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INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) is a chronic heterogeneous disease
characterized by persistent airflow obstruc-
tion and variable clinical presentations.? A
lack of understanding regarding the molec-
ular mechanisms underlying COPD makes
the identification of critical molecules
involved in COPD crucial for the devel-
opment of novel diagnostic measures and
therapeutic strategies. In recent decades,
wide-ranging profiling methods such as
microarrays and next-generation sequenc-
ing have made it easier to identify RNA
transcripts that do not encode proteins,
referred to as noncoding RNAs (ncRNAs).P!
NcRNAs comprise a diverse range of RNA
species, characterized according to their
length, shape, and location. Many ncRNAs
are involved in epigenetic and posttran-
scriptional gene regulation, including mi-
croRNAs (miRNAs), tRNA-derived small
RNAs (tsRNAs) and PIWI-interacting
RNAs (piRNAs).¥ Long noncoding RNAs
(IncRNAs) and circular RNAs (citcRNAs)
can fold into complex secondary structures
that facilitate their interactions with DNA,
RNA, and protein."! Additionally, IncRNAs
and circRNAs can bind to miRNAs in a
competitive endogenous RNA (ceRNA)
network that prevents targeted mRNA
degradation.P®! Recent studies have shown
that ncRNAs play crucial roles in multiple
pathophysiological processes associated
with COPD.F A better understanding
of the role of ncRNAs in COPD could
contribute to the detection of biomarkers
and the identification of new therapeutic
targets. Here, we summarize the current
findings regarding the potential role of

ncRNAs, especially miRNAs, IncRNAs,
and circRNAs. Additionally, we propose
considerations regarding present and future
research in this area.

NCRNA DYSREGULATION
CONTRIBUTES TO COPD
PROGRESSION

Emerging evidence suggests that differ-
entially expressed ncRNAs participate in
the regulation of proliferation, apoptosis,
invasion, epithelial-mesenchymal transi-
tion (EMT), and inflammation in multiple
relevant cell types, contributing to the
pathophysiological changes in COPD
(Figure 1). Supplementary Table 1 sum-
marizes the list of miRNAs, cirtcRNAs,
and IncRNAs with their targets and func-
tions in COPD. Notably, in the IncRNA/
circRNA-miRNA-mRNA networks,
IncRNAs and circRNAs could sponge
miRNAs as ceRNAs, inhibit miRNA
expression, and enhance the translation
of target mRNA (Figure 2). For instance,
IncRNA cancer susceptibility candidate 2
(CASC2)Pland circRNA HECT domain
and ankyrin repeat containing E3 ubiqui-
tin protein ligase 1 (c7reHACET) ' bind to
miR-18a-5p and miR-485-3p, respectively,
to participate in human bronchial epithe-
lial (16HBE) cell apoptosis and inflam-
mation in response to cigarette smoking
extract (CSE). Furthermore, Sundar ez
al" discovered a small number of dif-
ferentially expressed piRNAs and tsRNAs
among nonsmokers, smokers, and COPD
patients from RNA sequencing data.
However, the functional role of piRNAs
and tsRNAs in COPD remains unclear.
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Figure 1. NcRNAs play a crucial role as regulators in the pathophysiological processes of COPD. COPD: chronic obstructive pulmonary diseae; EMT: epithelial

mesenchymal transformation.
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Figure 2. LncRNAs and circRNAs can act as sponges for microRNAS. By binding to these microRNAs, they prevent microRNAs from binding to their target

mRNAs, thereby abolishing post-transcriptional regulation.

In summary, given the wide range of regulatory mecha-
nisms and the diversity of downstream pathways affect-
ed, many ncRNAs and their crosstalk have been found
through 7# vive and in vitro experiments to be important
contributors to COPD progression and regarded as
possible clinical relevance.

NCRNAS CAN BE USED AS ADJUNCT
BIOMARKERSFOR COPD DIAGNOSIS
AND PROGNOSIS

It has been found that differentially expressed ncRNAs
can be detected in human samples such as sputum,
plasma, or serum, and these may serve as adjunct bio-
markers for COPD diagnosis and prognosis. For example,
circ0040929,"” circRNA oxysterol binding protein like
2 (circOSBPL2),PN IncRNA lung cancer associated tran-
script 1 (LUCATT),"™ and miR-1254-5p!" show a more
sensitive expression pattern in smokers with COPD than
in those without COPD. LUCATT 'Y expression levels
are correlated with inflammation in COPD patients, and
cireRNA000T859,MY hsa-miR-664a-3p," IncRNA small
nucleolar RNA host gene 5 (SNHG5),[" and CASC2" are
correlated with airflow limitation severity. Furthermore,

IncRNA antisense non-coding RNA at the INK4 locus
(ANRIL)P" expression is decreased in COPD patients,
especially those with acute exacerbations (AECOPD),
while IncRNA nuclear-enriched abundant transcript 1
(NEATT)EY expression is increased. The area under the
curve (AUC) indicates that IncRNAs ANRIL and NEATT
can distinguish stable COPD patients from AECOPD
patients, as well as predict COPD susceptibility and acute
exacerbation risk.?’?!l Moreover, the expression levels of
the IncRNAs ANRIL and NEATT are both correlated
with inflammatory cytokines (tumor necrosis factor o
[TNF-«f, interlenkin [IL]-18, and 1L-17A) and Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
stage in COPD patients,*"?! suggesting that they are
potential biomarkers of COPD progression.

In addition, noncoding RNA (ncRNA) is useful in
diagnosing comorbidities of COPD. For instance, the
lower level of ¢ireRNA000T859 in serum can be used to
identify patients with lung cancer from COPD patients.!"”
Low plasma circRNA-gamma-secretase-activating pro-
tein (cireGSAP) levels might be a promising diagnostic
and prognostic indicator for COPD-pulmonary arterial
hypertension (PAH).*? Serum m/R-1233 and miR-134
both have higher diagnostic accuracy for AECOPD
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with acute pulmonary embolism (APE) than D dimers.*)
In addition, the role of certain ncRNAs in indicating
COPD comorbidities is unspecified and paradoxical.
A recent review discusses that IncRNA maternally
expressed gene 3 (MEGJ), IncRNA OPA-interacting
protein 5 antisense transcript 1 (OIP5-A457), and In-
cRNA taurine upregulated gene 1 (TUGT) are involved
in asthma and COPD pathogenesis by sponging dif-
ferent miRNAs.P! Further research into the ncRNAs
mentioned above as biomarkers for the diagnosis of
COPD overlapping with asthma is warranted. Wang ez
al.?* previously demonstrated that TUGT was signifi-
cantly upregulated in patients with PAH and that TUGT
knockdown significantly prevented the development of
PAH in vivo, suggesting that TUGT may also be a novel
and promising biomarker for COPD complicated with
PAH. Moreover, MiR-22301 and NEAT72! both have
promoting roles for lung cancer carcinogenesis and
COPD, and whether they are also involved in COPD
complicated with lung cancer remains to be deter-
mined. It is worth mentioning that the blood levels
of MEG3 are higher in COPD patients but lower in
non-small-cell lung cancer patients.?* Thus, the role
of MEG3 in COPD with lung cancer requires further
research and validation.

As noted above, in COPD, most biomarker studies
related to ncRNAs (especially IncRNAs, miRNAs, and
circRNAs) have focused on distinguishing COPD pa-
tients from non-COPD patients or predicting disease
severity and comorbidities. It is well known that COPD
is a chronic airway disease with high heterogeneity. The
role of ncRNAs in determining the phenotype and
endotype of COPD and in predicting the response to
specific treatments (e.g., glucocorticoids) needs further
investigation. In addition, no single ncRNA or ncRNA
panel has passed the test as an analytically validated and
clinically useful biomarker. Attempts have been made

through meta-analysis to assess the diagnostic accuracy
of various ncRNAs in COPD.

THE THERAPEUTIC POTENTIAL OF
NCRNAS FOR COPD

NcRNAs have been demonstrated to play a crucial role
as regulators in the pathophysiological processes of
COPD. The pharmacological action of ncRNA-based
therapies has been demonstrated to target proliferation,
apoptosis, inflammation, and migration as potential
therapeutics for COPD, including small interfering
RNAs, short hairpin RNAs, miRNA mimics, and anti-
mictroRNAs. In COPD mouse models, intranasal admin-
istration of anti-#/R-795 lentiviruses or #:R-181¢mimics

attenuates neutrophil and macrophage infiltration, lung
parenchymal destruction, and levels of proinflammatory
factors in bronchoalveolar lavage fluid (BALF),* while
intranasal delivery of short hairpin RNA (shRNA) lentivi-
rus against TUGT blocks cigarette smoking (CS)-induced
inflammation and remodeling.”! CS-induced increases in
neutrophils, macrophages, and BALF cells could also be
significantly reduced with lentivirus-based knockdown of
circRNA forkhead box O3 (citcFOXO3) 7 vivo.P in vitro
studies have shown that #/R-206 antagomirs or #iR-483-
5p mimics enhance vascular remodeling and fibrosis,?'-*!
whereas miR-27-3p antagomirs or miR-3202 mimics in-
hibit inflammation in response to CSE.P** Using small
interfering RNA (siRNA) to knockdown MIR155 host
gene (MIR755HG) results in a switch from the M1 to
M2 macrophage phenotype along with reduced proin-
flammatory cytokines in CSE-treated human pulmonary
microvascular endothelial cells (HPMECs).P Currently
available small RNA high-throughput sequencing tech-
nology can detect tsRNAs and piRNAs; however, few
have been functionally characterized in COPD models
for further validation of potential therapeutic targets.

To the best of our knowledge, ncRNAs as therapeutic
targets (¢.g., MRX34, a miR-34a mimic in advanced solid
tumors) for cancer have been investigated and tested
in clinical trials.’) However, advances concerning the
roles of ncRNAs in COPD have only been studied in
cell lines or animal models, and further effort is needed
to explore the feasibility of their clinical application.?”

CONCLUSION AND PERSPECTIVES

NcRNAs, including miRNAs, IncRNAs, and circRNAs,
can be detected in the serum, plasma, sputum, or urine
of COPD patients and may serve as diagnostic biomark-
ers or prognostic indicators. Notably, the abnormal
expression of these ncRNAs has been linked to the
various pathophysiological processes of COPD, under-
scoring their feasibility as a novel therapeutic modality
for COPD. In addition, there are many other less studied
ncRNA classes, such as piRNAs and tsRNAs, that may
warrant further exploration of their precise function and
mechanism in COPD. In the past several years, studies
on the crosstalk of IncRNA/circRNA-miRNA-mRNA
in the pathogenesis of many diseases, including COPD,
have received increasing attention; this will likely open a
new horizon for the identification of therapeutic targets
for COPD.

There are several challenges to overcome regarding the
clinical application of ncRNAs. First, a large number
of investigations have discovered various ncRNAs for
identifying COPD, acute exacerbations, and comor-
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bidities. The screening and development of the optimal
ncRNA will require further studies involving larger sample
sizes. Second, the development of diagnostic biomarkers
found in urine, sputum, or blood would avoid the need
for invasive procedures associated with tissue collection.
Given that ncRNAs are often expressed at lower levels
than protein-coding genes, more research is needed to
identify candidates that are highly stable and easily de-
tected in body fluids. Third, regulation of the pharmaco-
logical action of ncRNA in the COPD model is mainly
dependent on small interfering RNAs, short hairpin
RNAs, miRNA mimics, and anti-mictoRNAs. Antisense
oligonucleotides (ASOs) or custered regularly interspaced
short palindromic repeats (CRISPR) may also be worth
exploring for the treatment of COPD. However, safety
issues associated with random mutations of target sites
should be assessed. If there are abnormal changes such
as large fragment loss and chromosome rearrangement,
the safety issues will be too risky. In addition, ncRNA
drugs are usually given intravenously for cancer patients,
while in COPD, direct delivery to the lungs by inhala-
tion is the most effective way to reduce systemic adverse
effects. However, the stability and economic benefits of
ncRNAs must be considered and optimized. Improve-
ments in oligonucleotide chemistry, editing efficiency
and accuracy of target sites, and delivery methods should
continuously be pursued in future studies to mitigate
these issues. Finally, ncRNAs can regulate multiple genes
simultaneously; therefore, special precautions to minimize
off-target adverse effects must be made.

To conclude, there is growing evidence that ncRNAs
may be useful for diagnosing and treating COPD, and
a large ncRNA network is being established to explore
their possible mechanisms of action in the disease. Al-
though our understanding of ncRNAs in COPD is still
at an early stage, the discovery of ncRNAs has opened
a new chapter in the history of medicine, one that
promises to improve the way that COPD is diagnosed
and treated. It is expected that genetic diagnosis and
therapeutics based on ncRNA will be widely available
in the future.
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