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A B S T R A C T   

Chronic obstructive pulmonary disease (COPD) is characterized by progressive and irreversible 
airflow obstruction with abnormal lung function. Because its pathogenesis involves multiple as-
pects of oxidative stress, immunity and inflammation, apoptosis, airway and lung repair and 
destruction, the clinical approach to COPD treatment is not further updated. Therefore, it is 
crucial to discover a new means of COPD diagnosis and treatment. COPD etiology is associated 
with complex interactions between environmental and genetic determinants. Numerous genes are 
involved in the pathogenic process of this illness in research samples exposed to hazardous 
environmental conditions. Among them, Long non-coding RNAs (lncRNAs) have been reported to 
be involved in the molecular mechanisms of COPD development induced by different environ-
mental exposures and genetic susceptibility encounters, and some potential lncRNA biomarkers 
have been identified as early diagnostic, disease course determination, and therapeutic targets for 
COPD. In this review, we summarize the expression profiles of the reported lncRNAs that have 
been reported in COPD studies related to environmental risk factors such as smoking and air 
pollution exposure and provided an overview of the roles of those lncRNAs in the pathogenesis of 
the disease.   

1. Introduction 

With the climate crisis, aging population, deepening industrialization, and changes in lifestyles around the world, people in both 
developing and developed countries are plagued by chronic respiratory diseases [1,2]. One of the most frequent chronic respiratory 
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disorders is chronic obstructive pulmonary disease (COPD). As of 2019, researchers predicted that over 391 million persons aged 
30–79 globally have COPD, with a global incidence of 10.3 % [3]. In 2019, COPD was the third leading cause of death globally [4]. In 
China, the incidence and mortality rates of COPD are also high, making further research into COPD an urgent task for researchers [5,6]. 

Long non-coding RNAs (lncRNAs) are a class of linear RNA molecules that are longer than 200 nucleotides and have little to no 
capacity to code for proteins. Their structure is comparable to that of mRNA (with a 5′ cap structure and a polyA tail at the 3′ end in 
certain lncRNAs) [7,8]. Researchers’ understanding of lncRNAs has increasingly expanded as high-throughput sequencing technol-
ogies and bioinformatics platforms have advanced. Growing evidence reveals that lncRNAs can influence gene expression at several 
levels, including epigenetic, transcriptional, and post-transcriptional regulation [7-11]. 

With the deepening of research, the presence of lncRNAs has been found in the plasma, serum, sputum, bronchial lavage fluid, and 
lung tissue of COPD patients [12–15]. Increasing evidence suggests that lncRNAs may become a new generation of biomarkers for 
COPD and have profound research significance. In this paper, we evaluated the lncRNAs engaged in COPD-related research that were 
produced by environmental variables such as smoking and air pollution, and we discussed their implications in the pathogenesis of 
COPD. 

2. Overview and clinical management of COPD 

Smoking and air pollution are the primary environmental causes of COPD, which is a disease that is brought on by environmental 
and genetic risk factors [3]. Simply calling it COPD may seem too general, as the abnormalities exhibited by COPD may be due to 
multiple pathophysiological factors [16] and have multiple endogenous phenotypes and clinical presentations [17]. It is currently 

Fig. 1. Diagrammatic representation of COPD etiology and pathogenesis. Risk factors for COPD include smoking and air pollution, and so on. When 
irritants and toxicants are inhaled, the structural cells of the lung, such as epithelial cells, fibroblasts, and endothelial cells, get activated. When 
bronchial epithelial cells are damaged, alarm molecules (TSLP, IL-33, IL-25) are released, activating a variety of immune cells, endothelial cells, and 
fibroblasts. These cells release inflammatory mediators, which attract other inflammatory cells such as neutrophils, macrophages, and lymphocytes 
to the exposed area, resulting in persistent airway inflammation. 

Table 1 
Activation of immune cells in COPD patients.  

Inflammatory Cells Expression Location Downstream Targets References 

Neutrophils + COPD patients’ bronchoalveolar lavage (BAL) 
fluid and sputum 

CXCL8 [17] 

Macrophages + COPD patients’ sputum, BAL fluid, and lung 
parenchyma 

cytokines (TNF-α), chemotactic factors [CXCL1, 
CXCL8, CCL2, LTB4] and ROS 

[30] 

Lymphocytes (CD8+ and 
CD4+) 

+ COPD patients’ lung parenchyma, bronchi, 
and bronchioles 

IL-17A and IL-22 [31,32] 

Mast Cells + human lung parenchyma VEGF-A and FGF-2 [33,34] 
Eosinophils + Stable COPD patients’ airways and BAL fluid VEGF-A, FGF-2, TNF-α, GM-CSF, nerve growth factor 

(NGF), and CXCL8 
[35,36] 

Basophils + COPD patient’s lung tissue VEGF-A and ANGPT1 [35,37]  
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believed that at least several mechanisms are involved in the pathogenesis of COPD, including inflammatory responses, oxidative 
stress, and abnormal apoptosis of lung structural cells [18]. (Fig. 1). The activation of immune cells (Table 1) observed in various 
clinical trials of COPD and the abnormal apoptosis of lung structural cells all confirm this point. These mechanisms involve multiple 
signaling pathways, accelerating the natural physiological decline of the lungs that should occur with age, leading to persistent and 
irreversible airway obstruction [19]. 

Despite the heterogeneity of COPD, progressive and irreversible airflow limitation with abnormal lung function is a common 
feature of COPD [20,21].Clinical diagnosis approaches have not altered considerably as a result of this trait, and still rely nearly 
exclusively on post-bronchodilator spirometry, which is the most often used diagnostic strategy [22]. Although widely used, this 
approach also has its limitations, including insensitivity to early pathological changes, underutilization, frequent misinterpretation, 
and inability to predict symptoms. In addition, most of the treatment strategies for COPD use palliative care, that is, to directly improve 
airflow limitation. Inhaled medications, which include bronchodilators and corticosteroids, are the backbone of COPD management 
[23], especially in the acute exacerbation of COPD [24]. However, relieving airway limitation in AECOPD patients by drugs remains 
difficult. Furthermore, the side effects of these treatments must not be overlooked, such as the frequent use of inhaled corticosteroids, 
which increases the risk of osteoporosis, pneumonia, immunosuppression, and infection [25,26], considerably lowering patients’ 
quality of life. 

Alpha-1 antitrypsin deficiency which is the only known genetic cause of COPD [27]. It is worth mentioning that AAT intensive 
therapy is also a treatment method for COPD. Currently available intensive AAT therapies include lifestyle modification, asthma and 
COPD drug management, oxygen therapy, influenza vaccine and pneumococcal vaccine combination, and polysaccharides [28]. The 
only particular medication that has been approved for AAT-deficient patients who have symptoms of respiratory illness is augmen-
tation therapy with intravenous pure AAT [29]. However, considering the cost of treatment and the limitations of the applicable 
population, intensive treatment with AAT has not been widely used. 

Therefore, we need new biomarkers to assess the progression of COPD, identify and diagnose high-risk patients for treatment, and 
develop specific targeted drugs to improve the condition of COPD patients. Fortunately, with the development of molecular biology 
and the deepening understanding of lncRNAs, developing targeted drugs for treating COPD from the perspective of lncRNAs is no 
longer just a pipe dream. 

3. The expression of lncRNA in COPD samples under different environmental risk factors 

COPD is a complex disease characterized by hereditary and environmental risk factors. Cigarette smoking (CS) and air pollution are 
the most prevalent environmental pathogenic causes among the multiple environmental impacts [38]. Exposure to Cigarette smoke 
(CSE) is the major risk factor for induction of COPD. In a genome-wide lncRNA expression analysis study [39,40], RNA was extracted 
from lung tissues (all with lung cancer) from nonsmokers without COPD(NS), smokers without COPD(SNC), and smokers with COPD, 
and compared using microarray analysis, and the results were compared. It was found that compared to non-COPD smokers, COPD 
patients had 120 lncRNAs with high expression and 43 lncRNAs with low expression, with some lncRNAs possibly implicated in the 
control of the expression of cellular mediators and signaling pathways relevant to immune system alterations in COPD. (Fig. 2). 

Smoking causes COPD in most patients, but it is now recognized that around 30 % of all COPD cases in the world occur in never- 
smokers [41]. The impact of air pollution cannot be ignored. Similar to CS-induced lung disease, air pollution also causes inflammation 
and oxidative stress. However, air pollution can cause more bronchial involvement, with less change in emphysema [42], whereas CS 
particles have a higher deposition rate in the lungs, which also explains why smoking is associated with emphysema [43]. In response 
to air pollution, researchers explored the effect of traffic-related PM2.5 (TAPM2.5) and wood smoke particles (WSPM2.5) on the 
expression of lncRNA in human bronchial epithelial cells (HBECs) and performed microarray analysis on the HBECs [44]. They 

Fig. 2. Heat maps displaying the differential expression and hierarchical clustering of lncRNAs in (A) smokers with no COPD (SNC) compared with 
non-smokers without COPD (NS) and in (B) COPD patients compared with SNC. Reprinted with permission from Ref. [39]. Copyright (2015) 
Springer Link. 
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discovered that in cells treated with WSPM2.5 and TAPM2.5, respectively, 94 and 1292 lncRNAs were upregulated and 203 and 1362 
lncRNAs were downregulated in comparison to the control group. (Fig. 3). By comparing the differences in lncRNA expression between 
the two, we may be able to identify more different pathological responses in COPD patients under different environmental exposure 
conditions, which may lead to better-targeted treatments. 

4. The role of lncRNA in COPD pathology under different environmental risk factors 

Whether in vitro or clinical studies, researchers have found that many functional lncRNAs interact with COPD-related genes and 
perform multiple physiological functions involved in the pathogenesis of COPD through multiple pathways, including inflammatory 
response [45–49], oxidative stress [48,50,51] and apoptosis [45,48,52–54], etc. However, their functions in COPD disease progression 
under different environmental risk factors remain to be elucidated. 

4.1. The role of lncRNA in the pathogenesis of CS-induced COPD 

4.1.1. Cs-induced COPD inflammatory response and the role of lncRNA in it 
COPD is a classic inflammatory disease, and as mentioned earlier, one of its pathogenetic features is the activation of inflammatory 

cells in the alveoli, including increased numbers of macrophages, neutrophils, and eosinophils. Typically, when inhaling harmful 
particles such as CS, inflammatory cells will enter the respiratory tract and lungs, leading to varying degrees of inflammation [55]. 
Although it is unclear how CSE affects the mechanisms of inflammation generation in COPD and what associations exist, CSE-induced 
changes in the expression of some lncRNAs have been found to be associated with the dysregulation of various immune cells in the 
lung, suggesting that CSE can act as a driving factor for lncRNA regulation of inflammation and play an indelible role. 

LASI lncRNA expression is upregulated in the airways of CSE macaques and COPD smokers, which is associated with high mucus 
expression and mucus cell proliferation in severe COPD [56]. Mucus is the reaction product of innate and adaptive inflammatory 
responses made by the organism at the airway level to combat toxic gases and particles and is a complex viscoelastic gel [57]. The 
number and size of bronchial mucus glands, the amount of mucus in the airway epithelium, the proliferative activity of epithelial cells, 
and the development of squamous cell chemosis are all increased as a result of the infiltration of inflammatory cells into lung tissue and 
their involvement in the damage and repair of lung structural cells in COPD. The inflammatory exudate containing mucus obstructs the 
airway lumen and the repair process of the tissue thickens the wall, thus narrowing the diameter of the conducting airway [58], which 
is consistent with airflow limitation in COPD patients. lnc-IL7R expression is reduced in association with airway epithelial cell 
inflammation, suggesting impaired lung function, the pathogenesis of COPD, and predicting COPD progression [59]. 

It has now been shown that LINC00612 and HOXA-AS2 are significantly downregulated in COPD lung tissue. Regulation of 
HPMECs proliferation through Notch1 is involved in the pathogenesis of COPD, including CSE-induced apoptosis, inflammation, and 
oxidative stress in endothelial cells [48,60]. Most critically, Notch signaling has been linked to smoking and COPD and is essential for 
lung homeostasis, damage, and repair [61]. 

It is well documented that the lncRNA-miRNA-mRNA axis is important in the development of COPD. LncRNAs act as sponges for 

Fig. 3. Heat maps displaying the differential expression and hierarchical clustering of lncRNAs in (A) WSPM2.5 and (B) TAPM2.5 concentrations 
stimulation. Reprinted with permission from Ref. [44]. Copyright (2018) Portland Press. 
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miRNAs and influence gene expression by competitively binding them. As a ceRNA for miR18a-5p, serum CASC2 was much lower in 
COPD patients than in non-COPD smokers, and in 16HBE cells, overexpression of miR-18a-5p reversed CASC2’s effects on apoptosis 
and inflammation [62]. Meanwhile, the expression of CCAT1 was significantly increased in CS-induced HBE cells [63], which has 
piqued the interest of researchers to explore deeper mechanisms between CCAT1 and COPD, CCAT1 was highly expressed in HBE cells 
from COPD patients treated with CSE, and CCAT1 knockdown alleviated the inflammatory response of HBE cells [13]. An abnormal 
increase of MIR155HG was also found in lung tissues of smokers. In smoking-associated COPD HPMECs, MIR155HG upregulates the 
miR-128-5p/BRD4 axis to promote apoptosis and inflammatory responses [54]. There are many more examples of the same, which are 
summarized in Table 2. 

4.1.2. Cs-induced COPD oxidative stress and the role of lncRNA in it 
CS contains a large number of harmful chemicals, including high concentrations of free radicals and oxidants [79,80]. These high 

concentrations of free radicals and exogenous oxidants are released in the respiratory tract and bronchial epithelium, producing large 

Table 2 
lncRNAs associated with COPD.  

LncRNA Expression Location Action Targeted 
Pathway 

Downstream Targets References 

ANRIL Down plasma of AECOPD patients Anti-inflammatory – TNF, IL1B, IL17A, 
CXCL8 

[12] 

CCAT1 Up lungs of COPD patients and CSE- 
treated HBE cells 

MircoRNA sponging and epigenetic 
modification 

miR-152-3p – [13] 

GAS5 Up Human lung fibroblast cell line Involved in the regulation of 
pyroptosis 

miR-223-3p NLRP3 [15] 

Down lung of mice exposed to CS Suppress airway inflammation and 
fibroblast activation 

miR-217-5p PTEN [64] 

H19 Up quadriceps of FFMI patients 
with COPD 

Susceptibility to low FFMI – MYOD1 [65,66] 

HOTAIR Up lungs of COPD patients and CSE- 
treated HPVEC 

aggravate the apoptosis of CSE 
HPVEC 

– DNMT1 [67] 

Up male BALB/c mice exposed to 
CS and CSE-treated HBE cells 

– – IL6, CXCL8, CDH2, 
VIM, ACTA2, CDH1 

[68] 

IL7R Down serum from COPD 
patients 

Protected against cellular 
senescence and apoptosis 

– EZH2 recruitment [52,59, 
69] 

LASI Up CS-exposed macaques and 
airways of COPD smokers 

Increase the mucoinflammatory 
response 

– secretory mucin 
MUC5AC. 
and inflammatory 
factors, ICAM-1, and 
IL-6 

[56,70] 

LUCAT1 Up serum from COPD 
patients 

Promoted CSE-induced 16HBE cells 
apoptosis and inhibited 
proliferation 

miR- 181a- 
5p 

Wnt/β-catenin [71,72] 

MEG3 Up lungs of COPD patients and CSE- 
treated HBE cells 

Induces apoptosis and inflammation Apoptosis IL1B, IL6, TNF [73] 

MHC-R Up lungs of rats exposed to air 
pollution PM 

Regulate the immune activities of 
DCs 

– GATA3 [74] 

MIAT Up lung of mice exposed to CS Knockdown of MIAT attenuates CS- 
induced airway remodeling 

miR-29c-3p HIF3A [53] 

TUG1 Up lungs and sputum from smokers 
and non-smokers with COPD 

Inhibits inflammation and airway 
remodeling 

– DUSP6 [75] 

TGFB1 treated BEAS-2B and 
HFL1 cells 

Inhibits cell proliferation – ACTA2, FN1 [14] 

SNHG5 Down COPD tissues and CSE-treated 
HBE cells 

Repress cell apoptosis, proliferation, 
and inflammation 

miR-132 PTEN [76] 

LINC00612 Down COPD tissues and CSE-treated 
HBE cells 

Repress cell apoptosis, 
inflammation, and oxidative stress 

miR-31-5p Notch1 [48] 

HOXA-AS2 Down COPD tissues and CSE-treated 
HBE cells 

Repress cell apoptosis – Notch1 [60] 

MIR155HG Up Lung tissues of smokers without 
or with COPD 

Contributed to the apoptosis and 
inflammation 

miR-128-5p BRD4 [54] 

Nqo1-AS1 Up The cytoplasm of mouse 
alveolar epithelium 

Attenuated CS-induced oxidative 
stress 

– Nqo1 [50] 

LINC00987 Up COPD tissues Repress cell apoptosis, 
inflammation, and oxidative stress 

let-7b-5p SIRT1 [51] 

PVT1 Up peripheral blood mononuclear 
cells (PBMCs), and serum of 
COPD patients 

– miR-146a – [77] 

RP11- 
86H7.1 

Up TRAPM2.5 exposed HBE cells – miR-9-5p NFKB1/NF-κB [47] 

NEAT1 Up plasma of COPD patients – miR-193a – [78]  
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amounts of reactive oxygen species (ROS). While this chemical has the advantage of being involved as a signaling component in 
maintaining intracellular homeostasis [81] but excessive intracellular accumulation may lead to oxidative imbalance, altered dynamic 
homeostasis, and subsequent cell death. Oxidative stress occurs when the production of ROS exceeds the levels allowed by the body’s 
antioxidant defense mechanisms [82]. An association between oxidative stress and the skeletal muscle dysfunction common in COPD 
patients was proposed in an earlier study [79], that is, it may be caused by an imbalance in the redox environment of skeletal muscle. 
This suggests, in part, that the imbalance in the redox environment in COPD patients extends beyond the diseased lung and is likely to 
extend throughout the body. 

Vascular endothelial growth factor (VEGF) may also be downregulated by oxidative stress [83]. Notably, it is frequently overex-
pressed in chronic inflammatory conditions [84], which is connected to a decline in lung function and the death of structural lung cells 
such alveolar endothelial cells [85]. 

As research progresses, the role of lncRNAs in oxidative stress in COPD is gradually being discussed. Among them, lncRNA Nqo1- 
AS1 was shown to lessen CS-induced oxidative stress by enhancing Nqo1 expression and boosting Nqo1 mRNA stability through 
antisense pairing with Nqo1 3′UTR because of its particular relationship with Nqo1, a multifunctional antioxidant enzyme that is 
essential for preventing oxidative damage to cells [50]. It has also been mentioned that LINC00612 [48], and LINC00987 [51]. 
However, unfortunately, there is a lack of data on the effects of COPD pathogenesis in vivo, which needs to be explored in more depth. 

4.1.3. Cs-induced COPD in apoptosis and remodeling of lung structural cells and role of lncRNA in it 
Among the diseases related to the lung, apoptosis is often considered to be related to emphysema and plays a crucial role in the 

course of COPD patients. It is inextricably linked to inflammation and oxidative stress. In CS-induced COPD samples, the initiation of 
apoptosis in lung structures is often accompanied by an inflammatory response and oxidative stress [67,86]. Low or short exposure to 
CS induces apoptosis, while high or prolonged exposure can lead to necrosis [87]. Although it is unclear from current research what 
role apoptosis has in the pathophysiology of COPD, it has been demonstrated that several lncRNAs are crucial in the imbalance be-
tween apoptosis and remodeling of lung structural cells in COPD samples exposed to CS. Bcl-2 is a widely accepted anti-apoptotic 
regulator, and it has been shown that reduced Bcl-2/Bax induces apoptosis through the release of cytoplasmic C from mitochondria 
release of cytoplasmic cytosolic C causes apoptosis [88]. Researchers discovered apoptosis in HPVEC cells from emphysema mice 
models and HPVEC from CSE-induced cells that had their expression of Bcl-2 downregulated and their levels of DNMT1, Bax, and 
cleaved cysteinase 3 upregulated [67]. Meanwhile, HOTAIR expression levels were upregulated in the lungs of COPD patients and 
CSE-induced HPVEC. In mice, HOTAIR knockdown could reduce emphysema and apoptosis through DNMT1-mediated hyper-
methylation of the Bcl-2 promoter. 

The long non-coding RNA (lncRNA) growth arrest specific 5 (GAS5) is a well-known tumor suppressor linked to cell development 
and demise in a number of disorders. lncRNA GAS5 stimulates COPD inflammation by concentrating on the miR-223-3p/NLRP3 axis 
[15]. MIAT binds to miR-29c-3p and upregulates hypoxia-inducible factor 3α (HIF3A), which is involved in CS-induced EMT and COPD 
airway remodeling [53]. Knockdown of OIP5-AS1 promotes cell recovery from CSE injury by stimulating cell viability, regulating 
apoptosis, and alleviating inflammatory conditions via miR-410-3p and IL-13 [86]. By targeting the miR-18a-5p/IGF1 axis [62], 
overexpression of CASC2 may reduce inflammation and apoptosis in bronchial epithelial cells. These results suggest, at least in part, 
that CSE-induced dysregulation of lncRNAs contributes to the development of COPD by aberrantly regulating downstream targets, 
leading to an imbalance between apoptosis and replenishment of lung structural cells. 

4.2. The role of lncRNA in the pathogenesis of air pollution-induced COPD 

However, not all smokers develop COPD, and at least 20–30 % of COPD patients never smoke [89], which may be due to a variety of 
factors, but it is undeniable that air pollution must account for a large part of them. The pathogenic consequences of air pollution on 
the lung are comparable to those of CS in that they are mediated by inflammatory pathways and include oxidative stress and apoptosis 
of lung tissues once more [90]. Harmful airborne particles or gases are a major culprit in inducing COPD, especially when exposed to 
higher concentrations of particulate matter (PM), especially PM2.5, and are strongly associated with increased COPD prevalence and 
respiratory dysfunction [91]. 

As hazardous particles enter the airway, they initially make contact with bronchial epithelial cells. This causes alterations in the 
bronchial epithelial phenotype and prompts the release of significant amounts of cytokines and inflammatory mediators from these 
cells. This release sets off a chain of inflammatory events that worsens lung damage and airway inflammation. lncRNA RP11-86H7.1 
promotes TRAPM2’s inflammatory response. Since forced expression of lncRNARP11-86H7.1 decreases the production of miR-9-5p, 
which releases NFKB1 and maintains the activation of NF–B, 5 stimulated bronchial epithelial cells by functioning as a ceRNA for miR- 
9-5p [47]. With the upregulation of PM2.5 concentration in the air, lncRNA IL7R is exposed in normal cells, and although it is not 
known whether the persistent oxidative stress in COPD patients is involved in this response, it is possible to obtain the result that its 
expression is negatively correlated with the concentration of emphysema and PM2.5 [52]. Additionally, air pollution-exposed rats’ 
lung tissue had considerably higher levels of the lncRNA MHC-R, with particular expression in immune-related cells, antigen pre-
sentation, and adaptive immune response [74]. 

Given the limited number of studies on the association between air pollution-induced lncRNAs and COPD, the mechanisms by 
which the environment affects differential lncRNA expression in COPD patients are unclear. However, as demonstrated above by the 
differential expression profiles of lncRNAs in air pollution34, this is a neglected area that needs to be explored by more researchers. 
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4.3. The role of lncRNA in AECOPD 

Acute exacerbations of COPD(AECOPD) are known as exacerbations, and such episodes account for a large proportion of patient 
morbidity and mortality [92]. (Fig. 4). They have a prognosis that is comparable to many stage III or IV solid organ cancers and are 
linked to rapid loss of lung function, long-term quality of life degradation, and these symptoms [93]. However, the definition of acute 
exacerbations is sometimes ambiguous, and their intensity is determined more by the location of therapy than by the severity of a 
physiologic illness that underlies it. Chronic airway respiratory diseases, COPD and asthma have some degree of commonality in their 
course progression. And in terms of clinical practice, lnc-PVT1 has an excellent ability to differentiate between patients with severe 
asthma and non-severe asthma [94] The researchers studied lnc-PVT1 in relation to the commonalities between asthma and COPD and 
found that it can also differentiate COPD patients from HCs (healthy controls) and AECOPD patients from stable COPD patients [77]. 

In addition, similar to lnc-PVT1, lncRNAs involved in COPD disease course by targeting mRNAs are lnc-NEAT1 [78], whose 
expression is positively correlated with disease severity, while the expression of the miRNAs they target is inversely associated to the 
GOLD stage and inflammatory cytokine levels. Although LncRNA ANRIL was also used to predict disease susceptibility and risk of 
acute exacerbation in COPD, the difference was that lncRNA ANRIL expression was inversely linked with pro-inflammatory cytokines 
in AECOPD patients and stable COPD patients, and with GOLD stage in AECOPD patients, but not in stable COPD patients [12]. These 
findings suggest that these reported lncRNAs may be used not only to detect the severity of COPD but also as possible therapeutic 
targets for COPD. 

5. The role of lncRNA in genetic susceptibility to COPD 

The chronic obstructive pulmonary disease itself is a highly heterogeneous disease with complex and diverse etiologies. Studies 
have found that approximately 40 % of the variability in airflow limitation and up to 60 % of the risk of smoking-related COPD is 
associated with genetic variation [95]. Numerous genetic variations that affect COPD risk, decreased lung function, and other 
COPD-related traits have been discovered through genetic association studies [96]. Other pulmonary features are linked to these 
genetic variations. These genetic variations have been linked to various pulmonary and non-pulmonary features, indicating a genetic 
foundation for part of the COPD heterogeneity that significantly affects the overall risk of developing the disease [97]. 

Alpha-1 antitrypsin deficiency (AATD) was the first genetic risk factor for chronic obstructive pulmonary disease (COPD) described 
[98] and is inherited in an autosomal co-dominant fashion. The alpha-1 antitrypsin molecule is a serine protease inhibitor that is 
predominantly produced in the liver. Its most important physiologic functions are the protection of pulmonary tissue from aggressive 
proteolytic enzymes and regulation of pulmonary immune processes [99]. At present, some researchers have reviewed the role of 

Fig. 4. Triggers of COPD exacerbations and associated pathophysiological changes leading to increased exacerbation symptoms.  
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lncRNA before and after intensive treatment of AATD [100]. 
However, as research has progressed, COPD has been considered to be a self-induced disease resulting from external stimuli in 

genetically susceptible individuals. Recent studies have shown the upregulation of p16 expression, a marker of cellular senescence, in 
CSE-stimulated endothelial progenitor cells (EPC) and in COPD patients [101]. Cellular senescence is involved in the development of 
COPD, i.e. we can deduce the role of lncRNA in genetic susceptibility to COPD by reversing the genes associated with cellular 
senescence. IL7R is associated with cellular senescence-associated genes p16INK4a and p21CIP1/WAF1, and surprisingly Lnc-IL7R levels 
are decreased in COPD patients, whereas higher lnc-IL7R expression can prevent cellular senescence and apoptosis, while lower 
lnc-IL7R expression exacerbated PM2.5-treated cellular damage [69]. (Fig. 5). 

6. Summary 

A complex illness, COPD is brought on by hereditary and environmental risk factors. Few studies, however, have been able to 
identify the pathophysiology and susceptibility of COPD. The diagnosis of lung illness is receiving more attention as a result of COVID- 
19’s continued and widespread occurrence. One of the most common comorbidities of COVID-19 disease progression is COPD [102]. 
Clinical symptoms of COPD vary, and it might be challenging to identify any apparent patterns. Determining the pathophysiology of 
COPD and developing precise diagnosis techniques and preventative plans are therefore crucial and urgent concerns for the present 
and the future. 

Numerous in vitro and in vivo studies have demonstrated that environmental exposures like CS and air pollutants can disrupt the 
expression of lncRNAs in various samples from COPD and non-COPD patients, interfering with their regulation of COPD-related genes 
in crucial signaling pathways in COPD pathogenesis, including the imbalance between inflammatory cell entry into the lung, oxidative 
stress, and apoptosis as well as remodeling of lung structures. Yet, while having comparable environmental risk factors, each individual 
may experience clinical symptoms differently because of their individuality and genetic predisposition. 

In conclusion, lncRNA is a molecule with far-reaching effects and has an important position in transcriptional regulation. Unfor-
tunately, however, their relationship with COPD lacks more literature, and more studies revealing the biological functions of lncRNAs 
in COPD or revealing the pathogenesis of COPD would generate more scientific interest among researchers. 
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