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characterised by persistent inflammation, oxidative stress, and airway remodelling. MicroRNAs
(miRNAs) act as key post-transcriptional regulators of gene expression, and among them,
microRNA-144 (miR-144) has emerged as a significant contributor to COPD pathogenesis.
However, a comprehensive understanding of its mechanistic roles and clinical applicability in
COPD remains limited.

Objectives: To critically evaluate and synthesise current evidence on the molecular mechanisms,
clinical relevance, and therapeutic potential of miR-144 in COPD.

Methods: A narrative review of original research studies involving COPD patients and
experimental models was conducted. Studies analysing miR-144 expression in serum, plasma,
sputum, and lung tissue were included

Results: miR-144 negatively regulates NRF2-dependent antioxidant signaling, thereby impairing
cellular defense against oxidative stress. It further contributes to airway remodeling through
epithelial-mesenchymal transition and extracellular matrix alterations. Aberrant miR-144
expression is associated with increased disease severity, airflow limitation, and exacerbation risk,
supporting its role as a potential non-invasive biomarker.

Conclusions: miR-144 plays a multifaceted role in COPD pathophysiology and represents a
promising candidate for integration into diagnostic and therapeutic strategies. Further large-scale,
well-designed studies are required to validate its clinical utility and advance miRNA-based
precision approaches in COPD management.

1. Introduction

environmental air pollutants, and genetic susceptibility
[5,6]. With current treatments that focus on opening

Chronic obstructive pulmonary disease (COPD) is a
progressive respiratory disorder characterised by
persistent airflow limitation and chronic inflammatory
responses in the airways [1,2]. These changes result from
chronic lung inflammation, damage to air sacs and
changes in lung structure [3,4]. Long-term exposure to
cigarette smoke remains the most significant risk factor
associated with COPD development. Additional

contributors include occupational exposures,
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airways and preventing acute exacerbations, there is
currently no cure for COPD. This underscores the need
for deeper mechanistic insights into COPD pathogenesis
and the development of robust strategies for early
diagnosis and targeted intervention [3,4]. COPD
involves inflammation, an imbalance of certain proteins
and problems with tissue repair [7,8]. Certain cells like
neutrophils, macrophages and T lymphocytes get into the
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airways and lung tissue. They release chemicals that
make airways narrower and damage air sacs [4,9].
Oxidative stress, driven by a disruption in redox
homeostasis between reactive oxygen species and
endogenous antioxidant systems, plays a central role in
COPD  pathophysiology [10]. In addition to
transcriptional regulation, cellular processes are
influenced by post-transcriptional mechanisms that
control gene expression. MicroRNAs (miRNAs) play a
key role in this process [11]. MicroRNAs (miRNAs) are
small non-coding RNA molecules that regulate gene
expression at the post-transcriptional level by binding to
target messenger RNAs, thereby promoting mRNA
degradation or inhibiting translation. They play a role in
many cellular processes like cell growth, differentiation
and death [12,13]. Some miRNAs are linked to lung
diseases like asthma, lung fibrosis, lung cancer and
COPD [14,15]. In COPD certain miRNAs help control
inflammation, stress responses and changes in the matrix.
This suggests that miRNAs might be involved in the start
and progression of COPD [16]. One miRNA,
microRNA-144 or miR-144 seems to play a role in
COPD. When human bronchial epithelial cells are
exposed to cigarette smoke miR-144 levels go up. This
leads to the suppression of TGF-B and immunoglobulin
receptor, which hurts the immune function of the airway
[13,14]. In mouse models of COPD, miR-144-3p targets
Toll-like receptor 2. This alters the TLR2/MMP9
signaling  pathway and promotes epithelial—
mesenchymal transition, which is linked to airway
remodelling [15]. miR-144 can also suppress NRF2,
which is important for protecting against oxidative stress.
This suggests that miR-144 may exacerbate oxidative
injury in COPD [17]. These observations demonstrate
miR-144 might contribute to inflammation, oxidative
stress and structural changes seen in COPD. Altered
miR-144 levels have been found in human COPD lung
tissues. This suggests that miR-144 could be a non-
invasive biomarker for disease severity and progression
[17,18,]. RNA-based treatments that target miRNAs,
like mimics and inhibitors are promising strategies for
changing disease-related pathways in COPD [17].

Given the growing evidence linking miR-144 to COPD,
areview of its molecular mechanisms, clinical relevance,
and therapeutic potential is needed. This review brings
together findings from studies to provide insights into
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miR-144 as a potential target for precision medicine, in
COPD management.

2. Objectives: The objective of this review is to
critically analyse and summarise the available
literature on the role of microRNA-144 (miR-144)
in chronic obstructive pulmonary disease (COPD).
The review focuses on its involvement in oxidative
stress, inflammatory pathways, and epigenetic
regulation, along with its potential clinical
significance as a biomarker and therapeutic target.

3. Methods: An in-depth examination of previously
published studies on miR-144 in COPD was
conducted using available scientific databases.
Research data were retrieved from PubMed, Google
Scholar, ScienceDirect, Scopus, Web of Science,
Springer, and Taylor & Francis.

For the literature survey, relevant keywords such as
“miR-144", “COPD”, “oxidative stress”,
“inflammation”, “NRF2”, “TLR2”, “MMP9”,
“CFTR”, and “DNMT3A” were used in various
combinations in the information retrieval system.
Original research articles involving COPD patients
and experimental models were included. Studies
analysing miR-144 expression in serum, plasma,
sputum, and lung tissue were considered.

Molecular Mechanisms of miR-144 in COPD

1.1 miR-144 Regulation of Oxidative Stress
Pathways:

Oxidative stress plays a central role in COPD
pathogenesis and arises when the generation of reactive
oxygen species exceeds the capacity of endogenous
antioxidant defence systems, resulting in cellular and
tissue injury within the respiratory tract. Cigarette
smoke, a primary environmental risk factor for COPD,
introduces large quantities of oxidants and free radicals
that damage airway epithelial cells and activate redox-
sensitive signaling pathways [8,10]. Sustained oxidative
stress contributes to epithelial damage, increased mucus
production, chronic airway inflammation, and
progressive decline in lung function.

MicroRNAs represent an important control mechanism
in oxidative stress modulation in lung disease. Through
these interactions, miRNAs participate in regulating
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multiple cellular processes including inflammation,
oxidative stress responses, and tissue repair
mechanisms.'? Therefore, the dysregulation of some
miRNAs is proposed to be implicated in the molecular
mechanisms of COPD. Of these molecules, miR-144
was identified as a key regulator of antioxidant signaling
pathways since it was shown to directly target nuclear
factor erythroid-2 related factor 2 (NRF2) , the primary
transcription factor responsible for the expression of
many antioxidant enzymes. Elevated miR-144
expression has been shown to attenuate NRF2 activity,
leading to reduced transcription of antioxidant genes and
increased vulnerability to oxidative stress [17].

In recent molecular research papers based over miRNAs,
it was seen that the cigarette smoke induced alterations
are predominant in COPD patients and the expression of
miRNAs are responsible for the disruption of the
oxidative stress response pathway. These altered
expression of miRNAs were also seen lung tissue
samples of the COPD patients. This result suggests the
involvement of miRNAs in the pathogenesis of COPD
through the disruption of the oxidative stress response
pathway. This disruption is responsible for the
inflammatory response observed in COPD patients
[18,19].

Apart from the antioxidant response regulation, the role
of miR-144 has been observed in the regulation of ion
transport functions of airway epithelial cells. The ion
transport function on the epithelial cells is regulated by
the cystic fibrosis transmembrane conductance regulator
chloride channel. Few experimental studies have shown
that the miR-144 is responsible for the downregulation
of the expression of the CFTR chloride channel [16].

This may point towards the increased risk of oxidative
stress-induced damage observed in the COPD patients.

1.2 miR-144 and Inflammatory Signalling :

Persistent airway inflammation is a central pathological
characteristic of COPD and significantly contributes to
disease progression. There are other environmental
exposures that may lead to a chronic airway
inflammation such as prolonged exposure to inhaled
irritants like Cigarette, results in stimulation of the
macrophages, neutrophils and lymphocytes within the
airway and lung parenchyma. Activated inflammatory
cells release cytokines, chemokines, and proteolytic

2300

enzymes that promote tissue injury and contribute to
progressive airflow limitation [4,9].

MicroRNAs are now recognized as critical modulators of
inflammatory signaling networks in chronic lung
diseases of inflammatory signaling pathways in the
chronic lung diseases. Any alteration in the miRNA
expression will influence the immune cell activation,
cytokine production, and regulate the intracellular
signaling cascade for inflammatory response. Previous
studies have demonstrated that microRNA- mediated
regulatory inflammatory cytokines modulate the lung
inflammation and immune cell activity in CODP patients

[11].

Recent experimental studies have provided vast evidence
linking miR-144 to the inflammatory signalling
cascades. Investigations have shown that the
circRERE/miR-144-3p/TLR2/MMP9 regulatory axis
promotes inflammatory responses and epithelial-
mesenchymal transition (EMT) in COPD models,
leading to increased matrix metalloproteinase activity
and extracellular matrix degradation [15].

Adding on to this a study showed evidence that indicates
that miR-144 may also influence that airway immune
responses by regulating TGF- dependant pathway,
which is involved in the epithelial barrier function and
mucosal immune defence mechanism. Thus,
dysregulation of any of this pathway often leads to
impaired immune responses and prolonged airway
inflammation in COPD patients [13].

So, the upcoming transcriptomic analyses of COPD lung
tissue will further support the role of miRNAs in
regulating inflammatory gene networks associated with
chronic airway inflammation and tissue injury [20].

Taken together, these observations highlight the
contributory role of miR-144 in COPD-associated
inflammatory processes.

1.3 miR-144 in Airway Remodelling and
Extracellular Matrix Regulation:

Emerging evidence indicates that miR-144 contributes to
airway structural remodelling through regulation of
extracellular matrix dynamics and epithelial cell
differentiation by regulating the genes involved in the
extracellular matrix (ECM) turnover and epithelial cell
differentiation. Alterations in the expression of miR-144
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have been shown to affect the molecular pathways
controlling collagen deposition, matrix degradation and
tissue repair. Downregulation of these processes disturbs
the balance between the ECM synthesis and degradation,
which leads to an excessive accumulation of structural
protein within the airway wall. Thus, changes like these
contribute to the airway wall thickening and progressive
deterioration of the small airways seen in COPD cases.
Additionally, altered miR-144 expression may affect the
epithelial regeneration and inflammatory signaling,
further promoting the bronchial fibrosis [3,21,22].

miRNAs contribute to post-transcriptional regulation
and are implicated in various biological processes,
including inflammation, tissue repair, and cell
differentiation. These regulatory molecules affect
pathways linked to the ECM turnover and airway
structural integrity, and their altered expression has been
progressively linked to the development of long-term
respiratory disorders. Among these, it has been
discovered that COPD patients and bronchial epithelial
cells treated with cigarette smoke extract had
significantly higher levels of miR-144-3p. Experimental
results indicate that increased miR-144-3p can target the
epigenetic regulator EZH2 through the SNHG4/miR-
144-3p/EZH2 signalling pathway, hence causing
inflammation, mortality, and damage to the epithelium
[14].

By its association with signalling pathways that control
the epithelial-mesenchymal transition, experimental
research has shown that miR-144 essentially contributes
to airway remodelling. Stimulation of the
circRERE/miR-144-3p/TLR2/MMP9  signaling axis
increases extracellular matrix breakdown and EMT in
airway epithelial cells in COPD models [15]. The lung
parenchyma's emphysematous degradation and structural
tissue damage are both influenced by elevated MMP9
activity.

It has been demonstrated that miR-144-related regulatory
RNA networks connect to epigenetic signaling pathways
linked to airway remodelling. For example, cigarette
smoke-induced immune responses and structural
alterations in COPD models have been linked to
IncRNA-mediated modulation of the EZH2/miR-144-3p
axis [14].

Apoptosis and damage to epithelial cells are significant
processes that contribute to the advancement of COPD,
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in addition to normal extracellular matrix remodelling.
Chronic inflammation and excessive oxidative stress
cause epithelial cell apoptosis, which damages airways
and destroys alveolar structures [8,9]. It is becoming
more well understood that microRNA-mediated control
of signalling pathways linked to apoptosis plays a
significant role in determining the survival of epithelial
cells in chronic pulmonary conditions [23].
Consequently, epithelium damage and the gradual loss of
functioning airway structures in COPD may be caused
by dysregulated miR-144 expression.

The molecular pathways regulated by miR-144 in COPD
are summarized in Table 1.

Molecular Target Biological Clinical
Pathway Mechanism | Effect Relevance
iR-144 I
Oxidative m ncre.a sed Contributes
suppresses | reactive o
stress to epithelial
. NRF2 oxygen ..
regulation . . . injury
signaling species
Inflammator Activation Increased Chronic
sienalin Y1 of NF-«B cytokine airway
5 & pathways production | inflammation
Epicenctic Interaction | Altered Persistent
rep flation with DNA gene
& DNMT3A methylation | dysregulation
Epithelial Regulation Im.pair.ed Reduct.tq
. of  CFTR | epithelial mucociliary
cell function . .
expression | homeostasis | clearance

1.4 Epigenetic Regulation via DNMT3A

Epigenetic mechanisms play a critical role in mediating
the biological effects of environmental and chemical
exposures in chronic obstructive pulmonary disease
(COPD). Among these mechanisms, DNA methylation
represents a key regulatory process in which methyl
groups are added to cytosine residues within CpG
islands, leading to suppression of gene transcription.
Exposure to chemical components of cigarette smoke,
including reactive aldehydes, polycyclic aromatic
hydrocarbons, and oxidant gases, has been shown to alter
DNA methylation patterns in airway epithelial cells.
These exposure-induced methylation changes can
disrupt the regulation of genes involved in oxidative
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stress responses and inflammatory signaling pathways
associated with COPD development [23].

DNA methyltransferase 3A (DNMT3A) is a major
enzyme responsible for de novo DNA methylation,
establishing new methylation marks in response to
cellular stress and environmental stimuli. Alterations in
DNMT activity have been reported in lung tissues
exposed to cigarette smoke, indicating that inhaled
chemical toxicants can influence methylation-dependent
gene regulation in respiratory epithelial cells [24]. Such
epigenetic modifications may contribute to sustained
inflammatory responses and impaired tissue repair
mechanisms in the lungs of individuals chronically
exposed to environmental pollutants.

MicroRNAs are increasingly recognized as important
regulators of epigenetic enzymes. These small non-
coding RNAs can modulate the expression of DNA
methyltransferases and thereby influence methylation
patterns of genes involved in inflammatory and oxidative
stress pathways. Experimental evidence indicates that
certain microRNAs are capable of regulating DNMT3A
expression, suggesting that altered microRNA profiles
observed in COPD may influence DNA methylation
patterns within airway epithelial cells [25].

In addition, genome-wide methylation analyses have
identified several differentially methylated loci
associated with lung function decline and COPD
susceptibility in individuals exposed to tobacco smoke
and environmental pollutants [26]. These findings
indicate that DNMT3A-mediated methylation changes
may represent an important molecular mechanism
through which chemical exposures contribute to chronic
airway inflammation and structural lung damage.
Therefore, investigating the relationship between miR-
144 expression and DNMT3A activity may help clarify
how environmental chemical exposures influence
epigenetic regulation in COPD pathogenesis. The
interaction of miR-144 with oxidative stress,
inflammatory pathways, and epigenetic regulators
highlights its multifaceted role in COPD pathogenesis
(Figure 1).
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Molecular Targets of miR-144 in COPD
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Figure 1. Proposed molecular mechanisms of miR-144 in
COPD pathogenesis Environmental exposures, such as
cigarette smoke and air pollutants, induce dysregulation
of miR-144 expression in lung tissues. Elevated miR-144
levels contribute to oxidative stress by suppressing
antioxidant defence pathways, including NRF2
signaling, resulting in increased reactive oxygen species
production. In  addition, miR-144  promotes
inflammatory responses by activating NF-kB—mediated
cytokine signaling. Emerging evidence also suggests
interactions between miR-144 and epigenetic regulators,
such as DNA methyltransferases, including DNMT3A,
leading to altered gene expression patterns. These
molecular events collectively contribute to airway
epithelial injury, chronic inflammation, and structural
remodelling characteristic of COPD
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2. Clinical Significance of miR-144 in COPD
2.1 miR-144 as a Diagnostic Biomarker

Clinical signs of chronic obstructive pulmonary disease
(COPD) frequently do not manifest until significant
airway damage has occurred, making early identification
difficult. Finding molecular biomarkers that can identify
the early pathological alterations linked to the start of
disease is therefore becoming more and more important.
Because they can reflect underlying molecular changes
in disease states and are stable in blood circulation and
other biological fluids, microRNAs have become
promising diagnostic biomarkers. Numerous studies
have shown that circulating miRNAs are expressed
differently in COPD patients than in healthy people,
indicating that these miRNAs may be used to detect the
disease [19]. Because of its role in a state of oxidative
stress and pathways of inflammation linked to the
pathophysiology of COPD, miR-144 received special
attention among these molecules. Lung tissue cells
exposed to cigarettes have been shown in experimental
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investigations to express more miR-144, indicating that
environmental exposure may influence circulating
miRNA profiles associated with respiratory diseases
[27].  Clinical studies investigating miR-144 as a
biomarker for COPD are summarized in Table 2.

Table 2: miR-144 as a biomarker for COPD

Sampl

Y K
Study e Method | .~ .
r Findings
Source
Lun miR-144
u
Hassanet | 201 . it}l(lgeli qRT- regulates
al. 2 [P PCR CFTR
al cells .
expression
Differentia
van 201 | MU | iRNA |1 miRNA
Pottelber d . .
 al 1 sputum profiling | expression
geetat P in COPD
miRNA
Ezzie et | 201 | Lung Microarr | networks
al. 2 tissue ay altered in
COPD
MicroRN
As linked
Osei et | 201 | Lung Sequenci | to
al. 5 tissue ng inflammat
ory
pathways

MiR-144 can be detected in serum and plasma samples.
According to experimental research, it can be used as a
minimally invasive biomarker to identify patients at risk
of COPD or even to monitor the early stages of the
disease. Circulating miRNAs have also shown promising
diagnostic potential in distinguishing patients with
COPD from healthy controls through molecular profiling
approaches. Current evidence supports the possible
inclusion of miR-144 in biomarker panels aimed at
enhancing early detection of COPD in individuals
exposed to environmental risk factors such as tobacco
smoke and air pollution.
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2.2 miR-144 and Disease Severity:

Along with the diagnostic value, the change in miR-144
expression is also linked with the disease severity and
disease progression. The disease severity in COPD is
often evaluated using the clinical parameters such as
airflow limitations, symptoms associated and the
frequency of exacerbations. Moreover, from the recent
researches it’s evident that with the use of molecular
biomarkers in finding out the exact underlying disease
mechanism for COPD disease may help us understand
the disease progression and the heterogeneity of the
disease better.

Studies examining the miRNA expression patterns
linked to the changes in inflammatory signals in the lungs
of the COPD patients. They also found specific miRNA
profiles to correlate between specific miRNAs and lung
function parameters, suggesting that miRNA expression
levels any effect and reflect the disease severity [27,28].

In view of the fact that the miR-144 plays a regulating
antioxidant role in the defense pathway and epithelial
cell responses to the oxidative injury, in the light of the
increased expression it may also contribute to enhanced
oxidative stress and airway inflammation in advanced
COPD stages.

Thus, Quantification of miR-144 expression may assist
in stratifying patients based on disease severity and
underlying molecular profiles. Several experimental and
clinical studies have investigated the role of miR-144 in
COPD pathogenesis and progression. Key studies
evaluating miR-144 expression and related molecular
pathways in COPD are summarized in Table 3.

Sample | Metho | Key

Auth Y
uthor ear Type d Findings

miR-144
regulates
CFTR

Lung expression

2012 | epitheli | "7 |in lung
PCR tissue,

suggesting
a role in

Hassan

ctal al cells

airway
epithelial
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dysfunctio
n.
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multiple
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Lun MicroR | microRNA
ﬁssuge NA sin COPD,
Ezzie et 2012 from microar | including
al. COPD ray and | miR-144,
atients validati | associated
P on with
inflammat
ory
signaling
pathways.
Demonstra
ted altered
microRNA
miRNA expression
tt i
Van Induce | express ;()jaosgls m
Pottelbe | 2011 d ion airwa
rge et al. sputum | profilin Y
samples,
£ indicating
potential
biomarker
utility.
Identified
microRNA
s linked to
Next- .
geerferat inflammat
Osei et 2015 Iiung ion ory and
al. tissue sequen structural
cir?g pathways
in COPD
pathogene
sis.
RT- circRERE/
Periphe | miR-144-
PCR
ral and 3p/TLR2/
Lietal. | 2022 blood .
reta 00 functio | MMP9
monoc | axis
ytes assays | Promoted
epithelial—
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mesenchy
mal
transition
contributin
g to COPD
progressio
n.

SNHG4
aggravated
cigarette
smoke—
induced
COPD
through
regulation
of the
miR-144-
3p/EZH2
signaling
pathway.

Lung
epitheli | qRT-
al cells | PCR
Song & expose | and
Chen 2023 d to | molecu
cigarett | lar

e assays
smoke

miR-144
modulated
airway
immune
dysfunctio

qRT-
PCR
Airway | and
Liuetal. | 2025 epitheli | pathwa

alcells |y n through

the TGEF-
p/pIgR
signaling
pathway.

analysi
s

(Abbreviations:  qRT-PCR,  quantitative  reverse
transcription polymerase chain reaction, CFTR, cystic
fibrosis transmembrane conductance regulator; EMT,
epithelial-mesenchymal transition.)

2.3 miR-144 and Risk of Acute Exacerbations:

Episodes of acute exacerbation in COPD are often
distinguished based on the severe worsening of the
respiratory symptoms that often requires immediate
hospitalization or additional medical support. These
repeated occurrences increase the COPD disease
morbidity, mortality and healthcare expenses.
Consequently, identifying biomarkers that may help
predict the likelihood of exacerbations has become a key
objective in COPD research. MicroRNAs have been
suggested as potential indicators for identifying the
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inflammatory activity and immune dysregulation during
these exacerbation events. MiRNA profiles may change
during illness exacerbations, as evidence of reports there
are researches that resulted in altered expression of
circulating miRNAs during inflammatory responses in
COPD patients [27].

Because miR-144 is involved in the regulation of
oxidative stress and inflammatory signaling pathways,
abnormal expression of this microRNA may contribute
to a heightened susceptibility to exacerbations triggered
by infections or environmental pollutants. Therefore,
monitoring circulating miR-144 levels could provide
valuable information regarding inflammatory activity
and the risk of acute disease worsening in patients with
COPD.

2.4 Potential for Personalized Medicine:

Given the variability of COPD, customised treatment
strategies may be necessary to strengthen the disease's
management. The designing of individualized treatment
plans may be aided by molecular biomarkers that may
recognize unique illness characteristics. Because
microRNAs control several biological processes related
to inflammation, oxidative stress, a phenomenon and
tissue repair, they are becoming more widely
acknowledged as attractive candidates for precision
medicine. MiR-144 may be a viable therapeutic target
due to its participation in multiple molecular pathways
related to the pathophysiology of COPD. Additionally,
determining patient subgroups with unique molecular
profiles who can profit from targeted therapy may be
made easier by detecting circulating miR-144 levels.

Therefore, further research exploring the clinical utility
of miR-144 as a biomarker and therapeutic target may
contribute to the development of personalized
approaches for COPD diagnosis, risk assessment and
disease management. Circulating miR-144 has been
proposed as a promising biomarker for COPD diagnosis,
disecase severity assessment, and prediction of
exacerbations (Figure 2).
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Figure 1. Proposed Mechanism of miR-144 in COPD Pathogenesis
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Figure 2. Clinical implications of circulating miR-144 in
COPD diagnosis and management Circulating miR-144
detected in the blood, serum, or sputum has emerged as
a potential biomarker for COPD. Increased miR-144
expression has been associated with disease presence,
severity, and inflammatory activity in patients with
COPD. The diagnostic performance has been evaluated
using receiver operating characteristic (ROC) curve
analysis in several clinical studies. Furthermore,
dysregulated miR-144 levels may help predict acute
exacerbations and support patient stratification for
personalized management approaches in COPD.

2.5 Diagnostic Performance of miR-144: ROC/AUC
Evidence:

Receiver operating characteristic (ROC) curve analysis,
which evaluates a biomarker's sensitivity and specificity
in differentiating disease cases from controls, is
frequently used to assess the diagnostic value of
circulating biomarkers. Using ROC curve analysis, a
number of studies examining miRNA expression profiles
in COPD have shown encouraging diagnosis accuracy.
Circulating miRNAs had moderate to high
discriminating power in separating COPD patients from
healthy persons in these investigations, suggesting that
they may serve as non-invasive biomarkers for disease
diagnosis. The information that is now available
indicates that miR-144 may contribute to biomarker
panels that can increase diagnostic accuracy, despite the
fact that research explicitly assessing this microRNA are
still scarce [30].

Significant alterations in miR-144 expression in reaction
to exposure to cigarette smoke and oxidative damage
pathways that are pertinent to the pathophysiology of
COPD have been shown by experimental studies. These
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molecular changes imply that the pathophysiological
changes linked to airway inflammation and epithelium
damage are reflected in circulating miR-144 levels
[27,28].

When evaluating circulating miRNAs in biomarker
studies, ROC analyses often reveal area under the curve
(AUC) values between 0.70 and 0.85, indicating a
reasonable clinical evaluation in identifying COPD cases
[29,30]. The degree of specificity and sensitivity of
biomarker panels for the early identification of COPD
may be improved by combining miR-144 with other
molecular markers linked to oxidative stress and
cytokine signalling. In order to determine the exact
analytical performance of miR-144 in a variety of patient
demographics and environmental exposure situations,
more clinical validation research is needed.

When considered collectively, the data suggest that miR-
144 is implicated in several molecular pathways related
to the pathophysiology of COPD, such as a state of
oxidative stress regulatory mechanisms, inflammatory
mediated signaling, and epigenetic modification.
Circulating miR-144 levels may represent the underlying
biological reactions to inhaled chemical toxicants,
according to a modified expression of this microRNA in
response to certain environmental exposures like
cigarette smoke. As a result, miR-144 may be a
promising prospective biomarker for COPD patients'
early illness identification, severity evaluation, and
exacerbation risk prediction. To confirm miR-144's
potential use in biomarker-specific screening and
classification of risk techniques for environmentally
caused respiratory illnesses, more clinical trials assessing
its ability to diagnose and longitudinal alterations are
needed.

4. Results

Environmental exposures strongly influence chronic
obstructive pulmonary disease (COPD); particularly
inhaled chemical toxicants present in cigarette smoke
and air pollutants. Accumulating evidence highlights the
pivotal role of microRNAs in modulating cellular
responses to environmental exposures. Among these
regulatory molecules, miR-144 has emerged as an
important modulator of oxidative stress signalling,
inflammatory pathways, and epigenetic mechanisms
involved in COPD pathogenesis. Dysregulated
expression of miR-144 may contribute to airway
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epithelial injury, persistent inflammation, and altered
gene regulation through interactions with antioxidant
defence systems and DNA methylation pathways. In
addition to its mechanistic relevance, circulating miR-
144 shows potential as a non-invasive biomarker for
disease detection, severity assessment, and prediction of
exacerbation risk. Large-scale, well-designed clinical
studies are warranted to validate the diagnostic and
therapeutic potential of miR-144 in COPD.

5. Discussion

Chronic obstructive pulmonary disease (COPD) is a
complex respiratory disorder characterised by persistent
airflow limitation, chronic inflammatory responses, and
progressive structural damage to the airways and lung
parenchyma. Recent studies, particularly those involving
microRNAs (miRNAs), which influence cellular
responses for environmental exposures including air
pollution and cigarette smoke, have highlighted the
importance of molecular regulatory mechanisms in the
pathophysiology of COPD. In addition to these
regulatory molecules, miR-144 has gained increasing
attention due to its regulatory influence on oxidative
stress, inflammatory signalling, and epigenetic
mechanisms. These processes are thought to play a
significant role in the onset and advancement of COPD
[21,27].

As discussed earlier, oxidative stress plays a central role
in COPD pathogenesis. Oxidative stress remains a
central mechanism in COPD and is closely linked to
miR-144-mediated  dysregulation of antioxidant
pathways, particularly through modulation of NRF2
signalling [19]. These observations suggest that miR-144
may serve as a molecular link between environmental
exposures and COPD-related cellular alterations. In
addition to regulating oxidative stress, miR-144 appears
to influence inflammatory signalling pathways that
contribute to chronic airway inflammation. Persistent
inflammatory responses involving macrophages,
neutrophils, and lymphocytes are characteristic of COPD
pathology. Altered miRNA expression profiles observed
in lung tissues and airway samples from patients with
COPD suggest that miRNAs participate in the regulation
of cytokine production, immune cell activation, and
tissue injury processes [21,28]. Given its involvement in
multiple signalling pathways, dysregulation of miR-144
may amplify inflammatory responses and contribute to
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progressive airway remodelling and lung function
decline in patients with COPD.

Another important aspect highlighted in this review is the
potential interaction between miR-144 and epigenetic
regulatory mechanisms in cancer. DNA methylation
mediated by DNA methyltransferases, such as
DNMTS3A, is a key epigenetic process that can alter gene
expression patterns in response to environmental stimuli.
Evidence from molecular studies indicates that miRNAs
can regulate the expression of epigenetic enzymes,
thereby linking post-transcriptional gene regulation with
DNA methylation pathways. This interaction suggests
that altered miR-144 expression may influence
DNMT3A activity and contribute to aberrant
methylation patterns affecting genes involved in
inflammatory responses and oxidative stress regulation
in COPD patients.

Beyond its mechanistic role, the potential clinical
significance of miR-144 has been increasingly
recognised. Circulating miRNAs have demonstrated
promising diagnostic and prognostic value in several

respiratory diseases owing to their stability in biological
fluids and ability to reflect underlying molecular
processes. Studies evaluating circulating miRNA
profiles have reported moderate to high diagnostic
performance using ROC curve analysis, indicating that
miRNA-based biomarkers may assist in the early
detection and risk stratification of COPD [29]. Given its
involvement in key pathogenic pathways, miR-144 could
be a valuable component of biomarker panels designed
to improve diagnostic accuracy and monitor disease
progression.

Furthermore, the relationship between miR-144
expression and environmental exposure is particularly
relevant in COPD. Cigarette smoke contains numerous
reactive chemical compounds that can induce oxidative
stress, DNA damage, and epigenetic alterations in airway
epithelial cells. Dysregulation of microRNA expression,
including miR-144, may represent a molecular response
to chemical exposure, linking environmental risk factors
to the biological processes underlying COPD
development. Understanding these exposure-related
molecular mechanisms may provide valuable insights
into how environmental toxicants contribute to chronic
respiratory diseases.
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Despite these promising findings, several limitations
persist in the current literature. Many studies examining
miRNA expression in COPD involve relatively small
sample sizes or rely on cross-sectional study designs,
which restrict the ability to establish causal relationships
between miRNA dysregulation and disease progression.
Additionally, variability in biological sample types,
including serum, plasma, sputum, and lung tissue, may
contribute to differences in reported miRNA expression
patterns across studies. Therefore, standardising
analytical methods and validating findings in large, well-
characterised patient cohorts are essential to confirm the
clinical utility of miR-144 as a COPD biomarker.

Future research should focus on longitudinal studies
examining how miR-144 expression changes over time
in relation to disease progression, environmental
exposure levels, and treatment responses. Integration of
miR-144 with other molecular biomarkers involved in
oxidative stress and inflammatory signalling may also
improve diagnostic performance and enable the
development of multi-marker panels for COPD risk
assessment. In  addition, further = mechanistic
investigations into the interactions among miR-144,
DNMT3A-mediated DNA methylation, and oxidative
stress pathways may provide deeper insights into the
molecular mechanisms driving COPD pathogenesis.
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