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Abstract

Background/Objectives: Chronic obstructive pulmonary disease (COPD) is a progressive
inflammatory lung disease characterized by irreversible airway obstruction. This study
aims to investigate the associations between COPD and its phenotypes with polymorphic
variants of the IREB2 and CHRNAS genes in the Kazakhstan population. Methods: A case—
control study was conducted involving 265 COPD patients and 267 controls. Genotyping
of the IREB2 polymorphisms rs13180 and rs2568494, as well as CHRNAS 1516969968 poly-
morphism, was performed using real-time polymerase chain reactions (Real-Time PCRs).
Results: A higher frequency of the AA genotype of the IREB2 rs2568494 polymorphism
was identified in COPD patients with moderate to very severe airflow obstruction (Chronic
Obstructive Lung Disease (GOLD) stages II, III, and IV), with an odds ratio of 0.69 (95% CI
=0.23-2.10; Padj = 0.03). The IREB2 rs13180 polymorphism was significantly more frequent
or prevalent in smokers and showed a correlation with FEV; (forced expiratory volume in
one second) (3 =7.79, SE =2.98, p = 0.01) and FEV,/ FVC (forced vital capacity) (3 =9.51,
SE =2.95, p = 0.002). Additionally, the CC genotype of this polymorphism was associated
with clinical manifestations of COVID-19 in COPD patients (X2= 3,95, df =2, p =0.05).
Conclusions: Our study identified a significant association between the IREB2 152568494
polymorphism and an increased risk of severe COPD. The IREB2 1513180 polymorphism
was linked to smoking behavior, as well as key lung function indicators, suggesting its
potential role in disease progression and lung damage. Furthermore, the CC genotype of
the IREB2 rs13180 polymorphism was associated with clinical manifestations of COVID-19
in COPD patients, indicating a potential impact of this genetic variant on susceptibility to
viral infections in this population.

Keywords: COPD; Kazakhstan; single-nucleotide polymorphisms; IREB2; CHRNAS

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive respiratory condition
characterized by persistent airway inflammation resulting from long-term exposure to
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hazardous gases and particles, such as cigarette smoke or air pollution. Recent studies
suggest that the pathogenesis of COPD involves a complex interplay between genetic
predisposition and environmental factors. Certain allelic combinations [1] define genetic
factors that may enhance the negative impacts of environmental exposures, initiating and
accelerating inflammatory and degenerative alterations in lung tissue.

Genome-wide association studies (GWASs) have demonstrated a strong association
between COPD and polymorphisms in the CHRNA3/5 (cholinergic nicotinic receptor alpha
3/5) and IREB2 (iron-responsive element-binding protein 2) genes, both located within the
chromosomal region 15q25 [2,3]. These genes encode proteins implicated in the regulation
of inflammatory pathways and related to oxidative stress responses.

The 15925 locus encompasses three genes encoding the a3, x5, and 34 subunits of
the nicotinic acetylcholine receptor (nAChR), a key genomic region implicated in COPD
susceptibility. Widely expressed in both neuronal and non-neuronal tissues, these recep-
tors are essential for immune defense, mucociliary clearance, inflammation, and other
processes [4]. nAChRs are also involved in the pathophysiology of several respiratory
conditions, including asthma, COPD, and lung cancer [5]. Notably, the non-synonymous
single-nucleotide polymorphism (SNP) rs16969968 in CHRNAS5 has been strongly linked to
smoking behavior and increased COPD risk [4]. Studies show that this variant increases
susceptibility to oxidative stress, thereby contributing to lung tissue damage associated
with COPD. Rs16969968 is currently being investigated as a potential therapeutic target [6].

In addition to the cholinergic receptor genes, the IREB2 gene within the same chro-
mosomal region has also been linked to COPD pathogenesis [2]. Due to the high degree
of linkage disequilibrium between CHRNAb5 and IREB2, distinguishing their individual
effects remains challenging. IREB2 encodes a protein involved in cellular iron metabolism
by regulating iron-responsive elements (IREs) [7]. Disruption of iron homeostasis can lead
to oxidative injury and localized pulmonary inflammation [8]. Previous studies, including
gene expression analyses in lung tissues and meta-analyses, have reported associations
between IREB2 polymorphisms and increased COPD susceptibility [3].

Despite these findings, most studies exploring the genetic aspects of COPD have focused
on European or East Asian populations [7,9-12]. Populations from Central Asia—including
Kazakhstan—remain understudied, despite potentially distinct allele frequencies and envi-
ronmental risk profiles. Populations from Central Asia, including Kazakhstan, remain poorly
studied despite potentially different allele frequencies and environmental risk profiles. Therefore,
this study aimed investigate whether specific variants in CHRNAS and IREB2 are associated
with COPD risk and phenotypic characteristics in a Kazakhstan population.

2. Materials and Methods
2.1. Subjects

A total of 532 unrelated participants were enrolled in this study, including 265 patients
diagnosed with COPD and 267 individuals in the control group, aged between 40 and
78 years. Participants were recruited between September 2022 and March 2024 at the
Pulmonology Department and Respiratory Center of City Clinical Hospital No. 1, Almaty,
Kazakhstan. Of the total cohort, 87.4% were of Kazakh origin, 7.3% were Russian, and 5.3%
belonged to other ethnic groups, including Uighurs, Koreans, Tatars, and others. These
efforts were made to compare case rates by age, sex, and ethnicity.

The inclusion and exclusion criteria were as follows: COPD diagnosis was established
based on a comprehensive evaluation, including medical history, general and clinical as-
sessments, special investigations (chest radiography, spirometry, computed tomography),
physical examination, and laboratory tests according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD, 2023) recommendations [13]. All COPD patients ex-
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hibited a postbronchodilator forced expiratory volume in 1 second (FEV;)/forced vital
capacity (FVC) ratio of <70% and FEV; < 80% of the predicted value to determine the
disease stage. Exclusion criteria included a diagnosis of bronchial asthma, atopy, interstitial
lung diseases, or lung cancer. Control subjects were included if they were aged 40 years
or older, had normal pulmonary function (FEV;/FVC > 70%, FEV; > 80%), and had no
personal or family history of allergic or pulmonary diseases, including COPD.

2.2. Genotyping

Genotyping was conducted at the Laboratory of Structural and Functional Genomics
of the M. Aitkhozhin Institute of Molecular Biology and Biochemistry, Almaty, Kazakhstan.
Blood samples (4 mL) were collected from COPD patients and controls. The ethnic origin
(up to the third generation) of all participants was determined through direct interviews.
Genomic DNA was isolated from blood via the DNeasy Blood & Tissue Kit (Qiagen,
Germany) according to the manufacturer’s protocol. The quantity and quality of the isolated
DNA were determined via a NanoVue Plus spectrophotometer (Richmond Scientific, UK).

Single-nucleotide polymorphisms (SNPs) were determined using the TagMan™ SNP
genotyping assay (ThermoFisher, Waltham, MA, USA, Catalog #4351379) at the following
loci: IREB2 1513180 (assay 1D C_8873396_1) and IREB2 152568494 (assay 1D C16043098_10),
and CHRNAD rs16969968 (assay ID C26000428_20). PCR was performed in a 10 pl reaction
volume under the conditions recommended by the manufacturer using TagMan™ Genotyp-
ing Master Mix (ThermoFisher, Waltham, MA, USA, Catalog #4381656) on a StepOnePlus
Real-Time PCR System (ThermoFisher, Waltham, MA, USA, Catalog #4376600). The results
(quality control, determination of genotypes) were analyzed using the StepOnePlus v2.2.2
program (ThermoFisher, Waltham, MA, USA).

2.3. Statistical Analysis

Differences in baseline characteristics between study groups were evaluated via Stu-
dent’s t-test. The x? test was used to evaluate deviations in genotype frequencies from the
Hardy-Weinberg equilibrium in the control group. Allele and genotype frequencies were
compared between cases and controls using odds ratios (ORs), 95% confidence intervals
(CIs), and the Cochran—Armitage trend test. To assess associations between the SNPs and
COPD, logistic regression analysis was performed with adjustments for age, sex, pack-years
smoking, smoking status, and body mass index (BMI). Linear regression was used to evalu-
ate the relationship between the SNPs and quantitative phenotypes, including smoking
index and lung function parameters. Data analysis was carried out via SAS version 9 (SAS,
Inc., Cary, NC, USA). Linkage disequilibrium (LD) structure in the CHRNA3/5 and IREB2
region and haplotypes were examined using Haploview 4.2 (Broad Institute of MIT and
Harvard, Boston, MA, USA). Statistical significance was defined as p < 0.05.

3. Results

A total of 265 patients with severe chronic obstructive pulmonary disease (COPD) and
267 individuals in the control group were included in this study (Table 1).

Both groups were predominantly male, and distributions of age, sex, and BMI were
comparable between the groups. Patients with COPD exhibited a significantly higher mean
smoking index (pack-years: 36.7 vs. 23.5, p < 0.005). Compared to COPD patients, control
group participants demonstrated a significantly higher level of pulmonary function, as
indicated by higher predicted FEV; values (101.63% vs. 39.8%) and a higher FEV;/FVC
ratio (0.82 vs. 0.59, respectively). Differences in smoking history and pulmonary function
parameters were accounted for in both logistic and linear regression analyses.
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Table 1. Characteristics of the main and control groups.

Variables COPD (n = 265) Controls (n = 267) p
Male, n (%) 182 (68.7%) 177 (66.3%)
Female, n (%) 83 (31.3%) 90 (33.7%)
Age (mean =+ SD) (year) 65.3 +9.9 64.3 + 10.1
BMI (mean =+ SD) (kg/m?) 258+ 6.3 27.8+85
Smoking status:
Pack-years smoked (mean £ SD) 36.7 +£17.1 235+ 11.1 <0.05
Current and former smokers, n (%) 176 (66.4%) 148 (55.4%) <0.001
Non-smokers, 1 (%) 89 (33.6%) 119 (44.3%) <0.001
Post-FEV1% (mean + SD) 39.8 £ 16.7 101.63 £+ 14.8 <0.0001
Post-FEV1/FVC ratio (mean + SD) 0.59 £+ 0.27 0.82 + 0.45 <0.0001
GOLD stage (%):
I, n (%) 37 (13.9%)
I, n (%) 58 (21.9%) -
101, n (%) 106 (40.0%) -
I\/, n (0/0) 64 (24.20/0) -

BMI, body mass index; SD, standard deviation; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; GOLD, Global Initiative for Obstructive Lung Disease.

We investigated the prevalence of polymorphic variants rs13180, rs2568494, and
1516969968 in the CHRNA3/5 and IREB2 genes among COPD patients and controls (Table 2).

Table 2. Characteristics of SNPs, allele frequencies, and genotype distributions of CHRNA5 and
IREB?2 polymorphisms in COPD patients and control individuals.

COPD

Chromosome Minor Alleles/ HWE Patients Controls
SNP Position Category Allele Genotvoes p Value (%) (%) OR (95% CI) p
(NCBI) typ in Controls o n=267
n =265

G 368 (694)  384(719)  0.89 (0.68-1.16)
0.38

A 162(30.6) 150 (28.1)  1.13 (0.87-147)

rsg;’égjé , 76528019 Intron A G/G 051 130 49.1)  135(506)  0.94 (0.67-1.32)
G/A 108 (408)  114(427)  092(0.65-130) 037

A/A 27 (10.2) 18 (67) 0.57 (0.84-2.92)

T 269(50.8)  278(52.1) 096 (0.75-1.1)
0.67

C 261(492)  257(479)  1.05(0.83-1.34)

fﬁgfg& 76576543 Exon C T/T 0.46 74 (27.9) 68(255) 113 (0.77-1.67)
T/C 121(457)  142(532)  074(053-1.04)  0.67

c/C 70 (264)  57(21.3)  1.32(0.89-197)

G 424(80.0)  429(80.3) 098 (0.72-132)
0.89

A 106(200)  105(197)  1.02(0.76-1.38)

rgﬁgg’;gg 76669980 Exon A G/G 0.45 168 (634)  175(655) 091 (0.64-130)
G/A 88 (33.2) 79(29.6)  118(0.82-171)  0.89

A/A 9(34) 13 (4.9) 0.69 (0.29-1.64)

SNP, single-nucleotide polymorphism; NCBI, National Center for Biotechnology Information; HWE, Hardy-
Weinberg equilibrium; OR, odds ratio; CI, confidence interval.

No deviations from the Hardy—-Weinberg equilibrium were observed for any of the
genotyped SNPs in the control group. Based on the Cochran—-Armitage trend test results
(Table 2) and logistic regression analysis, no statistically significant differences in allele or
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genotype frequencies were identified between COPD patients and controls, either before or
after adjustment for age, sex, BMI, smoking index, and current smoking status.

To investigate potential genetic determinants associated with more severe forms of
COPD, patients with milder forms of the disease were excluded. The final study sample
included patients with moderate, severe, and very severe COPD (corresponding to GOLD
stages II-1V).

Multivariate logistic regression analysis in this subset revealed a significant correlation
(p = 0.03) between increased susceptibility to COPD and the AA genotype of the IREB2
152568494 SNP (Table 3).

Table 3. Genotype frequencies of CHRNAS and IREB2 polymorphisms in patients with COPD
(stages II-IV) and control individuals.

COPD Patients Controls (%)

SNP Genotypes (%) N = 228 N = 267 ORadj 95% Cladj p Value p Value adj
G/G 97 (42.5) 135 (50.6) 1.00
IREB2: 152568494 G/A 105 (46.1) 114 (42.7) 0.27 0.08-0.94 0.08 0.03*
A/A 26 (11.4) 18 (6.7) 0.69 0.23-2.10
T/T 57 (25.0) 68 (25.5) 1.00
IREB2: rs13180 T/C 113 (54.8) 142 (53.2) 0.58 0.26-1.25 0.3630 0.3773
c/C 58 (20.2) 57 (21.3) 0.72 0.37-1.39
G/G 136 (59.6) 175 (65.5) 1.00
CHRNA3/5: 516969968 G/A 86 (37.7) 79 (29.6) 2.75 0.69-10.92 0.6017 0.327
A/A 6 (2.6) 13 (4.9) 2.81 0.72-10.95

SNP, single-nucleotide polymorphism; OR, odds ratio; CI, confidence interval; * p < 0.05.

This association remained statistically significant after adjustment for sex, age, BMI,
pack-years, and smoking status. In contrast, neither the minor alleles of CHRNAS
s16969968 nor IREB2 rs13180 showed statistically significant associations with COPD
in this subset.

To assess potential gene—environment interactions, we conducted a stratified analysis
by smoking status (never-smokers, former smokers, and current smokers) for evaluating the
association between IREB2 and CHRNAS gene polymorphisms and COPD. Multivariable
logistic regression models accounted for age, sex, and BMI in the never-smoker group, and
additionally for cumulative tobacco exposure (pack-years) in current and former smokers.
After adjustment, none of the evaluated SNPs showed a statistically significant association
with COPD in the never-smoker subgroup. However, the IREB2 rs13180 variant was found
to be significantly associated with COPD in both current and former smokers, suggesting a
possible interaction between tobacco exposure and genetic susceptibility (Table 4).

Table 4. Association analysis of IREB2 and CHRNA5 SNPs with COPD in smoking-status stratified groups.

Gene/SNP Nonsmokers (n = 89) Former Smokers (n = 112) Current Smokers (1 = 64)
IREB2 rs2568494 0.60 0.63 0.73
IREB2 rs13180 0.52 0.02* 0.05*
CHRNA 3/5 rs16969968 0.98 0.65 0.72

SNP, single-nucleotide polymorphism; * p < 0.05.

The possible impact of the IREB2 (152568494 and rs13180) and CHRNAS (rs16969968)
genotypes on pulmonary function and smoking-related behavior was evaluated using linear
regression analysis. The smoking index, FEVy, and the FEV;/FVC ratio were dependent
variables. In every model, age, sex, and BMI were included as covariates. The IREB2
rs13180 variant was significantly associated with FEV; ( =7.79, SE = 2.98, p = 0.01) and
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FEV,/FVC ( =9.51, SE = 2.95, p = 0.002). In particular, the T/T genotype was linked to
a 9.51% increase in FEV/FVC and a 7.79% increase in predicted FEVy, supporting the
potential relevance of this polymorphism in lung function (Table 5).

Table 5. Evaluation of the influence of the IREB2 (152568494 and rs13180) and CHRNAS (rs16969968)
genes on the smoking index, FEVy, and FEV; /FVC.

IREB2 rs2568494 IREB?2 rs13180 CHRNAS5 rs16969968
Standard t Value p Value Standard t Value p Value Standard t Value p Value
Error Error Error
Smoking index 28.09 —0.21 0.84 11.59 —-091 0.36 26.67 0.39
(Pack-Years)
FEV; 722 —0.04 0.97 2.98 2.61 0.01* 6.86 0.09
FEV,/FVC 7.15 0.79 0.43 2.95 3.22 0.002 * 6.79 0.16
*p < 0.05.
Given that patient recruitment occurred during and shortly after the COVID-19 pandemic,
COPD patients were classified into two groups: those with clinical manifestations and a
confirmed diagnosis of COVID-19, and those with COPD who denied having contracted
the virus. Preliminary data from this cohort have been previously reported by us [14]. Among
patients with COVID-19 symptoms, the CC genotype of the IREB2 1513180 polymorphism was
significantly more frequent (x> = 3.95, df = 2, p = 0.05) (Table 6).
Table 6. Genotype frequencies of CHRNAS5 and IREB2 polymorphisms in COPD patients with and
without clinical manifestations of COVID-19 during the pandemic.
SNP Genotypes COVID-19 (+) COVID-19 (-) OR 95% CI p Value
n =87, (%) n =178, (%)
IREB2: 152568494 G/G 54 (62.1) 86 (48.3) 1.75 1.04-2.95
G/A 25 (28.7) 81 (45.5) 0.48 0.28-0.84
A/A 8(9.2) 11 (6.2) 1.54 0.60-3.97 0.19
IREB2: rs13180 T/T 30 (34.5) 48 (27.0) 1.43 0.82-2.48
T/C 22 (25.3) 105 (59.0) 0.24 0.13-0.42
c/C 35 (40.2) 25 (14.0) 4.12 2.26-7.52 0.05 *
CHRNA3/5: G/G 62 (71.3) 110 (61.8) 1.53 0.88-2.67
516969968 G/A 19 (21.8) 54 (30.3) 0.64 0.35-1.17
A/A 6 (6.9) 14 (7.9) 2.81 0.32-2.34 02

SNP, single-nucleotide polymorphism; OR, odds ratio; CI, confidence interval; COVID-19 (+) and COVID-19
(—)—COPD patients with and without COVID-19 symptoms; * p < 0.05.

No associations were found between the clinical manifestations of COVID-19 in
COPD patients and the polymorphic variants IREB2 rs2568494 and CHRNA3/5 1516969968
(x*>=172,df =2, p =0.19 and x2 = 1.61, df = 2, p = 0.2, respectively). Despite their
close physical proximity within the 15q25 region, the IREB2 (rs2568494 and rs13180) and
CHRNA3/5 (rs16969968) variants exhibited limited linkage disequilibrium (R? = 0.21),
suggesting that these SNPs may represent independent genetic signals.

4. Discussion

Genetic predisposition plays a critical role in the development of COPD, with multiple
genes contributing to disease susceptibility [1]. In this study, we investigated the associa-
tions of COPD with the IREB2 (152568494, rs13180) and CHRNAS (rs16969968) genes in the
Kazakhstan population.

The IREB2 gene encodes the iron-binding protein 2 (IRP2), which is involved in
maintaining cellular iron homeostasis [3]. IRP2 binds to iron-responsive elements (IREs) in
mRNA, regulating the translation of genes critical for iron transport, storage, and utilization,
such as TERC (transferrin receptor) and FTH1 (ferritin) [15]. By modulating the balance



Biomedicines 2025, 13, 2260

7 0f 10

between iron uptake and storage, IRP2 prevents toxic iron accumulation, which can lead
to reactive oxygen species (ROS) production and subsequent cellular damage [16]. Iron
is crucial for mitochondrial function and energy production [17], and IREB2 indirectly
influences these processes. Dysregulation of IREB2 expression or function can result
in imbalances in iron metabolism, contributing to oxidative stress and inflammation—
key mechanisms in COPD pathogenesis and other diseases, such as neurodegenerative
disorders and cancer [3,16,18].

Environmental factors such as smoking and cellular aging significantly affect iron
accumulation in cells. Gio et al. demonstrated elevated iron levels in lung tissue among both
healthy smokers and smokers with COPD than in nonsmokers [19]. This highlights tobacco
smoke as a factor contributing to iron metabolism dysregulation. Studies have also shown
that iron levels in lung tissue increase with age in humans and animal models (e.g., rats),
which is potentially linked to the progression of inflammatory and degenerative changes in
the lungs [20]. The interplay among age-related changes, smoking, and iron metabolism
dysregulation underscores the complexity of genetic and environmental interactions in
COPD pathogenesis.

The CHRNAS gene encodes the o5 subunit of the neuronal nicotinic acetylcholine
receptor (nAChR), which can be activated by nicotine, the principal active compound
among the 4000 chemicals in tobacco smoke, and plays a key role in the development of
nicotine dependence [21]. The nAChR is a pentameric receptor that modulates the release
of neurotransmitters such as dopamine, glutamate, and GABA. Studies have shown that
genetic variants in the x-nAChR 3/5 subunit locus (CHRNA3/5) can influence nicotine
dependence, smoking behaviors, and lung cancer risk [8,22,23].

The 516969968 polymorphism in CHRNAS, located at chromosome position 15q25.1,
encodes the CHRNA 5 subunit with a D398N modification («5SNP) [24]. This variant is
present in approximately 60% of the global population [2,25]. In our study, the minor allele
A was observed at a frequency of 20.0% in COPD patients and 19.7% in controls. Previously,
this SNP was independently associated with lung cancer [26], nicotine dependence [27],
and COPD [25].

In our analysis, none of the selected SNPs showed significant associations with COPD,
either before or after adjusting the models for age, sex, BMI, smoking history, and current
smoking status. Given that prior studies identified associations predominantly in specific
phenotypic subgroups, we conducted a stratified analysis by smoking status and excluded
patients with mild disease (GOLD I). This approach revealed an association of IREB2
152568494 with COPD stages GOLD II-IV. A significant association was identified for the
IREB2 rs13180 variant among both current and former smokers with COPD. Additionally,
this genotype was associated with FEV; and the FEV; /FVC ratio, as well as with clinical
manifestations of COVID-19. In contrast, the CHRNAS 1516969968 polymorphism did not
show a significant association with COPD or its phenotypic traits in our cohort.

These findings align with those reported in other studies. For instance, a study
conducted in a Chinese Han population [10] reported no significant associations between
SNPs in IREB2 or CHRNA3/5 and COPD via logistic regression. However, IREB2 rs13180
was associated with FEV1% as predicted, and 1516969968 in CHRNA3/5 was linked to both
FEV1% as predicted and FEV; /FVC in COPD patients. Similarly, an earlier study by Yi Guo
et al. in the same population revealed no association between the IREB2 variant 52568494
and COPD [28].

Despite these mixed results, numerous studies have demonstrated significant associa-
tions between polymorphic variants of the IREB2 and CHRNAS genes and risk of COPD as
well as impaired lung function across various populations.
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In a study by Korytina et al. [12] involving patients with GOLD stages II-IV COPD,
rs13180 (IREB2) and rs16969968 (CHRNAS) were significantly associated with COPD under
an additive model. The CG haplotype of rs13180 was identified as a protective factor
for COPD in the Tatar population. Stratifying patients by smoking status confirmed
associations with COPD risk for 516969968 (CHRNAS) in the additive model and rs13180
(IREB2) in the recessive model. Additionally, rs16969968 was linked to reduced FEV; as a
percentage of the predicted value. This study highlighted associations between rs13180
and rs16969968 and COPD and lung function in the Tatar population.

Megan Hardin et al. [9] investigated #s13180 (IREB2) in a Polish population and found
significant associations with severe COPD and related phenotypes, including lung function,
smoking, and BMI. In contrast, a study by Ziétkowska-Suchanek et al. [29] examined
associations of IREB2 variants (rs2568494 and rs13180) among 1141 participants (468 with
lung cancer, 149 with COPD, and 524 smoking controls). While the minor IREB2 rs2568494
AA genotype was more frequent in lung cancer patients than in controls, no significant
associations of 752568494 or rs13180 with COPD were observed.

Chappell et al. [30] conducted a replication study in a cohort of white COPD patients
(n=1017) and healthy smoking controls (1 = 912), confirming an association between IREB2
52568494 and COPD. Similarly, a meta-analysis by Qiaoli Zeng et al. [8], including 4096
cases and 5870 controls, found that rs2568494 was significantly associated with increased
COPD risk under a dominant model.

Regarding CHRNAS, Hopkins R] and colleagues [25] analyzed CHRNAS rs16969968,
concerning smoking exposure, lung function, and COPD status, in a large prospective
cohort study including 9270 non-Hispanic white subjects. The high-risk AA genotype of
516969968 was associated with reduced lung function, increased smoking intensity, COPD
presence, and lung cancer development. Furthermore, a comprehensive meta-analysis by
Yang Lei et al. (2022) [31], involving 70,960 cases and 124,838 controls, revealed a significant
association between the 7516969968 polymorphism and COPD risk.

A study by Valencia-Pérez Rea D. et al. [32] explored the association between the
1516969968 polymorphism (CHRNAS) and severe forms of COVID-19. The authors found
that among COVID-19 patients who were smokers, those carrying the GA and AA geno-
types exhibited elevated levels of erythrocyte sedimentation rate (ESR) and a positive
correlation between fibrinogen and C-reactive protein, suggesting a potential role of this
variant in modulating inflammatory responses.

5. Conclusions

In conclusion, COPD arises from a complex interplay between genetic predisposition
and environmental factors, whose lifelong interactions influence various biological mecha-
nisms such as inflammation, apoptosis, and tissue repair, ultimately shaping the clinical
manifestations of the disease. Genetic studies have highlighted the role of polymorphisms
in the IREB2 and CHRNAS genes in COPD susceptibility; however, their impact varies
across populations, clinical phenotypes, and additional factors such as smoking.

Our findings are consistent with the existing literature, particularly regarding the
significance of rs2568494 in the IREB2 gene among patients with GOLD II-1V COPD and
emphasizing the absence of association for certain SNPs with COPD in the general cohort.
The variations in the results between populations may be attributed to genetic diversity,
phenotypic differences among patients, and variations in stratification methods.

Importantly, our analysis revealed a potential link between the IREB2 rs13180 CC
genotype and the presence of clinical manifestations of COVID-19 among COPD patients.
This finding suggests that specific genetic variants may not only influence COPD suscep-
tibility and severity, but also modulate the host response to respiratory viral infections
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such as SARS-CoV-2. These observations underscore the need for further research of
gene—environment and gene—virus interactions in shaping disease outcomes in COPD,
particularly in the context of emerging respiratory infections.

Author Contributions: Conceptualization, A.A. and G.K.; Data curation, G.K., G.T. and AK.
(Almagul Kurmanova); Formal analysis, G.K.; Funding acquisition, G.T.; Investigation, A.A., Y.A.,
DN, B.A, ZM,, GI. and A K. (Anarkul Kulembayeva); Methodology, A.A., YA, D.N., BA,,
ZM., G.I and A K. (Anarkul Kulembayeva); Project administration, G.T.; Resources, B.A. and A.K.
(Anarkul Kulembayeva); Software, A.A.; Supervision, G.K.; Validation, Y.A., D.N., ZM., G.I.and AK.
(Almagul Kurmanova); Writing—original draft, A.A. and A K. (Almagul Kurmanova); Writing—review and
editing, GK,, G.T,, YA, DN, B.A., ZM,, G.I, AK. (Anarkul Kulembayeva) and A K. (Almagul Kurmanova).
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. AP19675905 and AP14870934).

Institutional Review Board Statement: This study was approved by the Ethical Committee of Al
Farabi Kazakh National University, Kazakhstan (IRB00010790 IRB#1, code: IRB-A403, dated from
21 March 2022).

Informed Consent Statement: Written informed consent was obtained from all participants.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical issues.

Acknowledgments: The authors are extremely grateful to the staff of the Department of Pulmonology
and the Respiratory Center of the City Clinical Hospital No1l in Almaty, Kazakhstan.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Cho, M.H.; Hobbs, B.D.; Silverman, E.K. Genetics of chronic obstructive pulmonary disease: Understanding the pathobiology
and heterogeneity of a complex disorder. Lancet Respir. Med. 2022, 10, 485-496. [CrossRef]

2. Pillai, S.G.; Ge, D.; Zhu, G.; Kong, X.; Shianna, K.V.; Need, A.C.; Feng, S.; Hersh, C.P; Bakke, P; Gulsvik, A,; et al. A genome-wide
association study in chronic obstructive pulmonary disease (COPD): Identification of two major susceptibility loci. PLoS Genet.
2009, 5, €1000421. [CrossRef]

3. DeMeo, D.L.; Mariani, T.; Bhattacharya, S.; Srisuma, S.; Lange, C.; Litonjua, A.; Bueno, R.; Pillai, S.G.; Lomas, D.A.; Sparrow, D.;
et al. Integration of genomic and genetic approaches implicates IREB2 as a COPD susceptibility gene. Am. J. Hum. Genet. 2009, 85,
493-509. [CrossRef]

4.  Routhier, J.; Pons, S.; Freidja, M.; Dalstein, V.; Cutrona, J.; Jonquet, A.; Lalun, N.; Mérol, ].C.; Lathrop, M; Stitzel, ].A.; et al. An
innate contribution of human nicotinic receptor polymorphisms to COPD-like lesions. Nat. Commun. 2021, 12, 6384. [CrossRef]

5. Hollenhorst, M.L; Krasteva-Christ, G. Nicotinic Acetylcholine Receptors in the Respiratory Tract. Molecules 2021, 26, 6097.
[CrossRef]

6. Taly, A.; Corringer, P-J.; Guedin, D.; Lestage, P.; Changeux, ].-P. Nicotinic receptors: Allosteric transitions and therapeutic targets
in the nervous system. Nat. Rev. Drug Disco. 2009, 8, 733-750. [CrossRef]

7. Du, Y.; Xue, Y.; Xiao, W. Association of IREB2 Gene rs2568494 Polymorphism with Risk of Chronic Obstructive Pulmonary
Disease: A Meta-Analysis. Med. Sci. Monit. 2016, 22, 177-182. [CrossRef]

8.  Zeng, Q.; Chen, Q.; Zou, D.; Guo, R;; Xiao, D.; Jiang, S.; Chen, R.; Wang, Y.; Ma, G. Different associations between the IREB2
variants and chronic obstructive pulmonary disease susceptibility. Front. Genet. 2020, 11, 598053. [CrossRef] [PubMed]

9.  Hardin, M,; Zielinski, ].; Wan, E.S.; Hersh, C.P; Castaldi, PJ.; Schwinder, E.; Hawrylkiewicz, I.; Sliwinski, P.; Cho, M.H.; Silverman,
E.K. CHRNAS3/5, IREB2, and ADCY?2 are associated with severe chronic obstructive pulmonary disease in Poland. Am. |. Respir.
Cell Mol. Biol. 2012, 47, 203-208. [CrossRef] [PubMed]

10.  Zhou, H.; Yang, |.; Li, D.; Xiao, J.; Wang, B.; Wang, L.; Ma, C.; Xu, S.; Ou, X; Feng, Y. Association of IREB2 and CHRNA3/5
polymorphisms with COPD and COPD-related phenotypes in a Chinese Han population. J. Hum. Genet. 2012, 57, 738-746.
[CrossRef] [PubMed]

11. Cui, K;; Ge, X.; Ma, H. Four SNPs in the CHRNA3/5 Alpha-Neuronal Nicotinic Acetylcholine Receptor Subunit Locus Are

Associated with COPD Risk Based on Meta-Analyses. PLoS ONE 2014, 9, e102324. [CrossRef]


https://doi.org/10.1016/S2213-2600(21)00510-5
https://doi.org/10.1371/journal.pgen.1000421
https://doi.org/10.1016/j.ajhg.2009.09.004
https://doi.org/10.1038/s41467-021-26637-6
https://doi.org/10.3390/molecules26206097
https://doi.org/10.1038/nrd2927
https://doi.org/10.12659/MSM.894524
https://doi.org/10.3389/fgene.2020.598053
https://www.ncbi.nlm.nih.gov/pubmed/33304392
https://doi.org/10.1165/rcmb.2012-0011OC
https://www.ncbi.nlm.nih.gov/pubmed/22461431
https://doi.org/10.1038/jhg.2012.104
https://www.ncbi.nlm.nih.gov/pubmed/22914670
https://doi.org/10.1371/journal.pone.0102324

Biomedicines 2025, 13, 2260 10 of 10

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Korytina, G.F; Akhmadishina, L.Z.; Viktorova, E.V.; Kochetova, O.V.; Viktorova, T.V. IREB2, CHRNAS5, CHRNA3, FAM13A &
hedgehog interacting protein genes polymorphisms & risk of chronic obstructive pulmonary disease in Tatar population from
Russia. Indian ]. Med. Res. 2016, 144, 865-876.

Agusti, A; Celli, B.R,; Criner, G.J.; Halpin, D.; Anzueto, A.; Barnes, P.; Vogelmeier, C.F. Global Initiative for Chronic Obstructive
Lung Disease 2023 Report: GOLD Ex-ecutive Summary. Am. J. Respir. Crit. Care Med. 2023, 207, 819-837. [CrossRef]
Kurmanova, G.; Zhanaev, A.; Kaldybek, A.; Abdrakhmanova, B.; Akparova, A. Impact of the COVID-19 pandemic on the clinical features
of patients with chronic obstructive pulmonary disease: An observational cross-sectional study. Monaldi Arch. Chest Dis. 2024. [CrossRef]
Cairo, G.; Recalcati, S. Iron-regulatory proteins: Molecular biology and pathophysiological implications. Expert Rev. Mol. Med.
2007, 9, 1-13. [CrossRef]

Ying, J.F; Lu, Z.B.; Fu, L.Q.; Tong, Y.; Wang, Z.; Li, W.E; Mou, X.Z. The role of iron homeostasis and iron-mediated ROS in cancer.
Am. . Cancer Res. 2021, 11, 1895-1912.

Paul, B.T.; Manz, D.H.; Torti, EM.; Torti, S.V. Mitochondria and Iron: Current questions. Expert Rev. Hematol. 2017, 10, 65-79.
[CrossRef]

Guo, Z.; Huo, D.; Shao, Y.; Yang, W.; Wang, ].; Zhang, Y.; Xiao, H.; Hao, B.; Liao, S. Novel biallelic variants in IREB2 cause an
early-onset neurodegenerative disorder in a Chinese pedigree. Orphanet J. Rare Dis. 2024, 19, 435. [CrossRef]

Ghio, A.].; Hilborn, E.D.; Stonehuerner, J.G.; Dailey, L.A.; Carter, ].D.; Richards, ].H.; Crissman, K.M.; Foronjy, R.F.; Uyeminami,
D.L.; Pinkerton, K.E. Particulate matter in cigarette smoke alters iron homeostasis to produce a biological effect. Am. J. Respir.
Crit. Care Med. 2008, 178, 1130-1138. [CrossRef]

Rola, S.Z.; Sung, M.H.; Leeuwenburgh, C.; Xiao, R. Iron homeostasis and organismal aging. Ageing Res. Rev. 2021, 72, 101510.
[CrossRef]

Chmielowiec, K.; Chmielowiec, J.; Stroriska-Pluta, A.; Trybek, G.; Smiarowska, M.; Suchanecka, A.; Wozniak, G.; Jaron, A.;
Grzywacz, A. Association of Polymorphism CHRNAS5 and CHRNA3 Gene in People Addicted to Nicotine. Int. J. Environ. Res.
Public Health 2022, 19, 10478. [CrossRef]

Caligiuri, SPB.; Howe, WM,; Wills, L.; Smith, A.C.W.; Lei, Y.; Bali, P,; Heyer, M.P; Moen, ] K; Ables, ].L.; Elayouby, K.S,; et al. Hedgehog-
interacting protein acts in the habenula to regulate nicotine intake. Proc. Natl. Acad. Sci. USA 2022, 119, 2209870119. [CrossRef]

Oztiirk, AN.A; Dilektasl;, G.A; Demirdogen, E.; Coskun, E; Ursavas, A.; Karadag, M.; Kunt, U.E. Is serum iron responsive
protein-2 level associated with pulmonary functions and frequent exacerbator phenotype in COPD? Tuberk. Toraks. 2020, 68,
252-259. [CrossRef]

Saber, C.L.; Diabasana, Z.; Perotin, ].M.; Ancel, ].; Petit, LM.G.; Devilliers, M.A.; Bonnomet, A.; Lalun, N.; Delepine, G;
Maskos, U.; et al. The Nicotinic Receptor Polymorphism rs16969968 Is Associated with Airway Remodeling and Inflammatory
Dysregulation in COPD Patients. Cells 2022, 11, 2937. [CrossRef] [PubMed]

Hopkins, R.J.; Duan, F.; Gamble, G.D.; Chiles, C.; Cavadino, A.; Billings, P.; Aberle, D.; Young, R.P. Chr15q25 genetic variant
(rs16969968) independently confers risk of lung cancer, COPD and smoking intensity in a prospective study of high-risk smokers.
Thorax 2021, 76, 272-280. [CrossRef] [PubMed]

Hung, R.J.; McKay, J.D.; Gaborieau, V.; Boffetta, P.; Hashibe, M.; Zaridze, D.; Mukeria, A.; Szeszenia-Dabrowska, N.; Lissowska, J.;
Rudnai, P; et al. A susceptibility locus for lung cancer maps to nicotinic acetylcholine receptor subunit genes on 15q25. Nature
2008, 452, 633-637. [CrossRef] [PubMed]

The Tobacco and Genetics Consortium. Genome-wide meta-analyses identify multiple loci associated with smoking behavior.
Nat. Genet. 2010, 42, 441-447. [CrossRef]

Guo, Y, Lin, H; Gao, K; Xu, H,; Deng, X,; Zhang, Q.; Luo, Z,; Sun, S.; Deng, H. Genetic analysis of IREB2, FAM13A and XRCCS5 variants in
Chinese Han patients with chronic obstructive pulmonary disease. Biochem. Biophys. Res. Commun. 2011, 415, 284-287. [CrossRef]
Zidtkowska-Suchanek, 1.; Mosor, M.; Gabryel, P.; Grabicki, M.; Zurawek, M.; Fichna, M.; Strauss, E.; Batura-Gabryel, H.;
Dyszkiewicz, W.; Nowak, J. Susceptibility loci in lung cancer and COPD: Association of IREB2 and FAM13A with pulmonary
diseases. Sci. Rep. 2015, 5, 13502. [CrossRef]

Chappell, S.L.; Daly, L.; Lotya, J.; Alsaegh, A.; Guetta-Baranes, T. The role of IREB2 and transforming growth factor beta-1 genetic
variants in COPD: A replication case-control study. J. BMC Med. Genet. 2011, 12, 24. [CrossRef]

Yang, L.; Yang, Z.; Zuo, C.; Lv, X,; Liu, T;; Jia, C.; Chen, H. Epidemiological evidence for associations between variants in CHRNA
genes and risk of lung cancer and chronic obstructive pulmonary disease. Front. Oncol. 2022, 12, 1001864. [CrossRef] [PubMed]
Valencia-Pérez, R.D.; Falfan-Valencia, R.; Fricke-Galindo, I.; Buendia-Roldan, I.; Chdvez-Galan, L.; Nava-Quiroz, K.J.; Alanis-
Ponce, J.; Pérez-Rubio, G. The rs16969968 Tobacco Smoking-Related Single-Nucleotide Variant Is Associated with Clinical Markers
in Patients with Severe COVID-19. Int. J. Mol. Sci. 2023, 24, 9811. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1164/rccm.202301-0106PP
https://doi.org/10.4081/monaldi.2024.3128
https://doi.org/10.1017/S1462399407000531
https://doi.org/10.1080/17474086.2016.1268047
https://doi.org/10.1186/s13023-024-03465-7
https://doi.org/10.1164/rccm.200802-334OC
https://doi.org/10.1016/j.arr.2021.101510
https://doi.org/10.3390/ijerph191710478
https://doi.org/10.1073/pnas.2209870119
https://doi.org/10.5578/tt.69934
https://doi.org/10.3390/cells11192937
https://www.ncbi.nlm.nih.gov/pubmed/36230899
https://doi.org/10.1136/thoraxjnl-2020-214839
https://www.ncbi.nlm.nih.gov/pubmed/33419953
https://doi.org/10.1038/nature06885
https://www.ncbi.nlm.nih.gov/pubmed/18385738
https://doi.org/10.1038/ng.571
https://doi.org/10.1016/j.bbrc.2011.10.042
https://doi.org/10.1038/srep13502
https://doi.org/10.1186/1471-2350-12-24
https://doi.org/10.3389/fonc.2022.1001864
https://www.ncbi.nlm.nih.gov/pubmed/36276121
https://doi.org/10.3390/ijms24129811
https://www.ncbi.nlm.nih.gov/pubmed/37372959

	Introduction 
	Materials and Methods 
	Subjects 
	Genotyping 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

