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Abstract—Chronic obstructive pulmonary disease (COPD) is a multifactorial heterogeneous chronic inflam-
matory respiratory disease. The molecular pathogenesis of COPD may include dysregulation of the stress
responses that are associated with cell senescence and involve a wide range of signaling pathways and their
epigenetic regulators, such as long noncoding RNAs (lncRNAs). To assess the contribution of genes involved
in key signaling pathways related to cell senescence to the molecular pathogenesis of COPD, expression pro-
filing of lncRNA (TP53TG1, LINC00342, H19, MALAT1, DNM3OS, and MEG3) and protein-coding
(PTEN, TGFB2, FOXO3, and KEAP1) genes was performed in peripheral blood mononuclear cells of COPD
patients (n = 92) and control subjects (n = 81). Significant downregulation of the TP53TG1 and DNM3OS
lncRNAs and the TGFB2 mRNA was observed in the COPD patients, while the MALAT1 and LINC00342
were upregulated. A highly informative prognostic model was constructed based on the multiple regression
and ROC analyses. The model included simultaneous assessment of the TP53TG1 and TGFB2 expression
levels (AUC = 0.92). MALAT1, DNM3OS, TGFB2, FOXO3 and KEAP1 expression levels were found to pos-
itively correlate with lung function parameters, reflecting the disease progression. The lncRNA (TP53TG1,
LINC00342, DNM3OS, and MALAT1) and protein-coding (TGFB2) genes that were differentially expressed
in the COPD patients are functionally involved in regulating apoptosis, inflammation, fibrogenesis, and the
epithelial-to-mesenchymal transition, implicating cell senescence processes in the molecular pathogenesis of
COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is
a multifactorial heterogeneous chronic inflammatory
disease that affects distal airways (bronchi and bron-
chioles) and lung parenchyma and leads to pulmonary
emphysema [1]. Along with cardiovascular disorders
and cancer, COPD is a major cause of deaths in the
global population, and new approaches to its diagnosis
and treatment are sought continuously [2]. COPD
results from complex interactions of molecular genetic
factors, a network of epigenetic regulators, and envi-
ronmental factors tightly associated with lifestyle [3].

Inhalation of tobacco smoke particles and other
pollutants and activation of inflammatory cells (mac-
rophages and neutrophils) lead to oxidative stress [2,
3], which is thought to play a crucial role in acceler-

ated cell senescence because reactive oxygen species
damage cell structures [4].

Evidence is accumulating to associate COPD with
accelerated aging and excess accumulation of senes-
cent cells with an irreversible arrest of the cell cycle [5].
COPD is characterized by telomere damage and
shortening [6], DNA damage [7], a substantially lower
regenerative potential of basal and type II alveolar epi-
thelial cells [8], and an accumulation of cells express-
ing a senescence-associated secretory phenotype
(SASP) [7].

Mechanisms associated with the function of long
noncoding RNAs (lncRNAs) are of particular interest
because lncRNAs play an important role in regulating
various intracellular signaling pathways and producing
various pathological phenotypes [9]. Nuclear
lncRNAs are involved in compartmentalization of the
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nucleus, splicing regulation, and gene activity and per-
form their functions by interacting allosterically with
transcription factors and maintaining the euchromatin
structure and heterochromatin formation [10]. Cyto-
plasmic lncRNAs bind with microRNAs to prevent
their inhibitory effect on mRNAs (i.e., they act as
competitive endogenous RNAs (ceRNAs)), regulate
structural modifications of proteins, provide a scaffold
for proteins involved in signaling cascades, and play a
role in the formation of intercellular junctions [11].

We have previously described the role that
lncRNAs and cell senescence play in the COPD
pathogenesis [12]. In this work, expression profiling of
several lncRNAs and protein-coding genes involved in
regulating cell senescence was carried out in COPD
patients. The TP53TG1 (TP53 target 1) codes for a
lncRNA of the same name, is induced by the p53
tumor suppressor protein, is in chromosome 7q21, is
involved in the cell response to damage, and acts as a
component of the TP53 signaling pathway [13]. The
TP53TG1 lncRNA inhibits WNT/β-catenin and pro-
motes cell apoptosis by activating synthesis of PTEN
and inhibiting the PI3K/AKT signaling pathway [13,
14], which is associated with various processes, such as
cell proliferation, adhesion, migration, invasion,
metabolism, survival, and aging [15]. The LINC00342
(long intergenic non-protein coding RNA 342) gene is
in chromosome 2 (2q11.1) and codes for a lncRNA of
the same name; its expression is upregulated in non-
small cell lung cancer tissues [16]. The LINC00342
lncRNA binds with miR-203a-3p [17], thus suppress-
ing antitumor activities of p53 and PTEN [18].
DNM3OS (dynamin 3 opposite strand/antisense
RNA) is in chromosome 1q24.3, is transcribed to pro-
duce a lncRNA, and includes three microRNA
sequences: miR-199a-5p, miR-199a-3p, and miR-
214-3 [19]. DNM3OS acts as a fibroblast-specific
effector in TGF-β-induced pulmonary fibrosis [20].
The MALAT1 (metastasis-associated lung adenocar-
cinoma transcript 1) gene is in chromosome 11q13.1
and is involved in regulating the cell response to oxida-
tive stress and the processes of cell senescence [21].
MALAT1 inhibits TP53 expression at the pre-mRNA
level; increases expression of MMP9 and PIK3CA; and
activates the PI3K/AKT signaling cascade, which is
associated with cell senescence [21]. The H19
(imprinted maternally expressed transcript) gene is in
chromosome 11p15.5. The H19 lncRNA acts as a key
component of regulatory networks involved in the
pathogenesis of certain cancers [22] and fibrosis. Its
effect is mediated by stimulation of autophagy, inhibi-
tion of apoptosis, an increase in the epithelial-to-mes-
enchymal transition (EMT), and activation of the
TGF-β/SMAD3 and mTOR signaling pathways [23,
24]. The MEG3 (maternally expressed 3) gene is in
region 14q32.2. The MEG3 lncRNA regulates the
mitochondrial pathway of apoptosis by activating p53
and inhibiting Bcl-xl [25]. MEG3 overexpression
decreases the TGF-β1 level, activity of the PI3K/AKT
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
pathway, and EMT [26]. The PTEN (phosphatase and
tensin homolog) gene is in chromosome 10q23 and
codes for a protein that acts as a functional antagonist
of the PI3K/AKT/m-TOR signaling pathway [27] and
plays an important role in glycolysis, glycogen synthe-
sis, lipid metabolism, and mitochondrial metabolism
[28]. The TGFB2 gene is in chromosome 1q41. Its pro-
tein product belongs to the TGF-β family and regu-
lates cell proliferation, differentiation, migration,
regeneration, and apoptosis; intercellular matrix
remodeling; and EMT induction [29]. Cytokines of
the TGF-β family act as ligands of the TGFBRI,
TGFBRII, and TGFBRIII receptors and activate the
canonical TGF-β/SMAD2/SMAD3/SMAD4 path-
way [30]. FOXO3 is in chromosome 6q21 and codes
for a protein belonging to the FOX transcription factor
family (FOXO subfamily) [31]. FOXO3 is controlled
predominantly by the PI3K/AKT signaling pathway.
An active dephosphorylated form of FOXO3 is associ-
ated with the control of protein metabolism, autoph-
agy, and cell apoptosis [30]. The KEAP1 (kelch-like
ECH-associated protein 1) gene is in chromosome
19p13.2 and codes for an endogenous inhibitor of Nrf2
(NFE2-like bZIP transcription factor 2). The
KEAP1–NRF2 complex regulates oxidative homeo-
stasis and cell senescence and survival [32].

To estimate the contribution to the molecular
pathogenesis of COPD for genes whose products are
components of key signaling cascades associated with
oxidative stress and cell senescence, the expression
profile of lncRNAs (TP53TG1, LINC00342, H19,
MALAT1, DNM3OS, and MEG3) and protein-cod-
ing genes (PTEN, TGFB2, FOXO3, and KEAP1) was
studied in peripheral blood mononuclear cells
(PBMCs) of COPD patients.

EXPERIMENTAL
All studies were conducted in accordance with

good clinical practice regulations and the principles of
biomedical ethics as outlined in the 1964 Declaration
of Helsinki and its later amendments. They were also
approved by the Ethics Committee of the Institute of
Biochemistry and Genetics (Ufa), protocol no. 19
dated November 1, 2022. Each participant in the study
provided a voluntary written informed consent for
providing biological material. The study was a case–
control study and compared COPD patients (n = 92)
and control subjects (n = 81). The COPD patients
received in-patient treatment at the Pulmonology
Department of City Clinical Hospital no. 21 or the
Thoracic Department of the Clinics of Bashkir State
Medical University (Ufa). COPD was diagnosed
according to the recommendations of the Global
Strategy for the Diagnosis, Management, and Preven-
tion of Chronic Obstructive Lung Disease
(http://goldcopid.org) and was based on clinical, lab-
oratory, and instrumental tests, including high-reso-
lution computed tomography and spirometry.
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Table 1. Characteristics of the subject groups

BMI, body mass index; VC, vital capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second. Smoking
index was calculated as the number of cigarettes smoked per day × number of years the subject has smoked/20.

Parameter COPD
(n = 92)

Control
(n = 81) P

Age (mean ± SD) 58.49 ± 15.46 54.46 ± 14.43 0.27
Women (n, %)
Men (n, %)

4 (4.35)
88 (95.65)

6 (7.41)
75 (92.59)

0.259

Nonsmokers (n, %)
Smokers (n, %)

12 (13.04)
80 (86.96)

11 (13.58)
70 (86.42)

0.891

Smoking index, pack-years
(mean ± SD)

39.37 ± 18.63 20.5 ± 15.1 0.0089

BMI (mean ± SD) 25.48 ± 5.27 25.77 ± 4.31 0.702
FEV1/FVC, % (mean ± SD) 61.64 ± 25.8 98.07 ± 22.26 0.0001
VC, % (mean ± SD) 57.94 ± 15.4 92.9 ± 21.83 0.5572
FVC (mean ± SD) 45.01 ± 18.22 106.32 ± 31.14 0.0001
FEV1, % (mean ± SD) 55.72 ± 23.63 69.78 ± 24.09 0.022
All patients received dual bronchodilator therapy,
including a long-acting β2 agonist in combination
with a long-acting cholinergic antagonist, in accor-
dance with the Federal Clinical Recommendations for
COPD Diagnosis and Treatment [1].

A control group included unrelated subjects who
had no history of chronic diseases, including respira-
tory disorders, and no signs of acute respiratory dis-
ease at the time of material collection. All subjects
underwent clinical and instrumental testing, including
measurements of the body mass index (BMI) and the
breathing parameters: vital capacity (VC), forced vital
capacity (FVC), forced expiratory volume in the first
second (FEV1), and FEV1/FVC ratio. The propor-
tion of smokers was determined, and the smoking
index calculated. The inclusion criteria for the control
group included normal values of the breathing param-
eters (FEV1/FVC > 70% and FEV1 > 80%) and an age
>45 years. Clinical and demographic characteristics of
the groups are summarized in Table 1.

Analysis of lncRNA, microRNA, and mRNA interac-
tions. The genome databases KEGG (Kyoto Encyclope-
dia of Genes and Genomes, https://www.k egg.jp/), Tar-
Base v. 8.0 (https://dianalab.e-ce-uth.gr/html/diana/
web/index.php?r=tarbasev8), and miRTarBase v. 8.0
(https://mirtarbase.cuhk. edu.cn/~miRTarBase/miR-
TarBase_2019/php/download. php) were used to perform
a preliminary in silico analysis and to identify the interact-
ing mRNAs, microRNAs, and lncRNAs that are involved
in key signaling cascades associated with oxidative stress
and cell senescence. The online tools NetworkAnalyst 3.0
(https://www.networkanalyst.ca/NetworkAnalyst/) and
Lncrna2target v. 3.0 (http://bio-annotation.cn/
lncrna2target/browse.jsp, accessed August 17–23, 2023)
[33] were used to interpret the gene list and to identify pair-
wise interactions in the network. Files that contained
parameters of the nodes and edges of the network were
modified to include the additional data obtained by ana-
lyzing the gene list in the NCBI PubMed database
(https://pubmed. ncbi.nlm.nih.gov). The resulting attrib-
utive dataset obtained for the gene network was used to
visualize the interactions of lncRNAs, microRNAs, and
mRNAs with the help of Cytoscape v. 3.10.0.

RNA isolation from PBMCs. Peripheral blood
monocytes and lymphocytes play an active role in the
pathogenesis of COPD and are involved in maintain-
ing and controlling the inflammatory process in
COPD. PBMCs were therefore used to assess the
lncRNA and mRNA expression levels. Specifics of the
expression profile of regulatory noncoding RNAs and
protein-coding genes in MNCs of COPD patients may
provide noninvasive biomarkers of the disease.

Peripheral blood samples (4 mL) were collected in
K3 EDTA vacuum tubes and transferred into the lab-
oratory within 1 h of collection. PBMCs were isolated
by a standard method of density gradient centrifuga-
tion with 3 mL of Ficoll-Paque GE (Cytiva, density
1.077 g/mL). A blood sample (4 mL) was diluted with
an equal volume of Dulbecco’s phosphate-buffered
saline (DPBS, without Ca and Mg, BioloT, Russia)
and layered on top of 3 mL of Ficoll-Paque. The tube
was centrifuged at 420 g at room temperature for
30 min. MNCs at the interphase were collected,
washed twice with DPBS to remove Ficoll-Paque and
plasma traces, transferred into another tube, and com-
bined with 1 mL of TRIzol Reagent (Thermo Fisher
Scientific, United States) for RNA isolation. Total
RNA of PBMCs was isolated using TRIzol (Invitro-
gen, United States), www.invitrogen.com) as recom-
mended by the manufacturer. The mRNA amount
(ng/μL) and quality were assessed by measuring
absorption at 260 nm with a NanoDrop 1000 spectro-
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
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Table 2. Genes, primers, and probes used in this work

*Gene IDs are as in the database at https://www.ncbi.nlm.nih.gov/gene.

Gene (ID)* Locus Primer and probe nucleotide sequences (5' → 3')

TP53TG1 (ID: 11257) 7q21.12
TP53TG1-F: GGCTCTTTCCTTTAATCTTCGG
TP53TG1-R: GAATTGTTACCAGGGTTACTCAGAC
TP53TG1-Probe: FAM-TGCCCAACTCAGGTTTAACCACCA-BHQ1

LINC00342 (ID: 150759) 2q11.1
LINC00342-F: TTTCATCTGAAGCAGCAGAGTG
LINC00342-R: CAGTTGTGGTGATCTTTGTTCCTG
LINC00342-Probe: FAM-CAGAGTCAGGTCACCAACCAGTGTGGA-BHQ1

H19 (ID: 283120) 11p15.5
H19-F: GAATCGGCTCTGGAAGGTGA
H19-R: GCTGCTGTTCCGATGGTG
H19-Probe: FAM-CCAGACCTCATCAGCCCAACATC-BHQ1

MALAT1 (ID: 378938) 11q13.1
MALAT1-F: GAACACAAGAAGTGCTTTAAGAGGC
MALAT1-R: GCGAGGCGTATTTATAGACGG
MALAT1-Probe: FAM-AGGTGATCGAATTCCGGTGATGC-BHQ1

DNM3OS (ID:100628315) 1q24.3
DNM3OS-F: GGGACACTGCTGAGAAAAGACTG
DNM3OS-R: GCTCACTGTTGGTTAGTTTCCTC
DNM3OS-Probe: FAM-ATCCCCGCTGGTCTTCCCTTCG-BHQ1

MEG3 (ID: 55384) 14q32.2
MEG3-F: GCCCATCTACACCTCACGAG
MEG3-R: CCTCTTCATCCTTTGCCATCC
MEG3-Probe: FAM-CCCACCAACATACAAAGCAGCCACT-BHQ1

PTEN (ID: 5728) 10q23.31
PTEN-F: CACACGACGGGAAGACAAGT
PTEN-R: CCTCTGGTCCTGGTATGAAGAA
PTEN-Probe: FAM-CCCTCAGCCGTTACCTGTGTGTG-BHQ1

TGFB2 (ID: 7042) 1q41
TGFB2-F: TGCCGCCCTTCTTCCC
TGFB2-R: CATTCTTCTCCATTGCTGAGAC
TGFB2-Probe: FAM-CCATCCCGCCCACTTTCTACAGAC-BHQ1

FOXO3 (ID: 2309) 6q21
FOXO3-F: GGGAAGTGGGCAAAGCAGA
FOXO3-R: GCGTGGGATTCACAAAGG
FOXO3-Probe: FAM-ACCCTTTGCCAAATCTGCTCTC-BHQ1

KEAP1 (ID: 9817) 19p13.2
KEAP1-F: CAACAGTGTGGAGAGGTATGAGC
KEAP1-R: AAGGAGACGATTGAGGACAGC
KEAP1-Probe: FAM-CCCCAATGCTGACACGAAGGATC-BHQ1
photometer (Thermo Fisher Scientific). RNA quality
was inferred from the A260/A280 ratio, which is expected
to range 1.8–2.0. Phenol ring-containing components
were similarly detected by A260/A230. RNA integrity was
assessed by electrophoresis in 1% agarose gel with
0.5 μg/mL ethidium bromide, using the 28S and 18S
rRNA bands. To remove DNA, all RNA samples were
digested with RNase-free DNase I (Thermo Fisher
Scientific).

Synthesis of cDNA and analysis of lncRNA and
mRNA expression. The first cDNA strand was synthe-
sized using random hexamer primers and a First
Strand cDNA Synthesis kit for RT-qPCR (Thermo
Fisher Scientific) as recommended by the manufac-
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
turer. RNA samples were standardized by bringing the
RNA concentration to 100 ng/μL to synthesize
cDNA. The reaction mixture (20 μL) contained 3 μL
of template RNA, 1 μL of random primers, 4 μL of a
5× reaction buffer (250 mM Tris-HCl, pH 8.3,
250 mM KCl, 20 mM MgCl2, 50 mM DTT), 1 μL of
RiboLock RNase inhibitor (20 units/μL), 2 μL of
10 mM dNTP mixture, 1 μL of RevertAid M-MuLV
reverse transcriptase (200 units/μL), and nuclease-
free water to 20 μL. The mixture was incubated at
25°C for 5 min, 42°C for 60 min, and 70°C for 5 min.
The reverse transcription product was stored at –70°C
until used for quantitative PCR. Quantitative PCR
was carried out in a 96-well plate, using a qPCRmix-
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Table 3. Functional characteristics of the lncRNAs and mRNAs examined in this work

Interactions of lncRNAs and microRNAs with mRNAs were analyzed using the online tool NetworkAnalyst 3.0 (https://www.networ-
kanalyst.ca/NetworkAnalyst/) and the integrated databases KEGG, miRTarBase v. 8.0, and TarBase v. 8.0; the online tool Lncrna2tar-
get v. 3.0 (http://bio-annotation.cn/lncrna2target/browse.jsp); and NCBI PubMed (https://pubmed.ncbi.nlm.nih.gov/).

Gene Target Function

TP53TG1 miR-18a-5p, ACTA2, FN1 Proapoptotic effect on lung cells, antifi-
brotic effect

LINC00342 miR-15b/TPBG, miR-15b/BCL2, miR-203a-3p/SIX1 EMT regulation, stimulation of inflamma-
tory process in the lung

H19

miR-29b, miR-29a-3p, miR-196a, miR-140,
miR-21/PTEN/AKT, miR-122-5p, miR-675-3p/IGF1R, 
miR-200a, miR-19b-3p/FTH1, miR-130a-3p/WNK3,
miR-193a-3p, miR-138

Profibrotic effect, stimulation of inflam-
matory process in the lung, proapoptotic 
effect, increase in EMT

MALAT1

miR-101-3p/MCL1, miR-101/SOX9 (Wnt pathway),
miR-200a-3p, miR-200b-3p, miR-200c-3p,
miR-206 (Akt/mTOR pathway),
miR-202-3p/RRM2, miR-202-3p/CCND1,
miR-129-5p/YWHAB, miR-129-5p/MCRS1, miR-129-
5p/CDH1, miR-129-5p/VIM,
miR-129-5p/HMGB1
miR-374b-5p/SRSF7, miR-374b-5p/ FOXP1
miR-613, miR-613/COMMD8, miR-613/GJA1,
miR-613/CDK4,
miR-19b-3p/PPP2R5E, miR-19b-3p/BCL2L11,
miR-17-5p/FOXA, miR-1297/TRIB2,
miR-375/YAP, miR-194-5p/FOXP2,
miR-194-5p/FOXK1, miR-503-5p,
miR-590, miR-590/YAP1, miR-150/eIF4E/Akt,
miR-22-3p/NLRP3, miR-375, miR-23c, miR-429

Antiapoptotic effect, profibrotic effect, 
increase in EMT, stimulation of inflamma-
tory process in the lung, emphysema-pro-
moting effect

DNM3OS
Predecessor miR199a-5p/3p, miR-214-3p;
miR-204-5p/AP1S2, miR-199a-5p/3p/SIRT1, miR-181a-
5p/STAT3

Profibrotic effect

MEG3

miR-181a-5p/Bcl-2, miR-181a-5p/PTEN,
miR-181d-5p/CDKN3,
miR-181a-5p/PTEN/pSTAT5/SOCS1,
miR-181b-5p/JAK2/STAT3, miR-181b-3p,
miR-140-5p*/TLR4, miR-140-5p/MMD,
miR-140-5p/YES1, miR-140-5p (Wnt pathway)
miR-125a-5p, miR-125a-5p/STAT3,
miR-125a-5p/Sp1/SIRT1/HIF-1α,
MDM2, TP53, TP63, KRT14, STAT3, YAP1, TP73, SOX2, 
HES1, HEY1 AXL, MDM2, JARID2, EZH2;
miR-133a-3p/ IGF1R TGF-β/Smad3 pathway),
miR-133a-3p/SIRT1, miR-770-5p/TGFBR1,
miR-664a-3p/FHL1

Antiapoptotic effect, increase in EMT, 
stimulation of inflammatory process in the 
lung, emphysema-promoting effect, stimu-
lation of cell aging

TGFB2 miR-454-3p, miR-193a-3p Increase in EMT, antiapoptotic effect

PTEN
miR-19b-3p, miR-23a-3p, miR-217-5p, miR-221-3p, miR-
222-3p, miR-486-5p, miR-425-5p, miR-18a-5p, miR-543, 
miR-20b-5p, miR-21, miR-216a, miR-181a-5p

Antiapoptotic effect, profibrotic effect, 
EMT regulation

FOXO3
miR-182, miR-217, miR-29b-3p,
miR-23a Antiapoptotic effect, proapoptotic effect

KEAP1 miR-421 miR-432-3p, MALAT1, miR-125b-5p, miR-141-3p Antiapoptotic effect, regulation of antioxi-
dant cell defense
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HS Master Mix (Evrogen, Russia, https://evrogen.ru)
and a QuantStudio 5 system (Applied Biosystems,
United States). The following lncRNA and protein-
coding genes were selected for the analysis based on
the results of a bioinformatics search: TP53TG1,
LINC00342, H19, MALAT1, DNM3OS, MEG3,
PTEN, TGFB2, FOXO3, and KEAP1. Target gene
expression levels were estimated using sets of gene-
specific primers (10 ng/μL) and fluorescent probes
(10 ng/μL), which were designed and synthesized by
DNA-Sintez (Russia). Characteristics of the selected
genes are summarized in Table 2. The B2M house-
keeping gene (ID567) was used as an internal control.
The B2M mRNA level was assessed using the gene-
specific primers and probe (Hs00187842m1, Thermo
Fisher Scientific). RT-PCR was run in triplicate for
each sample and included initial denaturation at 95°C
for 3 min and 45 cycles of denaturation at 95°C for 15 s
and amplification at 60°C for 1 min. Quality was
checked using a positive control, which was provided
by the kit manufacturer, and a negative control, which
did not contain cDNA.

Statistical analyses were carried out using Graph-
Pad Prism 9 software (GraphPad Software,
https://www.graphpad.com) and IBM SPSS Statistics
22.0. The mean and standard deviation (mean ± SD)
and the median and 25–75% interquartile range
(median, 25–75% IQR). Groups were compared
using the nonparametric Mann–Whitney U test
(when the data distribution was other than normal) or
Student’s t-test (when the data were distributed nor-
mally). Qualitative character frequencies were com-
pared by the χ2 test. Results were considered signifi-
cant at P < 0.05. Relative expression levels were
assessed by the ΔΔСt method, which is based on the
assumption that the difference in threshold cycle
(ΔCt) between a target and a reference gene is propor-
tional to the relative expression level of the target gene.
Results were normalized to the expression level of the
B2M housekeeping gene as follows: ∆Ct = Ct (target
gene) – Ct (housekeeping gene) [34]. Relative expres-
sion levels were represented as 2–ΔΔCt [34]. Differences
in relative expression level between the patients and
controls were evaluated using the nonparametric
Mann–Whitney U test. Fold Change (FCh) in expres-
sion in the COPD patients was assessed as compared
with the controls (2(–ΔΔCt) COPD/2(–ΔΔCt) control),
and a fold decrease or a fold increase in expression
(Fold Regulation (FR)) was calculated for the
patients. In the case of FCh < 1, FR = –1/FCh. A cor-
relation between variables was assessed via a nonpara-
metric analysis with Spearman’s coefficient of cor-
relation. Prognostic significance was evaluated via a
receiver operating characteristic (ROC) analysis with
calculations of the area under the curve (AUC), sensi-
tivity, and specificity. The most significant models
were identified by a multiple regression analysis with
stepwise inclusion of significant predictors; a ROC
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
analysis was then performed to estimate the efficiency
of a prognostic model.

RESULTS
Analysis of mRNA, microRNA, 

and lncRNA Interaction Network
A preliminary in silico analysis was carried out to

identify the network of interacting mRNAs, microR-
NAs, and lncRNAs. Functional characteristics of the
lncRNAs and mRNAs selected for the study are sum-
marized in Table 3. A visualization of the network of
interacting noncoding RNAs (lncRNAs and microR-
NAs) and mRNAs is shown in Fig. S1 (see Supple-
mentary Information at http://www.molec-
bio.ru/downloads/2024/5/supp_Markelov_rus.zip).

Several prognostic online tools were employed in
our in silico analysis. Parameters of binding sites of
coregulated RNAs and, in particular, their binding
energy are of particular importance in this context.
Binding energy is assumed to depend on the size of a
binding site [35]. Noncoding RNAs bind preferen-
tially with high-affinity sequences of 7 or 8 nt and
slightly weaker with 6-nt sequences [36–38]. Accord-
ing to the assumption, high affinity was expected for
the majority of binding sites predicted in our in silico
analysis. The abundance of individual target genes is
capable of modulating activity of noncoding RNAs. A
sensitivity threshold is therefore possible for the con-
centrations of an effector noncoding RNA and its tar-
get transcripts [35]. To efficiently interact with a non-
coding RNA, target transcripts must be expressed to
an extremely high levels, which exceed their physio-
logically normal expression levels [39].

Functional characteristics of the TP53TG1
lncRNA network is limited to proapoptotic and antifi-
brotic potentials [40, 41].

Targeted interactions of the LINC00342 lncRNA
are associated with an increase in EMT and inflam-
matory processes [42–44].

The functional interaction network of the H19
lncRNA includes proapoptotic and profibrotic axes
and is associated with an increase in inflammation in
lung tissue and higher EMT [22, 23, 45]. The
MALAT1 lncRNA is associated mostly with EMT.
For example, the interactions of MALAT1 with cer-
tain microRNAs increase EMT and activate the
AKT/mTOR signaling cascade [46–49]. MALAT1
exerts profibrotic and emphysema-promoting effects
[50] and increases inflammatory processes in the lung
[21] (Table 3).

The MEG3 lncRNA activates the TGF-
β/SMAD3 [51] and Wnt signaling cascades and plays
a role in EMT regulation [52]. MEG3 acts to regulate
apoptosis in lung cells, and its binding with miR-181а
activates BCL2 [53]. Several molecules included in
the MEG3 interaction network play important roles in
COPD pathogenesis. MEG3 can inhibit the miR-
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Fig. 1. Relative expression (presented as log10 of Fold Change (log10 2−ΔΔCt) of the lncRNAs and mRNAs in the COPD patients
and control subjects. Results are shown as the median and 25–75% interquartile range (IQR); P is the significance level by the
Mann–Whitney U test.
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Long non-coding RNAs

mRNA
181a-5p function and thus cause subsequent stimula-
tion of the PTEN/pSTAT5/SOCS1 signaling cascade
in macrophages in acute respiratory distress syndrome
[54]. A similar mechanism underlies the interaction of
MEG3 with miR-181b-5p, which modulates the
JAK2/STAT3 signaling cascade and thereby regulates
macrophage polarization to a M2-like phenotype.
MEG3 is potentially capable of preventing this effect
to stimulate the proinflammatory phenotype of mac-
rophages [55]. The emphysema-promoting axis
includes a single target molecule, miR-181b-3p,
which is associated with pathological angiogenesis
and, therefore, emphysema initiation in the lung [50].
By binding with miR-125a-5p and thus regulating the
Sp1/SIRT1/HIF-1α signaling cascade, MEG3 is
capable of delaying senescence in lung epithelial
cells [56].

The DNM3OS lncRNA interacts with molecules
associated with profibrotic and proinflammatory
effects. For example, DNM3OS is involved in regulat-
ing the TGF-β-induced activation of lung myofibro-
blasts [20]. According to our in silico analysis, miR-
181a-5p is a target of DNM3OS. In turn, the anti-
inflammatory effect of miR-181a-5p is related to its
potential to regulate the PTEN-pSTAT5-SOCS1 sig-
naling cascade [54].
Protein-coding genes were also included in the list
of genes selected for the study. A protein–protein
interaction network of the products of the selected
genes is shown in Fig. 2S (see Supplementary Infor-
mation at http://www.molecbio.ru/down-
loads/2024/5/supp_Markelov_rus.zip). The network
includes three large clusters of protein–protein inter-
actions involving KEAP1, PTEN, and FOXO3 and a
minor cluster based on TGF-β2.

Interactions of PTEN with microRNAs (miR-19b-
3p, miR-23a-3p, miR-486-5p, etc.) decrease the
PTEN level by activating the PI3K/AKT signaling
cascade and decreases cell apoptosis [57]. Binding
with PTEN, miR-181a-5p stimulates EMT in lung
adenocarcinoma cells [58]. A fibrosis-related func-
tional network includes two microRNAs, miR-21 and
miR-216a, which bind with PTEN to modulate prolif-
eration and migration of airway smooth muscle cells,
which subsequently undergo hyperplasia and become
capable of acquiring the EMT phenotype [45]. In
the context of emphysema-like changes that arise in
airways in COPD, the interaction of PTEN with the
N-terminal domain of the serum response factor
(SRF) is of particular interest, stimulating transcrip-
tional activity of SRF and normal proliferation of vas-
cular smooth cells [59].
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
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Table 4.  Relative expression levels of the genes under study in the COPD patients

Fold change = 2(–ΔΔCt) COPD/2(–ΔΔCt) control. In the case of Fold change < 1, Fold regulation = –1/Fold change. P is the signifi-
cance level by the Mann–Whitney U test.

Gene Fold change Fold regulation P

TP53TG1 0.1532 –6.5244 0.0001
LINC00342 2.874 2.874 0.0029
MALAT1 6.983 6.983 0.0001
H19 1.764 1.764 0.8531
DNM3OS 0.5176 –1.9317 0.0076
MEG3 2.304 2.304 0.4868
PTEN 1.087 1.087 0.6855
TGFB2 0.3639 –2.7476 0.0001
FOXO3 2.246 2.246 0.1873
KEAP1 1.0513 1.0513 0.7922

Table 5. Predictive regression model of COPD development

PWald, significance by the Wald test; OR = exp(β), odds ratio; P, value in the likelihood-ratio test; AUC, area under the curve; 95% CI,
asymptotic 95% confidence interval of AUC. The ROC curve is shown in Fig. 2.

Predictor Coefficient β PWald OR 95% CI

Relative expression of TGFB2 0.898 0.004 2.456 1.33–4.54
Relative expression of TP53TG1 3.365 6.9 × 10–5 28.939 5.52–151.8

Regression constant –3.032 0.000 0.048

P = 6.02×10–12, AUC = 0.92 (95% CI 0.86–0.98), sensitivity 73.2%, specificity 92.3%
A network of target molecules of the FOXO3 pro-
tein-coding genes is related to apoptosis. For example,
FOXO3 binding with miR-182 promotes resistance to
radiotherapy-induced apoptosis in non-small cell
lung cancer cells [60]. In contrast, FOXO3 binding
with miR-23a decreases the proliferative potential and
delays the cell cycle in lung fibroblasts [61]. The inter-
action of FOXO3 with SIRT1 results in the antioxi-
dant response. Deacetylation of FOXO3 increases its
ubiquitination and degradation in response to oxida-
tive stress, thus facilitating the survival of endothelial
precursor cells in oxidative stress [62].

The 3'-untranslated region of KEAP1 directly binds
with miR-141-3p, which thus increases apoptosis of
vascular smooth muscle cells [63]. Inhibitor of nuclear
factor κB (NF-κB) kinase subunit β (IKBKB) acti-
vates NF-κB, which is a key regulator of the inflam-
matory response, and is capable of binding with
KEAP1 contained in the KEAP1–CUL3–RBX1
complex. Their interaction leads to IKBKB degrada-
tion and decreases NF-κB activation, thus reducing
the inflammatory response [64].

TGFB2 is involved in regulating EMT. Its interac-
tion network includes miR-454-3p, which binds with
TGFB2 and thus decreases EMT [65]. The regulation
of apoptosis is also noteworthy; the interaction of
miR-193a-3p with TGFB2 prevents ferroptosis [66].
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
Protein–protein interactions of TGF-β2 include
mostly a network related to the regulation of fibrosis.
In myofibroblasts, the neuronal regeneration-related
protein (NREP) binds with TGF-β2 to inhibit expres-
sion of type 1 and type 3 collagens, thereby decreasing
the intensity of fibrotic transformation [67]. In con-
trast, the connective tissue growth factor (CTGF)
directly binds with TGF-β2 to promote its profibrotic
activity [68]. The interaction of TGF-β2 with TGF-β
receptor 2 (TGFBR2) activates EMT [69].

Thus, our in silico analysis showed that the
lncRNAs and mRNAs selected for the study function
as regulators of the TGF-β/SMAD3, Wnt,
PI3K/AKT, and Keap1/Nrf2 signaling cascades,
which are involved in important cell processes, such as
the antioxidant response to oxidative stress, apoptosis,
inflammation, fibrogenesis, EMT, and cell aging.

Relative Expression Levels of lncRNAs and mRNAs 
in COPD Patients

Relative expression levels of the lncRNAs
(TP53TG1, LINC00342, H19, MALAT1, DNM3OS,
and MEG3) and mRNAs (PTEN, TGFB2, FOXO3,
and KEAP1) were studied in PBMCs of the COPD
patients and healthy controls. The results are summa-
rized in Table 4 and Fig. 1.
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Table 6. Analysis of correlations between expression levels of the lncRNA and mRNA genes (Spearman’s correlation coef-
ficient r and significance level P)

Here and in Table 7, significant results are in bold.

Gene DNM3OS H19 LINC00342 MALAT1 MEG3 TP53TG1 TGFB2 PTEN FOXO3

H19
0.307275
0.02996

LINC00342
–0.00812 –0.02958

0.955395 0.772508

MALAT1
–0.28443 0.085894 0.513173

0.043083 0.393072 3.3 × 10–9

MEG3
0.518963 0.348803 0.159364 0.174391

5.81× 10–5 0.001416 0.138051 0.098274

TP53TG1
0.345597 –0.00027 0.143321 –0.10556 0.240212
0.007881 0.997961 0.138938 0.261518 0.019699

TGFB2
0.247449 0.138947 –0.05147 –0.01982 0.210362 0.242294
0.086492 0.234485 0.644021 0.856252 0.068157 0.019699

PTEN
–0.07192 –0.07884 0.158737 0.435793 0.035683 –0.10639 0.096514

0.63092 0.452538 0.10411 1.13 × 10–6 0.748773 0.268627 0.339459

FOXO3
–0.0781 –0.0428 0.122231 0.259988 0.061188 –0.1748 0.184983 0.520288

0.585927 0.666151 0.191171 0.003411 0.564501 0.060558 0.061396 7.21×10–11

KEAP1
–0.15095 0.159005 –0.01331 0.113786 0.090052 –0.05824 0.249805 –0.01431 0.317967

0.290352 0.119796 0.888743 0.215925 0.406826 0.541892 0.012193 0.871115 0.000115
A significant (greater than sixfold) decrease in
TP53TG1 lncRNA level was observed in the COPD
patients (FCh = 0.1532, FR = –6.5244, P = 0.0001)
(Table 4). Expression of the MALAT1 lncRNA sig-
nificantly increased in the COPD patients (FCh =
6.983, P = 0.0001). The LINC00342 lncRNA level in
the COPD patients was almost three times higher than
in the healthy subjects (FCh = 2.874, P = 0.0029).
Expression of the DNM3OS lncRNA was signifi-
cantly lower in the COPD patients (FCh = 0.5176,
FR = –1.9317, P = 0.0076). The TGFB2 mRNA
expression level in MNCs of the COPD patients was
significantly lower than in the healthy controls
(FCh = 0.3639, FR = –2.7476, P = 0.0001).

The expression levels of the H19 lncRNA and
PTEN and KEAP1 mRNAs in PBMCs of the COPD
patients were comparable with the levels observed in
the control group. The relative expression levels of the
MEG3 lncRNA and FOXO3 mRNA in the COPD
patients were more than twice higher than in the con-
trols, but the between-group differences were nonsig-
nificant.

Thus, the TP53TG1, LINC00342, DNM3OS, and
MALAT1 lncRNAs and the TGFB2 mRNA were
found to differ in expression between the COPD
patients and control subjects; i.e., the RNAs can be
identified as differentially expressed in PBMCs in
COPD. The TP53TG1, LINC00342, and DNM3OS
lncRNA expression levels were for the first time
assessed in PBMCs of COPD patients.

Evaluation of Predictive Significance for lncRNA
and mRNA Differential Expression in COPD

Early COPD is asymptomatic, but the respiratory
function of the lung and VC decrease gradually. A pri-
mary diagnosis is established when emphysema-
related changes are substantial in lung tissue and small
airways are obstructed so that breathlessness
increases, therapy is ineffective, and quality of life
drops dramatically [1, 2]. COPD biomarkers are
therefore important to identify in order to allow early
diagnosis of COPD and predisposition to rapid disease
progression. ROC analysis was performed to evaluate
the prognostic significance of the expression levels of
the TP53TG1, LINC00342, MALAT1, and
DNM3OS lncRNAs and the TGFB2 mRNA in
COPD (Fig. 2). The relative expression level of the
TP53TG1 lncRNA showed a moderate prognostic
significance in differentiating COPD patients and
control subjects (AUC = 0.8685, 95% CI 0.8062–
0.9309, P = 0.001, optimal cut-off point 0.6312, sensi-
tivity = 0.9041, specificity = 0.7097). A moderate
prognostic significance in differentiating COPD
patients and controls was similarly established in the
ROC analysis for the levels of the TGFB2 mRNA
(AUC = 0.75735, 95% CI 0.6678–0.8466, P = 0.001,
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
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Fig. 2. ROC analysis of the prognostic significance of the lncRNAs and mRNAs regulated in PBMCs of the COPD patients:
(a) DNM3OS lncRNA, (b) LINC000342 lncRNA, (c) MALAT1 lncRNA, (d) TP53TG1 lncRNA, and (e) TGFB2 mRNA.
AUC, area under the curve. (f) A prognostic model that includes simultaneous assessment of the TP53TG1 lncRNA and TGFB2
mRNA expression levels.
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optimal cut-off point 0.7923, sensitivity = 0.7742,
specificity = 0.6850) and the lncRNAs MALAT1
(AUC = 0.7131, 95% CI 0.6261–0.8002, P = 0.001,
optimal cut-off point 1.956, sensitivity = 0.6234, spec-
ificity = 0.7368), LINC00342 (AUC = 0.6542, 95%
CI 0.5586–0.7498, P = 0.0487, optimal cut-off point
2.364, sensitivity = 0.6154, specificity = 0.661), and
DNM3OS (AUC = 0.6931, 95% CI 0.5589–0.8274,
P = 0.008, optimal cut-off point 0.7968, sensitivity =
0.6178, specificity = 0.7667).

A highly informative prognostic model of COPD
development was based on multiple regression and
ROC analyses and included simultaneous assessment
of the expression levels of the TP53TG1 lncRNA and
TGFB2 mRNA in PBMCs (Table 5). The model has a
high predictive potential (AUC = 0.92, 95% CI 0.86–
0.98, sensitivity = 73.2%, specificity = 92.3%) (Fig. 2)
and correctly distinguishes between COPD patients
and subjects without COPD.

Based on the ROC analysis, the highest prognostic
significance in discriminating COPD patients and
healthy subjects is characteristic of the expression level
of the TP53TG1 lncRNA and a combination of the
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
expression levels of the TP53TG1 lncRNA and
TGFB2 mRNA.

Correlation Analysis

In view of the tight functional interactions between
the lncRNAs and mRNAs under study, we assessed
the correlations (Spearman’s correlation coefficient r
and significance level P) between their expression lev-
els (Table 6). The DNM3OS relative expression level
was found to correlate positively with the expression
levels of H19 (r = 0.307, P = 0.029), MEG3 (r = 0.518,
P = 5.81 ×10–5), and TP53TG1 (r = 0.345, P =
0.0078) and negatively with the expression level of
MALAT1 (r = –0.284, P = 0.043). The MALAT1
expression level correlated positively with the levels of
LINC00342 (r = 0.513, P = 3.3 ×10–9) and the PTEN
(r = 0.435, P = 1.13 ×10–6) and FOXO3 (r = 0.259, P =
0.003) mRNAs. The TP53TG1 lncRNA expression
level correlated positively with the levels of MEG3 (r =
0.240, P = 0.019) and the TGFB2 mRNA (r = 0.242,
P = 0.019). A positive correlation was observed
between the TGFB2 and KEAP1 expression levels (r =
0.249, P = 0.012) and between the KEAP1 and FOXO3
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Table 7. Correlations between expression levels of the genes under study and clinical parameters

Spearman’s correlation coefficient r and significance level P are shown.

Parameter DNM3OS H19 LINC00342 MALAT1 MEG3 TP53TG1 TGFB2 PTEN FOXO3 KEAP1

Age
–0.1259 –0.0918 –0.2058 –0.313 –0.1383 0.12348 –0.3514 –0.1809 –0.2951 –0.3382

0.47809 0.50484 0.11459 0.00742 0.29615 0.3085 0.00591 0.14612 0.01249 0.00513

BMI
0.24633 0.01465 –0.1185 –0.3376 –0.0428 –0.0797 –0.0358 –0.1114 –0.024 0.10606
0.16021 0.91547 0.36724 0.00372 0.74731 0.51201 0.78618 0.37305 0.84223 0.39299

Smoking index
–0.193 0.04926 –0.2233 –0.1945 0.07943 0.15721 –0.1431 –0.0886 –0.1508 –0.1228

0.27418 0.72095 0.08629 0.10155 0.54981 0.19368 0.27536 0.47908 0.2093 0.32233

FEV1/FVC, %
–0.0988 –0.0678 0.23456 0.27201 0.15151 0.0407 0.33801 0.11216 0.42629 0.31171

0.60347 0.65079 0.09418 0.03104 0.27411 0.74753 0.01161 0.39769 0.00049 0.01447

VC, %
0.21965 –0.0207 0.2071 0.10873 0.10165 –0.0575 0.06387 –0.065 0.07651 –0.0651
0.23513 0.88902 0.13677 0.39242 0.46022 0.64638 0.64315 0.62178 0.5479 0.61508

FVC, %
0.42612 0.018 0.2617 0.29973 –0.0277 –0.0713 –0.1992 0.03324 0.1548 –0.1454
0.03787 0.92617 0.12885 0.06025 0.86683 0.64147 0.21788 0.83445 0.34021 0.37069

FEV1, %
0.13491 –0.0456 0.25271 0.1913 0.18177 –0.0466 0.20366 0.10626 0.38502 0.15945
0.47722 0.76069 0.07069 0.13312 0.18835 0.71266 0.13587 0.42313 0.00183 0.21964
expression levels (r = 0.318, P = 0.0001). A distinct
positive correlation was detected between the expres-
sion levels of FOXO3 and PTEN (r = 0.52, P =
7.21 × 10–11).

To estimate the contributions of the lncRNAs and
mRNAs to the early development and progression of
COPD, possible correlations with clinical and demo-
graphic parameters were analyzed (Table 7). The age
was found to negatively correlate with the expression
levels of MALAT1 (r= –0.313, P = 0.007), TGFB2
(r = –0.351, P = 0.006), FOXO3 (r = –0.295, P =
0.012), and KEAP1 (r = –0.338, P = 0.005) in the
COPD patients. Lung function parameters, which
directly reflect the progression of airway obstruction
and disease severity in COPD patients, were of partic-
ular interest to test for correlation with expression lev-
els. FEV1/FVC was found to positively correlate with
the expression levels of MALAT1 (r = 0.272, P =
0.03), TGFB2 (r = 0.338, P = 0.01), FOXO3 (r =
0.426, P = 0.0004), and KEAP1 (r = 0.311, P = 0.014).
FEV1 correlated with FOXO3 expression (r = 0.385,
P = 0.0018), and FVC correlated with DNM3OS
expression (r = 0.426, P = 0.037).

The correlations with the lung function parameters
indicate that the MALAT1 and DNM3OS lncRNAs
and the TGFB2, FOXO3, and KEAP1 mRNAs con-
tribute to COPD development and are directly
involved in lung tissue aging, which is associated with
gradual reduction of airway conductance and the
development of fibrosis- and emphysema-related
changes.
DISCUSSION

High-level expression of the MALAT1 lncRNA in
PBMCs was associated with COPD. The MALAT1
expression level correlated positively with the airway
conductance (FEV1/FVC), which gradually decreases
with COPD progression or natural aging of the lung.
Higher MALAT1 expression levels in MNCs were
more often observed in younger patients according to
our correlation analysis, the finding being possibly
related to an earlier COPD onset. The result is possibly
explained by the involvement of the MALAT1
lncRNA in regulating the signaling cascades that are
associated with cell senescence and inflammation.
MALAT1 directly interacts with miR-200c via two
highly complementary binding sites, as has been
revealed by a bioinformatics analysis and confirmed
by a luciferase reporter assay and real-time PCR [70].
It is known that miR-200c plays a crucial role in
decreasing fibrosis-related transformation of lung epi-
thelial cells [71]. The competitive interaction of
MALAT1 with miR-200c may increase the fibrotic
changes in lung epithelial cells, and such changes are
of importance for emphysema development and lung
tissue remodeling in COPD. MALAT1 additionally
stimulates AKT/mTOR signaling by binding with a
high-affinity sequence (a 7-nt binding site) of miR-
206 and thus inhibiting miR-206 activity [49, 72]. This
regulation may lead to bronchopulmonary dysplasia
by increasing fibronectin 1 expression [73]. MALAT1
is capable of stimulating serine- and arginine-rich
splicing factor 7 (SRSF7) and forkhead box P1
(FOXP1) by binding to a high-affinity site of miR-
374b-5p [74]. The interactions increase EMT by mod-
ulating cell proliferation and apoptosis and controlling
synthesis of matrix metalloproteinases and inflamma-
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
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tory mediators in lung epithelial cells [75]. MALAT1
interacts with proteins of the FOX family via numer-
ous microRNAs. For example, FOXA1 activity
changes upon MALAT1 binding with miR-17-5p [76].
It is of special interest that MALAT1 decreases
hypoxia-induced apoptosis in vascular cells by inhib-
iting miR-19b-3p [77]. Moreover, miR-19b-3p
sequestration may increase expression of protein
phosphatase 2 regulatory subunit B'ε (PPP2R5E) and
BCL2-like 11 (BCL2L11), thereby similarly decreas-
ing apoptosis in lung cancer cells [78]. MALAT1 can
suppress miR-22-3p activity [79], thus facilitating
inflammasome activation via a NLRP3-mediated
mechanism, and increase STAT3-mediated inflam-
mation of vascular cells [80]. MALAT1 can directly
inhibit miR-590 by binding to its high-affinity site
[81]. MALAT1 has been found to interact with high-
affinity sites of miR-429 [82] and miR-23c [83]; the
interactions may dysregulate angiogenesis and conse-
quently lead to emphysema [50]. Inhibition of Toll-
like receptor 4 (TLR4) by MALAT1 overexpression in
acute lung injury inhibits NF-κB and MAP kinase
p38. The effects can reduce the level of LPS-stimu-
lated apoptosis and the production of inflammatory
factors (IL-6 and TNF-α) [84]. The MALAT1
lncRNA is upregulated in lung tissue biopsy material
of COPD patients and is involved in COPD pathogen-
esis [85]. Higher MALAT1 expression in the blood
plasma correlates positively with the level of inflam-
matory cytokines and may provide a prognostic
marker of COPD exacerbation risk [86]. COPD is
considered to be a systemic inflammatory disease, and
an increase in oxidative stress and a passage of lung
inflammation into systemic circulation play an
important role in its pathophysiology. COPD is char-
acterized by simultaneous increases in macrophages in
peripheral airways, lung parenchyma, and lung vessels
and activated neutrophils, lymphocytes, and mono-
cytes in circulation [87].

Thus, the results from our and other studies
demonstrate that MALAT1 is upregulated in MNCs,
lung tissue, and the serum in COPD patients, impli-
cating MALAT1 in COPD development.

A positive correlation was observed between
MALAT1 and LINC00342 relative expression levels.
LINC00342 was also expressed to a significantly
higher level in the COPD patients compared with the
healthy subjects. LINC00342 activates the miR-
15b/TPBG signaling cascade, thus promoting EMT in
A549 lung carcinoma cells and leading to disease pro-
gression and metastasis in lung adenocarcinoma [42].
The role in various cancers has already been studied
for LINC00342 [88]. LINC00342 binds with a 6-nt
site in miR-15b with an energy high enough to ensure
their stable interaction [42, 72]. Higher expression of
LINC00342 in non-small cell lung cancer, its binding
with a high-affinity site of miR-203a-3p [89], and
inhibition of tumor suppression activities of p53 and
PTEN are main factors responsible for higher prolifer-
MOLECULAR BIOLOGY  Vol. 58  No. 5  2024
ation and metastasis of cancer cells [17, 18]. The
LINC00342 interaction partner miR-203a-3p func-
tions as a regulator of the TGF-β/SMAD3 signaling
pathway and facilitates TGF-β1-induced EMT in
bronchial asthma [43].

We showed that expression of the TP53TG1
lncRNA is significantly lower in the COPD patients.
The TP53TG1 level was found to positively correlate
with the levels of DNM3OS and MEG3, and the bio-
informatics analysis of the lncRNA–microRNA–
mRNA interaction network supported the correlation.
TP53TG1 is involved in regulating the TGF-
β/SMAD3 signaling cascade to act as an antifibrotic
factor and regulates lung cell apoptosis. TP53TG1
modulates the miR-18a-5p/PTEN axis in the A549
lung cancer cell line by binding with a high-affinity
microRNA sequence, thus increasing the proapop-
totic effect of cisplatin [40]. In a model of idiopathic
lung fibrosis, TP53TG1 affects the ACTA2 (actin
alpha 2, smooth muscle) and Fn1 (fibronectin 1)
mRNAs, thus exerting antifibrotic activity toward
fibroblasts [41]. There is evidence that TP53TG1 acts
as a tumor suppressor. TP53TG1 triggers ubiquitin-
dependent degradation of peroxiredoxin 4 (PRDX4)
to block the WNT/β-catenin signaling pathway, thus
inhibiting hepatocellular cancer progression and pre-
venting liver fibrosis [14]. TP53TG1 has been shown
to suppress breast cancer development by inhibiting
the PI3K/AKT signaling pathway [90]. Thus, a high
TP53TG1 level negatively affects the molecular mech-
anisms of accelerated cell aging by inhibiting the
TGF-β/SMAD and PI3K/AKT signaling cascades.
The role of TP53TG1 in COPD has not been studied
earlier, and our findings obtained using PBMCs need
verification using lung tissue samples.

A direct correlation between TP53TG1 lncRNA
and TGFB2 mRNA expression levels is of particular
interest. Their combined testing showed the greatest
prognostic significance in discriminating between
COPD patients and healthy subjects according to our
ROC analysis. The two transcripts are functionally
associated because TP53TG1 acts as a regulator of the
TGF-β/SMAD signaling cascade, in which TGF-β2
plays a key role. The TGFB2 expression level in
PBMCs was found to be lower in the COPD patients
and to correlate with the patient age and lung function
as assessed by FEV1/FVC. Based on bioinformatics
analyses, TGF-β2 activates the TGF-
β/SMAD2/SMAD3/SMAD4 signaling cascade to
increase EMT, to facilitate fibrosis, and to exert an
antiapoptotic effect [30]. In turn, SMAD2 and
SMAD3 stimulate expression of the mesenchymal
phenotype-associated genes FN1, SNAI2, and MMP2
[91]. Higher activities of these genes may facilitate a
remodeling of lung tissue and airways in COPD. On
the other hand, TGF-β2 is involved in the antioxidant
response. Its interaction with CCAAT enhancer-bind-
ing protein α (C/EBPα) positively affects differentia-
tion and secretory activity of lung epithelial cells in the
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case of hyperoxia-induced injury [92]. Large-scale
RNA sequencing has shown that TGFB2 expression in
lung tissue is decreased in COPD patients [93].

Thus, changes in TGFB2 expression profile in
PBMCs of COPD patients may be associated with
early disease onset and a rapid decrease in airway con-
ductance.

The DNM3OS lncRNA expression level was found
to be halved in the COPD patients and to correlate
with FVC, which reflects a gradual progression of air-
way obstruction. The DNM3OS expression level cor-
related positively with the levels of the H19, MEG3,
and TP53TG1 lncRNAs and negatively with the
MALAT1 lncRNA level. Based on the bioinformatics
analysis, DNM3OS interacts with the MALAT1, H19,
MEG3, and TP53TG1 genes through target mRNAs
and microRNAs. DNM3OS is involved in regulating
the TGF-β/SMAD cascade [20] and supporting the
key processes of fibrotic transformation in upper air-
way cells, including their viability and migration
potential. To exert these activities, DNM3OS inhibits
miR-204-5p by interacting with a high-affinity 11-nt
site and additional sequences [94] and thus activates
huntingtin interacting protein 1 (HIP1) [95].
DNM3OS is fragmented to produce three microR-
NAs, which are each involved in regulating the key sig-
naling cascades related to apoptosis, EMT, and cell
proliferation [20]. It has been shown that miR-199a
plays a role in regulating SIRT1 expression in alveolar
macrophages and thus modulates pulmonary inflam-
mation in acute respiratory distress syndrome [96].
Dysregulation of DNM3OS and its derivative
microRNAs is associated with various chronic dis-
eases [19]. The DNM3OS expression level is elevated
in pulmonary fibrosis [20]. Upregulation of miR-
199a-5p alone in lung tissue has already been observed
in COPD [97], while DNM3OS expression in COPD
was for the first time studied in this work.

To summarize, we were the first to observe that
expression of the DNM3OS lncRNA in PBMCs
changes in COPD and that the changes correlate with
breathing parameters. The correlation is possibly due
to a role that DNM3OS and its derivative microRNAs
play in regulating the TGF-β/SMAD signaling cas-
cade and inflammation. The assumption needs further
investigation with lung tissue samples.

No difference in expression between the COPD
patients and healthy subjects was observed for the H19
and MEG3 lncRNAs and the PTEN, FOXO3, and
KEAP1 mRNAs. It should be noted that the correla-
tion analysis implicated FOXO3 and KEAP1 in pro-
gression of airway obstruction. Namely, the expres-
sion levels of the two genes were found to correlate
with parameters, suggesting their potential involve-
ment in lung tissue aging, which is associated with a
gradual decrease in airway conductivity, a remodeling
of bronchi and bronchioles, and development of
changes characteristic of fibrosis and emphysema.
To conclude, differential expression in COPD
patients compared with healthy subjects was observed
for the TP53TG1, LINC00342, DNM3OS, and
MALAT1 lncRNAs and the TGFB2 mRNA.
TP53TG1, LINC00342, and DNM3OS were ana-
lyzed for the first time. Our findings need further ver-
ification in studies with lung tissue samples from
COPD patients. A highly informative prognostic
model was constructed for COPD development and
included simultaneous assessment of the expression
levels of the TP53TG1 lncRNA and TGFB2 mRNA.
The differentially expressed lncRNAs (TP53TG1,
LINC00342, DNM3OS, and MALAT1) and the
TGFB2 protein-coding genes function to regulate
apoptosis, inflammation, fibrogenesis, and EMT. The
fact indicates that cell aging processes play an import-
ant role in the molecular pathogenesis of COPD. Our
data may provide a basis for improving the diagnostic
criteria and developing essentially new drugs.
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