa-miR-664,35 hsa-miR-148a,35 and hsa-miR-99b.35 Following integrated analysis of gene transcription and
miRNA expression, 42 miRNAs targeting 28 upregulated genes and 69 miRNAs targeting 498 downregulated genes were
identified, suggesting that miRNAs may have a regulatory effect on most of the differentially expressed genes in COPD. This
study validated the significant upregulation of hsa-miR-148a-3p in PBMCs from patients with COPD, but its functional role in
COPD has not been studied. Downregulated genes, including LCP2, NFAT5, PIK3CA, and PIK3C2A, were predicted to be
targeted genes of hsa-miR-148a-3p, and were involved in iCOS-iCOSL signaling in the T helper cell pathway. Therefore, hsa-
miR-148a-3p and its targeted genes may play a significant role in COPD; however, the exact mechanisms require further
study. Profiling mRNA and miRNA expression in the same set of COPD and control samples enabled us to investigate the
complexity of gene dysregulation in the context of this disease. Investigating these relationships may provide further insight
into the mechanisms of COPD.

Conclusion
In conclusion, miRNAs and mRNAs are differentially expressed in PBMCs of patients with COPD, compared with
normal controls. miRNAs regulate the expression of mRNAs, and, therefore, play a role in the pathogenesis of COPD.
This study had limitations. First, it included a relatively small sample size, and the participants were almost exclusively
male (91.7%). Second, the study was restricted to participants at relatively high-risk; 58.3% of patients with COPD were
at GOLD stage 3 and 41.7% were at stage 4. Further studies are required to confirm the role of certain differentially
expressed genes and miRNAs and the underlying regulatory mechanism.
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