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Abstract: Chronic obstructive pulmonary disease (COPD) is one of the common diseases of the respiratory system. As the disease
recurs, damage to the airways and lung tissue gradually worsens, leading to a progressive decline in lung function, affecting the
patient’s workforce and quality of life, and causing a huge social and economic burden. Diabetes is a common comorbidity of COPD
and patients with COPD are at increased risk of developing diabetes, while hyperglycemia can also reduce lung function and
contribute to the progression and poor prognosis of COPD. Glucagon-like peptide-1 receptor agonist (GLP-1RA) is a new type of
hypoglycemic agent that has been shown to regulate blood glucose levels, reduce inflammatory responses and oxidative stress, and
regulate lipid metabolism, among other effects. GLP-1RAs may benefit COPD patients by acting directly on the lung from
mechanisms such as reducing the inflammatory response, improving oxidative stress, regulating protease/anti-protease imbalance,
improving airway mucus homeostasis, and reducing airway remodeling. This study provides a review of the potential role of GLP-
IRAs in COPD and offers new ideas for the prevention and treatment of COPD.

Keywords: glucagon-like peptide 1 receptor agonist, chronic obstructive pulmonary disease, clinical application

COPD is a prevalent respiratory disease with high prevalence, morbidity, and mortality. In a new retrospective study,' the
prevalence of COPD was shown to be as high as 10.3% worldwide in 2019 for approximately 392 million people aged
3079 years, and COPD is now one of the top three causes of death worldwide.”> COPD is associated with a variety of
comorbidities, such as diabetes,** and the underlying mechanisms between the two are complex, multifactorial and as yet
unclear.’ A prospective cohort study showed® that the prevalence of diabetes in COPD patients was as high as 25.5% and
that COPD patients with diabetes were at higher risk of severe exacerbations and death than COPD patients without
diabetes. A retrospective study showed that the prevalence of diabetes was higher in COPD patients (18.7%) than in the
general population (10.5%).> GLP-1RA is a common hypoglycemic drug. With in-depth research in China and abroad,
GLP-1RA has been found to play a protective role in the respiratory system. As a chronic progressive disease, the high
prevalence and mortality of COPD and the economic pressures it places on the population have further prompted us to
explore the treatment of this disease. Therefore, this article will provide a brief overview of the use of GLP-1RA in
COPD patients to provide a basis for the management of COPD.

Introduction to Glucagon-Like Peptide | and Others

Glucagon-like peptide-1 (GLP-1) is an enter glucagon found in L-cells of the small intestinal mucosa,’ and the release of
GLP-1 is increased in response to elevated blood glucose conditions such as feeding. Glucagon-like peptide-1 receptor
(GLP-1R) belongs to the B family of G protein-coupled receptors (GPCRs).® GLP-1R is expressed in model organisms

9,10

and humans and is highly conserved and widely distributed in the body, "~ such as the pancreatic islets, central nervous
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system, stomach, heart, lung, liver and kidney.ll GLP-1, when bound to GLP-1R, can affect blood glucose levels by
stimulating insulin secretion, inhibiting glucagon secretion, suppressing gastric emptying and reducing food intake. GLP-
1 is rapidly inactivated by dipeptidyl peptidase 4 (DDP-4) after being secreted into the bloodstream, limiting the action of
GLP-1. GLP-1RA has similar effects to GLP-1, is not easily degraded by DDP-4 and can mimic the binding of natural
GLP-1 to GLP-1R, activating the body’s signaling pathways and exerting corresponding effects. GLP-1RAs include
dulaglutide, exenatide, liraglutide, lixisenatide, somalutide and others.'?

Chronic Obstructive Pulmonary Disease

COPD is characterized by persistent respiratory symptoms and airflow limitation.'> The main clinical manifestations are
chronic cough, sputum, shortness of breath or dyspnea,'* wheezing, chest tightness, and other symptoms. COPD is
diagnosed when the ratio of forceful expiratory volume in the first second to all expiratory volume (FEV1/FVC) is
<70%"® after inhalation of bronchodilators, indicating persistent airflow limitation, combined with the patient’s clinical
presentation and the presence of high-risk factors such as smoking, dust or chemical irritation, infection, and the

exclusion of other diseases. The common pathogenesis of COPD includes'®!’

chronic inflammatory mechanisms
involving neutrophils, macrophages and lymphocytes; protease and anti-protease imbalance caused by an increase in
protein hydrolases and a decrease in anti-protease; oxidative stress mechanisms and other mechanisms that increase
oxidation beyond the body’s antioxidant capacity, leading to an oxidative and antioxidant imbalance. The conventional
treatment of COPD is to improve the patient’s poor ventilation, get rid of sputum, control symptoms such as infection,
protect lung function, improve the patient’s quality of life, slow down the progression of the disease and reduce death.

It was found that GLP-1 when bound to GLP-1R (Figure 1), can increase the concentration of cAMP by activating
adenylate cyclase (AC) and stimulating the conversion of ATP to cyclic adenosine monophosphate (cAMP).'® The
increased cCAMP can further act on protein kinase A (PKA) and guanine nucleotide exchange protein (EPAC), and the
activated PKA/EPAC can affect the activated PKA/EPAC can affect the concentration of K" and Ca®* ions inside and
outside the cell,'” which in turn promotes insulin secretion. By activating the protein kinase C (PKC) signaling pathway,
the cAMP/PKA pathway and the Ca** signaling pathway all increase islet glucagon gland glucagon gene transcription.
GLP-1/GLP-1R enhances insulin-promoting factor-1 (PDX-1) responsiveness via the epidermal growth factor receptor
(EGFR)/phosphoinositide-3-kinase (PI3K)/protein kinase B (AKT/PKB)/fork head box protein O1 (FOXO1) signaling
pathway, thereby maintaining p-cell morphological function and promoting the conversion of non-p cells to p cells.?’ The

GLP-1
GLP-1R

Figure | The GLP-1/GLP-IR signaling pathway in cells.
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mechanism by which GLP-1 reduces oxidative stress can be mediated through the cAMP, PI3K and PKC pathways.?!
The anti-apoptotic effect of GLP-1 is mediated by increasing levels of the anti-apoptotic proteins Bcl-2 and Bel-xL and
activating cAMP and PI3K as well as PKB and EGFR-PI3K signaling pathways to reduce cysteine-3 activity. GLP-1 and
GLP-1RA exert anti-inflammatory and immunological properties through the mitogen-activated protein kinase (MAPK)
signaling, transcriptional activator protein (STAT) and cAMP/PKA/nuclear factor-kB (NF-kB) signaling pathways.*?
Diabetes is a metabolic disease characterized by chronic hyperglycemia caused by a variety of etiologies. Although
COPD and diabetes are two different diseases, studies have found that patients with COPD are more likely to develop
diabetes™ %’

are chronic systemic inflammation, oxidative stress, hypoxia, obesity and hyperglycaemia.?’=® Patients with COPD

and patients with diabetes are at increased risk of COPD.?® Possible common causal mechanisms for both

combined with diabetes have a significantly higher rate of hospitalization, and diabetes increases the risk of infection, and
progression of disease course, leading to poor prognosis and increased mortality in COPD patients.®'*? Conversely, the
inflammatory process, impaired lung function and/or the use of glucocorticoids in COPD patients may increase the risk
of developing diabetes.”* Therefore, considering that GLP-1R is widely distributed in the body, that COPD and diabetes
interact with each other and share common pathogenic mechanisms, and that GLP-1 and its receptor agonists have been
widely used in diabetic patients and have demonstrated hypoglycemic, pro-inflammatory and anti-inflammatory factors,
oxidative stress, neurogenesis and vascular protection,®* then GLP-1 and its receptor agonists also have a role to play in
COPD patients.

The Role of GLP-1RAs in COPD
GLP-1RAs and Improvement of Airway Inflammation

Inflammatory cells and cytokines including neutrophils,***> macrophages,*® T-lymphocytes, eosinophils, C-reactive protein
(CRP), tumors necrosis factor (TNF-a), interleukin-6 (IL-6), IL-10, IL-8, IL-17, etc. are collectively involved in the chronic
inflammatory process in COPD. In contrast, improvement in the inflammatory process can be judged by improvements in the
levels of markers such as neutrophils, macrophages, lymphocytes, eosinophils, CRP, TNF-a, IL-6 or changes in the production
and expression of reactive oxygen species (ROS), and the clinical benefit that may be gained from these changes should be
reflected in improvements in the final effects of chronic inflammation.”” Neutrophils cause a highly viscous state in the
airways and destroy the lung parenchyma by releasing various bioactive substances such as neutrophil elastase (NE), histone
G and oxidative substances.*® Macrophages have phagocytic, bactericidal and antigen-presenting functions. Tobacco stimula-
tion and the chronic inflammatory response induced by COPD can increase the number of macrophages,* but the function of
macrophages is significantly impaired under the stimulus of injury. Activated macrophages release large amounts of
inflammatory mediators such as IL-1, IL-6, IL-8, TNF-0, ROS and chemokines, leukotrienes and prostaglandins, matrix
metalloproteinases (MMP), etc.*’ which in turn chemotactic neutrophils and peripheral circulating macrophages and other
inflammatory cells, further amplifying the inflammatory response, forming a vicious circle and aggravating the progression of
COPD. Stimulated by a variety of cytokines, eosinophils cause an inflammatory response in the airways and fibroblast
proliferation and collagen synthesis, resulting in airway damage, fibrosis and remodeling and contributing to the progression
of COPD. In addition to neutrophils, macrophages and eosinophils, T lymphocytes are also involved in the chronic
inflammatory process in COPD patients. CD4" T lymphocytes can secrete cytokines such as interferon, IL-6, IL-17 and
TNF-a, which further induce the production and release of MMP and the activation and aggregation of neutrophils in the body,
thereby destroying lung tissue and activating elastase, ultimately leading to elastin hydrolysis and emphysema formation.
CDS8" T lymphocytes can upregulate perforin expression and increase MMP activity, resulting in the airway and lung tissue
destruction, as well as chemotactic activation of inflammatory cells through secretion of cytokines such as interferon, IL-12,
TNF-a and chemokines, exacerbating the inflammatory response.

GLP-1R was detected in mouse and human macrophages, neutrophils, eosinophils, and lymphocytes.*' ™ Studies have
shown that GLP-1 and its receptor agonists not only inhibit the levels of total cells, neutrophils, macrophages, eosinophils,
lymphocytes, TNF-a, IL-4, IL-5 and IL-13 in mouse alveolar lavage fluid*® but also mediate anti-inflammatory effects through
stress-activated protein kinase (JNK) inhibition, signal transducer and activator of transcriptional activator protein 3 (STAT3)
activation and cAMP/PKA/NF-kB signaling pathways, reducing the release of pro-inflammatory markers (iNOS, IL-1p, IL-6,
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TNF-a and monocyte chemotactic protein-1 (MCP-1), MMP-2, MMP-9, ROS) and increasing the release of anti-
inflammatory markers (IL-10, mannose receptor-1 (MRC-1), arginine-1 (Arg-1) release as well as prostaglandin E2
(PGE2) and cyclooxygenase 2 (COX2) mRNA and COX2 protein levels,***® thereby achieving a reduced inflammatory
response. GLP-1 reduced the number of CD3" T lymphocytes, F4/80" macrophages and CD11b" macrophages in the blood of
obese and COPD mice and reduced the size of emphysema in mice.*” Mitchell et al*' demonstrated through studies that GLP-
IR was expressed on human eosinophils and neutrophils and that GLP-1 analogues significantly reduced the expression of
eosinophil surface activation markers CD11b and CD69 and decreased eosinophil production of factors such as IL-4, IL-8 and
IL-13. In a lipopolysaccharide (LPS)-induced mouse model, GLP-1 expression was reduced in peripheral blood and increased
in alveolar lavage fluid and lung tissues, which was inhibited by liraglutide, a GLP-1RA, and was able to suppress LPS-
induced lung injury in mice, inhibit polymorphonuclear neutrophil (PMN) extravasation, reduce the number of apoptotic cells
in the lung, inhibit macrophage accumulation*® and Liraglutide also has anti-inflammatory and airway-protective effects by
modulating the PKA/NF-kB signaling pathway to improve histopathological changes and airway inflammation in mice,
inhibiting E-selectin overexpression and reducing mucus secretion and cupped cell proliferation.*’ Liraglutide and somalutide
can reduce the expression of pro-inflammatory factors such as TNF-a, interferon-y (IFN-y) and IL-6, thereby reducing the
systemic inflammatory response.’® Exenatide increased IL-10 and Arg-1 levels and decreased TNF-a, IL-1b and iNOS
expression, contributing to the conversion of the macrophage phenotype to an anti-inflammatory phenotype.** Exenatide
significantly decreased TNF-a, MCP-1 and ROS secretion, which may be associated with the activation of adenylate-activated
protease (AMPK) and inhibited the inflammatory process through interaction with NF-kB, CCA AT/enhancer binding protein
B (C/EBPP) and mitogen-activated protein kinase (MAPK) (p38, ERK and JNK).>' Airflow restriction is a critical part of
COPD pathogenesis and is closely related to the proliferation and migration of airway smooth muscle cells and the secretion of
inflammatory factors. GLP-1R overexpression can inhibit the expression of inflammatory factors such as IL-6, IL-8, TNF-a
and granulocyte and macrophage colony-stimulating factor (GM-CSF) by increasing the expression of adenosine tripho-
sphate-binding cassette transporter A1 (ABCA1) and reduce the proliferation and migration of smooth muscle, indicating that
GLP-1R can play a protective role in smooth muscle cells and COPD, thereby improving airway inflammation and airflow
limitation in COPD patients, providing a basis for the application of GLP-1RA in COPD.”" Park et al’® found that
empagliflozin, dulaglutide and a combination of both significantly attenuated the increase in cells, especially macrophages
and neutrophils, in airway alveolar lavage fluid induced by a high-fat diet in mice, reduced the expression of IL-17 and
transforming growth factor (TGF)-B1, and decreased the differentiation of Th cells to Thl and Th17, thereby achieving
a reduced inflammatory response.

GLP-1RAs and Oxidative Stress

Cigarette smoke and environmental pollution'*'> can bring a large number of exogenous chemicals, oxides, etc. activated
inflammatory cells in the lungs can release endogenous oxides,”® when these substances exceed the body’s antioxidant
capacity, the imbalance between oxidation and antioxidant causes oxidative stress, resulting in airway epithelial damage,
reduced ciliary movement and release of NE, which in turn causes cellular dysfunction or apoptosis, inflammatory
response, accumulation of mucus substances and their easy elimination, extracellular matrix destruction, protease/anti-
protease imbalance, etc., leading to the development and progression of COPD and increased comorbidity.>*

Stimuli such as smoke can cause airway inflammation and oxidation/antioxidation imbalance in rats with COPD,
leading to lung function impairment and exacerbation of emphysema.’® ROS is a by-product of oxidative phosphoryla-
tion in the mitochondrial electron transport chain. It has been found that smooth muscle cells in COPD patients exhibit
mitochondrial dysfunction, which in turn causes an increase in mitochondrial ROS, resulting in an oxidative-oxidative
imbalance that contributes to the development and progression of COPD.** Liraglutide reduces oxidative stress by
reducing apoptosis and normalizing some of the mitochondrial dynamic imbalances.’® Somalutin and liraglutide alleviate
chronic inflammatory responses, reduce lipid peroxidation, inhibit mitochondrial autophagic signaling pathways and
reduce oxidative stress by reducing the accumulation of alpha-synuclein (alpha-syn) synthesis.”’ Butdak et al’® found
that exenatide increased the antioxidant capacity of human monocytes/macrophages in vitro, reducing oxidative stress by
decreasing the expression of ROS-producing NADPH oxidase, increasing the expression and activity of superoxide
dismutase (SOD) and glutathione peroxidase (GSH-Px), and decreasing ROS and malondialdehyde (MDA) levels. Liu
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et al>® found that compared with the insulin group, the liraglutide group could reduce serum MDA, MCP-1 and NF-«xB
levels and increase serum SOD levels, indicating that liraglutide could reduce oxidative stress and inhibit the inflam-
matory response of the body.

GLP-1RAs and Protease/Anti-Protease

The imbalance between proteases and anti-proteases caused by an increase in proteases and a decrease in anti-proteases
can lead to the destruction of lung tissue structure and consequently to emphysema. Common proteases include NE and
MMP, while anti-proteases include al-antitrypsin and tissue matrix metalloproteinase inhibitors (TIMPs).

NE® is a member of the neutrophil-derived serine protease family. When inflammation occurs, activation of neutrophils
can release large amounts of NE,®' causing damage to the lung parenchyma and alveolar wall, and increasing mucin synthesis
and mucus secretion by promoting inflammatory cell aggregation and secretion of pro-mucin secretagogues, aggravating the
airway inflammatory response and airway obstruction in COPD and causing a decrease in ventilation function. MMP®? is
mainly secreted by neutrophils and macrophages, and relies on cofactors such as zinc and calcium to actively degrade the
extracellular matrix causing airway destruction and remodeling in COPD patients,®® and activates the nuclear factor-kB
signaling pathway, Toll-like receptors and Wnt signaling pathway through a series of reactions, thereby increasing the
secretion of MMP and the expression of intercellular adhesion molecules, promoting inflammatory cell aggregation and
exacerbating COPD progression. Alpha 1-antitrypsin® is synthesized by the liver and deposited in alveolar cells to inhibit the
action of many tissue proteases, including elastase and trypsin, and to protect lung tissue from protease damage. TIMPs have
an inhibitory effect on most MMP activity, thereby reducing lung tissue destruction and emphysema formation.

GLP-1RAs can reduce the number of inflammatory cells and are also able to cause a decrease in protease levels in lung tissue.
GLP-1 has been reported to have a positive effect on hepatocytes,®> promoting the synthesis of alphal-antitrypsin and increasing
alphal-antitrypsin deposition in the lungs. Thus, the ability of GLP-1 treatment to reduce the area of dilated alveolar tissue in
emphysematous mice may be related to the protease mechanism that inhibits emphysema formation.*” Gallego-Colon et al*®
found that exenatide could down-regulate the expression of protein hydrolases MMP-1, MMP-2 and MMP-9 and increase the
protein concentration of TIMP-1 and TIMP-2 by inhibiting protein kinase B-Thr308 phosphorylation, PRAIS40 and S6 protein
signaling pathways in smooth muscle. Garczorz et al®’ found that GLP-1R agonists reduced endothelial cell MMP-1, MMP-2, and
MMP-9 production and stimulated TIMP-1 and TIMP-2 synthesis by inhibiting TNF-a-induced activation of NF-«kB, suggesting
that GLP-1RAs may play a role in the treatment of COPD by altering protease/antiprotease synthesis.

GLP-1RAs and Other Mechanisms

According to the Global Burden of Disease 2019 data report,®® although age-standardized mortality from chronic
respiratory diseases has shown a gradual decline globally from 1990 to 2019, COPD still has the highest age-
standardized mortality rate of all chronic respiratory diseases and COPD is also the largest burden of death from chronic
respiratory diseases, a situation that may remain difficult to improve in the future.

By Meta-analysis, Wei et al*®® found that GLP-1RAs reduced the risk of nine respiratory diseases, including COPD,
compared to placebo. Mortality and morbidity in COPD mice were significantly reduced following treatment with GLP-1RA
liraglutide and exenatide in a COPD mouse model.'” GLP-1RA treatment significantly improved FEV1, FVC, MEF75 and
MEF50 measurements and improved lung function in patients with diabetes.”® Liraglutide improves the defective GLP-1
receptor signaling in peripheral blood mononuclear cells of COPD patients, reduces the expression of programmed death
protein 1 on T cells, improves abnormal T lymphocyte function and enhances the immunity of COPD patients.”' GLP-1R
signaling can act through the cAMP pathway to regulate lymphocyte proliferation and maintain peripheral regulatory T cells,”
thus potentially preventing acute exacerbations of COPD. GLP-IR is expressed in the lung and is associated with the
regulation of the surfactant lipid fraction. In a rat model of pulmonary dysplasia, liraglutide improved lung physiology and
alveolar surfactant protein A and B production.”® Romani-Pérez et al’* showed that GLP-1R expression was upregulated in
newborn rats after birth and that administration of GLP-1RA exenatide or liraglutide in pregnant rats increased the expression
of alveolar surfactant protein A and B mRNA and the amount of alveolar surfactant in amniotic fluid. In vitro studies revealed
a dramatic increase in the number of cells expressing the intercellular adhesion molecule CD34 and an increase in the number
of CD31" cells with active esterase under the direct action of GLP-1, suggesting that endothelial progenitor cells expressing
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Figure 2 Effect of GLP-1/GLP-IRA on COPD through different pathways. 1: indicates an increase |: indicates a decrease.

CD31 and CD34 endothelial progenitor cell markers may be targets of GLP-1 and participate in the regeneration process of
damaged endothelium in emphysematous mice with heterotrophic insulin,*” and thus in airway remodeling. Altintas Dogan
et al”® experiment found that liraglutide significantly reduced body weight, decreased inflammatory markers such as IL-6 and
MCP-1, increased exertional spirometry (FVC) and carbon monoxide diffusion capacity, and improved COPD assessment test
scores, but no significant improvement in FEV1, FEV1/FVC, or 6-minute walk tests, suggesting the possibility that GLP-1RA
may reduce inflammatory responses, improve lung function, and mitigate the degree of impaired health in patients with
COPD. Fork head box protein A2 (FOXA2), a key transcriptional regulator of airway mucus homeostasis, is under-expressed
in the airways of COPD patients, thereby inducing cupped cell proliferation and chemotaxis as well as mucus secretion. GLP-
IR expression is reduced in the lungs of COPD patients. Exenatide restores GLP-1R expression and reduces mucin production
in COPD airway cells by restoring FOXA?2 function through activation of GLP-1R-peroxisome proliferator-activated receptor
gamma (PPAR-y)-phosphatase and tension homolog (PTEN) signaling, thereby increasing the ectopic and efficacy of other
drugs in COPD and reducing the high morbidity and mortality induced by excess mucus.”®

Clinical studies have shown that GLP-1 and its receptor agonist exenatide can improve human bronchial hyperre-
sponsiveness (BHR) by inducing pulmonary vasorelaxation and phosphatidylcholine secretion through activation of the
cAMP-PKA-dependent pathway,”” and by stimulating the secretion of phosphatidylcholine (a major component of
surfactant) through cAMP-dependent PKA and cAMP-dependent PKC, thereby improving lung function.”® Exenatide
restores FOXA2 expression and mucus homeostasis by activating the GLP-1R-PKA-PPAR-y pathway to achieve
improvement in COPD.’® And a population-based cohort study suggests’® that GLP-1RAs can reduce the risk of severe
exacerbations in patients with COPD combined with diabetes by 30% compared to sulphonylureas. Overall, GLP-1 and
GLP-1RAs (as shown in Figure 2) can improve lung function, and airway remodeling, reduce mucus secretion, reduce
disease risk and mortality through a variety of pathways, and may hold potential promise in the treatment of airway
disease,®® but GLP-1RAs are not approved for the treatment of COPD, so further studies are needed to confirm this.

Conclusion
Diabetes, a comorbid condition in COPD patients,” can affect lung function and hyperglycemia can cause increased
oxidative stress in the respiratory system, changes in lung tissue structure and airflow exchange, increasing the
probability of lung infection, increasing the risk of hospitalization and leading to a poor prognosis for COPD patients.
As a novel hypoglycemic agent, GLP-1RAs can not only control patients’ blood glucose and improve their diabetes-
related symptoms but also reduce inflammatory cells and factors through multiple signaling pathways, increase the
expression of anti-inflammatory factors and alleviate inflammatory responses; reduce the damage caused by oxidative
stress by decreasing the expression of oxidants and increasing the level of antioxidants; improve protease/anti-protease
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imbalance by down-regulating protease secretion and It also improves the protease/anti-protease imbalance by down-
regulating protease secretion and increasing anti-protease levels; and enhances immunity by restoring GLP-1R expres-
sion, improving lung function and increasing alveolar surfactant levels in COPD patients.

In conclusion, GLP-1RAs may effectively improve the clinical symptoms of COPD patients, alleviate airflow limita-
tion, airway damage, fibrosis, and remodeling, shorten the hospital stay, reduce the economic burden of patients, and reduce
the occurrence of COPD-related complications, improve the long-term prognosis of patients, thus playing a therapeutic and
preventive role for COPD patients, and may provide a new target for the prevention and treatment of COPD. However,
GLP-1RAs are mainly used in diabetic patients, and their application to the respiratory system (eg COPD) still needs to be
explored in further clinical trials to provide more evidence for the prevention and treatment of COPD.
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