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Objectives: MicroRNAs (miRNAs) play essential roles in the development of COPD. In this
study, we aimed to identify and validate potential miRNA biomarkers in frequent and non-
frequent exacerbators of COPD patients using bioinformatic analysis.

Materials and methods: The candidate miRNA biomarkers in COPD were screened
from Gene Expression Omnibus (GEO) dataset and identified using GEO2R online tool.
Then, we performed bioinformatic analyses including target prediction, gene ontology (GO),
pathway enrichment analysis and construction of protein—protein interaction (PPI) network.
Furthermore, the expression of the identified miRNAs in peripheral blood monocular cells
(PBMCs) of COPD patients was validated using quantitative real-time polymerase chain
reaction (QRT-PCR).

Results: MiR-23a, miR-25, miR-145 and miR-224 were identified to be significantly downregu-
lated in COPD patients compared with healthy controls. GO analysis showed the four miRNAs
involved in apoptotic, cell differentiation, cell proliferation and innate immune response.
Pathway analysis showed that the targets of these miRNAs were associated with p53, TGF-3,
Wnt, VEGF and MAPK signal pathway. In healthy controls, the miR-25 and miR-224 levels
were significantly decreased in smokers compared with nonsmokers (P<<0.001 and P<0.05,
respectively). In COPD patients, the levels of miR-23a, miR-25, miR-145 and miR-224 were
associated with Global Initiative for Chronic Obstructive Lung Disease (GOLD) stages. Notably,
miR-23a and miR-145 were significantly elevated in non-frequent exacerbators compared with
frequent exacerbators (P<<0.05), and miR-23a showed higher area under the receiver—operator
characteristic curve (AUROC) than miR-145 (0.707 vs 0.665, P<<0.05).

Conclusion: MiR-23a, miR-25, miR-145 and miR-224 were associated with the development
of COPD, and miR-23a might be a potential biomarker for discriminating the frequent exacerba-
tors from non-frequent exacerbators.

Keywords: COPD, microRNAs, bioinformatic analysis, Gene Expression Omnibus dataset,
biomarkers, Global Initiative for Chronic Obstructive Lung Disease stages

Introduction

COPD is characterized by persistent airflow limitation due to airway and/or alveolar
abnormalities that are usually caused by exogenous exposure to noxious particles
or gases.! Cigarette smoking is the major risk factor for the development of COPD.
In 2010, COPD is the fourth leading cause of death worldwide, but it is predicted to be
the third by 2020.2 Acute exacerbation of COPD (AECOPD), which is generally char-
acterized by the aggravated dyspnea and the increased volumes of phlegm and phlegm
purulence, had an in-hospital mortality of 4.3%—7.7%.3-° However, there are still no
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strong and effective strategies to predict the occurrence of
AECOPD. Therefore, biomarkers for predicting the develop-
ment and prognosis of COPD are urgently required.
MicroRNAs (miRNAs) are endogenous, approximately
20-25 nt, noncoding RNAs that can target mRNAs for the
cleavage of translational repression.® miRNAs have been
demonstrated to participate in the pathogenesis and develop-
ment of COPD. Fujita et al’ reported that miR-210 contributed
to abnormal airway remodeling by suppressing autophagy
and promoting myofibroblast differentiation. Osei et al®
demonstrated that miR-146a-5p involved in the epithelial—
fibroblast cross talk and the blockage of miR-146a-5p might
induce the chronic inflammation in COPD-derived primary
human lung fibroblasts. Furthermore, miRNAs have also been
demonstrated to be promising and effective biomarkers for the
diagnosis of COPD. In 2012, Akbas et al® first reported the
downregulation of serum miR-20, miR-28-3p, miR-34¢-5p
and miR-100 and the upregulation of miR-7 in COPD
patients compared with healthy controls, and they suggested
that these miRNAs might provide potential biomarkers for
therapeutic strategy. Another group reported that the ratio of
serum miR-20a to miR-181a was associated with the early
stage of COPD in asymptomatic heavy smokers.'* In addition,

Wang et al'! also demonstrated that the levels of miR-145-5p,
miR-338-3p and miR-3620-3p were related to the severity
of COPD. However, these preliminary results were usually
limited by small sample size and have not been confirmed
using large-scale dataset.

With the development of high-throughput microarray and
sequencing technology, several public resources have been
established, and the Gene Expression Omnibus (GEO) of
National Center for Biotechnology Information (NCBI) is the
largest one. Bioinformatic analyses based on the GEO data-
base provide valuable information for searching biomarkers
in various diseases.'>'® However, little data have been
reported on the bioinformatics-based identification of poten-
tial miRNA biomarkers for COPD patients. Therefore, we
aimed to identify and validate potential miRNA biomarkers
in frequent and non-frequent exacerbators of COPD patients
using bioinformatic analysis.

Materials and methods
Selection of candidate miRNAs

and target prediction
The general overview of the study design is shown in Figure 1.
Shared blood miRNA profiles of COPD patients were searched

Study design

(1) Selection of (2) Bioinformatic _ s
miRNAs ‘ analyses ‘ (3) Clinical validation
GEO GSE70080 Target prediction COPD (n=50)
screening | GSE31568 getp healthy control (n=50)
GEOZ2R analyses GO Zgglgjé';way gRT-PCR
. . PPI network The association with
Candidatoligig construction COPD phenotype

Figure | The general overview of the study design.

Notes: |, Selection of candidate miRNAs through GEO dataset. 2, Bioinformatic analyses of candidate miRNAs involving target prediction, GO and pathway analyses and
PPI network construction. 3, qRT-PCR validation of miRNAs in PBMCs from COPD patients and healthy control subjects.
Abbreviations: GEO, Gene Expression Omnibus; GO, gene ontology; miRNAs, microRNAs; PBMCs, peripheral blood monocular cells; PPI, protein—protein interaction;

qRT-PCR, quantitative real-time polymerase chain reaction.
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in GEO datasets.!” GSE70080 and GSE31568 were selected,
and the dysregulated miRNAs of COPD patients and
healthy controls were intersected. GEO2R!® was performed
to compare the original submitter-supplied processed data
tables using the GEO query and limma R packages from the
bioconductor project. Generally, GEO2R is a well-designed
tool for avoiding the false positivity by handling the various
types of data and performing multiple testing corrections on
P-values.

The accuracy for the predicted targets of candidate
miRNAs was improved by the following software: PicTar!?,
miRDB? and TargetScan.?! Validated targets were acquired
from TarBase.? Briefly, we took the intersection of the three
series of predicted targets and validated the targets using
TarBase.

Gene ontology (GO) and pathway

enrichment analysis of target genes
GeneCodis® is a web-based tool for comprehensive analysis
of gene annotations, encompassing GO, Panther and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways,
InterPro Motifs and Transcription Factors, etc. GO annotates
genes and gene products including molecular function (MF),
cellular component (CC) and biological process (BP).* Pan-
ther and KEGG are bioinformatic resources for genomic and
gene functional information.?*?¢ The significant enrichment
results were accepted at a threshold of =2 gene counts with
a P-value <0.05.

Construction of protein—protein
interaction (PPI) network

Venn diagram was carried out for finding potential targets
of the candidate miRNAs (Venny 2.1).%” The interactions of
the potential target genes were predicted by the Search Tool
for the Retrieval of Interacting Genes (STRING) database.?
Cytoscape (version 3.5.1; http://cytoscape.org/) is an open

source software which is capable of integrating the high-
throughput data and other types of molecular data into a
unitized conceptual framework.? The values of gene interac-
tions predicted by STRING were imported into Cytoscape to
visualize the resulting PPIs and to identify hub genes among
potential targets.

Patients and healthy controls

A total of consecutive 50 COPD patients were included
during October 2016 to February 2017 in Qilu Hospital of
Shandong University, as well as 50 well age- and gender-
matched healthy subjects were recognized as controls.

The inclusive criteria for COPD patients were set as forced
expiratory volume in 1 s/forced vital capacity (FEV /
FV(C)<0.7 according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guideline. The classi-
fication of the severity stage for COPD was the following:
GOLD 1, forced expiratory volume in the first second of
expiration for predicted values (FEV, %pre)=80%; GOLDII,
50%=FEV %pre<80%; GOLDIII, 30%=FEV %opre<<50%;
GOLD 1V, FEV %pre<30%.' Frequent exacerbator was
identified as COPD patient with two or more episodes of
acute exacerbations during preceding 1 year, while non-
frequent exacerbator as COPD patient with <2 episodes of
acute exacerbations during preceding 1 year. Meanwhile, all
patients did not undergo acute exacerbation during the nearly
past 3 months. Exclusion criteria included the existences of
other chronic lung diseases, tumors, unstable cardiovascular
diseases, diabetes, nervous system diseases and liver and
kidney diseases. The study was approved by the medical
ethics committee of Qilu Hospital of Shandong University,
and the written informed consent form was obtained from
each patient.

Peripheral blood mononuclear cell
(PBMC) separation and RNA extraction

The fasting peripheral vein blood (4 mL) was collected in
EDTA tubes, and PBMCs were obtained through the Ficoll
(Solarbio Life Sciences, Beijing, People’s Republic of China)
isolation method. Total RNA containing small RNA was
extracted from PBMCs by using the Trizol reagent (Thermo
Fisher Scientific, Waltham, MA, USA) according to the
manufacturer’s protocol. RNA purity and concentration
were evaluated by the ratio of absorbance at OD260/0D280
through ultraviolet spectrophotometer.

Quantitative real-time polymerase chain
reaction (QRT-PCR)

Quantitative real-time polymerase chain reaction (QRT-PCR)
was performed with Bulge-loop™ miRNA qRT-PCR Starter
kit on RT-PCR system (Thermo Fisher Scientific) accord-
ing to the following protocol: reverse transcription PCR:
42°C 60 min, 70°C 10 min, 4°C «o; qPCR: 95°C for 10 min,
followed by 40 cycles of 95°C for 2 s, 60°C for 20 s and
then 70°C for 10 s. Melt curve analysis was performed; the
nuclear acid melting temperatures were 70°C—95°C; the
heating rate was 0.5°C/time; holding time was 5 s/time;
then, the Ct was recorded. The primers of these miRNAs
and U6 were obtained from RiboBio Corporation (Guang-
zhou, People’s Republic of China). The fold change of
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each miRNA expression was calculated using the AACT
method.

Statistical analyses

The demography and clinical data are presented as mean £ SD.
The difference of gender composition between healthy con-
trols and COPD patients was analyzed by Pearson’s chi-
square test, and the differences for continuous variables were
analyzed by Mann—Whitney U-test. The relationship between
FEV %pre and pack-years of COPD patients was analyzed
by Pearson’s correlation analysis. The Mann—Whitney U-test
was employed to compare the expression levels of miRNAs
between the two groups. Receiver—operator characteristic
(ROC) curve analysis and the area under the ROC curve
(AUROC) were used to evaluate the specificity and sensi-
tivity of miRNAs, with the larger AUROC value showing
the higher diagnostic values. All statistical analyses were
performed using the SPSS 20.0 software (IBM Corporation,
Armonk, NY, USA) and the GraphPad Prism 6 (Graph-
Pad Software, Inc., La Jolla, CA, USA). Differences with
P-value of <0.05 were considered statistically significant.

Results
Identification of candidate miRNAs

and prediction of targets

In GSE31568 and GSE70080, COPD samples and healthy con-
trols were entered into GEO2R analysis to identify the candi-
date miRNAs. MiR-23a, miR-25, miR-145 and miR-224 have
been selected as candidate miRNAs (P<<0.05). The target genes
were predicted from both prediction algorithms (TargetScan,

A

Other items

GO: 0019221: Cytokine-mediated signaling
pathway

GO: 0008283: Cell proliferation

GO: 0045087: Innate immune response

GO: 0043066: Negative regulation of
apoptotic process

GO: 0001666: Response to hypoxia

GO: 0007411: Axon guidance

GO: 0055114: Oxidation-reduction process

GO: 0007399: Nervous system development

GO: 0030154: Cell differentiation

GO: 0055085: Transmembrane transport

GO: 0008285: Negative regulation of cell
proliferation

GO: 0006954: Inflammatory response

GO: 0007155: Cell adhesion

GO: 0007596: Blood coagulation

GO: 0015031: Protein transport

GO: 0008152: Metabolic process

Figure 2 (Continued)

A

miRDB and PicTar) and experimentally supported targets
from TarBase. Eventually, we gained a total of 3114 target
genes of the candidate miRNAs.

GO, KEGG and Panther pathway

functional analyses
GO enrichment analysis demonstrated that the main annotations
forthe MF ofthe 3114 target genes included DNA-dependent reg-
ulation of transcription, signal transduction, multicellular organ-
ismal development, apoptotic process, transmembrane transport,
cell differentiation, cell proliferation, innate immune response,
platelet activation, response to stress, response to hypoxia, cell
adhesion, metabolic process, cell migration, lipid metabolic
process, oxidation—reduction process, inflammatory response,
cytokine-mediated signaling pathway, etc (Figure 2A).
KEGG and Panther pathway analysis of these target genes
presented p53 signal pathway, TGF-[ signal pathway, Wnt
signal pathway, VEGF signal pathway, MAPK signal pathway,
oxidative stress response, Notch signal pathway, etc, indicating
their potential roles for the pathogenesis of COPD (Figure 2B
and C). The most enriched items of KGEE and Panther
pathways according to P-values are presented in Table 1.

PPl network construction of potential

targets

The Venn diagram of 3114 predicted genes is shown in
Figure 2D. There are 32 common target genes (FBN1, ADD3,
AHNAK, AP1G1, BAZ2A, etc) for miR-23a, miR-25 and
miR-145, four genes (BTG2, TMEM9B, ELK4, ACTB)
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Table | KEGG and Panther pathway analysis of target genes

Pathway databases Term Pathway Count P-value

KEGG pathways Kegg:05200 Pathways in cancer 100 2.43707E-32
Kegg:04110 Cell cycle 56 |.81E-28
Kegg:04810 Regulation of actin cytoskeleton 6l 6.37118E-19
Kegg:04144 Endocytosis 58 9.94964E-19
Kegg:04310 Wht signaling pathway 50 1.34406E-18
Kegg:04115 p53 signaling pathway 32 I.18E-17
Kegg:04010 MAPK signaling pathway 67 2.54848E-17
Kegg:04520 Adherens junction 32 1.00518E-16
Kegg:05100 Bacterial invasion of epithelial cells 30 4.92134E-15
Kegg:04350 TGF-B signaling pathway 31 1.09308E-13

Panther pathways Panther:P00034 Integrin signaling pathway 53 9.28E-20
Panther:P00018 EGF receptor signaling pathway 38 2.22E-14
Panther:P00057 Wht signaling pathway 64 4.13E-14
Panther:P00052 TGF- signaling pathway 33 7.19E-14
Panther:P00059 p53 pathway 29 I.11E-12
Panther:P00005 Angiogenesis 40 2.97E-11
Panther:P00033 Insulin/IGF pathway protein kinase B signaling cascade 18 1.60E-10
Panther:P04398 p53 pathway feedback loops 2 20 2.02E-10
Panther:PO003 | Inflammation mediated by chemokine and cytokine signaling pathway 45 2.85E-10
Panther:P00029 Huntington disease 34 3.51E-10

Notes: The top 10 terms of pathways were selected according to P-value. Count, the number of enriched genes in each term.
Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genomes.

for miR-25, miR-145 and miR-224, 27 genes (MARCKS, ACTB,MYC,CTNNBI,CDHI1and CCND1 are shown as hub

YWHAG, SLC4A4, ARFGEF2, BIR3BP, etc) for miR-23,
miR-25, miR-224, three genes (ZNF423, KDMS5A, USP37)
for miR-23, miR-145 and miR-224, as well as six genes
(CCNG1, CCNDI, CELF1, DDX3X, MAP1B and NUFIP1)
for all the four miRNAs. Furthermore, the PPI network of the
72 identified target genes is shown in Figure 3. In Figure 3,

min‘zaa

target genes according to the counts of interacting protein.

Basic demographic characteristics of the
COPD patients and healthy controls

In this current study, the validation set included a total of 50
COPD patients (four for GOLD I, 14 for GOLD II, 15 for
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Figure 3 Interaction of miRNAs and targets and interaction of protein—protein network.
Notes: The orange edges represent the interaction of miRNAs and target genes, while the green edges represent the interaction of those proteins. MYC, MDM2, CDH I,
ACTB, CTNNBI and CCND| are shown as hub target genes according to the counts of interacting protein.

Abbreviation: miRNAs, microRNAs.
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Table 2 The demographic and clinical characteristics of clinical investigation subjects

Variables Healthy control group COPD group P-value

Nonsmokers Smokers Non-frequent Frequent

exacerbators exacerbators

Number 32 18 18 32
Gender (male/female) 24/8 14/4 14/4 27/5 0.461
Age (years) 60+10 5948 6217 6418 0.691
BMI (kg/m?) 24.62+2.58 25.59+2.05 24.83+2.51 23.69+3.97 0.063
Pack-years - 27.62+20.37 29.62+21.45 31.07+20.82 <0.001
Post-BD FEV %pre 96.25%+7.46% 94.78%18.72% 45.74%%19.28% 40.62%*18.41% <0.001

Notes: Data are presented as mean + SD. Pack-years = (the number of cigarettes smoked per day/20) x the number of years smoked.
Abbreviations: BD, bronchodilator; BMI, body mass index; FEV %pre, forced expiratory volume in the first second of expiration for predicted values.

GOLD I and 17 for GOLD 1V) and 50 healthy controls
(32 nonsmokers and 18 smokers). The demographic and
clinical characteristics of COPD patients and healthy controls
are presented in Tables 2 and 3. The post-bronchodilator (BD)
FEV %pre of each GOLD grade (mean + SD) is shown as fol-
lows: GOLD 1, 86.29%4.63%; GOLD 11, 56.47%x6.51%;
GOLD III, 38.74%5.44%; GOLD 1V, 19.83%x7.03%.
In COPD patients, there were 18 non-frequent exacerbators
and 32 frequent exacerbators. FEV %pre was demonstrated
to be negatively correlated with pack-years in COPD patients
(P<<0.05,=-0.298; Figure 4). Between healthy controls and
COPD patients, there were no significant differences in age
and body mass index (BMI; all P>0.05) as well as significant
difference in smoking status (P<<0.001).

Validation of the identified miRNAs in

PBMC:s of healthy and COPD subjects

The levels of miR-23a, miR-25, miR-145 and miR-224 in
PBMCs were found to be significantly lower in COPD patients
than those in healthy controls (Figure 5A). Interestingly,
miR-23a and miR-145 were downregulated in frequent exac-
erbators compared with non-frequent exacerbators (P<<0.05).
In healthy controls, the levels of miR-25 and miR-224 were
upregulated in nonsmokers compared with those in smokers
(P<<0.001, P<0.05, respectively).

As shown in Figure 5B, the levels of miR-23a and miR-145
in GOLD I and GOLD II were significantly higher than
GOLD III (P<<0.05) and GOLD IV (P<<0.001), as well as the
same trend of miR-23a and miR-145 in GOLD III compared
with GOLD IV (P<<0.05). There was no significant difference
in miR-25 between GOLD I and GOLD II compared with
GOLD III (P>0.05), while there was a significantly higher
expression of miR-25 in GOLD I and GOLD Il and GOLD III
compared with GOLD IV (P<<0.01 and P<<0.05, respectively).
For the level of miR-224, there was no significant differ-
ence in GOLD I and GOLD II compared with GOLD III
(P>0.05), as well as the same trend between GOLD III
and GOLD IV (P>0.05). Of note, we demonstrated the
significant higher expression of miR-224 in GOLD I than
GOLD IV (P<0.01).

ROC curve analyses of miR-23a and
miR-145 as biomarkers in non-frequent
and frequent COPD exacerbators

ROC analysis was performed to estimate the diagnostic
accuracy of miR-23a and miR-145 as biomarkers for iden-
tifying frequent and non-frequent exacerbators (Figure 6).
The AUROC was 0.707 (95% CI: 0.543-0.880) with a
sensitivity of 71.88% and specificity of 66.67% for miR-23a
(P=0.016), as well as 0.665 (95% CI: 0.5123-0.8175)

Table 3 The clinical characteristics of COPD patients with different GOLD stages

Characteristics GOLD | GOLD Il GOLD Il GOLD IV P-value
Number 4 14 I5 17

Gender (male/female) 2/2 10/4 13/2 16/1 0.125
Age (years) 58+4 6115 6318 6417 0.611
BMI (kg/m?) 24.95+2.05 24.324+2.87 23.48+3.31 23.16+3.69 0.436
Pack-years 18.37£10.82 28.83+18.23 31.76121.15 32.78+20.54 <0.05
Post-BD FEV, %pre 86.29%14.63% 56.47%16.51% 38.74%%5.44% 19.83%+7.03% <0.001

Notes: Data are presented as mean + SD. Pack-years = (the number of cigarettes smoked per day/20) x the number of years smoked.
Abbreviations: BD, bronchodilator; BMI, body mass index; FEVI%pre' forced expiratory volume in the first second of expiration for predicted values; GOLD, Global

Initiative for Chronic Obstructive Lung Disease.
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Figure 4 Smoking status of COPD patients.

Notes: FEV %pre was negatively correlated with pack-years in COPD patients
(P<<0.05, r=-0.298).

Abbreviation: FEV %pre, forced expiratory volume in the first second of expiration
for predicted values.

with a sensitivity of 65.63% and specificity of 66.67% for
miR-145 (P=0.066).

Discussion

AECOPD is an acute event of respiratory symptoms with
serious impact on quality of life of COPD patients.** How-
ever, little data have been reported on exploring the miRNA
biomarkers for identifying frequent and non-frequent exac-
erbators of COPD patients. In the current study, we first
identified the profile of miR-23a, miR-25, miR-145 and
miR-224 and provided the functional pathways for those
miRNAs using bioinformatic methods. Furthermore, we
demonstrated that miR-23a and miR-145 were significantly
different in non-frequent and frequent exacerbators using
validated cohort. Finally, we suggested that miR-23a might
be the potential and promising biomarker for discriminating
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Figure 5 qRT-PCR validation of four candidate miRNAs in PBMCs of participants.

Notes: (A) Relative levels of miR-23a, miR-25, miR-145 and miR-224 among different groups (NS-C, healthy nonsmokers; S-C, healthy smokers; NF-AE, non-frequent acute
exacerbators; F-AE, frequent acute exacerbators). (B) Relative levels of these four miRNAs in patients with different GOLD stages (1, [l: GOLD | and GOLD |l stages; IllI:

GOLD lll stage; IV: GOLD IV stage). *P<<0.05; **P<<0.01; ***P<0.001.

Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; miRNAs, microRNAs; PBMCs, peripheral blood monocular cells; qRT-PCR, quantitative

real-time polymerase chain reaction.
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Figure 6 ROC curve of miRNA-23a and miRNA-145 in COPD patients.

Notes: ROC curve of miRNA-23a and miRNA-145 between non-frequent
and frequent exacerbators of COPD patients. miR-23a: AUC 0.707 (95% CI:
0.543-0.880), P=0.016; miR-145: 0.665 (95% Cl: 0.5123-0.8175), P=0.066.
Abbreviations: ROC, receiver—operator characteristic; miRNAs, microRNAs;
AUC, area under the curve.

frequent exacerbators from non-frequent exacerbators of
COPD patients.

In recent years, increasing evidences showed that
miRNAs contributed to the development and progression
of COPD patients. MiR-199a-5p was demonstrated to be a
critical regulator for unfolded protein response in alpha-1
antitrypsin-deficient monocytes.*' Blockage of miR-503 has
been reported to augment the release of vascular endothelial
growth factor from lung fibroblasts of COPD patients.> MiR-
218-5p, which was significantly downregulated in COPD
patients compared with nonsmokers, was recognized as a pro-
tective factor for COPD.** Furthermore, Shen et al** reported
that miR-483-5p was capable of abrogating the TGF-
B-mediated cell proliferation in pulmonary epithelial and
fibroblast cell lines. In addition, Shen et al*> demonstrated
that miR-149-3p might attenuate the inflammatory response
via TLR-4/NF-kB signaling pathway in COPD patients.

In the current study, we first identified that the profiles
of miR-23a, miR-25, miR-145 and miR-224 were down-
regulated in COPD patients than healthy controls, indicating
their potential roles in the development of COPD. Previ-
ously, miR-23a, miR-25, miR-145 and miR-224 have been
found to be abnormally expressed in idiopathic pulmonary
hypertension,*® asthma®”* and lung cancer.’**' MiR-23a
was reported to be associated with the loss of muscle force
during the AECOPD,* and the mechanism might be that
miR-23a could regulate TLR2/MyD88/NF-kB pathway by
targeting TLRs.* MiR-25 was demonstrated to mediate the
phenotype of human airway smooth muscle cells (ASMCs)
when exposing to IL-1B, TNF-o and IFN-y.* MiR-145

can modulate the Th1/Th2 balance in asthma by regulating
Runx3.% In the study by Hu et al,** miR-145 inhibited the
TGF-B-induced epithelial-mesenchymal transition (EMT)
by negatively regulating SMAD3 expression in human
non-small cell lung cancer (NSCLC) cells. MiR-224 was
reported to inhibit cell proliferation and metastasis in NSCLC
A549 cell lines.*' Shen et al® reported that miR-224 could
downregulate gene expression of ACADM and ALDH?2,
inhibit the formation of triglyceride and influence lipid
metabolism and apoptosis. Therefore, it is hypothesized
that the profiles of miR-23a, miR-25, miR-145 and miR-224
might be associated with the inflammation, oxidative stress,
immune imbalance, EMT, cell proliferation, apoptosis and
lipid metabolism of COPD.

We have performed the GO and pathway analysis to
predict the possible biological function and signal path-
ways of the target genes in the pathogenesis of COPD. Our
results demonstrated that miR-23a, miR-25, miR-145 and
miR-224 may play important roles in inflammation, oxida-
tive stress, lipid metabolic disorders, cell proliferation and
apoptosis. Enriched pathways included p53 signal pathway,
TGF- signal pathway, Wnt signal pathway, VEGF signal
pathway, MAPK signal pathway, oxidative stress and Notch
signal pathway. Tilley et al* reported the lower expression
of NOTCH3 gene in smokers than nonsmokers, suggesting
its potential interaction with smoke. Besides, TGF-f} signal
pathway involved in the development of lung, inflammation
and airway remodeling of COPD. Another study showed
that smoking-mediated airway inflammation could lead to
oxidative stress and airway remodeling by activating MMP-9
and TGF-B/Smads pathway.*’ Therefore, we believe that our
identified candidate miRNAs might contribute to the inflam-
mation, airway mucus hypersecretion, oxidative stress and
airway remodeling via those enriched pathways. However,
the hypothesis based on the bioinformatic analyses is urgently
needed to be confirmed in the future study.

In the current study, GSE70080 and GSE31568 were
selected to perform the differential miRNA expression profile
of COPD patients and healthy controls. It is worth noting
that the two GEO Series also contain the gene information
of lung cancer.”®# Using the same GSE datasets, Halvorsen
et al*® revealed six circulating miRNAs (miR-429, miR-205,
miR-200b, miR-203, miR-125b and miR-34b) for the early
diagnosis of NSCLC patients, and Keller et al* reported some
potential miRNA biomarkers for distinguishing lung cancer
from COPD. Our current study mainly compared the data
from COPD patients and healthy controls and demonstrated
that miR-23a, miR-25, miR-145 and miR-224 were associ-
ated with the development of COPD.
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Frequent exacerbation phenotype is one of the main phe-
notypes in COPD patients,*! and biomarkers for identify-
ing the frequent and non-frequent exacerbators are urgently
needed. In the previous study, urinary desmosine was reported
to be a useful biomarker for identifying frequent exacerbators
of COPD patients.” Besides, the upregulation of IL-1 pathway
mediators (IRAK2, IRAK3, PELI1 and IL1R 1) was reported
to be relevant to frequent exacerbations of COPD. Fu et al*
demonstrated that serum IL-6 and sputum IL-1[3 were asso-
ciated with the frequent exacerbations. However, miRNA
biomarkers for identifying the frequent exacerbators of COPD
have not been reported to date. Using the clinical samples, we
demonstrated that miR-23a and miR-145 were significantly
expressed between non-frequent and frequent exacerbators of
COPD. Furthermore, ROC curve showed that miR-23a might
be the potential and promising biomarker for discriminating
frequent exacerbators from non-frequent exacerbators.

However, there are some limitations in our study. First, we
performed bioinformatic analysis using two different groups
and platforms, which might generate variances. Usually,
there are two commonsense methods to avoid the variances:
the first method is for performing quality control within
each group using the techniques of normalization, principal
component analysis (PCA) and cluster, then merging all the
groups with raw data after quality control and eventually
performing differential expression profiling in the merged
group.”>8 However, the quality control might be quite disor-
dered especially for the dataset with relatively small samples
and inevitably generate poor repeatability. The second
method is for first performing differential expression profiling
in each group, respectively, and then choosing the common
intersection. The P-value would be assigned for all miRNAs
in the ranked lists to re-rank these miRNAs and decide their
significance.* % This method might be more feasible for the
dataset with relatively small samples or platform heterogene-
ity. Therefore, considering the real spirit of our current study,
we have selected the second method to avoid the variances.
Second, we still need to investigate the functional mechanism
of the target genes and pathways in the future study, and
the prognostic value of miR-23a should be confirmed in the
prospective, multicenter, large-scale cohort.

Conclusion

We first identified the profile of miR-23a, miR-25, miR-145
and miR-224 and provided the functional pathways for those
miRNAs using bioinformatic methods. Furthermore, we
demonstrated that miR-23a and miR-145 were significantly
different in non-frequent and frequent exacerbators using
validated cohort. Finally, we suggested that miR-23a might

be the potential and promising biomarker for discriminating
frequent exacerbators from non-frequent exacerbators of
COPD patients. However, the functional mechanism of the
target genes and the prognostic value of miR-23a should be
confirmed in the future study.
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