
University of Louisville Journal of Respiratory Infections

ORIGINAL RESEARCH

Identification of Molecular Markers Associated with COPD in
Non-Smokers and Smokers: A Bioinformatics Analysis
Olalekan A. Agede1,2∗; Isa M. Wasagu3; Ademola E. Fawibe4; Alakija K. Salami4

1Department of Medicine, Division of HIV Care, Clinical Pharmacology and Therapeutics, University of Ilorin Teaching Hospital, Ilorin, Nigeria;
2Department of Pharmacology and Therapeutics, Clinical Pharmacology and Therapeutics Unit, University of Ilorin, Ilorin, Nigeria; 3Department of
Medicine, Division of Pulmonology, Usmanu Danfodiyo University Teaching Hospital, Sokoto, Nigeria; 4Department of Medicine, Division of Pulmonology,
University of Ilorin and University of Ilorin Teaching Hospital, Ilorin, Nigeria

∗agede.oa@unilorin.edu.ng

Recommended Citation: Agede OA, Wasagu IM, Fawibe AE, Salami AK. Identification of Molecular Markers Associated with COPD in Non-Smokers

and Smokers: A Bioinformatics Analysis. Univ Louisville J Respir Infect. 2023 May 1;7(1):a5. doi: 10.55504/2473-2869.1261.

Abstract

Background: Even though the proportional burden of
chronic obstructive pulmonary disease (COPD) among
never-smokers is significant in both developing and devel-
oped nations, accounting for around 30% of all COPD in
the community, there is little awareness of the prevalence
of COPD in this population. Understanding the molecular
processes that underlie COPD in nonsmokers is essential.

Methods: A dataset (GSE146560) was acquired from
the Gene Expression Omnibus (GEO). The limma and
clusterProfiler software tools were used to identify dif-
ferentially expressed genes (DEGs) and conduct a functional
enrichment analysis respectively.

Results: In all, 10,583 DEGs were found, of which 1,065 were
up-regulated and 9,518 were down-regulated. Kyoto Ency-
clopedia of Genes and Genomes (KEGG) pathways such as
neuroactive ligand-receptor interaction, taste transduction,
maturity onset diabetes of the young, Hippo signaling path-
way, insulin secretion, dilated cardiomyopathy, morphine
addiction, and calcium signaling pathway were mainly en-
riched in the DEGs, along with pathways for the Byzantine
arch palate, inflammation, infection, and feeding difficulties.

Conclusion: Particularly downregulated COPD genes,
such FBXL19-AS1, KRTAP5-AS1, and HAGLR antisense, are
identified as COPD biomarkers and may play a role in the
pathogenesis of the illness. However, more investigation is
required to support this study’s conclusions.

Introduction

Although the proportional burden of chronic obstructive pul-
monary disease (COPD) in never-smokers is significant in
both developing and industrialized nations, accounting for
roughly 30% [1–5] of all COPD in the population, the preva-
lence of COPD in never-smokers is not commonly recog-
nized.

There is a dearth of data from population-based research
on the risk variables connected to spirometrically proven
COPD in never-smokers [6, 7], and further information is
required.[8]

Exposures to risk factors may vary by gender.[9] Exposure
to biomass fuel has repeatedly been associated with chronic
bronchitis and spirometrically defined COPD in women in
underdeveloped nations.[10] There may be distinct clinical
and gender-related risk exposure profiles between smok-
ing and non-smoking COPD, according to limited data from
population-based studies.[11]

Uncertainty exists as to whether never-smokers with COPD
have the same characteristics as those who smoke. Only a
small number of studies simultaneously evaluated COPD in
never- and ever-smokers.[1] Such an assessment wouldmake
it easier to compare COPD in never-smokers with COPD in
current smokers [8] andwould shed light on potential pheno-
typic variations between tobacco- and non-tobacco-related
COPD at the community level. To fill this knowledge gap
on COPD in never-smokers, population-based studies using
spirometry are required, including gender and a systematic
comparison of never-smokers and ever-smokers.

Spirometry is used to assess the level of airflow restriction
in order to identify the severity of COPD. Based on a per-
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Figure 1. Data structure utilized for the study.

son’s gender, age, weight, and height, the forced expiratory
volume in one second (FEV1) is represented as a percent-
age of the projected normal value for spirometry.[12] Ac-
cording to Global Initiative for Chronic Obstructive Lung
Disease (GOLD) recommendations, COPD is split into four
stages based on FEV1 [12], and COPD exacerbations are cat-
egorized as episodes of increasing symptoms from stage I to
IV.[13] FEV1 is the basis for treatment recommendations for
medical professionals in Europe and America [14] although
FEV1 does not accurately reflect how symptoms of COPD
manifest in the body as a whole.[15] Numerous investiga-
tions have shown that COPD susceptibility has a genetic
component.[16] Thus, the identification of relevant genetic
markers may help to develop diagnostic and therapeutic tar-
gets for the treatment of COPD. Previous genome-wide as-
sociation studies have identified several genetic loci related
to COPD susceptibility.[17] A recent study investigated gene
expression profiles among patients with frequent COPD ex-
acerbations and identified three genes (ARHGEF10, LAF4,
and B3GNT) as predictors of exacerbations.[18] However, the
study did not investigate whether those genes could be used
as biomarkers for the clinical classification of COPD.

Methods

Microarray data and data pre-processing

Downloads of the microarray data (GSE146560) from the
Gene Expression Omnibus (GEO) database (http://www.ncbi.
nlm.nih.gov/geo/) were made in 2022.[19] The GPL6480
Agilent-014850 Whole Human Genome Microarray 4x44K

G4112F was the platform utilized. Four control smokers, four
control never-smokers, four COPD smokers, and four COPD
ex-smokers made up the total of 16 samples that were avail-
able. In this study, the four control never-smokers were com-
pared with the four smokers with COPD (Figure 1). The
Affy Bioconductor package [20] and Affymetrix annotation
files from Brain Array Lab (Affymetrix, Santa Clara, CA;
http://www.affymetrix.com/analysis/) were used to prepro-
cess the data from the expression profile chip. Using the ro-
bust multiarray average algorithm, background correction,
quartile data normalization, and probe summarization were
carried out (http://www.bioconductor.org).

Identification of differentially expressed genes (DEGs)

The expression values for the normalized data were com-
puted using the limma R package.[21] The student’s 𝑡-
test was used to identify DEGs. The Benjamini–Hochberg
method was used to convert raw 𝑃-values into false discov-
ery rates (FDR).[22] An FDR of 0.1 was chosen as the cutoff
value.

Enrichment analysis for DEGs

Using the Gene Ontology (GO) database (http:
//geneontology.org/), the DEGs were functionally en-
riched in the biological process, molecular function,
and cellular component categories.[23] Pathway enrich-
ment of the DEGs was done using the KEGG database
(http://www.genome.jp/kegg/pathway.html).[24] A 𝑃-value
of 0.05 was chosen as the cutoff.
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Figure 2. Up- and down-regulated genes between smokers and non-
smokers.
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Figure 3. Overlap in molecular function (MF) in both patterns of expression.

Results

Data preprocessing and DEG screening

Pre-processing was done on a Gene Expression Omnibus
(GEO) dataset (GSE146560) to create a dataset of four con-
trol never-smokers compared with four smokers with COPD.
Overall, 10,583 DEGs, including 1,065 up-regulated genes and
9,518 down-regulated genes, were discovered; a comprehen-
sive list of the differentially expressed genes is provided in
Supplemental Table 1. A list of the most statistically sig-
nificant up- and down-regulated genes is given in Table 1.
A volcano plot was used to display the distribution of DEGs
(Figure 2).

We observed an under-expression of the hedgehog
interacting protein (HHIP) variants (Table 2) and 5-
hydroxytryptamine receptor 2A (HTR2A) genes (Table 3)
when we looked at the expression of previously reported
COPD-related genes in smokers.[35, 36]

GO and KEGG analysis

The studies of biological pathways and functions were
carried out using the R package clusterProfiler.[25]
GO categories for “biological process,” “molecular function,”
and “cellular component” were each enriched. The up-
regulated and downregulated DEGs for molecular function
(MF) were connected to 11 and 114 functions, respectively
(Supplemental Tables 1 and 2, supplemental .csv file). As
shown in Figure 3, four were discovered to be related to both
patterns of gene expression: ion binding (MF, GO:0043167),
metal ion binding (MF, GO:0046872), cation binding (MF,

GO:0043169), and protein binding (MF, GO:0005515) (Table
4).

Likewise, 84 and 607 biological processes (BP) were linked
to the upregulated and downregulated DEGs, respectively
(Supplemental Tables 1 and 2, supplemental .csv file). In
this instance, nine pathways were shown to be associated
with both patterns of gene expression (Figure 4). They in-
clude the synthesis of organic cyclic compounds, the reaction
to organic substances, and the regulation of nitrogen com-
poundmetabolism (BP, GO:0031323), which is expressed con-
siderably higher when the genes are upregulated (𝑃=5.64𝑒-
06) than when they are downregulated (𝑃=0.002651) (Table
5).

Cellular component (CC) upregulated and downregulated
DEGs were linked to 39 and 120 different cell structural com-
ponents, respectively (Supplemental Tables 1 and 2, sup-
plemental .csv file). Two were linked to both forms of gene
expression, as seen in Figure 5: cytoplasm (CC, GO:0005737)
and vesicle (CC, GO:0031982) (Table 6).

The DEGs were primarily enriched in KEGG pathways, in-
cluding pathways for the Byzantine arch palate, inflamma-
tion, infection, and feeding difficulties, as well as pathways
for maturity-onset diabetes of the young, insulin secretion,
taste transduction, dilated cardiomyopathy, morphine addic-
tion, and the Hippo signaling pathway (Figure 6, Table 7).
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Table 1. Differentially expressed genes between smokers and non-smokers.

Gene symbol Gene title log2(fold change) − log 𝑃

Down-regulated genes
FAR2P1 Fatty acyl-CoA reductase 2 pseudogene 1 −9.017 3.333
FBXL19-AS1 FBXL19 antisense RNA 1 (head-to-head) −8.758 4.319
C14orf39 Chromosome 14 open reading frame 39 −7.920 5.425
PDE11A Phosphodiesterase 11A −7.806 4.699
HBD Hemoglobin subunit delta −7.774 3.154
LIN28A Lin-28 homolog A −7.635 4.939
SLITRK2 SLIT and NTRK like family member 2 −7.564 3.919
LINC01005 Long intergenic non-protein coding RNA 1005 −7.471 4.241
ART4 ADP-ribosyltransferase 4 (Dombrock blood group) −7.438 3.356
SYNDIG1 Synapse differentiation inducing 1 −7.419 5.794
KRTAP5-AS1 KRTAP5-1/KRTAP5-2 antisense RNA 1 −7.234 4.463
CLRN1 Clarin 1 −7.174 4.676
HAGLR HOXD antisense growth-associated long non-coding RNA −7.156 5.018
BMP1 Bone morphogenetic protein 1 −7.117 4.589
PCDHA11 Protocadherin alpha 11 −7.043 2.603
FRMPD4 FERM and PDZ domain containing 4 −6.964 2.977

Up-regulated genes
PRAC1 Prostate cancer susceptibility candidate 1 3.797 3.185
CYP1A2 Cytochrome P450 family 1 subfamily A member 2 3.630 3.713
MYH14 Myosin, heavy chain 14, non-muscle 3.566 2.641
EGR2 Early growth response 2 3.530 2.062
STAG3L1 Stromal antigen 3-like 1 (pseudogene) 3.456 2.816
TNNT1 Troponin T1, slow skeletal type 3.448 2.995
TTTY14 Testis-specific transcript, Y-linked 14 (non-protein coding) 3.385 2.704
KRTAP8-1 Keratin associated protein 8-1 3.329 2.555
ASRGL1 Asparaginase like 1 3.262 3.027
ADAMTS2 ADAM metallopeptidase with thrombospondin type 1 motif 2 3.201 3.607
QKI QKI, KH domain containing RNA binding 3.176 2.344
VMP1 Vacuole membrane protein 1 3.175 2.711
ASTN2 Astrotactin 2 3.127 2.253
LOC646626 Uncharacterized LOC646626 3.108 3.063
CLEC7A C-type lectin domain family 7 member A 3.054 2.748
SOD2 Superoxide dismutase 2, mitochondrial 3.040 1.940

Table 2. Pattern of hedgehog interacting protein gene (HHIP) variants and expression in chronic obstructive pulmonary disease between never-smokers
and smokers.

ID Gene symbol Gene title log2(fold change) − log 𝑃

A 23 P167129 HHIP Hedgehog interacting protein −3.203 3.716
A 24 P162254 HHIPL1 HHIP-like 1 −2.705 2.025
A 23 P86064 HHIPL2 HHIP-like 2 −3.738 3.440
A 24 P401842 HHIP Hedgehog interacting protein −4.810 2.615
A 32 P115050 HHIP-AS1 HHIP antisense RNA 1 −3.940 2.553

Table 3. 5-hydroxytryptamine receptor 2A (HTR2A) gene expression in chronic obstructive pulmonary disease between never-smokers and smokers.

ID Gene symbol Gene title log2(fold change) − log 𝑃

A 24 P355967 HTR2A 5-hydroxytryptamine receptor 2A −3.788 3.755
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Table 4. Molecular function in both patterns of expression.

Term ID Description
Adjusted 𝑃-value 𝑛

Upregulated Downregulated

GO:0005515 Protein binding 9.04𝑒−16 3.92𝑒−24 14,778
GO:0043169 Cation binding 0.006561 1.20𝑒−08 4,368
GO:0046872 Metal ion binding 0.018123 1.03𝑒−07 4,275
GO:0043167 Ion binding 0.003562 2.25𝑒−07 6,079

Table 5. Biological process in both patterns of expression.

Term ID Description
Adjusted 𝑃-value 𝑛

Upregulated Downregulated

GO:0031323 Regulation of cellular metabolic process 0.002651 5.64𝑒−06 5,653
GO:0051253 Negative regulation of RNA metabolic process 0.010953 0.003045 1,438
GO:1901362 Organic cyclic compound biosynthetic process 0.015121 0.031593 4,307
GO:0065009 Regulation of molecular function 0.038238 7.42𝑒−09 3,059
GO:0051252 Regulation of RNA metabolic process 0.038347 0.000803 3,783
GO:0010033 Response to organic substance 0.039596 4.08𝑒−08 2,664
GO:0035556 Intracellular signal transduction 0.041648 1.36𝑒−06 2,667
GO:0051171 Regulation of nitrogen compound metabolic process 0.048347 1.86𝑒−10 5724

Table 6. Cellular components in both patterns of expression.

Term ID Description
Adjusted 𝑃-value 𝑛

Upregulated Downregulated

GO:0005737 Cytoplasm 1.18𝑒−29 1.61𝑒−08 12,321
GO:0031982 Vesicle 0.010611 0.005479 3,973

Table 7. Description of the enriched KEGG pathway based on differentially expressed genes.

Term ID Description Adjusted 𝑃-value

KEGG:04080 Neuroactive ligand-receptor interaction <0.001
KEGG:04742 Taste transduction 0.002
KEGG:04950 Maturity onset diabetes of the young 0.003
KEGG:04727 GABAergic synapse 0.008
KEGG:04972 Pancreatic secretion 0.011
KEGG:04390 Hippo signaling pathway 0.011
KEGG:04911 Insulin secretion 0.018
KEGG:05414 Dilated cardiomyopathy 0.019
KEGG:05032 Morphine addiction 0.025
KEGG:04020 Calcium signaling pathway 0.028
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Figure 4. Overlap in biological process (BP) in both patterns of expression.
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Figure 5. Overlap in cellular components (CC) in both patterns of expres-
sion.

Discussion

In the present investigation, DEGs showed that COPD pa-
tients had downregulated levels of the genes FBXL19-AS1,
KRTAP5-AS1, and HAGLR antisense. The non-coding DNA
strand of a gene is known as “antisense”.[26] Smoking may
not cause COPD by itself because molecular actors also
play important roles.[27] In addition to changes in the ex-
pression patterns of many long (>200 nt) non-coding RNAs
(lncRNAs), COPD development is accompanied by modifica-
tions in protein-coding genes.[28] Some lncRNAs with vari-
able expression play significant roles in COPD and have po-
tential therapeutic benefits.[29, 30] In contrast to controls,
MCM3AP-AS1 expression was found to be downregulated in
the plasma of COPD patients in a prior study.[31] MCM3AP-
AS1 expression was lower in smokers than in never-smokers
among the controls. According to a 3-year follow-up study,
smokers who had lower MCM3AP-AS1 expression had a
higher incidence of COPD.MCM3AP-AS1 expression consid-
erably increased following COPD therapy.[31] Additionally,
PRAC1, a potential gene for prostate cancer susceptibility,
was discovered to be overexpressed in COPD patients when
upregulated genes were examined. Patients with COPD
who experience associated problems, such as acute respira-
tory failure, cardiopulmonary arrest, pneumonia, and acute
exacerbation, have a higher chance of developing prostate
cancer.[32]

Many studies have been conducted on the molecular as-
pects of a hereditary propensity to COPD.[37] A genetic site
of vulnerability has been found in the GWASs of FAM13A,
CHRNA5/3, IREB2, MMP3/MMP12, TGFB2, and HHIP. The
lung function parameters FEV1/FVC ratio, FEV1, which are
critical for diagnosis and COPD categorization in accordance
with GOLD recommendations, have been linked to the HHIP

gene.[35] HHIP, a member of the hedgehog gene family that
is involved in lung morphogenesis and development, is en-
coded by the HHIP gene.[38] The HHIP gene, which has 13
exons, is located on chromosome 4q31.21, is almost 91 kb
long, and encodes a 700–amino acid protein.[39] Many single
nucleotide polymorphisms (SNPs) have been found to be re-
lated to COPD susceptibility and other pulmonary function
features in the non-coding areas of the HHIP gene, primarily
in European and Asian individuals.[35] In our work, we dis-
covered the expression of the HHIP-AS1 gene’s non-coding
region, which can be used as a primary diagnostic marker
in the diagnosis of COPD in smokers. Moreover, Ortega-
Martnez et al. demonstrated a connection between changes
in the blood and sputum protein levels of HHIP and varia-
tions in the HHIP gene linked to genetic vulnerability.[35]

Nicotine, which is the main ingredient in cigarettes, oper-
ates on the central nervous system and alters the smoker’s
brain. The altering of key neurotransmitter levels, particu-
larly dopamine and serotonin, is one of nicotine’s main im-
pacts (5-hydroxytyptamine, 5-HT). Hence, potential candi-
dates for the mechanisms underlying nicotine addiction in-
clude the genes encoding the receptors or transporters in-
volved in the dopaminergic and serotonergic pathways.[40]
Moreover, the neurotransmitter 5-HT is significant in pul-
monary function. Bronchoconstriction, pulmonary vasocon-
striction, and an increased risk of pulmonary hypertension
(PH) are all caused by elevated levels of 5-HT.[41, 42] The
primary causes of PH in COPD are alveolar hypoxia, pul-
monary vasoconstriction, vessel remodeling, and pulmonary
vascular resistance.[43] Plasma 5-HT levels and COPD are
linked, as shown by Verde et al.[36] In COPD patients com-
pared to the control group, higher plasma 5-HT levels were
discovered. Smoking and the HTR2A genotype may cause an
up-regulation of the serotonergic system, which may lead to
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Figure 6. KEGG pathway analysis based on differentially expressed genes.

an increase in COPD risk and the inflammatory response of
airway epithelial cells.

Transmembrane transporter activity is highly expressed
as a biological process in COPD patients, according to
a functional enrichment study.[44] Current theories sug-
gest that COPD is a chronic inflammatory illness and that
macrophages are important in its pathogenesis. The im-
munometabolic profile of macrophages and the characteris-
tics of lipid homeostasis, in which the ATP-binding cassette
transporter A1 (ABCA1) plays a crucial role, together dictate
the diversity of macrophage functions.[33] After the liver, the
expression of the ABCA1 gene is highest in lung tissues, in-
dicating the significance of the ABCA1 carrier in lung func-
tion. The transporter has a role in the development of COPD
by regulating inflammation, phagocytosis, and apoptosis, as
well as providing lipid metabolism. The pathophysiologi-
cal mechanisms that result in the establishment of a varied
clinical course of the disease may include violations of the
processes in which ABCA1 is involved.[33] Certain cellular
and biological regulatory systems are elevated in COPD pa-
tients based on molecular function. An earlier work added to
the understanding that the onset and progression of COPD
is a multifactorial pathological process involving several in-
flammatory cells, inflammatory mediators, and associated

cell signaling pathways. Additionally, COPD controls mucus
secretion, mucoprotein (MUC) production, and goblet cell
proliferation.[34]

The neuroactive ligand-receptor interaction, taste transduc-
tion, andmaturity-onset diabetes of the youngwere the three
most enriched pathways, according to the KEGG analysis.
These annotation results offer crucial suggestions for iden-
tifying molecular connections in the progression of COPD.
Indeed, it has been suggested that the development of dia-
betes, which is more common in COPD patients than in the
general population, has a significant role in the pathogene-
sis of the disease. Similar therapy approaches are suggested
to treat both type 1 and type 2 diabetes mellitus, which are
linked to pulmonary problems.

Conclusion

A total 10,583 DEGs were found in the current study’s gene
expression analysis, of which 1,065 showed upregulation
and 9,518 showed downregulation. Among the newly found
DEGs that may be involved in the etiology of COPD are
FBXL19-AS1, KRTAP5-AS1, andHAGLR antisense, which are
downregulated and implicated as biomarkers in COPD. To
validate the results of the current investigation, additional
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study is required.
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