Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2026; 170:XX. Original Paper

Identification of abnormal expression profile of peripheral blood miRNA and its
diagnostic value in grading the severity of COPD

Xiaoqing Zhang, Xiujuan Gong, Lianxia Zhang

Background. Chronic obstructive pulmonary disease (COPD) is now a major contributor to illness and death on a global
scale. Traditional classifications based on pulmonary-function variables like the FEV1 (% predicted), lack sensitivity to
early inflammatory changes and disease heterogeneity. In contrast, MiRNAs have emerged as promising biomarkers
for respiratory conditions including COPD. The aim of this study was to examine the association between selected
MiRNAs and COPD.

Methods. A total of 200 COPD patients (GOLD I-1V, n=50 each) and 50 healthy controls were enrolled. Differentially
expressed miRNAs were identified from the GEO database and validated by RT-qPCR. Univariate analysis and LASSO
regression were used for feature selection. A logistic regression model incorporating selected variables was established
for the forecast COPD severity. KEGG pathway enrichment of miR-518b target genes was performed using DAVID.
Results. Five miRNAs (miR-216a, miR-518b, miR-106a, miR-1233, and miR-184) were substantially increased in COPD
and correlated with disease severity (P<0.001). LASSO regression identified FEV1 (% predicted), DLCO (% predicted),
CAT score, miR-518b, and age as key predictors. The combined model showed excellent classification performance
(AUC=0.953; sensitivity=92.9%; specificity=81.3%). MiR-518b emerged as a strong independent risk factor (OR=18.91,
P=0.003). Gene set enrichment of miR-518b targets pointed to involvement in both the Toll-like receptor and Hippo
pathways, implicating its critical roles in inflammation and airway remodeling.

Conclusions. MiR-518b is closely associated with COPD severity and may be useful in clinical practice. A model inte-
grating miRNA expression and clinical parameters provides high predictive value for COPD classification and supports
precision diagnosis.
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INTRODUCTION

COPD is a heterogeneous and progressive respiratory
disease characterized by persistent airflow limitation and
chronic airway inflammation, primarily resulting from
long-term exposure to noxious particles or gases, most
notably tobacco smoke'?. According to the GBD data,
COPD ranked among the top four causes of death world-
wide in 2021, with an increasing clinical and socioeco-
nomic burden, particularly in aging populations®. Despite
substantial advances in both pharmacological and non-
pharmacological management, early identification and
accurate stratification of disease severity remain major
clinical challenges.

Spirometry, especially the percentage of predicted
forced expiratory volume in one second (FEV1 [% pre-
dicted]), remains fundamental for the diagnosis of COPD
and for grading the severity of airflow limitation into
GOLD stages 1 to 4 (ref.*). However, current GOLD rec-
ommendations emphasize that clinical classification and
treatment stratification are not based on spirometric pa-
rameters alone. Instead, patients are primarily categorized
into groups A, B, and E according to symptom burden
and history of exacerbations, with spirometry serving as
a complementary assessment tool'.

Although spirometric indices provide a standardized
approach for grading disease severity, they fail to fully
capture the multidimensional nature of COPD, especially
in its early or subclinical stages>®. Moreover, spirometric
indices alone do not reflect the underlying molecular and
inflammatory processes that drive disease progression,
nor do they account for the marked interindividual vari-
ability observed in clinical outcomes’. This highlights an
urgent need for novel biomarkers that can improve risk
stratification, monitor disease trajectory, and guide per-
sonalized therapeutic strategies.

miRNAs are small non-coding RNAs that modulate
gene expression at the post-transcriptional level and are
involved in key biological processes relevant to COPD
pathogenesis, including immune modulation, oxidative
stress, epithelial remodeling, and apoptosis®®. Owing to
their stability in peripheral blood and disease-specific
expression patterns, circulating miRNAs have emerged
as promising non-invasive biomarkers in various chronic
diseases, including pulmonary disorders'®'?. While ac-
cumulating evidence implicates dysregulated miRNA
expression in COPD development and exacerbations'>!,
most studies have focused on single miRNAs or lacked
validation across disease stages.

In this study, we systematically identified differentially
expressed miRNAs in the peripheral blood of COPD pa-
tients using public transcriptomic datasets and validated
key candidates by RT-qPCR. We further evaluated their
diagnostic and classification performance across GOLD
stages and developed an integrated logistic regression
model combining miRNA expression profiles with clini-
cal parameters. Pathway enrichment analysis of miRNA
target genes was conducted to explore potential molecular
mechanisms underlying COPD progression.

MATERIAL AND METHODS

Subjects

The sample size was chosen with reference to existing
literature and preliminary experimental data. Assuming
a standard deviation of 0.3 for miRNA expression, antici-
pating a between-group difference of 0.2, with a = 0.05
and power (1-f) = 0.80, the calculated minimum sample
size was 36 subjects per group. Considering the recom-
mendation of having 10-15 events per variable in logis-
tic regression modeling, this study ultimately included
50 subjects in the control group and 50 subjects for each
GOLD stage of COPD, meeting the sample size require-
ments for both statistical modeling and intergroup com-
parisons.

This study was designed as a prospective, observa-
tional case-control investigation. During the study pe-
riod, patients with a clinical diagnosis of COPD were
consecutively screened at our hospital according to the
2023 GOLD guidelines. Eligible patients were subse-
quently stratified based on spirometric severity (GOLD
stages I-1V), and 50 patients were enrolled in each stage
to ensure balanced representation across disease severity.
Enrollment continued until the predefined sample size for
each GOLD stage was reached.

Inclusion and exclusion criteria

The inclusion criteria encomposed: (1) individuals
aged 40-80 years; (2) Diagnosis of COPD based on the
GOLD criteria, specifically when the post-bronchodila-
tor FEV1/FVC ratio was less than 0.70; (3) Currently
in a stable phase of COPD without evident symptoms of
acute exacerbation; (4) Complete clinical and pulmonary
function test data available, allowing for definitive GOLD
staging.

The exclusion criteria encompassed: (1) Coexisting
respiratory diseases such as lung malignancy, bronchial
asthma, interstitial lung disease, or active pulmonary tu-
berculosis; (2) Presence of systemic autoimmune diseases,
like systemic lupus erythematosus, rheumatoid arthritis;
(3) History of acute respiratory infection or hospitaliza-
tion within the past month; (4) History of severe car-
diovascular or cerebrovascular disease, hepatic or renal
dysfunction, or malignancy; (5) Presence of other dis-
eases or technical issues during sampling or testing that
could interfere with blood miRNA detection.

Peripheral blood collection and miRNA extraction

The peripheral venous blood was drawn via the ante-
cubital vein in the early morning under fasting conditions,
using EDTA anticoagulant tubes. Following centrifuga-
tion at 3,000 rpm, the supernatant was retrieved and
kept at —80 °C until further use. Total RNA was isolated
employing the TRIzol reagent kit. The concentration,
along with the purity of RNA was estimated employing
a NanoDrop 2000 spectrophotometer, and only samples
with an A260/A280 ratio between 1.8 and 2.1 were in-
cluded in subsequent analyses.
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miRNA expression profiling and RT-qPCR validation

In the initial screening phase, peripheral blood miRNA
expression data from COPD patients were sourced from
the GEO database (GSE24709). The implementation of
analyzing differential expression was accomplished via the
"limma" package in R, with candidate miRNAs identified.

During the validation phase, the miRNAs identified
from the screening stage were further assessed. cDNA
synthesis was carried out via TagMan™ MicroRNA
Reverse Transcription Kit, following which was the im-
plementation of RT-qPCR action by means of TagMan™
MicroRNA Assay Kit on an ABI 7500 Real-Time PCR
System. The quantification of miRNA level was accom-
plished utilizing 224t method.

Construction of a COPD severity classification model

A binary logistic regression model was developed in-
corporating miRNA expression levels alongside clinical
parameters as predictor indicators, and GOLD stage as
the outcome variable (GOLD I-1I=0, GOLD III-1V=1).
The predictive accuracy of the model was determined
through 10-fold cross-validation, with AUC, sensitivity,
and specificity reported as performance indicators.

miRNA target gene enrichment analysis

Gene-target prediction for the validated differentially
expressed miRNAs was carried out employing the online
databases miRDB and TargetScan. Subsequently, KEGG
pathway enrichment was implemented via the DAVID
platform, with a focus on identifying pathways related to
the pathogenesis of COPD, particularly those involved
in inflammatory responses and oxidative stress signaling.

Statistical analysis

Data got processed using SPSS version 26.0 as well
as R version 4.0.2. Continuous variables were displayed
in the manner of mean + SD, and ANOVA or indepen-

dent samples t-test was applied for group comparison.
Categorical variables were demonstrated as percentages
(%), and differences between groups were assessed apply-
ing x2 test. Variable selection was accomplished utilizing
univariate analysis as well as LASSO regression. To evalu-
ate diagnostic efficacy of the model, ROC curve analysis
was implemented and key metrics like AUC, sensitivity,
specificity and the Youden index were computed. Logistic
regression analysis was further applied to assess the pre-
diction worth of each variable for COPD severity. P-value
less than 0.05 was deemed as statistically significant.

RESULTS

Baseline characteristics

In total, 250 individuals participated in the investi-
gation, comprising 50 healthy controls and 200 patients
suffering from COPD. The mild COPD cohort consisted
of patients in GOLD stages I-II, while the severe COPD
group included those classified as GOLD stages III-1V.
Detailed baseline characteristics of all participants were
presented in Table 1.

Significant statistically differences among the groups
regarding age, smoking index, FEV1 (% predicted), DLCO
(% predicted) and CAT scores (all P<0.001) could be in-
spected. Specifically, as COPD severity increased, both
FEV1 (% predicted) and DLCO (% predicted) progres-
sively decreased, while CAT scores showed a correspond-
ing upward trend. These findings suggested that impaired
lung function and clinical symptom severity are strongly
linked to COPD advancement.

Screening and validation of differentially expressed miRNAs

Analysis of data from the GEO database identified
10 miRNAs exhibiting differential expression in the pe-
ripheral blood of COPD patients compared with healthy

Table 1. Baseline characteristics.

Indicators Control GOLD I GOLD II GOLDIII GOLD IV ANOVA ANOVA P t/x>(Mild P (Mild
(n=50) (n=50) (n=50) (n=50) (n=50) F/x? v Severe) v Severe)

Age (years) 66.01£8.03 66.87£7.02  67.56+6.51  70.80+7.11  71.70+8.36 11.382 <0.001 3.919 <0.001

Male [n (%)] 30 (60.0%) 31(62.0%) 33(66.0%) 32(64.0%) 34 (68.0%) 0.868 0.929 0.088 0.767

BMI kg/m? 23.1£2.5 23.4+2.8 22.8+2.7 23.1£3.0 22.7+3.3 0.126 0.882 0.478 0.633

Smoking index 21.23+9.30 28.62+9.87  32.04£10.68 35.22+10.91 36.68+11.47 27.461 <0.001 3.699 <0.001

(pack-years)

FEV1 91.13£8.94  80.01%9.77  69.44+11.52 48.77+12.01 36.99+12.55 201.74 <0.001 19.594 <0.001

(% predicted)

DLCO (% 92.85+5.59 83.01+10.77 75.75+13.52 54.36+13.99 46.55+13.21 184.31 <0.001 15.858 <0.001

predicted)

CAT score 6.60+2.60  8.33+£5.84 11.15£6.55  20.13+7.25  22.11+7.47 126.15 <0.001 11.280 <0.001

Hypertension 8 (16.0%) 10 (20.0%) 13 (26.0%) 14 (28.0%) 13 (26.0%) 2.592 0.274 0.427 0.513

[n (%)]

Diabetes 6 (12.0%)  5(10.0%) 7 (14.0%) 8 (16.0%) 6 (12.0%) 0.364 0.834 0.177 0.674

[n (%)]

GOLD stages were defined based on individual post-bronchodilator FEV1 (% predicted) values according to GOLD criteria; values shown

represent group-level descriptive statistics.
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Fig. 1. Volcano plot of differentially expressed miRNAs.

The x-axis represents the log, fold change, and the y-axis represents -log,, FDR. Each dot cor-
responds to a miRNA, with red indicating significantly different expression (|log,FC| > 1,
FDR < 0.05) and gray indicating no significant difference.

Table 2. Expression results of differentially expressed miRNAs.

miRNA Control GOLD GOLDII  GOLD III GOLD IV ANOVA_F ANOVA_P t(Mildvs P (Mild v
Severe) Severe)
miR-216a 1.03+0.14 1.07+0.19 1.14+0.23 1.27+0.25 1.38+0.27 15.23 <0.001 6.583 <0.001
miR-518b  0.98+0.18 1.11£0.20 1.19+0.22 1.24+0.26 1.31£0.28 14.88 <0.001 3.801 <0.001
miR-106a  1.04+0.19 1.15+0.23 1.2120.24 1.29+0.27 1.34£0.25 13.95 <0.001 3.957 <0.001
miR-1233 1.03+0.14 1.12+0.17 1.1740.18 1.25£0.21 1.33+0.22 12.75 <0.001 4.925 <0.001
miR-184 1.01£0.15 1.13+0.21 1.19+0.23 1.27+0.23 1.36+0.26 12.23 <0.001 4.805 <0.001
miR-200a  1.02£0.16 1.04+0.15 1.06%0.18 1.07£0.19 1.08+0.21 1.09 0.364 0.992 0.322
miR-20b 1.05£0.15 1.08+0.17 1.10£0.19 1.11+0.18 1.13+0.21 1.33 0.265 1.115 0.266
miR-224 1.01£0.17 1.05+0.16 1.07+0.18 1.09+0.20 1.11+0.22 1.41 0.236 1.480 0.140
miR-182 1.030.16 1.06+0.17 1.10£0.20 1.12+0.21 1.14£0.23 1.56 0.195 1.720 0.087
miR-216b 1.00+0.14 1.02£0.15 1.05£0.17 1.07+0.19 1.08+0.21 1.12 0.342 1.561 0.120

controls (miR-216a, miR-518b, miR-200a, miR-106a,
miR-1233, miR-20b, miR-224, miR-182, miR-184, and
miR-216b; |log FC| > 1, FDR<0.05) (Fig. 1). In the
RT-qPCR validation phase, the expression levels of these
10 candidate miRNAs got measured across the control
group as well as COPD patients at different GOLD stages
(Table 2). An obvious elevation of five miRNAs, including
miR-216a, miR-518b, miR-106a, miR-1233, and miR-184
could be traced in COPD sufferers relative to the healthy
individuals, with expression levels increasing progressively
with disease severity. These differences were statistically
significant (P<0.001), implying a credible involvement of
these miRNAs in COPD advancement. Conversely, the
remaining five miRNAs, including miR-200a, miR-20b,
miR-224, miR-182, and miR-216b, did not show appre-
ciable expression changes either among the groups or be-
tween the mild and severe COPD cohorts (all >0.05),
indicating limited diagnostic value for disease staging in
this study.

Univariate analysis and LASSO regression for variable
selection in COPD patients

To further identify key indicators distinguishing be-
tween mild (GOLD I-II) and severe (GOLD III-IV)
COPD, univariate analysis was first performed on 200
COPD patients. The results showed that age, smoking
index, FEV1%, DLCO%, CAT score, and miR-216a, miR-
518b, miR-106a, miR-1233, and miR-184 levels were dis-
tinctly different in patients suffering from mild or severe
COPD (all P<0.05), suggesting these indicators as poten-
tial candidate variables for disease severity classification.
Subsequently, LASSO regression was applied to further
screen variables, aiming to reduce multicollinearity and
prevent model overfitting (Fig. 2). Then, 10-fold cross-
validation was applied for the determination of the opti-
mal regularization parameter (A), five variables, including
FEV1 (% predicted), DLCO (% predicted), CAT score,
miR-518b, and age, were ultimately selected as the optimal
feature set for subsequent joint modeling analysis.
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Fig. 2. Feature selection process using LASSO regression.

The x-axis represents the log-transformed A values, and the y-axis indicates the mean squared error
(MSE). Red dots represent the MSE of the model under different A values, with gray error bars
showing the standard error. The black dashed line denotes the optimal A value corresponding to

the minimum MSE.
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Fig. 3. The performance of the logistic regression model was evaluated using the ROC curve.

Logistic regression-based joint modeling and model
performance evaluation

A binary logistic regression model was constructed
using the five variables selected by LASSO regression, in-
cluding FEV1 (% predicted), DLCO (% predicted), CAT
score, miR-518b, and age, as independent variables, and
GOLD classification (mild: I-1I=0; severe: III-IV=1) as
the dependent variable. Model performance was assessed
using 10-fold cross-validation. The analysis yielded an
AUC of 0.953, reflecting excellent discrimination (Fig. 3).
The optimal cut-off point for classification was established
based on the ROC curve (cutoff=0.513). At this cut-off,
the model achieved 92.9% sensitivity, 81.3% specificity, an

accuracy of 86.7% and a Youden index of 0.743, suggest-
ing that the model possesses strong practical value and
robustness for COPD severity classification.

The multivariate logistic regression findings were pre-
sented in Table 3. FEV1 (% predicted), (OR=0.91, 95% CI:
0.85-0.96, P<0.001) and DLCO (% predicted) (OR=0.87,
95% CI: 0.81-0.93, P<0.001) were identified as significant
protective factors, indicating that lower levels of these
pulmonary function parameters go hand-in-hand with
an elevated likelihood of severe COPD. The CAT score
(OR=1.15, 95% CI: 1.05-1.26, P=0.004) was positively
associated with disease severity, suggesting that more
severe clinical symptoms are linked to a higher GOLD
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Table 3. Results of multivariate logistic regression analysis.

Variables § OR 95% CI P

miR-518b 2.94 18.91 2.89-123.68 0.003
FEV1 (% predicted) -0.096 0.91 0.85-0.96 <0.001
DLCO (% predicted) -0.142 0.87 0.81-0.93 <0.001
CAT score 0.140 1.15 1.05-1.26 0.004
Age 0.086 1.09 0.99-1.19 0.065

classification. The expression level of miR-518b emerged
as a strong risk factor in the model (OR=18.91, 95% CI:
2.89-123.68, P=0.003), indicating that its upregulation
may be closely associated with severe COPD. Although
age showed a positive trend (OR=1.09, P=0.065), it did
not reach statistical significance in this model.

Pathway enrichment analysis of miR-518b target genes

With the aim of further figuring out the potential
molecular mechanisms of miR-518b in the progression
of COPD, its target genes were predicted using online
databases, we implemented KEGG pathway enrichment
analysis via the DAVID platform. The results revealed
that miR-518b target genes had abundant existence in the
Toll-like receptor pathway as well as the Hippo pathway.
The former takes a vital part in the inflammatory reaction
in COPD and may have a close connection to pulmonary
immune imbalance and airway remodeling. The Hippo
signaling pathway is involved in cell proliferation, apop-
tosis, and tissue regeneration, suggesting that miR-518b
may contribute to COPD progression and severity clas-
sification through these pathways.

DISCUSSION

MiRNA markers have the advantage of non-invasive
acquisition, and its combination with other techniques
can significantly improve diagnostic accuracy®. The ex-
isting tools have insufficient sensitivity to early or mild
COPD, and more sensitive biomarkers need to be devel-
oped. This study systematically explored the diagnostic
and classification value of miRNAs in COPD, identifying
five miRNAs, particularly miR-518b, as significantly as-
sociated with disease severity. Through the integration of
molecular and clinical features, we established a logistic
regression model with excellent discriminatory perfor-
mance (AUC=0.953), supporting the utility of miRNAs
as minimally invasive biomarkers enabling refined strati-
fication of COPD.

miRNAs take pivotal parts in immunological and in-
flammatory responses associated with lung diseases, like
lung malignancy, COPD, asthma, as well as pulmonary
fibrosis'®!”. Although only a few studies have specifical-
ly explored miRNA regulation within peripheral blood
immune cells'®, circulating miRNA signatures in whole
blood have already shown promise in identifying COPD
patients'. Previous studies have highlighted several can-
didates, such as miR-21, miR-146a, and miR-223, which
exhibit differential expression in COPD and involved in

inflammatory regulation®*?2. Consistent with these find-
ings, our study demonstrated that miR-518b expression
increased progressively from GOLD stage I to IV and
showed a strong independent association with severe
COPD (OR=18.91, P=0.003), further supporting the no-
tion that miR-518b could function as a robust biomarker
for accurate stratification and severity assessment.

While miR-518b has not been widely reported in the
context of COPD, its regulatory role has been implicated
in immune response and tissue remodeling in other dis-
eases?*?, In our study, KEGG pathway enrichment of
predicted miR-518b target genes revealed significant in-
volvement in the Toll-like receptor pathway and Hippo
signaling pathway, both of which have known relevance
in COPD pathophysiology?*?¢. TLR signaling plays a key
role in innate immune activation and chronic inflamma-
tion in COPD patients, contributing to neutrophilic infil-
tration and airway remodeling®*?’. Meanwhile, the Hippo
pathway regulates epithelial cell proliferative, apoptotic,
and regenerative capabilities, and its dysregulation bear
great responsibility for emphysematous changes in COPD
lungs?*?8. Evidently, beyond its biomarker potential, miR-
518b might function directly in the molecular mechanisms
driving COPD advancement.

The predictive model we developed, comprising miR-
518b, FEV1%, DLCO%, CAT score, and age, demon-
strated strong sensitivity (92.9%) and specificity (81.3%),
outperforming models based solely on clinical parameters.
These findings support the utility of integrating molecular
biomarkers with traditional clinical indices to enhance
the classification and prognostic accuracy of COPD.
Although previous studies have also shown that miRNAs
such as miR-34a, miR-199a-5p, and miR-181a are involved
in COPD-related inflammation and structural changes®?';
however, few have focused on miRNA-based models for
stratification across GOLD stages, which represents a
major novelty and contribution of our study.

Nonetheless, our study carries certain limitations.
First, the miRNA validation was performed on a single-
center cohort, and external validation using independent
populations is warranted to confirm the model’s generaliz-
ability. Second, although bioinformatic analyses suggested
involvement of inflammation-related pathways, the down-
stream functional targets of miR-518b were not experi-
mentally validated. Further mechanistic studies, including
luciferase reporter assays and pathway inhibition experi-
ments, are warranted to clarify how miR-518b influences
COPD advancement. Third, the present analysis focused
primarily on spirometric severity (GOLD stages 1-4) and
did not specifically evaluate miRNA expression in relation
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to acute exacerbation history or contemporary GOLD
A/BJE clinical groups, which integrate symptom burden
and exacerbation risk. Future studies incorporating these
clinically relevant dimensions are needed to better align
miRNA biomarkers with current GOLD classification
and treatment stratification.

CONCLUSION

In summary, this investigation identifies miR-518b
as a novel peripheral blood biomarker associated with
COPD severity and highlights its potential mechanistic
involvement in inflammatory and regenerative signaling.
The integrated miRNA-clinical model presents a promis-
ing tool for enhancing COPD classification and guiding
personalized disease management.
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