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Abstract:

COPD is a long-standing and multifactorial respiratory disease brought on mainly by chronic bronchitis and
emphysema and constitutes a substantial global burden of morbidity and mortality, especially in LMICs (low -
and middle-income countries). Advances in research have revealed the multifactorial nature of COPD, driven
by genetic predisposition, environmental exposures, and lifestyle factors. Key molecular biomarkers,
including C-reactive protein and malondialdehyde, have improved diagnostic and prognostic capabilities.
Genetic insights, such as SERPINA1 mutations and telomerase deficiencies, have deepened the understanding
of its pathogenesis, highlighting the potential of precision medicine. Innovations in imaging techniques like
computed tomography and quantitative imaging have facilitated the classification of COPD subtypes,
enabling the development of targeted therapies such as monoclonal antibodies and phosphodiesterase-4
inhibitors. However, challenges like disease heterogeneity, limited pharmacogenomic applications, and
insufficient clinical trial models persist. Emerging technologies, including multi-omics and systems
pharmacology, offer promising pathways for personalized treatment. Future studies focus on incorporating
these innovations into clinical settings and overcoming current challenges to ensure holistic COPD
management and better patient outcomes. Collaboration between researchers and healthcare professionals will
play a crucial role in developing advanced treatments and enhancing the quality of life for those living with

COPD.
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GRAPHICAL ABSTRACT:
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1. INTRODUCTION:

Chronic Obstructive Pulmonary Disease (COPD) encompasses a group of disorders that impair breathing and
is a chronic, irreversible condition. It is primarily caused by emphysema and chronic bronchitis, with severity
ranging from mild to severe. In 2019, COPD ranked as the third most common cause of death, impacting 3.2
million individuals and contributing to approximately 80% of loss of life in developing and financially
constrained nations. COPD mortality rates have increased from 44.5 million in 1990 to 75.1 million in 2010
in Southeast Asian nations [1].COPD was previously referred to as irreversible airway limitation. Still, the
variation in disease pathways, diagnostic imaging, frequency of exacerbations, and associated mortality,
headway in, modest treatment development, has required a re-examination of this disease [2] [3]. The Lancet
has recently convened a task force on the future trajectory of COPD this task force proposed that COPD be
reconceptualised dramatically genetically: formative year circumstances, infections, smoking, and other
ecological agents [4]. Patients with normal FEV1/FVC ratio but impaired spirometry [5], [6] this group of
patients, identified to be at risk for chronic airflow obstruction by the GOLD and ATS/ERS pulmonary
function testing guidelines, is at great risk of chronic airflow obstruction [7]. The increased involution of
COPD affects diagnosis, prognosis, and treatment nowadays. Recent studies have focused on groups of people
with shared mutual features, and further subtypes and other developments have been made in the study of
COPD, which has helped a lot in the identification of the disease and its subtypes. Technologies like Computed
Tomography (CT Scan) and Quantitative Imaging have helped a lot in the illustration of blockage of the
airway of the lungs, asthma, COPD, and its subtypes [8], [9].
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Several subtypes of CT imaging associated with pulmonary vasculature [10] and mucus build-up [11] has also
been found to be linked to poor outcomes related to COPD. Other clinically significant subgroups that could
affect therapy choices include eosinophilic COPD and asthma—COPD overlap [12]. As COPD is evolving
gradually with variable severity and extensive subtyping research the line of treatment and drug therapies till
date remain the same. As COPD is much largely diversified disease in this condition, the targeted medicine is
the necessity of the date. One of the con of targeted/precision medicine is tailoring medicine according to the
individual’s risk, pathobiology and his/her psychosocial status, and environmental conditions. Genetics,
omics, and other biomarkers can easily be identified if the link between two individuals is interconnected and
pathophysiological signs and symptoms with other clinical features or their end typing are similar. For the

management of COPD with “precise medicine” it is very crucial to consider the genotyping of the patient.
2. CLASSIFICATION OF COPD:

COPD can be categorized according to the degree of airflow obstruction, the presence of symptoms, or a
combination of both (Table 1). The predicted post-bronchodilator FEV1 percent, which is the ratio of volume
exhaled in the first second, shows how bad the obstruction is. We calculate the expected value using reference
equations, accounting for factors like age, gender, race, and height [13]. In addition to assessing the degree of
airflow limitation through spirometric classification, the 2022 Global Strategy for the Diagnosis,
Management, and Prevention of COPD by the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) emphasizes evaluating patient symptoms using standardized tools such as the Modified British
Medical Research Council (mMRC) questionnaire or the COPD Assessment Test (CAT) [14].

Table 1:- Classification of COPD According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) Guidelines.

COPD Classification Definition
Airflow limitation | Gentle GOLD Stage | FEV >80% predicted
classification (post-
bronchodilator FEV1). [15]
Average GOLD Stage I1 FEV1 between 50% and 80%
of the predicted value.
Acute GOLD Stage III FEV1 ranging from 30% to

less than 50% of the

predicted value.

Extremely severe FEV1 below 30% of the

GOLD Stage IV predicted value.
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Symptom classification and | GOLD group A mMRC 0-1 or CAT score
exacerbation risk under 10 (minimal
assessment. symptoms)

No more than 1 moderate
exacerbation without

hospital admission history.

GOLD group B mMRC > 2 or CAT > 10
(significant symptoms)
Up to 1 moderate
exacerbation with no

hospitalizations.

GOLD group C mMRC 0-1 or CAT < 10
(low  symptom levels)
History of 2 or more
moderate/severe

exacerbations or at least 1
hospitalization ~ due  to

exacerbation.

GOLD group D mMRC > 2 or CAT > 10
(high symptom burden)
History of 2 or more
moderate/severe

exacerbations or at least 1
exacerbation requiring

hospitalization.
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3. PATHOGENESIS OF COPD

Emphysema and chronic bronchitis are the two types characteristic features of COPD. Chronic bronchitis is
a condition in which the chronic inflammation of bronchial tubes occurs and the production of excess mucus
with the obstruction of airways. Emphysema is characterized by the destruction of alveoli, leading to minimal
surface area for gaseous exchange. The advancement of the disease is because of the interaction of the
complex molecules of the disease. To treat COPD with personalized medicines, it is necessary to understand

these processes [16].

An essential component of the pathophysiology of COPD is inflammation of the airways of the lungs, which
creates a series of immunological reactions in the respiratory system. Macrophages, neutrophils, and dendritic
cells are innate immune cells activated by prolonged exposure to dangerous particles like air pollution and
tobacco smoke [17]. Interleukin 6 (IL-6), and Interleukin 8 (IL-8), mainly the tumor necrosis factor-alpha
(TNF-a), pro-inflammatory cytokines are released by these immune cells, making both pain and tissue damage
chronic. The ‘activation’ of T-cells aggravates the inflammation process in the lungs, airway remodelling, and
lung function inhibitor [18]. Another factor that was found to be a part of COPD is oxidative stress, which is
described as an increase in the generation of ROS and a concomitant decline in the ability to scavenge ROS
[19]. Tobacco smoking, which is the primary cause of COPD, gives rise to oxidative stress that results in
cellular injury impacting the airway epithelial cells and the pulmonary macrophages [20]. Since oxidative
DNA damage, proteins, and lipids, with the help of ROS, increases inflammation, impairs mucociliary
clearance, and hampers repair of the lung parenchyma, it plays a major role in the pathogenesis of COPD [21].
Oxidative stress further aggravates the protease-antiprotease imbalance by activating matrix
metalloproteinases (MMPs) and suppressing tissue inhibitors of metalloproteinases (TIMPs), leading to

increased extracellular matrix breakdown and contributing to emphysematous changes in the lungs. [22].
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FIG:1 This pathway highlights how pathogenesis factors like smoking and infections interact with immune cells, causing inflammation

and ultimately contributing to tissue damage and airflow limitation in COPD.
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4. MOLECUIAR BIOMARKER IN COPD

COPD’s diagnosis, prognosis, and monitoring can easily be made with the help of molecular biomarkers.
The biomarkers include a distinct array of molecules like proteins, metabolites, and nucleic acids, which
can be detected in various biological samples, including blood, sputum, and through imaging techniques.
The utilization of molecular biomarkers holds the potential to improve the accuracy of COPD diagnosis,

categorize the austerity of the disease, forecast exacerbations, and guide treatment strategies [23].
4.1 BIOMARKERS BASED ON BLOOD

Blood Testing is one of the best methods for the disease's confirmation and diagnosis. It is a minimally
invasive technique in which blood is drawn from the body. Blood testing as a biomarker helps identify the
oxidative stress, systemic inflammation, and molecular signatures associated with COPD [24]. For the
confirmation of the inflammation, it is necessary to take into account the testing of the fibrinogen, WBC count
(White Blood Cell count), and C-reactive protein (CRP), [25]. The confirmatory test for oxidative stress can
be confirmed with the oxidized DNA/RNA and malondialdehyde MDA which delves deeper into the
methodical redox reactions in COPD [26].
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Table.2:- Biomarkers in COPD: Functions and Clinical Significance.

COPD biomarker Function Clinical
Significance References
MMPs Proteins associated Remodeling of the [27]
with tissue extracellular matrix

and pulmonary

function
C-reactive protein Systemic Associated with risk | [28]
inflammation of aggravation and
indicator severity of disease
Fibrinogen Function in the Connected to [29]
cascade of comorbidities of the
coagulation cardiovascular
system
White blood cells Represents the [30]
Indication of degree of
immune response inflammation and the

course of the disease.

Malondialdehyde Indicator of Indicates systemic [31]
oxidative stress redox abnormalities
in COPD

4.2 BIOMARKERS FROM THE SPUTUM IN COPD

COPD is characterized primarily by inflammation of airways and cells; hence, the sputum test is by far the
most natural test to see this condition [32]. Induced sputum can obviate the requirement for invasive
procedures and provide quantitative data on both inflammatory cells (neutrophils, eosinophils), mediators
(cytokines, chemokines) and protease activity (neutrophil elastase) within the airway microenvironment. [33].
The sputum test explains the high level of eosinophils, which is the sign of a high risk of corticosteroids in
COPD patients and fosters the treatment therapy. The metabolomic profiling and sputum proteomics assist in

determining the new biomarkers of concern to COPD phenotypes and response to therapy [34].
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5. CAUSE OF COPD:

COPD is generally not hereditary, it is usually caused by environmental factors like pollution, and smoking,
and is also termed an occupational disease. However, smoking individuals are less susceptible to COPD unless

hereditary.

5.1 GENETIC CAUSES OF COPD:

A highly potent serine protease inhibitor which is Alpha-1 antitrypsin (AAT), that is encoded by SERPINA1
[35]. The increased risk of emphysema is due to the inheritance of two SERPINAI alleles leading to the
inequality of neutrophil elastase and AAT leading to AAT deficiency (AATD). SERPINAI1 Z alleles promote
polymerisation of AAT molecules, intracellular deposition that poses a risk of liver disease since the liver
secretes it [36]. The confirmation that the individual is a true phenotypic patient is made through the
phenotyping of proteins and/or molecular genotyping; the diagnosis of the disorder, on the other hand, is made
through the levels of serum proteins amounting to below 11 umol/L. Refinement of genotyping/phenotyping
of the protein is therefore required in order to achieve accurate diagnostic results of the disease. As far as
diagnostic significance is concerned, today most of the heterozygotes who transport one SERPINAT1 allele are
attrs: [37]. Conventional/standard medicine as a treatment for COPD is fine, although there has been a recent
increase in the accurate medicine for AATD COPD. This is referred to as augmentation therapy, and as earlier
highlighted, it has little impact on the management of emphysema progression; therefore, much more research
has to be carried out more often to enhance the standard of the same [38][39]. Telomerase is the enzyme of
telomerase catalytic unit; it synthesizes telomeres at the ends of chromosomes. The communication of cellular
senescence and apoptosis is associated with telomere shortening. Early greying, osteoporosis, cirrhosis, bone
marrow failure and pulmonary fibrosis diseases are associated with telomerase mutations. [40], [41]. A
research conducted in which the mice were reported to be suffering from emphysema were directly linked to
cigarette smoking and were vulnerable to telomerase deficiencies [42]. Recent investigations on familial
history of telomerase mutations indicate that non-smokers are more predisposed to pulmonary fibrosis,
whereas smokers are more vulnerable to emphysema and mixed pulmonary fibrosis-emphysema [43].
Telomerase insufficiency and short telomere-related COPD represent a potentially identifiable subgroup, as it
is associated with the female sex, a preference for upper lobe emphysema, lung fibrosis, and an elevated risk
of pneumothorax, in contrast to AATD. [44]. No specific treatments for COPD are associated with telomerase
mutations or shortened telomeres. Telomere length has not been associated with markers of COPD
progression, rendering it an unreliable biomarker at this time, despite COPD patients exhibiting shorter
telomeres than smokers._At present, investigations are probably underpowered to identify these clinical
outcomes. Patients with loose skin condition, a rare genetic disorder Cutis laxa, are more likely to be affected
by pulmonary emphysema [45].Cutis laxa is an autosomal dominant disorder that occurs when there’s a
mutation in the elastin gene (ELN), during research on mice they developed emphysema-like lesions with
Eln’~ gene expression. [46].Severe COPD patients showed enhanced alveolar ELN expression, [47]these

patients have a higher mortality rate due degradation of elastin and its products [48].When there’s an early
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onset of COPD, it is because of the mutation of Gly677Asp, other nonsynonymous variants of the ELN gene

are usually not responsible for the same. [49] [50].

A rare autosomal dominant connective tissue illness known as Marfan syndrome is defined by a mutation in
fibrillin-1 (encoded by FBN1) [51] It’s an inherited disorder that usually affects connective tissue, skeletal
tissue, and ocular health. Regardless, emphysema and pneumothoraces are related to the mutations of the
FBNI1 gene [52] In the pathogenesis of emphysema, Fibrillinl plays a major role as it is an important

extracellular matrix component.
5.2 ENVIROMENTAL AND LIFESTYLE RISK FACTORS COPD:
5.2.1 Tobacco use:

Smoking is the primary etiological factor for COPD and is estimated to be accountable for around 90% of
cases globally. The deleterious substances in tobacco smoke, such as tar, carbon monoxide, and formaldehyde,
cause significant harm to the respiratory tract and pulmonary lining [53]. Extended exposure to these
substances results in chronic inflammation, heightened mucus production, and lung tissue destruction, which
are characteristic features of COPD. Smoking diminishes the lungs' capacity to eliminate debris and combat
infections, worsening respiratory ailments. Ceasing smoking is the most efficacious strategy to impede the
advancement of COPD, facilitating partial restoration of pulmonary function and diminishing the likelihood
of additional harm. Exposure to secondhand smoke, or passive smoking, has been linked to an increased risk
of COPD, especially in those who experience prolonged exposure in confined spaces.This underscores the

extensive public health ramifications of smoking and the significance of smoke-free settings.
5.2.2 Occupational Exposure to Aerosols and Particulates:

Prolonged exposure to specific dusts, fumes, and chemicals in occupational environments is a notable risk
factor for COPD. Cadmium coal dust, welding fumes, dust and fumes,isocyanates, grain and flour dust, and
silica dust are known to be harmful to lung tissue and can negatively affect respiratory function. These
particles may induce inflammation and fibrosis in the airways, resulting in persistent respiratory
complications. The risk is significantly heightened when occupational exposure is coupled with smoking, as
this combination has a synergistic effect that exacerbates lung damage [54]. Employees in sectors such as
construction, mining, and manufacturing are especially susceptible, and the implementation of safety
protocols, including sufficient ventilation, protective gear, and routine health assessments, can alleviate these
hazards [55] . The Health and Safety Executive offers essential guidelines for mitigating occupational hazards

associated with COPD.

5.2.3 Atmospheric Contamination:

Extended exposure to air pollution is a significant factor that can negatively impact lung health and potentially
elevate the risk of developing COPD. Particulate matter having pollutants (PM2.5 and PM10), nitrogen

dioxide (NO:), and sulfur dioxide (SO:) are recognized for their detrimental effect lungs in long run,
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particularly urban regions characterized by elevated vehicular and industrial emissions [56]. Studies indicate
that residents in regions with elevated air pollution may suffer a more significant deterioration in lung function
and an increased susceptibility to respiratory ailments, such as COPD. Nonetheless, the direct causal link air
pollution and COPD is still being examined, yielding inconclusive results to date. Initiatives to mitigate air
pollution via stringent environmental regulations, the promotion of cleaner energy sources, and the
improvement of urban planning may contribute to a reduction in COPD prevalence among impacted
populations.

Comprehending and mitigating these environmental and lifestyle factors is essential for alleviating the global
burden of COPD. Preventive strategies, such as smoking cessation, occupational safety protocols, and

initiatives to reduce air pollution, are crucial for alleviating risks and enhancing respiratory health worldwide.

6. PHARMACOGENETICS, PHARMACOGENOMICS AND GENOME-WIDE
ASSOCIATION ANALYSES INCOPD:

6.1 Pharmacogenetics and Pharmacogenomics in COPD:

Action and toxicities of the drug on an individual’s genetic variant are studied under pharmacogenetics while
pharmacogenomics inscribes the problems of genome sequence on a wide scale. In the treatment of COPD,
studies have been extensively focused on the ADRB2, which is responsible for the encoding of the P2-
adrenergic receptor, while studies have not yet been conducted on the bronchodilator responsiveness [57]. A
genome-wide association study (GWAS) with over 5,000 smokers discovered two genetic variations in the
CDHI13 gene associated with bronchodilator responsiveness in African American persons [58]. A GWAS
performed in a paediatric asthma cohort found the rs591118 mutation (minor allele frequency 0.44) in the
PDGFD gene as a risk factor for adrenal suppression linked to inhaled corticosteroid usage. This discovery
was additionally corroborated in an adult COPD cohort [59]. As of now, no genome-wide significant
variations have been identified that correlate with the response to combination therapy involving long-acting
beta-agonists (LABAs) and long-acting muscarinic antagonists (LAMASs), or with triple therapy that includes
inhaled corticosteroids [60].

Pharmacogenomics can be verified with the help of omics data, which can further elucidate the mechanistic
under planning of the genome-wide associations and drug- induced effects. For instance , research was
conducted on white people treated with Long Term Oxygen Treatment Trial which showed drastic results, and
97 SNPs were identified in 15 loci which confirms the gene treatment effects [61]. Blood expression
quantitative trait loci (eQTLs) are constituted of SNPs of ARSB which is a mitochondrial gene. It is unclear
whether ARSB has effects on the lungs. COPD pharmacogenomics has been limited due to the small sample
size, inability to collect samples from the lungs, heterogeneity, its subtypes/endotypes, and insufficient
replication cohorts, while pharmacogenomics has been of much useful in the field of oncology. To address

this situation it is need of the hour that larger lung multi-omics studies need to be conducted.
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6.2 Genome-wide Association Analyses:

Since most cases of COPD are not caused by rare inherited syndromes, it is necessary to study genetic risk
factors throughout the genome, to gain a complete understanding of what causes the disease and how it
develops. GWAS identifies common genetic variants and their links with specific traits. To date, the largest
GWAS on COPD has identified 82 loci that are linked with the condition [62] and 1,020 loci with spirometry
[63]. COPD GWAS loci that are frequently replicated include AGER, FAM13A, HHIP, and SFTPD. The
AGER gene encodes the soluble receptor for advanced glycation end products (SRAGE), a well-established
protein biomarker associated with emphysema [64]. Hhip +/- mice exposed to prolonged smoking exhibit
more severe emphysema compared to wild-type controls [65]. They exhibit enhanced airway remodelling,
marked by diminished glycolysis in airway smooth muscle and heightened hyperplasia [66]. Fam13a was
readily obliterated when the mice were subjected to continuous smoking and elevated Wnt/B-catenin
signalling, which protected it from emphysema [67]. A distinctive FAM13A single nucleotide polymorphism
(SNP), rs2013701, was identified as a human functional variation influencing FAM13A expression and
cellular proliferation by massively parallel reporter assays. Identifying the locations of GWAS genes that are
repeatable at an accelerated rate is really tough. A further analysis employing ATAC-Seq, which examines
open chromatin regions, prioritised 22 of these COPD GWAS SNPs for further validation [68]. A study
examining nonsynonymous exonic variants, which are notably overrepresented among genome-wide
significant variants, failed to identify new genetic loci for COPD. This indicates that genetic risk for COPD
may not be entirely attributed to alterations in protein structure or function, highlighting the need to explore
other potential mechanisms [69]. For example, studies on GWAS variants located upstream of the HHIP gene
have demonstrated that SNPs can exert long-range regulatory influences. Zhou et al. utilized chromosome
conformation capture to show that the COPD-interconnected allele of rs1542725, situated approx 85 kb before
HHIP, lowers HHIP manifestation by interfering with Sp3 transcription factor binding [70].

7. TREATMENT TARGETS AND TAILORED APPROACHES IN COPD
MANAGEMENT:

A paradigm change in the management of COPD is being noticed through molecularly targeted medicines and
precision medicine approaches. They accommodate tailored medication techniques aligned with unique
patient characteristics. Focusing on these particular pathways related to COPD pathogenesis aids in altering
disease development, reducing exacerbation incidents, improving respiratory conditions, and enhancing

quality of life [71].
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Table.3:- Molecularly Targeted Therapies and Their Clinical Impact in COPD Management.

Clinical Aim | Procedure Expected Medical Significance Referenc
e

PDE4 Inflammation Decreased exacerbation rates and enhanced pulmonary | [72]

inhibitors reducing agent function.

IL-5 Focusing Decreased exacerbation frequency and improved pulmonary | [73]

monoclonal | eosinophilic function

antibodies inflammation

M3 receptor | Enhanced Demonstrates potency and safety profiles superior to those | [74]

antagonists bronchodilation of conventional therapy.

Biologic Regulating Possesses  potential ~ for  addressing  neutrophilic | [75]
immune responses | . .

agents inflammation.

targeting IL-

17 pathway

Beta-2 Enhanced A well-established, symptom-focused, and effective | [76]

adrenergic bronchodilation therapeutic target.

receptor

7.1 Therapies With Molecularly Targeted :

Beyond the traditional anti-inflammatory and bronchodilator drugs used to treat COPD, molecularly targeted
therapies target the molecular mechanisms that lead to disease progression. PDE4 inhibitors, such as
roflumilast, prevent the degradation of cAMP in inflammatory cells, functioning as anti-inflammatory agents.
Roflumilast has shown reduced exacerbation rates and improved lung function in patients with severe COPD
and chronic bronchitis [77]. Treatment for COPD demonstrates potential in pathways such as IL-5, which is
crucial in eosinophilic inflammation and alterations in the airways. Monoclonal antibodies directed against
IL-5, including mepolizumab and benralizumab, have diminished exacerbations and enhanced pulmonary
function in individuals with eosinophilic COPD. In cases of neutrophilic inflammation and airway alterations,
the utilisation of monoclonal antibodies such as secukinumab to target IL-17 demonstrates prospective
advantages [78]. Advancements in bronchodilators targeting specific muscarinic receptor subtypes,
particularly M3 receptor antagonists, have been noted, in conjunction with B2-adrenergic receptor agonists
exhibiting extended efficacy, as demonstrated by ultra-LABAs. These are considered formidable competitors,

with effectiveness and safety profiles that may surpass those of conventional bronchodilator therapy [79].
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7.2 Personalized Medicine Strategies.:

Precision medicine focuses on identifying specific COPD subtypes and endotypes based on genetic causes,
clinical symptoms, and biomarker profiles. This assists physicians in delivering customized therapeutic
approaches for specific patients. COPD categorization may be based on the inflammatory phenotype,
revealing distinct therapeutic responses in eosinophilic and neutrophilic subtypes [80]. Therapeutic
procedures may be directed by a biomarker-centric therapy algorithm, such as the blood eosinophil count, to
identify individuals likely to benefit from specific medications, like inhaled corticosteroids (ICSs) or biologic
agents targeting eosinophilic inflammation. Moreover, the incorporation of genetic data, namely alpha-1
antitrypsin (AAT) deficiency status, in therapeutic strategies enables a customised strategy to managing
COPD, including enhanced treatment with AAT modification for individuals with AAT deficiency [81]. Novel
"omics" technologies, including as genomics, transcriptomics, and metabolomics, offer opportunities for the
identification of molecular markers relevant to therapeutic response and the progression of COPD. The
utilisation of multi-omics data allows researchers to identify novel therapeutic targets and create predictive

models for customising treatment according to individual patient requirements and conditions [82].
8. FUTURE PERSPECTIVES: FROM OMICS TO MECHANISMS AND TREATMENT:

The efficacy of genetically informed medication development has been demonstrated in a variety of ailments,
which has been correlated with a double transformation increase in the speed of progress in the second and
third phases of drug testing when pharmacological objectives are supported by Mendelian syndromes or
GWAS data [83]. However, notable advancements in COPD pharmacotherapy must be acknowledged.
Azithromycin and dupilumab represent efficacious agents for drug repurposing. Diverse pharmaceutical
repurposing techniques, including simvastatin [86], zileuton [87], and angiotensin-regulating agents [88],
demonstrated potential in disease-pattern investigations but failed in clinical trials for COPD. The factors
contributing to this stagnation include disease heterogeneity, inadequate tissue bioavailability, lung cellular
diversity, challenges in subject selection for trials and lung tissue acquisition, lack of consensus on treatment

outcomes and targets, and insufficient in vitro and animal models, among emerging challenges.

Systems pharmacology is an emerging field that employs computational biology techniques to elucidate
pharmacological therapies and their adverse consequences. Systems pharmacology grounded in molecular
biology has highlighted the complexity of pharmacotherapy. IL-18 treatment increased the vulnerability of
ovarian tumour cells to the cytotoxic effects of conventional chemotherapeutic agents when supplied within
a designated temporal window [89].Network-based systems pharmacology techniques can aid in finding
opportunities for medication repositioning, anticipating off-target adverse effects, distinguishing beneficial
and harmful drug combinations, and improving trials for drug responders [90]. They identified carbamazepine
as a risk-modifying drug for coronary artery disease. The researchers assessed their findings utilising
Medicare claims data, contrasting individuals administered carbamazepine with those receiving levetiracetam,
another principal anticonvulsant medicine. Their findings indicated that carbamazepine was associated with
an increased risk of coronary artery disease [91]; this revelation exemplifies how network methodologies can

identify medications that influence disease risk.
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Genes identified in COPD GWAS were associated with the human protein network, and candidates for
medication repurposing were selected based on the quantity of edges affecting risk genes. The composer
identified an antioxidant and a tetracycline antibiotic as suitable options for adaptation [92], however
replication and further confirmation are necessary. These approaches demonstrate potential for correlating

biological data with pharmaceutical interventions in particular patients.
9. CONCLUSION:

Chronic Obstructive Pulmonary Disease (COPD) continues to pose a considerable worldwide health
challenge, influenced by an interplay of genetic, environmental, and lifestyle determinants. Progress in
comprehending its complex aetiology, encompassing the involvement of inflammation, oxidative stress, and
genetic predispositions, has yielded significant insights into disease mechanisms. Biomarkers and advanced
imaging techniques have enhanced diagnosis and allowed for the identification of subtypes, facilitating more
accurate and personalised treatment strategies. Notwithstanding these gains, obstacles include illness
heterogeneity, restricted pharmacogenomic applicability, and inadequate replication in clinical trials impede
development. Innovative technologies, like as multi-omics, genome-wide association studies, and systems
pharmacology, offer potential solutions to these restrictions and could transform COPD care. Advancing the
incorporation of these innovative methods into standard clinical practice, coupled with improved preventive
interventions, provides a means to better the quality of life and outcomes for COPD patients. Cooperative

initiatives among research, healthcare, and policy will be essential in attaining these objectives.

REFERENCE:

1. Adeloye D, Chua S, Lee C, Basquill C, Papana A, Theodoratou E, et al. Global and regional estimates
of COPD prevalence: Systematic review and meta—analysis. Journal of global health. 2015;5(2).

2. Sidhaye VK, Nishida K, Martinez FJ. 2018. Precision medicine in COPD: Where are we and where
do we need to go?. Eur. Respir. Rev. 27:149180022.

3. Leung JM, Obeidat M, Sadatsafavi M, Sin DD. 2019. Introduction to precision medicine in
COPD. Eur. Respir. J. 53:41802460.

4. Stolz D, Mkorombindo T, Schumann DM et al. 2022. Towards the elimination of chronic obstructive
pulmonary disease: a Lancet Commission. Lancet 400:10356921-72.

5. Lowe KE, Regan EA, Anzueto A et al. 2019. COPDGene® 2019: Redefining the diagnosis of chronic
obstructive pulmonary disease. Chronic Obstr. Pulm. Dis. 6:5384-99.

6. Wan ES, Castaldi PJ, Cho MH et al. 2014. Epidemiology, genetics, and subtyping of preserved ratio
impaired spirometry (PRISm) in COPDGene. Respir. Res. 15:89.

7. Stanojevic S, Kaminsky DA, Miller MR et al. 2022. ERS/ATS technical standard on interpretive
strategies for routine lung function tests. Eur. Respir. J. 60:12101499.

8. Young KA, Regan EA, Han MK et al. 2019. Subtypes of COPD have unique distributions and
differential risk of mortality. Chronic Obstr. Pulm. Dis. 6:5400—13.

IJSDR2503251 \ International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | c417



ISSN:2455-2631 March 2025 IJSDR | Volume 10 Issue 3

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Castaldi PJ, Dy J, Ross J et al. 2014. Cluster analysis in the COPDGene study identifies subtypes of
smokers with distinct patterns of airway disease and emphysema. Thorax 69:5415-22.

Pistenmaa CL, Nardelli P, Ash SY et al. 2021. Pulmonary arterial pruning and longitudinal change in
percent emphysema and lung function: the Genetic Epidemiology of COPD Study. Chest 160:2470—
80.

Diaz AA, Orejas JL, Grumley S et al. 2023. Airway-occluding mucus plugs and mortality in patients
with chronic obstructive pulmonary disease. JAMA 329:211832-39.

Yun JH, Chase R, Parker MM et al. 2019. Peripheral blood gene expression signatures of eosinophilic
chronic obstructive pulmonary disease. Am. J. Respir. Cell Mol. Biol. 61:3398—401

Qaseem A, Wilt TJ, Weinberger SE, et al. Diagnosis and management of stable chronic obstructive
pulmonary disease: a clinical practice guideline update from the American College of Physicians,
American College of Chest Physicians, American Thoracic Society, and European Respiratory
Society. Ann Intern Med. 2011;155(3):179-91. 10.7326/0003-4819-155-3-201108020-00008.

Global Initiative for Chronic Obstructive Lung Disease. Global Strategy for the Diagnosis,
Management, and Prevention of Chronic Obstructive Pulmonary Disease: 2022 Report. 2022.

Global Initiative for Chronic Obstructive Lung Disease. Global Strategy for the Diagnosis,
Management, and Prevention of Chronic Obstructive Pulmonary Disease: 2020 Report.

Caro, J.; Marin, L.; Tazbik, M.; Zaldivar-Lopez, S.; Borghese, H.; Couto, C. Markers of iron
metabolism in retired racing Greyhounds with and without osteosarcoma. Vet. Clin. Pathol. 2013, 42,

360-363. [Google Scholar] [CrossRef] [PubMed]

Brandsma, C.A.; Van den Berge, M.; Hackett, T.L.; Brusselle, G.; Timens, W. Recent advances in
chronic obstructive pulmonary disease pathogenesis: From disease mechanisms to precision
medicine. J. Pathol. 2020, 250, 624—-635. [Google Scholar] [CrossRef] [PubMed]

Zhang, L.; Valizadeh, H.; Alipourfard, I.; Bidares, R.; Aghebati-Maleki, L.; Ahmadi, M. Epigenetic

modifications and therapy in chronic obstructive pulmonary disease (COPD): An update
review. COPD J. Chronic Obstr. Pulm. Dis. 2020, 17, 333-342. [Google Scholar] [CrossRef]
[PubMed]

Darquenne, C. Aerosol deposition in health and disease. J. Aerosol. Med. Pulm. Drug Deliv. 2012, 25,
140-147. [Google Scholar] [CrossRef]

Barnes, P.J. Inflammatory mechanisms in patients with chronic obstructive pulmonary disease. J.
Allergy Clin. Immunol. 2016, 138, 16-27. [Google Scholar] [CrossRef] [PubMed]

Janciauskiene, S. The beneficial effects of antioxidants in health and diseases. Chronic Obstr. Pulm.
Dis. J. COPD Found. 2020, 7, 182. [Google Scholar] [CrossRef].

Mortaz, E.; Tabarsi, P.; Varahram, M.; Folkerts, G.; Adcock, .M. The Immune Response and
Immunopathology of COVID-19. Front. Immunol. 2020, 11, 2037. [Google Scholar] [CrossRef]
[PubMed]

May, S.M.; Li, J.T. Burden of chronic obstructive pulmonary disease: Healthcare costs and

beyond. Allergy Asthma Proc. 2015, 36, 4-10. [Google Scholar] [CrossRef] [PubMed].

IJSDR2503251 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | c418


https://scholar.google.com/scholar_lookup?title=Markers+of+iron+metabolism+in+retired+racing+Greyhounds+with+and+without+osteosarcoma&author=Caro,+J.&author=Mar%C3%ADn,+L.&author=Iazbik,+M.&author=Zaldivar-L%C3%B3pez,+S.&author=Borghese,+H.&author=Couto,+C.&publication_year=2013&journal=Vet.+Clin.+Pathol.&volume=42&pages=360%E2%80%93363&doi=10.1111/vcp.12066&pmid=24033801
https://doi.org/10.1111/vcp.12066
https://www.ncbi.nlm.nih.gov/pubmed/24033801
https://scholar.google.com/scholar_lookup?title=Recent+advances+in+chronic+obstructive+pulmonary+disease+pathogenesis:+From+disease+mechanisms+to+precision+medicine&author=Brandsma,+C.A.&author=Van+den+Berge,+M.&author=Hackett,+T.L.&author=Brusselle,+G.&author=Timens,+W.&publication_year=2020&journal=J.+Pathol.&volume=250&pages=624%E2%80%93635&doi=10.1002/path.5364&pmid=31691283
https://doi.org/10.1002/path.5364
https://www.ncbi.nlm.nih.gov/pubmed/31691283
https://scholar.google.com/scholar_lookup?title=Epigenetic+modifications+and+therapy+in+chronic+obstructive+pulmonary+disease+(COPD):+An+update+review&author=Zhang,+L.&author=Valizadeh,+H.&author=Alipourfard,+I.&author=Bidares,+R.&author=Aghebati-Maleki,+L.&author=Ahmadi,+M.&publication_year=2020&journal=COPD+J.+Chronic+Obstr.+Pulm.+Dis.&volume=17&pages=333%E2%80%93342&doi=10.1080/15412555.2020.1780576&pmid=32558592
https://doi.org/10.1080/15412555.2020.1780576
https://www.ncbi.nlm.nih.gov/pubmed/32558592
https://scholar.google.com/scholar_lookup?title=Aerosol+deposition+in+health+and+disease&author=Darquenne,+C.&publication_year=2012&journal=J.+Aerosol.+Med.+Pulm.+Drug+Deliv.&volume=25&pages=140%E2%80%93147&doi=10.1089/jamp.2011.0916
https://doi.org/10.1089/jamp.2011.0916
https://scholar.google.com/scholar_lookup?title=Inflammatory+mechanisms+in+patients+with+chronic+obstructive+pulmonary+disease&author=Barnes,+P.J.&publication_year=2016&journal=J.+Allergy+Clin.+Immunol.&volume=138&pages=16%E2%80%9327&doi=10.1016/j.jaci.2016.05.011&pmid=27373322
https://doi.org/10.1016/j.jaci.2016.05.011
https://www.ncbi.nlm.nih.gov/pubmed/27373322
https://scholar.google.com/scholar_lookup?title=The+beneficial+effects+of+antioxidants+in+health+and+diseases&author=Janciauskiene,+S.&publication_year=2020&journal=Chronic+Obstr.+Pulm.+Dis.+J.+COPD+Found.&volume=7&pages=182&doi=10.15326/jcopdf.7.3.2019.0152
https://doi.org/10.15326/jcopdf.7.3.2019.0152
https://scholar.google.com/scholar_lookup?title=The+Immune+Response+and+Immunopathology+of+COVID-19&author=Mortaz,+E.&author=Tabarsi,+P.&author=Varahram,+M.&author=Folkerts,+G.&author=Adcock,+I.M.&publication_year=2020&journal=Front.+Immunol.&volume=11&pages=2037&doi=10.3389/fimmu.2020.02037&pmid=32983152
https://doi.org/10.3389/fimmu.2020.02037
https://www.ncbi.nlm.nih.gov/pubmed/32983152
https://scholar.google.com/scholar_lookup?title=Burden+of+chronic+obstructive+pulmonary+disease:+Healthcare+costs+and+beyond&author=May,+S.M.&author=Li,+J.T.&publication_year=2015&journal=Allergy+Asthma+Proc.&volume=36&pages=4%E2%80%9310&doi=10.2500/aap.2015.36.3812&pmid=25562549
https://doi.org/10.2500/aap.2015.36.3812
https://www.ncbi.nlm.nih.gov/pubmed/25562549

ISSN:2455-2631 March 2025 IJSDR | Volume 10 Issue 3

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Rennard, S.I.; Dale, D.C.; Donohue, J.F.; Kanniess, F.; Magnussen, H.; Sutherland, E.R.; Watz, H.;
Lu, S.; Stryszak, P.; Rosenberg, E.; et al. CXCR2 Antagonist MK-7123. A Phase 2 Proof-of-Concept
Trial for Chronic Obstructive Pulmonary Disease. Am. J. Respir. Crit. Care Med. 2015, 191, 1001—
1011. [Google Scholar] [CrossRef] [PubMed]

Su, B.; Liu, T.; Fan, H.; Chen, F;; Ding, H.; Wu, Z.; Wang, H.; Hou, S. Inflammatory Markers and the

Risk of Chronic Obstructive Pulmonary Disease: A Systematic Review and Meta-Analysis. PLoS
ONE 2016, 11, e0150586. [Google Scholar] [CrossRef] [PubMed]
Bartel, S.; Schulz, N.; Alessandrini, F.; Schamberger, A.C.; Pagel, P.; Theis, FJ.; Milger, K.; Noessner,

E.; Stick, S.M.; Kicic, A.; et al. Pulmonary microRNA profiles identify involvement of Crebl and
Sec1413 in bronchial epithelial changes in allergic asthma. Sci. Rep. 2017, 7,46026. [Google Scholar]
[CrossRef] [PubMed]

Almuntashiri, S.; Alhumaid, A.; Zhu, Y.; Han, Y.; Dutta, S.; Khilji, O.; Zhang, D.; Wang, X. TIMP-1

and its potential diagnostic and prognostic value in pulmonary diseases. Chin. Med. J. Pulm. Crit.
Care Med. 2023, 1, 67-76.

Su, B.; Liu, T.; Fan, H.; Chen, F.; Ding, H.; Wu, Z.; Wang, H.; Hou, S. Inflammatory Markers and the
Risk of Chronic Obstructive Pulmonary Disease: A Systematic Review and Meta-Analysis. PLoS
ONE 2016, 11, e0150586. [Google Scholar] [CrossRef] [PubMed]

Luyendyk, J.P.; Schoenecker, J.G.; Flick, M.J. The multifaceted role of fibrinogen in tissue injury and
inflammation. Blood J. Am. Soc. Hematol. 2019, 133, 511-520.

Ye, C.; Yuan, L.; Wu, K.; Shen, B.; Zhu, C. Association between systemic immune-inflammation index
and chronic obstructive pulmonary disease: A population-based study. BMC Pulm. Med. 2023, 23,
295.

Zinellu, E.; Zinellu, A.; Fois, A.G.; Pau, M.C.; Scano, V.; Piras, B.; Carru, C.; Pirina, P. Oxidative
Stress Biomarkers in Chronic Obstructive Pulmonary Disease Exacerbations: A Systematic
Review. Antioxidants 2021, 10, 710.

Goswami, M.T.; Chen, G.; Chakravarthi, B.V.; Pathi, S.S.; Anand, S.K.; Carskadon, S.L.; Giordano,
T.J.; Chinnaiyan, A.M.; Thomas, D.G.; Palanisamy, N.; et al. Role and regulation of coordinately
expressed de novo purine biosynthetic enzymes PPAT and PAICS in lung cancer. Oncotarget 2015, 6,
23445-23461.

Pistenmaa CL, Nardelli P, Ash SY et al. 2021. Pulmonary arterial pruning and longitudinal change in
percent emphysema and lung function: the Genetic Epidemiology of COPD Study. Chest 160:2470—
80.

Diaz AA, Orejas JL, Grumley S et al. 2023. Airway-occluding mucus plugs and mortality in patients
with chronic obstructive pulmonary disease. JAMA 329:211832-39.

Silverman EK, Sandhaus RA. 2009. Clinical practice. Alphaj-antitrypsin deficiency. N. Engl. J.
Med. 360:262749-57.

Fairbanks KD, Tavill AS. 2008. Liver disease in alpha I-antitrypsin deficiency: a review. Am. J.
Gastroenterol. 103:82136—41.

IJSDR2503251 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | c419


https://scholar.google.com/scholar_lookup?title=CXCR2+Antagonist+MK-7123.+A+Phase+2+Proof-of-Concept+Trial+for+Chronic+Obstructive+Pulmonary+Disease&author=Rennard,+S.I.&author=Dale,+D.C.&author=Donohue,+J.F.&author=Kanniess,+F.&author=Magnussen,+H.&author=Sutherland,+E.R.&author=Watz,+H.&author=Lu,+S.&author=Stryszak,+P.&author=Rosenberg,+E.&publication_year=2015&journal=Am.+J.+Respir.+Crit.+Care+Med.&volume=191&pages=1001%E2%80%931011&doi=10.1164/rccm.201405-0992OC&pmid=25695403
https://doi.org/10.1164/rccm.201405-0992OC
https://www.ncbi.nlm.nih.gov/pubmed/25695403
https://scholar.google.com/scholar_lookup?title=Inflammatory+Markers+and+the+Risk+of+Chronic+Obstructive+Pulmonary+Disease:+A+Systematic+Review+and+Meta-Analysis&author=Su,+B.&author=Liu,+T.&author=Fan,+H.&author=Chen,+F.&author=Ding,+H.&author=Wu,+Z.&author=Wang,+H.&author=Hou,+S.&publication_year=2016&journal=PLoS+ONE&volume=11&pages=e0150586&doi=10.1371/journal.pone.0150586&pmid=27104349
https://doi.org/10.1371/journal.pone.0150586
https://www.ncbi.nlm.nih.gov/pubmed/27104349
https://scholar.google.com/scholar_lookup?title=Pulmonary+microRNA+profiles+identify+involvement+of+Creb1+and+Sec14l3+in+bronchial+epithelial+changes+in+allergic+asthma&author=Bartel,+S.&author=Schulz,+N.&author=Alessandrini,+F.&author=Schamberger,+A.C.&author=Pagel,+P.&author=Theis,+F.J.&author=Milger,+K.&author=Noessner,+E.&author=Stick,+S.M.&author=Kicic,+A.&publication_year=2017&journal=Sci.+Rep.&volume=7&pages=46026&doi=10.1038/srep46026&pmid=28383034
https://doi.org/10.1038/srep46026
https://www.ncbi.nlm.nih.gov/pubmed/28383034
https://scholar.google.com/scholar_lookup?title=Inflammatory+Markers+and+the+Risk+of+Chronic+Obstructive+Pulmonary+Disease:+A+Systematic+Review+and+Meta-Analysis&author=Su,+B.&author=Liu,+T.&author=Fan,+H.&author=Chen,+F.&author=Ding,+H.&author=Wu,+Z.&author=Wang,+H.&author=Hou,+S.&publication_year=2016&journal=PLoS+ONE&volume=11&pages=e0150586&doi=10.1371/journal.pone.0150586&pmid=27104349
https://doi.org/10.1371/journal.pone.0150586
https://www.ncbi.nlm.nih.gov/pubmed/27104349

ISSN:2455-2631 March 2025 IJSDR | Volume 10 Issue 3

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48

49.

50.

51.
52.

53.

Ghosh AJ, Hobbs BD, Moll M et al. 2022. Alpha-1 antitrypsin MZ heterozygosity is an endotype of
chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 205:3313-23.

Dirksen A, Piitulainen E, Parr DG et al. 2009. Exploring the role of CT densitometry: a randomised
study of augmentation therapy in alphaz-antitrypsin deficiency. Eur. Respir. J. 33:61345-53
Wencker M, Fuhrmann B, Banik N et al. 2001. Longitudinal follow-up of patients with ai-protease
inhibitor deficiency before and during therapy with IV ai-protease inhibitor. Chest 119:3737—-44.
Armanios M. 2009. Syndromes of telomere shortening. Annu. Rev. Genom. Hum. Genet. 10:45-61.
Alder JK, Chen JJL, Lancaster L et al. 2008. Short telomeres are a risk factor for idiopathic
pulmonary fibrosis. PNAS 105:3513051-56.

Stanley SE, Merck SJ, Armanios M. 2016. Telomerase and the genetics of emphysema susceptibility.
Implications for pathogenesis paradigms and patient care. Ann. Am. Thorac. Soc. 13:Suppl. 5S447—
51.

Stanley SE, Chen JJL, Podlevsky JD et al. 2015. Telomerase mutations in smokers with severe
emphysema. J. Clin. Investig. 125:2563-70.

Stanley SE, Merck SJ, Armanios M. 2016. Telomerase and the genetics of emphysema susceptibility.
Implications for pathogenesis paradigms and patient care. Ann. Am. Thorac. Soc. 13:Suppl. 5S447—
51.

Graul-Neumann LM, Hausser I, Essayie M et al. 2008. Highly variable cutis laxa resulting from a
dominant splicing mutation of the elastin gene. Am. J. Med. Genet. A 146A:8977-83.

Wendel DP, Taylor DG, Albertine KH et al. 2000. Impaired distal airway development in mice
lacking elastin. Am. J. Respir. Cell Mol. Biol. 23:3320-26.

Deslee G, Woods JC, Moore CM et al. 2009. Elastin expression in very severe human COPD. Eur.
Respir. J. 34:2324-31.

. Rennow SR, Langholm LL, Sand JMB et al. 2019. Specific elastin degradation products are

associated with poor outcome in the ECLIPSE COPD cohort. Sci. Rep. 9:14064.

Kelleher CM, Silverman EK, Broekelmann T et al. 2005. A functional mutation in the terminal exon
of elastin in severe, early-onset chronic obstructive pulmonary disease. Am. J. Respir. Cell Mol.
Biol. 33:4355-62.

Cho MH, Ciulla DM, Klanderman BJ et al. 2009. Analysis of exonic elastin variants in severe, early-
onset chronic obstructive pulmonary disease. Am. J. Respir. Cell Mol. Biol. 40:6751-55.

Judge DP, Dietz HC. 2005. Marfan's syndrome. Lancet 366:95011965-76.

Tun MH, Borg B, Godfrey M et al. 2021. Respiratory manifestations of Marfan syndrome: a narrative
review. J. Thorac. Dis. 13:106012-25.

Eisner MD, Anthonisen N, Coultas D, Kuenzli N, Perez-Padilla R, Postma D, et al. An official
American Thoracic Society public policy statement: novel risk factors and the global burden of chronic

obstructive pulmonary disease. Am J Respir Crit Care Med. 2010. Sep 1;182(5):693-718.

IJSDR2503251 \ International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | c420



ISSN:2455-2631 March 2025 IJSDR | Volume 10 Issue 3

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Krabbe J, Beilmann V, Gerhards B, Markert A, Thomas K, Kraus T, et al. The effects of repeated
exposure to zinc- and copper-containing welding fumes on healthy volunteers. J Occup Environ Med.
2019. Jan;61(1):8-15.

Kurth L, Laney AS, Blackley DJ, Halldin CN. Prevalence of spirometry-defined airflow obstruction
in never-smoking working US coal miners by pneumoconiosis status. Occup Environ Med. 2020.

Apr;77(4):265-7. [DOI] [PMC free article] [PubMed] [Google Scholar][Ref list].

Henneberger PK, Lax MB, Ferris BG Jr. Decrements in spirometry values associated with chlorine

gassing events and pulp mill work. Am J Respir Crit Care Med. 2013. Jan;153(1):225-31.

Hersh CP. 2019. Pharmacogenomics of chronic obstructive pulmonary disease. Expert Rev. Respir.
Med. 13:5459-70 [Google Scholar].
Hardin M, Cho MH, McDonald ML et al. 2016. A genome-wide analysis of the response to inhaled

B2-agonists in chronic obstructive pulmonary disease. Pharmacogenom. J. 16:4326-35.
Hawecutt DB, Francis B, Carr DF et al. 2018. Susceptibility to corticosteroid-induced adrenal

suppression: a genome-wide association study. Lancet Respir. Med. 6:6442—-50 [ Google Scholar].

Hersh CP. 2019. Pharmacogenomics of chronic obstructive pulmonary disease. Expert Rev. Respir.

Med. 13:5459-70 [Google Scholar].

Seo M, Qiu W, Bailey W et al. 2018. Genomics and response to long-term oxygen therapy in chronic
obstructive pulmonary disease. J. Mol. Med. 96:121375-85[Google Scholar].

Sakornsakolpat P, Prokopenko D, Lamontagne M et  al. 2019. Genetic  landscape of  chronic
obstructive pulmonary disease identifies heterogeneous cell-type and phenotype associations. Nat.
Genet. 51:3494-505.

Shrine N, Izquierdo AG, Chen J et al. 2023. Multi-ancestry genome-wide association analyses
improve resolution of genes and pathways influencing lung function and chronic obstructive
pulmonary disease risk. Nat. Genet. 55:3410-22.

Pratte KA, Curtis JL, Kechris K et al. 2021. Soluble receptor for advanced glycation end products
(sRAGE) as a biomarker of COPD. Respir. Res. 22:1127.

Lao T, Glass K, Qiu W et al. 2015. Haploinsufficiency of Hedgehog interacting protein causes
increased emphysema induced by cigarette smoke through network rewiring. Genome Med. 7:112.
LiY, Zhang L, Polverino F et al. 2021. Hedgehog interacting protein (HHIP) represses airway
remodeling and metabolic reprogramming in COPD-derived airway smooth muscle cells. Sci.
Rep. 11:19074.

Jiang Z, Lao T, Qiu W et al. 2016. A chronic obstructive pulmonary disease susceptibility
gene, FAM 134, regulates protein stability of B-catenin. Am. J. Respir. Crit. Care Med. 194:2185-97.
Benway CJ, Liu J, Guo F et al. 2021. Chromatin landscapes of human lung cells predict potentially
functional chronic obstructive pulmonary disease genome-wide association study variants. Am. J.

Respir. Cell Mol. Biol. 65:192—-102.

IJSDR2503251 \ International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | c421


https://doi.org/10.1136/oemed-2019-106213
https://pmc.ncbi.nlm.nih.gov/articles/PMC7970430/
https://pubmed.ncbi.nlm.nih.gov/32041810/
https://scholar.google.com/scholar_lookup?journal=Occup%20Environ%20Med&title=Prevalence%20of%20spirometry%E2%80%90defined%20airflow%20obstruction%20in%20never%E2%80%90smoking%20working%20US%20coal%20miners%20by%20pneumoconiosis%20status&author=L%20Kurth&author=AS%20Laney&author=DJ%20Blackley&author=CN%20Halldin&volume=77&issue=4&publication_year=2020&pages=265-7&pmid=32041810&doi=10.1136/oemed-2019-106213&
https://pmc.ncbi.nlm.nih.gov/articles/PMC9321745/#resp14272-bib-0037
http://scholar.google.com/scholar_lookup?title=Pharmacogenomics+of+chronic+obstructive+pulmonary+disease&author=CP.+Hersh&journal=Expert+Rev.+Respir.+Med.&volume=13&issue=5&pages=459-70&publication_year=2019&
http://scholar.google.com/scholar_lookup?title=Susceptibility+to+corticosteroid-induced+adrenal+suppression%3A+a+genome-wide+association+study&author=DB+Hawcutt&author=B+Francis&author=DF+Carr&journal=Lancet+Respir.+Med.&volume=6&issue=6&pages=442-50&publication_year=2018&
http://scholar.google.com/scholar_lookup?title=Pharmacogenomics+of+chronic+obstructive+pulmonary+disease&author=CP.+Hersh&journal=Expert+Rev.+Respir.+Med.&volume=13&issue=5&pages=459-70&publication_year=2019&
http://scholar.google.com/scholar_lookup?title=Genomics+and+response+to+long-term+oxygen+therapy+in+chronic+obstructive+pulmonary+disease&author=M+Seo&author=W+Qiu&author=W+Bailey&journal=J.+Mol.+Med.&volume=96&issue=12&pages=1375-85&publication_year=2018&

ISSN:2455-2631 March 2025 IJSDR | Volume 10 Issue 3

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

Moll M, Jackson VE, Yu B et al. 2021. A systematic analysis of protein-altering exonic variants in
chronic obstructive pulmonary disease. Am. J. Physiol. Lung Cell Mol. Physiol. 321:1L.130-43.
Zhou X, Baron RM, Hardin M et al. 2012. Identification of a chronic obstructive pulmonary disease
genetic determinant that regulates HHIP. Hum. Mol. Genet. 21:61325-35.

Benincasa, G.; DeMeo, D.L.; Glass, K.; Silverman, E.K.; Napoli, C. Epigenetics and pulmonary
diseases in the horizon of precision medicine: A review. Eur. Respir. J. 2021, 57, 2003406.

Octafia, I.; Sari, D.O.; Wulandari, N.; Annisa, S.; Wongkar, L.W.; Bahari, FK.; Farikhah, F;
Firmansah, M.; Midhiawati, E.; Herawati, F. Roflumilast: A Review of Chronic Obstructive
Pulmonary Disease (COPD) Treatment. Qanun Med. 2021, 5, 35-47.

Barnes, P.J. Targeting cytokines to treat asthma and chronic obstructive pulmonary disease. Nat. Rev.
Immunol. 2018, 18, 454-466.

Bonini, M.; Usmani, O.S. Drugs for airway disease. Medicine 2020, 48, 314-322. [Google Scholar]
[CrossRef]

Henen, C.; Johnson, E.A.; Wiesel, S. Unleashing the Power of IL-17: A Promising Frontier in Chronic
Obstructive Pulmonary Disease (COPD) Treatment. Cureus 2023, 15, e41977. [Google Scholar]
[CrossRef] [PubMed]

Yang, A.; Yu, G.; Wu, Y.; Wang, H. Role of f2-adrenergic receptors in chronic obstructive pulmonary
disease. Life Sci. 2021, 265, 118864.

Octafia, I.; Sari, D.O.; Wulandari, N.; Annisa, S.; Wongkar, L.W.; Bahari, F.K.; Farikhah, F;
Firmansah, M.; Midhiawati, E.; Herawati, F. Roflumilast: A Review of Chronic Obstructive
Pulmonary Disease (COPD) Treatment. Qanun Med. 2021, 5, 35-47.

Barnes, P.J. Targeting cytokines to treat asthma and chronic obstructive pulmonary disease. Nat. Rev.
Immunol. 2018, 18, 454—466. [ Google Scholar] [CrossRef] [PubMed]

Bonini, M.; Usmani, O.S. Drugs for airway disease. Medicine 2020, 48, 314-322. [Google Scholar]
[CrossRef].

Miravitlles, M.; Soler-Cataluna, J.J.; Calle, M.; Molina, J.; Almagro, P.; Quintano, J.A.; Trigueros,
J.A.; Pifiera, P.; Simén, A.; Riesco, J.A.; et al. A new approach to grading and treating COPD based
on clinical phenotypes: Summary of the Spanish COPD guidelines (GesEPOC). Prim. Care Respir.
J. 2013, 22, 117-121. [Google Scholar] [CrossRef] [PubMed].

Greulich, T.; Vogelmeier, C.F. Alpha-1-antitrypsin deficiency: Increasing awareness and improving

diagnosis. Ther. Adv. Respir. Dis. 2016, 10, 72—84. [Google Scholar] [CrossRef]

Hu, Y.; Cheng, X.; Qiu, Z.; Chen, X. Identification of metabolism-associated molecular subtypes of
chronic obstructive pulmonary disease. Int. J. Chronic Obstr. Pulm. Dis. 2021, 16, 2351-2362.
[Google Scholar] [CrossRef] [PubMed]

Goswami, M.T.; Chen, G.; Chakravarthi, B.V.; Pathi, S.S.; Anand, S.K.; Carskadon, S.L.; Giordano,

T.J.; Chinnaiyan, A.M.; Thomas, D.G.; Palanisamy, N.; et al. Role and regulation of coordinately
expressed de novo purine biosynthetic enzymes PPAT and PAICS in lung cancer. Oncotarget 20185, 6,
23445-23461.

IJSDR2503251 \ International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | c422


https://scholar.google.com/scholar_lookup?title=Drugs+for+airway+disease&author=Bonini,+M.&author=Usmani,+O.S.&publication_year=2020&journal=Medicine&volume=48&pages=314%E2%80%93322&doi=10.1016/j.mpmed.2020.02.007
https://doi.org/10.1016/j.mpmed.2020.02.007
https://scholar.google.com/scholar_lookup?title=Unleashing+the+Power+of+IL-17:+A+Promising+Frontier+in+Chronic+Obstructive+Pulmonary+Disease+(COPD)+Treatment&author=Henen,+C.&author=Johnson,+E.A.&author=Wiesel,+S.&publication_year=2023&journal=Cureus&volume=15&pages=e41977&doi=10.7759/cureus.41977&pmid=37465090
https://doi.org/10.7759/cureus.41977
https://www.ncbi.nlm.nih.gov/pubmed/37465090
https://scholar.google.com/scholar_lookup?title=Targeting+cytokines+to+treat+asthma+and+chronic+obstructive+pulmonary+disease&author=Barnes,+P.J.&publication_year=2018&journal=Nat.+Rev.+Immunol.&volume=18&pages=454%E2%80%93466&doi=10.1038/s41577-018-0006-6&pmid=29626211
https://doi.org/10.1038/s41577-018-0006-6
https://www.ncbi.nlm.nih.gov/pubmed/29626211
https://scholar.google.com/scholar_lookup?title=Drugs+for+airway+disease&author=Bonini,+M.&author=Usmani,+O.S.&publication_year=2020&journal=Medicine&volume=48&pages=314%E2%80%93322&doi=10.1016/j.mpmed.2020.02.007
https://doi.org/10.1016/j.mpmed.2020.02.007
https://scholar.google.com/scholar_lookup?title=A+new+approach+to+grading+and+treating+COPD+based+on+clinical+phenotypes:+Summary+of+the+Spanish+COPD+guidelines+(GesEPOC)&author=Miravitlles,+M.&author=Soler-Catalu%C3%B1a,+J.J.&author=Calle,+M.&author=Molina,+J.&author=Almagro,+P.&author=Quintano,+J.A.&author=Trigueros,+J.A.&author=Pi%C3%B1era,+P.&author=Sim%C3%B3n,+A.&author=Riesco,+J.A.&publication_year=2013&journal=Prim.+Care+Respir.+J.&volume=22&pages=117%E2%80%93121&doi=10.4104/pcrj.2013.00016&pmid=23443227
https://doi.org/10.4104/pcrj.2013.00016
https://www.ncbi.nlm.nih.gov/pubmed/23443227
https://scholar.google.com/scholar_lookup?title=Alpha-1-antitrypsin+deficiency:+Increasing+awareness+and+improving+diagnosis&author=Greulich,+T.&author=Vogelmeier,+C.F.&publication_year=2016&journal=Ther.+Adv.+Respir.+Dis.&volume=10&pages=72%E2%80%9384&doi=10.1177/1753465815602162
https://doi.org/10.1177/1753465815602162
https://scholar.google.com/scholar_lookup?title=Identification+of+metabolism-associated+molecular+subtypes+of+chronic+obstructive+pulmonary+disease&author=Hu,+Y.&author=Cheng,+X.&author=Qiu,+Z.&author=Chen,+X.&publication_year=2021&journal=Int.+J.+Chronic+Obstr.+Pulm.+Dis.&volume=16&pages=2351%E2%80%932362&doi=10.2147/COPD.S316304&pmid=34429593
https://doi.org/10.2147/COPD.S316304
https://www.ncbi.nlm.nih.gov/pubmed/34429593

ISSN:2455-2631 March 2025 IJSDR | Volume 10 Issue 3

84.

85.

86.

87.

88.

89.

90.

91.

92.

Albert RK, Connett J, Bailey WC et al. 2011. Azithromycin for prevention of exacerbations of
COPD. N. Engl. J. Med. 365:8689-98.

Bhatt SP, Rabe KF, Hanania NA et al. 2023. Dupilumab for COPD with type 2 inflammation
indicated by eosinophil counts. N. Engl. J. Med. 389:205-14.

Criner GJ, Connett JE, Aaron SD et al. 2014. Simvastatin for the prevention of exacerbations in
moderate-to-severe COPD. N. Engl. J. Med. 370:232201-10.

Woodruff PG, Albert RK, Bailey WC et al. 2011. Randomized trial of zileuton for treatment of COPD
exacerbations requiring hospitalization. COPD 8:121-29.

Curtis KJ, Meyrick VM, Mehta B et al. 2016. Angiotensin-converting enzyme inhibition as an
adjunct to pulmonary rehabilitation in chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care
Med. 194:111349-57.

Alagkiozidis I, Facciabene A, Tsiatas M et al. 2011. Time-dependent cytotoxic drugs selectively
cooperate with IL-18 for cancer chemo-immunotherapy. J. Transl. Med. 9:77.

Zhao S, Iyengar R. 2012. Systems pharmacology: network analysis to identify multiscale mechanisms
of drug action. Annu. Rev. Pharmacol. Toxicol. 52:505-2.

Cheng F, Desai RJ, Handy DE et al. 2018. Network-based approach to prediction and population-
based validation of in silico drug repurposing. Nat. Commun. 9:12691.

Islam MdM, Wang Y, Hu P 2021. A maximum flow-based approach to prioritize drugs for drug
repurposing of chronic diseases. Life 11:111115.

DECLARATIONS

a. Funding: Not applicable.

b. Conflict of Interest/Competing interest: The authors have no conflicts of interest to declare relevant to the

content of the manuscript.

c. Availability of data and material: Not applicable

d. Code availability: Not applicable

e. Ethics approval: Not applicable

f. Authors' contributions:

Conceptualization: Mr. Kshitij Patel, Ms. Nishtha Rai, Methodology: Mr. Kshitij Patel; Formal analysis and
investigation: Mr. Kshitij Patel, Ms. Nishtha Rai, Writing - original draft preparation: Mr. Kshitij Patel,
Writing - review and editing: Mr. Kshitij Patel, Ms. Nishtha Rai, ,; Funding acquisition: Not applicable;
Resources: Not applicable; Supervision: Consent to participate: Not applicable

h. Consent for publication: Not applicable.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the support received from Amity University Uttar Pradesh Lucknow
Campus carrying out this study.

IJSDR2503251 \ International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | c423



