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Abstract—Chronic obstructive pulmonary disease (COPD) is a chronic lung disease resulting from dynamic,
cumulative gene-environment interactions that cause lung tissue injury, alteration of its normal function, and
acceleration of cellular senescence. Long noncoding RNAs (lncRNAs) function as critical epigenetic regula-
tors of various aspects of cellular senescence. The objective of the present study is to identify the association
between polymorphic variants of H19 (rs3741219), MEG3 (rs7158663), MALAT1 (rs619586), LINC00305
(rs2850711), LINC00261 (rs6048205), CDKN2B-AS1 (rs4977574), and LINC02227 (rs2149954) lncRNAs
genes with COPD. DNA samples from COPD patients (N = 703) and healthy individuals (N = 655) were
studied in this study and polymorphic loci were analyzed by real-time PCR. Association with COPD was
established with H19 (rs3741219), MEG3 (rs7158663), LINC02227 (rs2149954), MALAT1 (rs619586) and
CDKN2B-AS1 (rs4977574). Polygenic analysis has made it possible to identify informative gene–gene com-
binations that include polymorphic variants of the studied lncRNAs genes and genes encoding molecules of
signaling cascades associated with cellular senescence and apoptosis. Multiple regression and ROC analysis
revealed a COPD risk predictive model, which included gene–gene combinations of lncRNAs genes and
smoking index (P = 4.01 × 10–48, AUC = 0.87).
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is

a severe chronic disease characterized by persistent
and progressive restriction of air f low in the respira-
tory tract caused by developed emphysema and
obstructive bronchitis and bronchiolitis [1]. Accord-
ing to the World Health Organization (WHO), to date,
the prevalence of COPD exceeds 250 million people,
thus representing the third leading cause of mortality
worldwide. By 2060, the expected mortality rate
caused by COPD will be more than 5.4 million deaths
annually [https://www.who.int/ru/news-room/fact-
sheets/detail/chronic-obstructive-pulmonary-disease-
(copd)]. In the Russian Federation, a pronounced
long-term trend in an increased incidence of this
pathology is observed; namely, more than three mil-
lion COPD cases were registered in 2021 [2]. COPD
results from dynamic, cumulative, and repeated gene–
environment interactions throughout life, which cause

lung tissue damage and changes in its normal func-
tioning [3]. Development of COPD is caused by dif-
ferent factors such as tobacco smoking, air pollution,
professional exposure, and genetic and epigenetic fac-
tors [4]. Long noncoding RNAs (lncRNAs) represent
transcripts 200 nucleotides in length, which do not
code proteins but function as important regulators of
various biological processes, including alternative
splicing, RNA degradation, RNA suppression, tran-
scription enhancing and silencing, chromatin remod-
eling, and post-translational modification of proteins
structure [5]. Several studies demonstrated that lung
tissue of COPD patients was characterized by differen-
tial expression of lncRNAs, the majority of which are
involved in the regulation of various aspects of cellular
senescence [6]. COPD development and progression
may be caused by both changes in expression of
lncRNAs and their impaired functioning owing to
genetic polymorphism. The role of lncRNA polymor-
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phism and interaction with genes encoding proteins
which are responsible for the regulation of cellular
senescence, oxidative stress, and COPD remain
incompletely studied. The present study aimed to
determine the association of polymorphic variants of
the genes encoding regulatory lncRNAs including
H19, MEG3, MALAT1, LINC00305, LINC00261,
CDKN2B-AS, and LINC02227 with developing
COPD.

MATERIALS AND METHODS

The design of the present study is a candidate
case–control study. DNA samples from unrelated
individuals, ethnic Tatars, who were residents of the
Republic of Bashkortostan, were used in the study. All
COPD patients were hospitalized in the Department
of Pulmonology at the Ufa City Clinical Hospital
no. 21. The diagnosis of COPD was established
according to recommendations of the working group
on the “Global Strategy for the Diagnosis, Treatment,
and Prevention of Chronic Obstructive Pulmonary
Disease” (http://goldcopd.org) on the basis of clinical
and laboratory instrumental studies, including high-
resolution computed tomography and spirometry. As
part of a clinical and instrumental examination, all
participants were examined for the parameters of
external respiration (lungs vital capacity (VC), forced
vital capacity (FVC), forced expiratory volume in one
second (FEV1), FEV1/FVC ratio); the proportion of
smoking patients was identified and their smoking
index was calculated. The group of patients included
703 individuals (627 men (86.195%) and 76 women
(10.81%)); the mean age was 63.04 ± 12.02 years.
Smokers and former smokers included 590 individuals
(83.93%), while 113 (16.08%) of COPD patients were
nonsmokers. The smoking index in smokers was 43.08 ±
25.75 packs/years. In the patients group, the following
values were revealed (% of the normal values): FEV1
(41.99 ± 19.0), FVC (56.65 ± 22.71), VC (58.09 ±
21.59), FEV1/FVC (62.29 ± 20.98).

The control group consisted of unrelated individu-
als, who reported no chronic diseases in anamnesis,
including respiratory diseases and acute respiratory
diseases at the time of collection of biological material.
The inclusion criteria in the control group were the
normal parameters of respiratory function
(FEV1/FVC > 70%, FEV1 > 80%) and age over
45 years. The control group included 655 individuals
(582 men (88.85%) and 73 women (11.15%)); mean
age was 60.67 ± 11.31, of which 552 (84.27%) were
smokers and former smokers and 103 (15.73%) were
nonsmokers); the smoking index was 39.75 ±
25.87 packs/year.

Genotyping. DNA was isolated from the peripheral
blood leukocytes using phenol-chloroform extraction.
Genes and SNPs for the analysis were selected accord-
ing to the following criteria: functional significance
RUSSI
and/or previously reported association with other
multifactorial diseases in humans, minor allele fre-
quency (MAF) ≥5% in Europeans according to the
National Center for Biotechnology Information data-
base (http://www.ncbi.nlm.nih.gov/projects/SNP/).
The following polymorphic loci in the lncRNA genes
were selected for the study: H19 (rs3741219), MEG3
(rs7158663), MALAT1 (rs619586), LINC00305
(rs2850711), LINC00261 (rs6048205), CDKN2B-AS1
(rs4977574), and LINC02227 (rs2149954). The func-
tional significance of SNPs was assessed according to
the RegulomeDB Version 1.1 (https://regulom-
edb.org), SNPinfo Web Server (https://snpinfo.niehs.
nih.gov), and HaploReg v3 databases [7]; the data are
presented in Table 1. SNPs were analyzed using real-
time polymerase chain reaction (PCR) with commer-
cially available assays with f luorescent detection
(https://www.oligos.ru, DNA Synthesis LLC, Russia)
using BioRad CFX96TM (Bio-Rad Laboratories, Inc.,
USA). The methods of analysis have been previously
described by our group in detail [8].

Statistical analysis of results. A description of stan-
dard methods of statistical analysis has been previously
reported [8]. The analysis of deviation of genotype fre-
quencies from the Hardy–Weinberg equilibrium and
association analysis of certain SNPs with a disease
were performed using SNPassoc v 2.0–2 package for
R [9]. A polymorphic marker was considered to be
associated with a phenotype at P < 0.05; a correction
for multiple comparisons was conducted using the
assessment method for the proportion of received
false-positive results, False Discovery Rate (FDR),
via online tool (https://tools.carbocation.com/FDR).
The search for gene–gene interactions associated with
a disease was conducted using the Markov chain
Monte Carlo method implemented in APSampler
software (http://sourceforge.net/projects/apsam-
pler/) [10]. To construct prediction models, a logistic
regression with a stepwise forward inclusion of param-
eters, which comprised gene–gene interactions, SNPs
of certain genes, and clinical-demographic parame-
ters, was used. The area under the curve (AUC) was
calculated to estimate the efficacy of prognostic mod-
els; the calculations were carried out in SPSS v. 22.

RESULTS

The analysis of seven polymorphic loci of lncRNA
genes, including H19 (rs3741219), MEG3 (rs7158663),
MALAT1 (rs619586), LINC00305 (rs2850711),
LINC00261 (rs6048205), CDKN2B-AS1 (rs4977574),
and LINC02227 (rs2149954), was carried out in the
formed groups of COPD patients and control group.
Bioinformatic analysis of functional characteristics
selected for the study of lncRNA gene polymorphisms
demonstrated that the majority of SNPs affected gene
expression or were partially linked to the functional
gene loci (Table 1).
AN JOURNAL OF GENETICS  Vol. 60  No. 9  2024



RUSSIAN JOURNAL OF GENETICS  Vol. 60  No. 9  2024

ASSOCIATION OF POLYMORPHIC LOCI OF LONG NONCODING RNA GENES 1235

Ta
bl

e 
1.

 B
io

in
fo

rm
at

ic
 a

na
ly

si
s o

f f
un

ct
io

na
l c

ha
ra

ct
er

is
tic

s s
el

ec
te

d 
fo

r t
he

 st
ud

y 
of

 p
ol

ym
or

ph
ic

 lo
ci

 o
f l

on
g 

no
nc

od
in

g 
R

N
A

 g
en

es

R
ef

SN
P 

ac
co

rd
in

g 
to

 N
C

B
I d

at
ab

as
e 

(h
ttp

s:
//

w
w

w
.n

cb
i.n

lm
.n

ih
.g

ov
/)

; f
un

ct
io

na
l s

ig
ni

fi
ca

nc
e 

of
 S

N
Ps

 w
as

 e
xa

m
in

ed
 o

n 
th

e 
ba

si
s o

f t
he

 R
eg

ul
om

eD
B

 V
er

si
on

 1
.1

 (h
ttp

s:
//

re
gu

lo
m

-
ed

b.
or

g)
, S

N
Pi

nf
o 

W
eb

 S
er

ve
r (

ht
tp

s:
//

sn
pi

nf
o.

ni
eh

s.
ni

h.
go

v)
, H

ap
lo

R
eg

 v
3,

 a
nd

 G
T

E
x 

(h
ttp

s:
//

w
w

w
.g

te
xp

or
ta

l.o
rg

) d
at

ab
as

es
. D

N
as

e—
a 

re
gi

on
 se

ns
iti

ve
 to

 D
N

as
e;

 m
ot

ifs
—

m
od

-
if

ie
d 

re
gu

la
to

ry
 m

ot
ifs

 fo
r b

in
di

ng
 w

ith
 tr

an
sc

ri
pt

io
n 

fa
ct

or
s;

 T
F

—
si

te
s o

f b
in

di
ng

 w
ith

 tr
an

sc
ri

pt
io

n 
fa

ct
or

s;
 re

gu
la

to
ry

 p
ro

te
in

s—
re

gi
on

s f
or

 b
in

di
ng

 w
ith

 re
gu

la
to

ry
 p

ro
te

in
s;

 E
xp

re
s-

si
on

 Q
T

L
s—

ex
pr

es
si

on
 Q

ua
nt

ita
tiv

e 
Tr

ai
t L

oc
us

.

G
en

e 
R

ef
SN

P 
H

G
V

S 
N

am
es

C
hr

om
os

om
al

 
po

si
tio

n

R
eg

ul
at

or
y

Pr
om

ot
er

s 
of

 h
is

to
ne

 
m

ar
ks

E
nh

an
ce

rs
 

of
 h

is
to

ne
 

m
ar

ks
D

N
as

e
R

eg
ul

at
or

y 
pr

ot
ei

ns
M

ot
ifs

T
F

E
xp

re
ss

io
n 

Q
T

L
s 

(H
ap

lo
 R

eg
, G

T
E

x 
po

rt
al

)
ra

nk
co

ef
fi

ci
en

t

H
19

 rs
37

41
21

9 
g.

74
47

 T
>

C
11

p1
5.

5
4

0.
70

49
7

8 
tis

su
es

5 
tis

su
es

11
 ti

ss
ue

s
–

N
R

SF
, Y

Y
1

19
 ti

ss
ue

s 
(i

nc
lu

di
ng

 lu
ng

)

M
E

G
3 

rs
71

58
66

3 
g.

21
81

9 
A

>
G

14
q3

2.
2

1f
0.

19
54

9
–

–
Sk

in
–

5
Ye

s
B

lo
od

, a
rt

er
ie

s

M
AL

AT
1 

rs
61

95
86

 
g.

65
26

61
69

 
A

>
G

11
q1

3.
1

1a
0.

99
26

7
23

 ti
ss

ue
s

Sp
le

en
48

 ti
ss

ue
s

4 
sp

ec
ie

s
4

Ye
s

14
 ti

ss
ue

s

L
IN

C
00

30
5 

rs
28

50
71

1 
g.

61
78

70
38

 
A

>
T

18
q2

2.
1

4
0.

60
90

6
–

–
–

–
–

–
–

L
IN

C
00

26
1 

rs
60

48
20

5 
g.

22
57

89
63

 
A

>
G

20
p1

1.
21

4
0.

60
90

6
11

 ti
ss

ue
s

11
 ti

ss
ue

s
10

 ti
ss

ue
s

5 
sp

ec
ie

s
14

Ye
s

3 
tis

su
es

C
D

K
N

2B
-A

S1
 

rs
49

77
57

4 
g.

22
09

85
74

 
A

>
G

9p
21

.3
2c

0.
70

56
7

A
di

po
se

 ti
ss

ue
11

 ti
ss

ue
s

4 
tis

su
es

–
E

ts
, G

R
B

lo
od

, p
itu

ita
ry

 
gl

an
d

L
IN

C
02

22
7 

rs
21

49
95

4 
g.

15
78

20
60

2 
G

>
A

5q
33

.3
1f

0.
55

43
6

–
4 

tis
su

es
L

iv
er

, b
lo

od
 

ve
ss

el
s

4 
sp

ec
ie

s
C

O
M

P1
–

–



1236 KORYTINA et al.

Table 2. Allele and genotype frequencies of the examined polymorphic loci of lncRNA genes in the groups of COPD
patients and healthy individuals

P—significance level of differences in allele and genotype frequencies between the groups (χ2 test for homogeneity of samples); OR
(95%CI)—odds ratio for a minor allele and 95% confidence interval (basic allelic test).

Gene
RefSNP1

Minor
allele

Genotypes, 
alleles

COPD
n (%)

(N = 703)

Control
n (%)

(N = 655)
P OR (95%CI)

H19
rs3741219 T>C C

TT/TC/CC 282/282/139
(40.11/40.11/19.77)

216/311/128
(32.98/47.48/19.54) 0.011 –

T/C 846/560
(60.17/39.83)

743/567
(56.72/43.28) 0.074 0.86 (0.74–1.01)

MEG3
rs7158663 A>G G

AA/AG/GG 335/262/106
(47.65/37.27/15.08)

212/310/133
(32.37/47.33/20.31) 1.24 × 10–5 –

A/G 932/474
(66.29/33.71)

734/576
(56.03/43.97) 1.14 × 10–5 0.64 (0.55–0.75)

MALAT1
rs619586 A>G G

AA/AG/GG 629/72/2
(89.47/10.24/0.28)

607/47/1 
(92.67/7.18/0.15) 0.117 –

A/G 1330/76
(94.59/5.41)

1261/49
(96.26/3.74) 0.048 1.47 (1.02–2.12)

LINC00305 
rs2850711 A>T T

AA/AT/TT 423/232/48
(60.17/33.00/6.83)

375/234/46
(57.25/35.73/7.02) 0.537 –

A/T 1078/328
(76.67/23.33)

984/326
(75.11/24.89) 0.366 0.91 (0.77–1.09)

LINC00261
rs6048205
A>G

G
AA/AG/GG 574/112/17

(81.65/15.93/2.42)
536/109/10

(81.83/16.64/1.53) 0.482 –

A/G 1260/146
(89.62/10.38)

1181/129
(90.15/9.85) 0.689 1.06 (0.82–1.36)

LINC02227 
rs2149954 G>A A

GG/GA/AA 284/361/58
(40.40/51.35/8.25)

243/320/92
(37.10/48.85/14.05) 0.003 –

G/A 929/477
(66.07/33.93)

806/504
(61.53/38.47) 0.015 0.82 (0.70–0.96)

CDKN2B-AS1 
rs4977574
A>G

G
AA/AG/GG 219/344/140

(31.15/48.93/19.91)
161/329/165

(24.58/50.23/25.19) 0.008 –

A/G 782/624
(55.62/44.38)

651/659
(49.69/50.31) 0.002 0.78 (0.67–1.47)
Prior to the association analysis of candidate gene
polymorphisms with developing COPD, we calculated
allele and genotype frequencies in the groups and the
correspondence of genotype frequencies to the
Hardy–Weinberg equilibrium (Table 2). Observed
genotype frequencies of all examined SNPs in the
control group were in accordance with the Hardy–
Weinberg test: H19 (rs3741219) (PH-W = 0.4715),
MEG3 (rs7158663) (PH-W = 0.2863), MALAT1
(rs619586) (PH-W = 0.5317), LINC00305 (rs2850711)
(PH-W = 0.3033), LINC00261 (rs6048205) (PH-W =
0.2288), CDKN2B-AS1 (rs4977574) (PH-W = 1),
LINC02227 (rs2149954) (PH-W = 0.4817).
RUSSI
Subsequently, we estimated the statistical signifi-
cance of differences in distribution of allele and geno-
type frequencies between the groups, and the odds
ratio values for the minor allele of each locus were cal-
culated (basic allelic test). At the following stage,
logistic regression was used to analyze the association
of certain SNPs controlling for the quantitative and
binary parameters (sex, age, smoking status and
index), which were introduced into the regression
equation as independent predictors (Table 3). Consid-
ering that the impact of single genes in the multifacto-
rial disease development may be rather small, we
searched for informative gene–gene interactions asso-
ciated with COPD using APSampler software. At the
AN JOURNAL OF GENETICS  Vol. 60  No. 9  2024
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Table 3. Statistically significant results of association analysis of lncRNA polymorphic loci with COPD

N—number of individuals included in regression analysis; Padj—significance of the likelihood ratio test of the log-regression model con-
trolling for sex, age, and smoking status and index; ORadj—odds ratio controlling for all these factors, 95%CI—95% confidence interval
for OR; Pcor-FDR—test significance after correction (Benjamini-Hochberg FDR Adjusted P-value); log-additive model for minor allele
dosage—increase in minor allele dosage in a row: major allele homozygote (0), heterozygote (1), minor allele homozygote (2).

Gene, SNP Minor 
allele N Genotype, model ORadj (95%CI) Padj Pcor-FDR

H19
rs3741219
T>C

С 1358 TT
TC+CC,
dominant

1.00
0.74 (0.57–0.96)

0.022 0.022

TT+CC
CT

1.00
0.74 (0.57–0.96)

0.021 0.022

MEG3
rs7158663
A>G

G 1358 AA
AG+GG,
dominant

1.00
0.54 (0.42–0.70)

2.167 × 10–6 1.733 × 10–5

log-additive 0.68 (0.57–0.81) 1.471 × 10–5 5.884 × 10–5

LINC02227 
rs2149954 
G>A

A 1358 GG+GA
AA,
recessive

1.00
0.55 (0.38–0.81)

0.00171 0.0045

log-additive 0.81 (0.67–0.96) 0.0165 0.022

CDKN2B-AS1 
rs4977574
A>G

G 1358 AA
AG+GG,
dominant

1.00
0.72 (0.55–0.95)

0.018 0.022

log-additive 0.79 (0.66–0.94) 0.0077 0.0154
final stage, using multiple regression analysis with a
stepwise forward inclusion of predictors followed by
ROC analysis, a search for complex clinical-genetic
models of COPD development was carried out (Fig. 1).

Association Analysis of SNPs of lncRNA Genes
with COPD Development

Statistically significant differences in distribution
of allele and/or genotype frequencies between the
groups of COPD patients and control group were
observed for the H19 (rs3741219), MEG3 (rs7158663),
MALAT1 (rs619586), LINC02227 (rs2149954), and
CDKN2B-AS1 (rs4977574) genes (Table 2).

The association of the H19 (rs3741219) gene locus
with COPD development was established for the dom-
inant model (Padj = 0.022, OR = 0.74) with homozy-
gous major allele TT genotype as a risk marker (Padj =
0.022; OR = 1.36, 95%CI 1.11–1.69).

The MEG3 (rs7158663) locus was significantly
associated with COPD in the dominant (Padj = 2.167 ×
10–6, OR = 0.54) and log-additive (Padj = 1.471 × 10–5;
OR = 0.68) models; a risk for developing the disease
was associated with AA genotype (Padj = 2.167 × 10–6;
OR = 1.90, 95%CI 1.52–2.37).

The LINC02227 (rs2149954) locus was associated
with COPD in the recessive (Padj = 0.00171, OR =
RUSSIAN JOURNAL OF GENETICS  Vol. 60  No. 9  
0.55) and log-additive (Padj = 0.0165; OR = 0.81)
models; major G allele was a risk marker (P = 0.015;
OR = 1.22, 95%CI 1.04–1.42).

Association of the CDKN2B-AS1 gene (rs4977574)
with COPD was observed in the dominant (Padj =
0.018; OR = 0.72) and log-additive (Padj = 0.0077;
OR = 0.79) models; homozygous major allele of AA
genotype was a risk marker (Padj = 0.018; OR =1.39,
95%CI 1.09–1.76).

The association of COPD with the MALAT1
(rs619586) locus was detected only in the basic allelic
test, and the minor allele (G allele) frequency was
5.41% in the patients groups and 3.74% in the control
group (P = 0.048; OR = 1.47, 95%CI 1.02–2.12).
However, a regression analysis revealed no significant
associations in any model, which is due to a low fre-
quency of minor G allele.

No statistically significant differences were
observed in the distribution of genotype and allele fre-
quencies of LINC00305 (rs2850711) and LINC00261
(rs6048205) gene polymorphisms between COPD
patients and control group.

Accordingly, as a result of analysis of lncRNA gene
polymorphisms, we have primarily revealed the data
on the association of the H19 (rs3741219), MEG3
(rs7158663), LINC02227 (rs2149954), and CDKN2B-
AS1 (rs4977574) gene loci and COPD.
2024
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Fig. 1. Design of the study.
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Analysis of Gene–Gene Interactions
between Polymorphic Loci of lncRNA Genes and Genes 

PI3K/AKT/mTOR Signaling and Sirtuin Family
of NAD-Dependent Deacetylases

The lncRNAs selected for the study represent the
regulators of various molecular cascades related to the
cellular senescence, oxidative stress, and apoptosis;
hence, it appears to be reasonable to consider a com-
bined impact of polymorphic loci of lncRNA genes
and genes belonging to the PI3K/AKT/mTOR signal-
ing cascade and sirtuin family of NAD-dependent
deacetylases [11]. The analysis included 20 SNPs, 13
of which are lncRNAs examined in the present study,
and 13 SNPs belong to the PIK3R1, AKT1, MTOR,
PTEN, SIRT2, SIRT1, SIRT3, and SIRT6 gene, which
were previously examined by our group [11]. We have
obtained 8192 unique patterns, which were excluded
RUSSI
from the combinations absent of alleles/genotypes of
lncRNAs examined by our group. Subsequently, the
selection criteria of detected combinations included
PFDR < 0.01 and OR < 0.4 (for protective markers) or
OR > 2 (for risk markers). In total, 33 gene–gene
interactions which corresponded to the selected crite-
ria were determined; 15 of them were associated with
an increased risk of COPD development, while 18
were protective ones. Table 4 presents the 12 most sig-
nificant gene–gene interactions associated with
COPD.

The most significant combinations of an increased
risk of COPD development were determined by a
combination of GG genotype of the SIRT3 (rs536715)
gene with G allele of the LINC02227 locus
(rs2149954) (OR = 2.31; PFDR = 1.12 × 10–8) and AA
genotype of the MEG3 (rs7158663) locus (OR = 2.37;
AN JOURNAL OF GENETICS  Vol. 60  No. 9  2024
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Fig. 2. Plot of area under the curve (ROC analysis) for
evaluating the efficacy of predictive regression models.
AUC—area under the curve. Complete characteristics are
shown in Table 5. Model 1 includes only genetic markers—
AUC = 0.75 (sensitivity of 65.7%, specificity of 71.2%);
model 2 includes genetic markers and smoking index—
AUC = 0.87 (sensitivity of 74.9%, specificity of 86.3%).

Model 2
AUC = 0.87
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Model 1
AUC = 0.75
PFDR = 1.77 × 10–6). However, the majority of
detected risk combinations included the G allele of the
PIK3R1 gene (rs3730089) in a combination with
lncRNA alleles, including LINC00305 (rs2850711) A
allele, CDKN2B-AS1 (rs4977574) A allele, and
MALAT1 (rs619586) G allele. The most significant
combination associated with a diminished risk of
COPD development included the PIK3R1 (rs831125)
A allele combined with the SIRT3 (rs3782116) A allele,
SIRT3 (rs536715) AG genotype, and LINC00261
(rs6048205) A allele (OR = 0.16, PFDR = 4.88 × 10–10).
A core component of the most significant protective
gene–gene patterns consisted of combination of
SIRT3 (rs3782116) and SIRT3 (rs536715) A alleles
with LINC00261 (rs6048205) A allele and MALAT1
(rs619586) A allele.

The following three combinations consisted of the
G allele of the MEG3 gene (rs7158663) combined with
the TT genotype of the PIK3R1 gene locus
(rs10515070) and A allele of the PIK3R1 gene
(rs3730089) (OR = 0.34; PFDR = 3.01 × 10–7); with the
TC genotype of the SIRT6 gene (rs107251) (OR =
0.37; PFDR = 3.12 × 10–7), and one of combinations
included CDKN2B-AS1 (rs4977574) G allele com-
bined with MTOR (rs2295080) and SIRT6 (rs107251)
T alleles (OR = 0.28; PFDR = 6.61 × 10–7). Accord-
ingly, polymorphic loci of the MEG3 (rs7158663),
MALAT1 (rs619586), and CDKN2B-AS1 (rs4977574)
genes in gene–gene interactions demonstrated the
allele-specific effect, when certain alleles were the
parts of combinations predisposing to COPD, while
the alternative alleles of the same polymorphisms were
present in the combinations linked to a reduced risk of
the disease development. It should be noted that sig-
nificant associations of the LINC00261 (rs6048205),
LINC00305 (rs2850711), and MALAT1 (rs619586)
were established only with a combination with
PIK3R1 and sirtuin genes (SIRT3 and SIRT6).

Therefore, the analysis of gene–gene interactions
of the studied polymorphisms of lncRNA genes and
genes belonging to the PI3K/AKT/mTOR signaling
and sirtuins made it possible to detect highly informa-
tive combinations associated with COPD, which may
indicate synergy between the examined genes.

The Search for Complex Clinical-Genetic Risk Models
of COPD Development Using Multiple

Regression Analysis
The search for complex risk models of COPD

development was carried out via multiple regression
analysis with a stepwise forward inclusion of the most
significant variables followed by ROC analysis to esti-
mate the efficacy of obtained prognostic models.
Highly informative gene–gene interactions identified
at the previous stage of the analysis and single geno-
types and alleles identified within the basic association
analysis were selected as predictors. Subsequently,
RUSSIAN JOURNAL OF GENETICS  Vol. 60  No. 9  
clinical-demographic variables (sex, age, smoking sta-
tus and index) were added and the most significant
predictive models were selected.

The first highly informative prognostic model of
high risk of COPD development consisted of gene–
gene interactions and single genes, including
LINC02227 (rs2149954) AA genotype and PIK3R1
(rs831125) G allele (P = 8.86 × 10–24) (Table 5). ROC
analysis of the obtained model resulted in its moderate
level of prognostic ability, i.e., AUC = 0.75 (95%CI
0.71–0.80, sensitivity of 65.7%, specificity of 71.2%)
(Fig. 2). The second significant model included the
smoking index together with genetic markers and was
characterized by high predicting ability (P = 4.01 ×
10–48) AUC = 0.87 (95%CI 0.84–0.90) (sensitivity of
74.9%, specificity of 86.3%) (Table 5, Fig. 2), which
points to the possibility of this regression model to
effectively differentiate COPD patients from the
healthy donors. As a result of multiple regression anal-
ysis, the prognostic significance of the determined
markers was assessed and highly informative complex
models of COPD risk accounting for both genetic and
environmental factors have been identified.

DISCUSSION

The association analysis of polymorphic loci of
H19, MEG3, MALAT1, LINC00305, LINC00261,
CDKN2B-AS, and LINC02227 lncRNA genes with
COPD was carried out, and a combined effect of
lncRNA genes and previously examined genes of the
2024
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PI3K/AKT/mTOR signaling cascade and sirtuin fam-
ily of NAD-dependent deacetylases genes in develop-
ment of disease was examined [11].

We have established the association of H19
rs3741219 with COPD; the TT genotype was a risk
marker, while carriers of the minor C allele had a
diminished disease risk. T to C substitution at
rs3741219 results in the formation of miR-146b-3p and
miR-1539 binding sites and a reduced level of H19
expression in C allele carriers [12]. According to the
functional analysis, rs3741219 polymorphism is
located at the DNA region which binds to regulatory
proteins NRSF and YY1; the changes in the expres-
sion level based on the GTEx portal and HaploReg v3
databases occurs also in lung tissue. The H19
(imprinted maternally expressed transcript) gene is
located on chromosome 11p15.5 in the unique cluster
of genes known as H19/IGF-2 locus, which is known
to be genetically imprinted [https://www.ncbi.nlm.
nih.gov/gene/283120]. H19 plays a role as a key com-
ponent of regulatory networks involved in the patho-
genesis of several cancers and fibrosis via stimulation
of autophagy, inhibiting apoptosis and enhanced epi-
thelial-mesenchymal transition (EMT), and activa-
tion of TGF-β/SMAD3 and mTOR signaling [13, 14].
Namely, it was shown that H19 inhibited miR-200a
and stimulated PDCD4 (programmed cell death 4),
enhancing apoptosis of lung vessel cells [15]. H19
stimulates ferroptosis of lung cells by ferritin 1 via
inhibiting miR-19b-3p [16]. H19 stimulates fibrous
changes in the respiratory tract via inhibition of the
components of PTEN/AKT signaling [17]. H19 binds
miR-29a-3p and activates TNFRSF1A (TNF recep-
tor superfamily member 1A), which causes a stimula-
tion of profibrotic and inflammatory phenotypes of
lung tissue by downstream regulatory molecules [18].
Acting as competitive endogenous RNA (ceRNA),
H19 binds a set of microRNAs (miR-200a, miR-107,
miR-17, miR-6515-3p, miR-138, and miR-203), thus
promoting proliferation, invasion, and metastasis of
cancer lung cells [19]. Therefore, an enhanced expres-
sion of H19 represents an unfavorable factor of devel-
opment of a spectrum of pathological states. The H19
gene polymorphisms, including rs3741219, have been
widely studied in various cancer types [20]. Their anal-
ysis in other diseases remain insignificant; for
instance, no association of the H19 rs3741219 locus
with type 2 diabetes mellitus was reported [21].

The most significant associations with COPD were
determined for the MEG3 (rs7158663) locus with
A allele and AA genotype as risk markers of this dis-
ease, while minor G allele carriers were present among
healthy individuals. MEG3 (rs7158663) was identified
as the most common component of gene–gene com-
binations associated with COPD development
together with polymorphic loci of PIK3R1, MTOR,
SIRT6, and SIRT3 genes. MEG3 (maternally
expressed 3) gene is located at 14q32.2 and regulates
the mitochondrial apoptotic pathway [22]. MEG3 reg-
RUSSI
ulates TGF-β/SMAD3- and Wnt-signaling cascades
and PI3K/AKT pathway activity [23]. According to
the data of functional analysis, rs7158663 modifies
binding sites for several transcription factors (PAX8,
ATF6, and PPARG) and motifs for binding with tran-
scription regulators (ARNT2, FOXP3, BHLHE40,
and ELF5). According to the GTEx portal, the
changes in expression level occur in blood mononu-
clear cells and arterial endothelium. In accordance
with the lncRNASNP2 database (https://guolab.wch-
scu.cn/lncRNASNP/), rs7158663 enables the changes
in the folding structure of local RNA and affects
miRNA (miR-4307 and miR-1265) and lncRNA
binding, which, in turn, causes changes in expression
of corresponding miRNA or MEG3 [24]. The study by
Gao et al. (2021) demonstrated that MEG3 expression
in large intestine tissues was significantly lower in
major A allele carriers compared to minor allele
homozygotes (GG) [24]. The association of the AA
genotype and A allele of MEG3 (rs7158663) with type 2
diabetes mellitus was established [21]. It was reported
that MEG3 was involved in inflammatory response
regulation via suppressing miR-138, modifying
expression of molecules of NF-κB-signaling and
proinflammatory cytokines [25]. MEG3 binds miR-
181a-5p with subsequent stimulation of the PTEN/
pSTAT5/SOCS1 signaling cascade in macrophages
[26], while miR-133a-3p inhibition results in exagger-
ated SIRT1 expression and reduces the degree of lung
impairment [27]. One of the MEG3 target molecules is
miR-181b-3p, which is related to pathological angio-
genesis in lungs and, hence, forms the basis for devel-
opment of emphysema [28]. MEG3 may reduce the
degree of cellular senescence of lung epithelial cells via
inhibiting miR-125a-5p [29]. MEG3 acts as inhibitor
of the miR-664a-3p/FHL1 cascade, which is related
to oxidative stress mediated by exposure to cigarette
smoke [30].

Considering a wide spectrum of functions of this
lncRNA, which is involved in the pathogenesis of age-
associated disorders (regulation of inflammatory cas-
cade oxidative stress, apoptosis, and PI3K/AKT path-
way), a diminished expression of the MEG3 related to
rs7158663 appears to be a significant risk factor for
COPD development.

We have established the association of CDKN2B-AS
(rs4977574) A allele with COPD; this variant also
comprised the risk gene–gene combination with
PIK3R1 (rs3730089) gene polymorphism. The
CDKN2B-AS (rs4977574) G allele was more frequent
in healthy individuals and was included in the infor-
mative protective gene–gene combination combined
with the alleles of the MEG3 (rs7158663), MTOR
(rs2295080), and SIRT6 (rs107251) genes. The
CDKN2B-AS (CDKN2B antisense RNA) lncRNA is
transcribed from the antisense chain of the cluster of
genes CDKN2A/p16INK4A, CDKN2A/p14ARF, and
CDKN2B/p15INK4B, which encode inhibitors of cyclin-
AN JOURNAL OF GENETICS  Vol. 60  No. 9  2024
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dependent kinase 4 (CDK4) and (MTAP) (methyl-
thioadenosine phosphorylase) at the 9p21.3 region,
which play a key role in the control of cellular prolifer-
ation, apoptosis, and cellular senescence [https://
www.ncbi.nlm.nih.gov/gene/100048912]. Molecular
actions of CDKN2B-AS1 are mediated by its interac-
tion with the proteins of polycomb repressive complex
1 and 2 (PRC1 and PRC2); this complex enables epi-
genetic cis-activation of CDKN2B-CDKN2A cluster
target genes [31]. The examined rs4977574 affects the
expression level of CDKN2B-AS1; since according to
the GTEx portal and HaploReg v3 database the
changes in gene expression were detected in blood,
rs4977574 changes the motifs for regulatory proteins.
The presence of the G allele at CDKN2B-AS1
rs4977574 causes an enhanced formation of linear iso-
forms of the CDKN2B-AS1 molecule, which enable
polycomb proteins binding together with a reduced
expression of circular CDKN2B-AS1 transcripts [32].
The results of genome-wide association studies
(GWAS) demonstrated a significant association of
rs4977574 G allele with ischemic heart disease (IHD)
[33]. It should be noted that CDKN2B-AS is related to
a spectrum of age-related disorders [34]. Association
studies of the CDKN2B-AS gene with COPD are
absent; however, a reduced expression level of circu-
lating CDKN2B-AS in plasma was related to COPD
escalation [35].

The LINC02227 (long intergenic non-protein cod-
ing RNA 2227 (minus strand)) gene is located at
5q33.3, and rs2149954 was primarily detected in 2014
as a result of genome-wide studies as associated with
longevity [36]. The rs2149954 A allele was linked to a
reduced risk for developing cardiovascular disorders
and arterial hypertension in middle age and age of lon-
gevity [36]. The functional approach demonstrated
that rs2149954 was located at sites of DNAase I hyper-
sensitivity and sites of binding of transcription factors
and histone enhancers. We have revealed the associa-
tion of LINC02227 (rs2149954) with COPD, and a
major G allele was a risk marker, while the A allele and
AA genotype marked resistance to disease. The
LINC02227 (rs2149954) G allele was identified in the
informative gene–gene combination with a polymor-
phic variant of the SIRT3 gene (rs536715) and mito-
chondrial deacetylase, which plays a key role in regu-
lating cellular senescence [37].

As a result of polygenic analysis, we determined the
informative combinations associated with COPD,
which consisted of polymorphic loci of lncRNA
genes, including LINC00305 (rs2850711), LINC00261
(rs6048205), and MALAT1 (rs619586), which showed
no association within the basic analysis of single
SNPs. The LINC00305 (rs2850711) A allele was
detected in the two most significant risky gene–gene
combinations linked to COPD in a combination with
polymorphic variants of the PIK3R1, PTEN, and sir-
tuin (SIRT6 and SIRT3) genes. LINC00305 (long
intergenic non-protein coding RNA 305) is located at
RUSSIAN JOURNAL OF GENETICS  Vol. 60  No. 9  
the 18q22.1 region and regulates NF-κB signaling,
and enhances the expression of the genes encoding
proinflammatory cytokines [38]. The LINC00261
(rs6048205) A allele was detected in informative
gene–gene combinations associated with a reduced
risk of COPD development in a combination with
polymorphic loci of the SIRT3, PIK3R1, and
MALAT1 genes. Previously, it was reported that a
minor T allele was associated with rheumatoid arthri-
tis, and minor allele homozygotes (TT) and heterozy-
gotes (AT) of rs2850711 demonstrated an increased
level of LINC00305 expression [39]. LINC00261 (long
intergenic non-protein coding RNA 261 (minus
strand)) is located at 20p11.21, and rs6048205 was
identified as associated with glucose level at a genome-
wide level [40]. On the basis of functional analysis,
rs6048205 is located in the 5' region of the gene and is
linked to SNP at the 3' untranslated region of the
FOXA2 (forkhead box A2) gene, which is involved in
the transcription regulation and represents a factor
responsible for regulation of glucose homeostasis [41].
The rs6048205 changes binding sites with regulatory
proteins (FOXA1, SP1, CEBPB, P300, and TCF4)
and transcription factors. According to the GTEx por-
tal, the A allele is linked to the enhanced gene expres-
sion. LINC00261 is involved in the regulation of apop-
tosis and cellular homeostasis, functioning as a negative
regulator of Notch- and NF-κB signaling, and modu-
lates SMAD3 function, which represents a key compo-
nent of TGF-β1 signaling via suppressing EMT [42].

MALAT1 (metastasis associated lung adenocarci-
noma transcript 1) is located at the 11q13.1 region and
regulates the expression of IL6 and TNF-a [43].
MALAT1 is actively expressed in the majority of
human tissues; however, an enhanced MALAT1
expression is frequently observed in various types of
malignant neoplasms and is associated with unfavor-
able prognosis and metastasis risk [44]. The rs619586
is located in the region of DNase I with regulatory
proteins and transcription factors and histone marks.
According to the GTEx portal, changes in expression
were confirmed in 14 tissues, including blood, arter-
ies, and skeletal muscles, and the G allele results in
exaggerated MALAT1 expression. We have demon-
strated that the MALAT1 (rs619586) A allele was
included in two protective combinations associated
with COPD, whereas the G allele related to the
increased expression of MALAT1 gene was included in
gene–gene combination of the enhanced risk of
COPD development. It was established that the level
of MALAT1 expression positively correlated with the
severity of disease and the level of proinflammatory
cytokines in COPD patients, bound to miR-125b,
miR-146a, and miR-203, provided an increased
inflammation, and functioned as a regulator of
MAPK/NF-κB signaling [45].

As a result of the conducted study, we have
reported for the first time a significant association of
polymorphic loci of lncRNA genes including H19,
2024
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MEG3, CDKN2B-AS, and LINC02227 with COPD
and gene–gene interactions between the genes of the
PI3K/AKT/mTOR signaling and sirtuin family of
NAD-dependent deacetylases genes and the exam-
ined lncRNAs (MEG3, CDKN2B-AS, MALAT1,
LINC00261, and LINC00305). The data obtained
indicate that molecular pathogenesis of COPD may
include the mechanisms related to the impaired regu-
lation of stress reactions preventing cellular senes-
cence, which are significantly affected by long non-
coding RNAs. Noncoding RNAs that are related to
apoptosis, cellular homeostasis, oxidative stress, and
cellular senescence as potential biomarkers and ther-
apy targets may become the basis for the development
of a novel strategy of COPD diagnostics and treat-
ment.
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