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Background: COPD is characterized by a persistent inflammatory response, especially 
against cigarette smoke. COPD patients may develop varying degrees of emphysematous 
destruction of the lungs. A pathophysiological role for miRNAs in COPD has been suggested 
in several studies. We examined changes in microRNAs expression profile during 10 years 
follow-up in relation to COPD progression.
Methods: Clinical and lung function parameters were registered from every subject 
included in the study. miRNAs expression was determined in 14 serum samples from 7 
patients in two moments (4 smokers with COPD (BODE cohort) and 3 smokers without 
COPD) by next generation sequencing (NGS) at baseline and after 10 years follow-up. 
A validation study was performed by qPCR in 20 patients with COPD (13 emphysema- 
diagnosed by CTscan) and 10 smoker controls at baseline and after 10 years follow-up. hsa- 
miRNA-20a-5p and hsa-let-7d-5p were used as endogenous controls.
Results: A total of 198 miRNAs (≥10TPM) were identified by NGS. Between these, hsa- 
miR-1246 was found significantly downregulated in COPD patients after 10 years when 
compared to baseline (p<0.0001, FDR=0.05). Seventy-five percent of these patients had an 
emphysema diagnose. In the validation analysis, when analyzed longitudinally, hsa-miR 
-1246 was significantly downregulated in COPD patients with emphysema after 10 years 
(p= 0.019). However, no association was found between the expression of miR-1246 and any 
other lung function parameters (FEV1, PaO2, DLCO, IC/TLC) within the follow-up period. 
GO and KEGG enrichment analysis revealed miR-1246 to be associated with target genes in 
several pathways involved in COPD/emphysema development.
Conclusion: Our findings suggest that hsa-miR-1246 may act as a biomarker of emphysema 
in COPD. Functional analysis is guaranteed to elucidate its role in COPD.
Keywords: COPD progression, miRNAs, emphysema

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by a progressive 
airflow obstruction and a persistent inflammatory response, especially against 
cigarette smoke.1,2 COPD is the third leading cause of chronic morbidity and 
mortality worldwide.3

Recent reports suggest that cigarette smoke induces oxidative stress-mediated 
DNA damage and triggers cellular senescence in the lungs, which results in several 
pathophysiological changes in the lung.2,3 The infiltration of small airways by 
neutrophils, macrophages and T lymphocytes is associated with further release of 
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cytokines and proteolytic enzymes, which amplifies the 
inflammation and release proteases and reactive oxidative 
species that damage the parenchymal lung tissue, results in 
the destruction of alveolar structure and increased mucus 
secretion, contributing to the development of emphysema 
in COPD patients.4 This impaired tissue regeneration acti-
vates matrix remodeling and tissue repair mechanism such 
as cellular proliferation and senescence that are however 
insufficient to counteract its effect.

miRNAs are non-coding 18–24 nucleotide long RNA 
molecules. miRNAs play a critical role in several biologi-
cal processes such as apoptosis, cell differentiation, pro-
liferation, DNA damage repair, angiogenesis, stress 
response and stem cell division. They act primarily by 
suppressing mRNA translation and thereby reducing the 
levels of the proteins involved.5,6 Deregulation of miRNAs 
can be caused by various mechanisms, either genetic or 
epigenetic.7 It has been reported that miRNA expressions 
dysregulation is associated with the development and pro-
gression of several human diseases like cancer, neurologi-
cal, cardiovascular diseases8 and pulmonary ones.9

A pathophysiological role for miRNAs in COPD has 
been suggested in several studies. Previous studies showed 
a differential expression of certain miRNAs in different 
types of samples such as sputum, bronchial and lung 
tissue10–12 or even serum or plasma13,14 in smokers and 
COPD cases. It has also been described how tobacco 
smoke affects the expression of miRNAs of the bronchial 
epithelium.15 It has been suggested several deregulated 
miRNAs to be involved in the development of tobacco- 
associated diseases such as COPD and its progression.16 

A study by Xie et al demonstrated that the serum ratio of 
miR-21 to miR-181a could predict the risk of suffering 
COPD in asymptomatic smokers with a significant smok-
ing burden.17 Moreover, Sato et al found that the expres-
sion of miR-146a was correlated with the severity of 
COPD.18 However, all research designs until now were 
cross-sectional. Longitudinal studies are needed to evalu-
ate potentially useful miRNAs as biomarkers for early 
detection of disease-related molecular and genetic 
changes, as well as a risk marker of the disease evolution 
by early detection of pulmonary function loss, exacerba-
tions and/or mortality.

The aim of the present study was to examine changes 
in a microRNA expression profile after 10 years-follow-up 
in relation to COPD progression serum samples in a very 
well characterized cohort of patients.

Methods
Study Individuals
Patients
Twenty-four individuals with a diagnosis of COPD recruited 
from the Hospital Universitario N/S de Candelaria, Tenerife, 
Spain, were included in this study. They are part of a cohort 
of 362 individuals with annual clinical follow-up since 2002, 
part of the BODE multicenter study.19 From these, four 
individuals were included in the screening step and other 
20 were included in the subsequent validation step. Inclusion 
criteria: age >40 years, post-bronchodilator FEV1/FVC ratio 
<0.70 and clinically stable for at least 6 weeks at the time of 
evaluation. Spirometry lung volumes, pulmonary function 
test, and exercise capacity were measured according to ATS- 
ERS guidelines20–22 and severity was graded by the Global 
Initiative for Obstructive Lung Disease (GOLD).21 

Dyspnoea was evaluated by mMRC scale23 and the BODE 
Index was calculated as previously described.19 Co- 
morbidities were quantified using the Charlson index.24 

A pulmonologist visually scored the baseline for emphy-
sema presence, using validated criteria established by the 
Fleischner Society.25 Exclusion criteria included any other 
respiratory diseases and uncontrolled comorbidities such as 
malignancy at baseline.

Controls
Based on the availability of tobacco-smoker controls with-
out COPD (>44 years, smoking history of >15 pack-year 
and FEV1% pred >0.80; FEV1/FVC >0.70), with blood 
sample and with a follow-up of ten years, 13 individuals 
could be included in this study (3 smoker controls for 
screening step and 10 for the validation study in 
the second stage of this research).

The study was approved by the ethical committee 
board of Hospital Universitario N/S de Candelaria and 
written informed consent was obtained from all partici-
pants (PI 55/17). This study was conducted in accordance 
with the Declaration of Helsinki.

Sample Collection
A total of 74 serum samples were collected from partici-
pants (24 stable COPD patients and 13 control smokers 
without COPD at two moments: baseline and after 10 
years of follow-up) between the screening and validation 
steps. Serum samples were isolated within 1 h after receiv-
ing whole blood and immediately stored at −80 °C until 
further use.
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miRNA Screening in COPD Patients
RNA was isolated from 7 participants (4 smokers with 
COPD and 3 control smokers without COPD) at baseline 
and after 10 years follow-up (14 serum samples). Isolation 
of RNA from 200 µL serum of patients was performed 
using a miRNeasy Serum/Plasma Advanced Kit (Qiagen). 
miRNAs expression was determined by next generation 
sequencing (NGS) in an Illumina NextSeq500 platform at 
Exiqon A/S company (Denmark). After mapping the data 
and counting to relevant entries in miRBase v20 software 
(http://mirbase.org)26 the numbers of known microRNAs 
were calculated. miRNAs expression is expressed as Tags 
Per Million (“TPM”, the number of reads for a particular 
microRNA). microRNA stably expressed across all sam-
ples were identified using NormFinder software.27

Quantitative RT-PCR for miRNA 
Expression. Validation Assay
A validation study was performed in 20 patients with 
COPD (from them 13 had emphysema-diagnosed by CT 
scan) and 10 control smokers without COPD, at two 
moments: baseline and after 10 years follow-up (a total 
of 60 serum samples). Isolated RNA from serum samples 
was used in a retro transcription reaction to synthesize 
cDNA using miRCURY LNA RT kit (Qiagen Inc., 
Germany), according to the manufacturer instructions. 
We also used RNA spike-ins (UniSp2, UniSp4 and 
UniSp5, as an RNA isolation control. And cel-miR-39-3p 
in conjunction with the UniSp6 spike-in as cDNA synth-
esis and amplification controls) (miRCURY LNA RT Kit 
and RNA Spike-in Kit, Qiagen Inc., Germany). A qPCR 
analysis was used to quantify the expression of the result-
ing significant miRNAs from the NGS screening study at 
the first stage. In this case, hsa-miR-1246 expression was 
determined by using miRCURY LNA Sybr Green PCR 
Master Mix (Qiagen Inc., Germany). The reactions were 
performed in a final volume of 10 µL and contained 1X 
Sybr Green Master Mix, 200 nmol/L specific primer set 
(miRCURY LNA miRNA PCR assay, Qiagen Inc., 
Germany), using 3 ng cDNA per reaction. The conditions 
included an initial denaturation at 95 °C for 15 min., 
followed by 40 cycles of 94 °C for 15 s, 55 °C for 30 s, 
and 72 °C for 30 s. All the samples were performed in 
triplicates. Experiments were performed on a StepOnePlus 
real-time PCR system (Applied Biosystem, Foster city, 
CA, USA). hsa-miRNA-20a-5p and hsa-let-7d-5p, that 
resulted as the best candidates for normalization control 

in the first stage screening by the NormFinder software, 
were also used for normalization as the reference genes in 
this assay. A non-template control (NTC) was carried out 
in each experiment, crucial to identify any contamination 
that may increase the background.

The relative expression analysis of the target miRNAs was 
performed using the comparative threshold method 2−ΔΔCt.28

In silico Analysis
We also integrated the miRNA and the differentially 
expressed putative target mRNA using the miRBase v20 
(http://www.mirbase.org/),26 TargetScan (http://www.tar 
getscan.org/vert_72/)29 and the DIANA-microT_CDS 
softwares (http://diana.imis.athena-innovation.gr/ 
DianaTools/index.php?r=MicroT_CDS/index).30 In the 
next step, the g:Profiler software was used to contrast the 
resulting genes proposed as targets of miR-1246.31

We performed functional and enrichment analyses 
through the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) (https://www.kegg.jp/) and the Gene-ontology 
(GO) terms32,33 by using the miRTar.Human software 
(http://mirtar.mbc.nctu.edu.tw/human/index.php).

Statistical Analysis
For the cross-sectional analysis, a t-Student, ANOVA, 
Chi2, Fisher Exact, Kruskal–Wallis test were used to test 
differences in means and proportions of clinical and lung 
function characteristics between smoker patients with 
COPD and smokers without the disease.

miRNAs differential expression analysis resulting from 
NGS was performed using the EdgeR statistical software 
package (Bioconductor, http://bioconductor.org/).34 For nor-
malization, the trimmed mean of M-values method based on 
log-fold and absolute gene-wise changes in expression levels 
between samples (TMM normalization) was used. The 
Benjamini-Hochberg false discovery rate (FDR) algorithm 
was used to corrected p-values for multiple testing.35

The association between baseline miRNA expression 
with clinical and/or pulmonary function variables was 
explored using Pearson’s correlation coefficients. χ2 

Pearson test was used for comparisons of differential 
miRNAs expression between cases and the control group.

A multiple logistic regression was performed to test the 
association of telomere length with COPD adjusting for 
age, sex and pack years. General linear model (GLIM) for 
repeated measures was used to assess disease progression 
from longitudinal clinical and lung function data. For 
genetic analysis, SPSS 21.0 IBM Co software was used 
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for all statistical analyses and two-tailed p-values <0.05 
were considered significant.

Results
Screening by NGS
A total of seven individuals (COPD cases and smoker 
controls) were included in the screening study in two 
moments. Both groups were similar in age, gender and 
smoking habit. Three COPD patients had emphysema 
diagnosed by CT scan. The main clinical characteristics 
of these individuals are shown in Supplemental Table 1.

One hundred and ninety-eight miRNAs (≥10TPM) were 
identified by Next Generation Sequencing (NGS) in the 7 
patients (14 samples analyzed) (Figure 1). Between these, hsa- 
miR-184 was found differentially expressed between cases 
and controls at baseline (fold change=1.89, p=0.004) although 
it was discarded for further analysis as FDR>0.05 (Table 1). 
Interestingly, hsa-miR-1246 was found significantly downre-
gulated in COPD patients after 10 years when compared to 
baseline (fold change=1.7; p<0.0001; FDR=0.05) (Figure 2). 
miR-1246 expression level in the control smoker group after 
10-year follow-up was similar to the one observed at baseline 
(p=0.704). Comparison between smokers without COPD at 
baseline and after the follow-up resulted in hsa-miR-203a 
downregulated with a log fold change of 1.89 (p=0.0012), 
but FDR>0.05 so discarded for further analysis.

Validation Study
Table 2 shows the main clinical characteristics of the 30 
individuals included in the validation study. Patients with 
COPD and smoker controls were similar in age, gender 
and body mass index (BMI). Although COPD cases had 
a higher number of pack-years smoked, this was not sig-
nificant and neither existed differences between indivi-
duals who continued smoking in both groups. Patients 
with COPD presented worse lung function and walked 
less. More than a half of the cases presented emphysema 
diagnosed by CT scan.

Cross Sectional
In the validation analysis, we did not find any signifi-
cant difference between the expression of miR-1246 
and the groups of patients with COPD and control 
smokers at baseline (Supplemental Figure 1). When 
we investigate the relation between the clinical and 
pulmonary function parameters or the presence of 
emphysema with differential expression of this 
miRNA in COPD patients, no significant differences 
were found between groups. When we compared the 
expression of miR-1246 in COPD with emphysema vs. 
COPD without emphysema at baseline, we did not find 
any difference (p=0.817).

Figure 1 Heat Map showing the expression profiling of circulating miRNAs in patients with COPD and control smokers without COPD. miRNA assay by NGS was 
performed in 14 serum samples (7 corresponds to baseline (named COPD-1 to 4_bas and Controls-1 to 3_bas) and 7 to the sample individuals after 10 years of follow-up 
(named COPD-1 to 4_10y and Controls-1 to 3_10y)). Red represents a high level of gene expression while green represents a low level of expression.
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Longitudinal Analysis
In addition, in the longitudinal analysis, miR-1246 was 
found to be less expressed although no significant, in 
patients with COPD after 10 years of follow-up when 
compared to baseline (fold change=1.73). The smokers 
without COPD did not show any differential expression 

for this miRNA during the monitoring period. Clinical and 
lung function differences achieved in COPD patients dur-
ing the monitoring time are shown in Table 3, as well as 
for controls in Supplemental Table 1. Interestingly, when 
we analyzed only patients with emphysema, this miRNA 
was significantly less expressed (p= 0.019) in this group 
after the 10-year follow-up period in contrast to baseline 
(Figure 3). However, no association was found between 
lung function parameters (FEV1, PaO2, IC/TLC) including 
the diffusion capacity (DLCO), a subrogate marker of 
emphysema, and miR-1246 when evaluating emphysema 
progression during monitoring follow-up.

In silico Analysis
Our functional analysis, through GO enrichment of the DEGs 
on the biological process (BP), molecular function (MF) and 
cellular component (CC) categories and the KEGG enrich-
ment pathways revealed miR-1246 to be significantly 

Table 1 Main Dysregulated miRNAs in Serum from Patients with 
COPD vs. Smokers Without the Disease at Baseline

Name LogFC p-value

Downregulated

hsa-miR-184 1.89 0.0043

hsa-miR-2115-3p 2.23 0.008
hsa-miR-4772-3p 1.63 0.022

Upregulated
hsa-miR-1246 1.46 0.027

hsa-miR-409-5p 2.07 0.029

Notes: Dysregulated miRNAs with p-values <0.02 and LogFC >1.5. 
Abbreviation: LogFC, log fold change.

Figure 2 Volcano plot showing differentially expressed miRNAs in terms of the fold change in normalized expression in COPD patients at baseline compared to COPD 
patients after 10 years follow-up. The 10 microRNAs with the lowest p-values are marked with names on the plot (p-values <0.02 and log fold change (LogFC) >1).
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associated with target genes enriched in several functions and 
signaling pathways. Between them, are of particular interest, 
the vascular smooth muscle signaling pathway, the MAPK 
signaling cascade, the chemokine signaling pathway and the 
Wnt cascade (Table 4), all reported to be involved in COPD/ 
emphysema development.

Discussion
The main finding of this study is the significant down-
regulation of miR-1246 observed in COPD patients with 
emphysema after a follow-up of 10 years. GO ontology 
and KEGG enrichment analysis revealed miR-1246 to be 
associated with target genes in several pathways involved 
in COPD/emphysema development.

Altered miRNAs expression was reported in several 
studies performed on different samples as sputum, serum 
and lung tissue of patients with COPD when compared to 
smokers without the disease.10,12,17,36,37 Dysregulated 
miRNAs were observed in relation to COPD, and in rela-
tion clinical severity18 and to increase the risk of acute 
exacerbations in stable patients with COPD.37

Other authors investigated potential miRNAs to be 
implicated in the destruction of the emphysematous lung 
in COPD. Christenson et al found several miRNAs to be 
dysregulated in patients with severe emphysema and 
between them, demonstrated a role for miR-638 in pro-
moting the maturity of emphysematous lung tissue and 
lung fibroblasts.38 Savarimuthu et al found miR-34b and 
miR-34c to be less significantly expressed in lung tissue of 
patients with moderate emphysema when compared to 
patients with mild forms of the disease, suggesting this 
miRNA to modulate SERPINE gene expression.39 Another 
study on lung tissue from patients with COPD showed 
increased expression of miR-15b in areas of emphysema 
as well as fibrosis.12 A recent study that analyzed dysre-
gulated miRNAs in PBMCs found miR-335 to be down-
regulated in patients with severe emphysema with PiZZ 
AATD when compared to mild ones suggesting a role for 
this miRNA in the activation of pathways related to 
inflammation and angiogenesis.40 miR-1246 expression 
has also been reported to be altered in relation to several 
cancer: breast cancer41 hepatocellular carcinoma,42 pan-
creatic cancer,43 and lung cancer development44,45 and 
therapeutics.46

In our study a diminished expression of miRNA-1246 
was observed particularly in COPD patients with emphy-
sema after 10 years. Although this novel relationship, our 
longitudinal analysis over the follow-up period did not find 

Table 2 Baseline Clinical and Lung Function Characteristics of 
the COPD Patients and Control Smokers Included in the 
Validation Study

Variable COPD 

Patients N=20

Control 

Smokers N=10

p-value

Age* 61±7 59±10 0.504

Sex (male%) 55 60 0.794

BMI* 27±6 29±5 0.559

Smoking habit (pack-yr)*† 60±21 53±28 0.439

Active smoking (%) 45 40 0.794

FEV1 (L)* 1.62±0.52 2.64±0.75 <0.001

FEV1 (% pred)* 64±19 94±9 <0.001

FVC (% pred)* 100±20 103±13 0.557

FEV1/FVC (% pred)* 52±11 74±4 <0.001

PaO2* 76±9 81±12 0.269

DLCO* 81±23 92±22 0.286

IC/TLC (%)* 37±9 42±7 0.115

6MWD (mts)* 529±88 580±65 0.09

GOLD I–II (%) 75 – NA

mMRC dysnea** 1 (0–1) – NA

BODE index** 1 (0–2) – NA

Charlson index** 0 (0–1) – NA

(%) of emphysema‡ 65 – NA

Notes: *Data are presented as mean ±SD. **Data are presented as median (25th-75thpc). 
†Number of packs of cigarettes smoked per day x number of years smoking. ‡Emphysema 
diagnosed by CT scan. Bold values denote statistical significance at the p < 0.05 level. 
Abbreviations: BMI, body mass index; DLCO, diffusion capacity for carbon monoxide; 
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; IC/TLC, 
inspiratory capacity to total lung capacity ratio; NA, not applicable; PaO2, partial 
oxygen tension; % pred, per cent predicted; 6MWD, six minutes walking distance test.

Table 3 Baseline and 10-Years Follow-Up Clinical and Lung 
Function Characteristics of the COPD Patients Included in the 
Validation Study

Variable Baseline 10 Years Follow-Up p-value

BMI* 27±6 27±6 0.928

Active smoking (%) 45 45 0.998
FEV1 (L)* 1.62±0.52 1.40±0.51 0.006
FEV1 (% pred)* 64±19 61±18 0.318

FVC (% pred)* 100±21 97±22 0.396
FEV1/FVC (% pred)* 52±11 50±11 0.253

PaO2* 75±10 69±12 0.002
DLco* 81±23 63±23 <0.001
IC/TLC (%)* 37±9 34±9 0.113

6MWD (mts)* 529±88 458±124 0.003
mMRC dysnea** 1 (0–1) 1 (0–2) 0.165

BODE index** 1 (0–2) 1 (0–2) 0.707

Notes: *Data are presented as mean ±SD. **Data are presented as median 
(25th–75thpc). Bold values denote statistical significance at the p < 0.05 level. 
Abbreviations: BMI, body mass index; DLCO, diffusion capacity for carbon monoxide; 
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; IC/TLC, 
inspiratory capacity to total lung capacity ratio; PaO2, partial oxygen tension; % pred, 
per cent predicted; 6MWD, six minutes walking distance test.
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an association between the progression of emphysema 
monitored by the diffusion capacity (DLCO). Further stu-
dies in a larger cohort that may include a longitudinal 
evaluation of emphysema by CT scan could contribute to 
understand the possible role of this miRNA in this type of 
patients.

To our knowledge, a prognostic value of miRNAs that 
may be involved in a worse progression of COPD has not 
been investigated by previous studies. Furthermore, there 
are no previous longitudinal studies exploring deregulated 
miRNAs in relation to the progression of COPD. Our 
research expanded over the past ones in studying miRNA 
expression dysregulation in patients suffering COPD and 
smoker controls during 10 years of follow-up.

Our functional in silico analysis suggests miR-1246 to 
be linked to genes mediators in various signaling path-
ways that may be related to emphysema. Our results 
showed mir-1246 to target genes like AKT1 in the insulin 

growth factor (IGF) pathway. A recent study by Cottage 
et al (2019) reveals that levels of pro-growth mediators 
IGF1 and Akt are diminished in COPD lung compared 
with normal subjects, suggesting that a defective IGF1 
pathway may mediate in part, the compromised tissue 
regeneration seen in COPD lungs.47 The age-related 
loss of the replicative and regenerative signaling is 
known to be associated with the diminution of the insu-
lin/insulin like growth factor (IGF1) pathway. The IGF1 
pathway is involved in various mechanisms of the cell 
cycle, including proliferation, survival, and differentia-
tion through downstream Akt activity.48 In this sense 
miR-1246 may have interesting role in this pathway 
that is to be unravel in relation to emphysema and 
COPD.

It was proposed that imbalance between protease and 
antiprotease process that results on emphysema could also 
have direct implication on chemokines degradation. The 

Figure 3 Dysregulated expression of miR-1246 in COPD patients with emphysema (A) and patients without emphysema (B) at 10 years-follow-up in contrast to baseline.
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CXCL12-CXCR4 axis in chemokine-mediated signaling 
pathway has been the focus target of many strategies 
based on its neutralization49 and targeting the CXCL12- 
CXCR4 axis may be promising for COPD treatment. We 
found miR-1246 to be associated with CXCL12 in this 
pathway. Barbiwska et al (2018) demonstrated that in 
a mouse model of cigarette smoke exposure, the intermit-
tent administration of plerixafor (FDA-approved CXCR4 
antagonist) decreases emphysema damages, without 
affecting CXCL12 level and inflammation in BALF.50

Our predictive analysis also suggested a link between 
miR-1246 and genes in the Wnt signaling pathway. This 
cascade has been deeply studied and its known to serve as 
a critical regulator in lung development and also in physio-
logical and pathophysiological processes of lung in 
adulthood.51 A recent research by Yang et al (2019) demon-
strated in an in vitro study that miR-1246 regulates Wnt/β- 
catenin pathway through targeting GSK-3β/β-catenin.52

This study has several limitations: firstly, we used a small 
number of participants in the screening phase to identify key 
miRNAs to be later validated in the total sample. Although, 
this is a common limitation inherent to this type of analysis 
due to its complexity and economic cost. Second, we did not 
study the expression of miR-1246a in lung tissue. However, 
circulating miRNAs has demonstrated to be feasible biomar-
kers in the diagnosis of several diseases. For example, 
miRNA profiles in some biological fluids have been shown 
to adequately reflect tumor characteristics, without the need 
for tissue biopsies.53 Third, the lack of longitudinal evalua-
tion of emphysema by CT scan. However, we used instead of 

the annuals records of DLCO, a recognized subrogate marker 
of emphysema.

In conclusion, our longitudinal observational study on 
COPD showed a novel link with hsa-miR-1246 consistent 
with a differential downregulated expression pattern in 
COPD patients with emphysema after 10 years of follow- 
up. Functional analyses are guaranteed to elucidate its role 
in emphysema progression in COPD.
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Table 4 The Enriched KEGG Pathway of Predicted Genes

Pathway Genes p-value

Calcium signaling pathway RYR1, PRKACA, PLCB1, MYLK, GRPR, GNAQ, CALM2, ATP2B4, ATP2A3, ADRA1B, ADORA2B 7.34e-17
MAPK signaling pathway ZAK, RPS6KA5, PRKACA, NFATC2, MAPK7, MAP3K7IP1, MAP3K4, MAP3K12, KRAS, BRAF, AKT1 8.92e-15

Vascular smooth muscle contraction PRKACA, PLCB1, MYLK, KCNMA1, GNAQ, CALM2, BRAF, ADRA1B, ADORA2B 5.13e-15

Insulin signaling pathway SORBS1, PRKAR1A, PRKACA, PIK3CB, KRAS, INPP5K, CALM2, BRAF, AKT1 3.93e-15
Chemokine signaling pathway PXN, PRKACA, PLCB1, PIK3CB, KRAS, DOCK2, CXCL12, BRAF, AKT1 8.44e-14

B cell receptor signaling pathway PIK3CB, NFATC2, MALT1, KRAS, AKT1 6.03e-10

VEGF signaling pathway PXN, PIK3CB, NFATC2, KRAS, AKT1 5.28e-10
mTOR signaling pathway STRADA, PIK3CB, BRAF, AKT1 9.59e-9

Toll-like receptor signaling pathway TLR4, PIK3CB, MAP3K7IP1, IRF7, AKT1 4.20e-9
Apoptosis PRKAR1A, PRKACA, PIK3CB, AKT1, AIFM1 2.76e-9

Pathways in cancer PML, PIK3CB, PAX8, LAMA1, KRAS, KITLG, BRAF, AKT1 1.32e-9

Wnt signaling pathway PRKACA, PPP2CB, PLCB1, NFATC2, LRP6 4.50e-8
p53 signaling pathway SESN1, CCNG2, CCNB3, ATR 3.68e-8

Jak-STAT signaling pathway SOCS5, PIK3CB, LEP, IL5RA, AKT1 2.00e-8

Cell adhesion molecules (CAMs) SIGLEC1, PTPRM, PECAM1, ITGAL, HLA-A, CD22 1.14e-7
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