International Journal of Chronic Obstructive Pulmonary Disease Dove

ORIGINAL RESEARCH

Plasma miR-150-5p as a Biomarker for Chronic
Obstructive Pulmonary Disease

Yichuan Ding 1=3% Sihui Tang"2’4‘*, Zihan Zhou'™3, Hui Wei'™3, Wanchun Yang 1-3

'Department of Respiratory and Critical Care Medicine, the Second People’s Hospital of Hefei, Hefei, People’s Republic of China; 2Department of
Respiratory and Critical Care Medicine, Hefei Hospital Affiliated to Anhui Medical University, Hefei, People’s Republic of China; 3The Fifth Clinical
College of Anhui Medical University, Hefei, People’s Republic of China; “Department of Respiratory and Critical Care Medicine, the Second People’s
Hospital of Hefei Affiliated to Bengbu Medical University, Bengbu, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Wanchun Yang, Department of Respiratory and Critical Care Medicine, the Second People’s Hospital of Hefei, Hefei, Anhui,
23001 I, People’s Republic of China, Tel +8662965684, Fax +8662965684, Email 1225399339@qq.com

Purpose: To investigate the potential of plasma microRNA-150-5p (miR-150-5p) as a biomarker for chronic obstructive pulmonary
disease (COPD) and its relationship with clinical indicators such as pulmonary function.

Patients and Methods: Fifty-nine patients with COPD and twenty-six healthy control individuals were recruited in the Second
People’s Hospital of Hefei from September 2021 to September 2022. The plasma expression level of miR-150-5p was measured by
quantitative real-time polymerase chain reaction.

Results: The miR-150-5p level in the COPD group was significantly lower than that in the control group, and the relative expression
was lower in patients with severe airflow limitation than those with mild limitation. Plasma miR-150-5p levels were positively
correlated with pulmonary function indicators and negatively correlated with the white blood cell count and C-reactive protein level.
The receiver operating characteristic curve suggested that plasma miR-150-5p had predictive value for COPD (area under curve =
0.819, sensitivity 64.4%, specificity 92.3%).

Conclusion: MiR-150-5p can be useful for the diagnosis and disease assessment of COPD, and has value as a biomarker for COPD.
Keywords: chronic obstructive pulmonary disease, miR-150-5p, biomarker, miRNA

Introduction

Chronic obstructive pulmonary disease (COPD) is a commonly-occurring disease of the respiratory system characterized
by persistent and incomplete reversible airflow limitation." The incidence of COPD may continue to increase each year in
the next decade.” Therefore, early diagnosis, timely evaluation of the disease, and formulation of individualized treatment
plans are crucial to improving the patient condition and clinical efficacy.” The causes of COPD are complex, the most
common of which is smoking. Other factors that may cause or aggravate COPD include environmental exposures and
genetic risks.* COPD, as a progressive inflammatory disease of the respiratory tract, alveoli, and microvessels,” is related
to the airway and systemic inflammatory response caused by inflammatory factors such as tumor necrosis factor-o and
interleukin-8,>” although its specific mechanism still needs further study.

Biomarkers are a current research hotspot and may play a helpful role in early diagnosis, evaluation, treatment, and
prognosis of various diseases. Biomarkers can come from many sources including tissues, serum, plasma, sputum, and
bronchoalveolar lavage fluid.® Among them, plasma has the characteristic of relatively easy clinical collection making it
convenient for repeated detection and comparative analyses during the occurrence and development of diseases.

MicroRNAs (miRNAs) are small non-coding RNAs that can degrade target mRNAs, thereby inhibiting translation,
and regulate post-transcriptional gene expression.” Dysregulation of their expression is closely related to the occurrence
and development of various diseases.'® Recent research suggests that altering the expression of miRNAs in respiratory
disorders can modulate their pathogenesis.'' It has been reported that miRNAs can aggravate lung diseases by regulating
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the release of proinflammatory factors in smooth muscle cells.'> Among them, miR-150-5p is a small non-coding RNA
composed of 22 nucleotides that participates in biological processes such as cell differentiation, proliferation, apoptosis,

14,15

and autophagy.'""'? Current research on miR-150-5p has mainly focused on its association with tumors, rheumatic

16:17 and other systemic diseases.'®'® Basic studies have confirmed the relationship between miR-150-

immune diseases,
5p and lung inflammation and injury,'**° but there are still few studies on its function in the pathogenesis of COPD. The
current study detected miR-150-5p in the plasma of COPD patients by quantitative real-time polymerase chain reaction

(qRT-PCR) to explore whether it has the potential of being used as a biomarker for COPD.

Materials and Methods

Study Population
We included 59 patients who were admitted to The Second People’s Hospital of Hefei from September 2021 to
September 2022 and were diagnosed with COPD. We also recruited 26 healthy controls without pulmonary disorders
and non-smoking. The inclusion criteria of COPD patients were: (1) met the guidelines for diagnosis and treatment of
COPD; (2) no history of thoracic surgery or injection of immunosuppressants in the past 3 months; and (3) clinical data
were complete. Exclusion criteria were: (1) patients with severe heart, liver, and kidney dysfunction; (2) patients with
bronchial asthma, bronchiectasis, or other lung diseases; (3) patients with infections in other parts of the body; (4)
patients with a history of malignant tumors; and (5) patients with an abnormal mental state who could not cooperate.
Of the 59 patients with COPD selected, 50 were males and 9 were females, aged 75.12 + 7.85 years. The 26 healthy
control individuals that were randomly selected included 20 males and 6 females, aged 71.65 + 6.35 years. There was no
significant difference between the sex ratios and age composition of the COPD group and the healthy controls (P > 0.05).
This study complied with the ethical guidelines of the Declaration of Helsinki and was accredited by the Medical Ethics
Committee of our hospital; informed consent was provided by all patients and healthy controls.

Data Collection

Patients’ age, sex, smoking history, body mass index (BMI), white blood cell (WBC) count, procalcitonin (PCT) level,
C reactive protein (CRP) level, and pulmonary function indexes were collected. Functional data included forced vital
capacity (FVC), forced expiratory volume in one second (FEV1), and FEV1 as a percentage of the predicted value
(FEV1%pred). Based on the pulmonary function results, COPD patients were divided into a severe group (FEV1%pred <
50%) of 36 cases and a mild group (FEV1%pred > 50%) of 23 cases.

gRT-PCR to Detect the Expression of Plasma miR-150-5p

Five milliliters of fasting peripheral blood was collected in an EDTA-K2 purple anticoagulant tube in the morning from
healthy controls and before each COPD patient was admitted to the hospital for treatment, then centrifuged at 4 °C at
3000 r/min for 15 min. After centrifugation, the upper plasma layer was transferred to a sterilized Eppendorf tube and
stored at —80 °C. The qRT-PCR protocol was as follows: RNA extraction using an miRcute Plasma miRNA Isolation Kit
(DP503, Tiangen Biotech, Beijing, China), reverse transcription using a riboSCRIPT Reverse Transcription Kit (C11027,
RiboBio, Guangzhou, China), and finally qRT-PCR using an miRNA qPCR Starter Kit (C10211, RiboBio) with
amplification in a LC480 fluorescent quantitative PCR instrument (Roche, Basel, Switzerland). The reaction conditions
were 95 °C for 10 min, followed by 45 cycles of 95 °C for 10s, 60 °C for 25s, and 70 °C for 25s. The primers (RiboBio)
were designed and synthesized wusing the stem-loop method. The miR-150-5p sequence is 5'-
UCUCCCAACCCUUGUACCAGUG-3'. Cel-miR-39-3p was used as the internal reference gene. qRT-PCR analyses
were repeated 3 times and averaged. Relative results were calculated using the 272" method.

Statistical Analyses

Data were analyzed using SPSS 25.0 and GraphPad Prism 9.0 software. Normally distributed data are expressed as
means + standard error of the mean. Student’s #-test was used for comparisons between two groups. Non-normally
distributed data are expressed as interquartile ranges, and the Mann—Whitney U-test was used for comparisons between
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Table | Basic Clinical Information of the High- and Low-miR-150-5p Expression COPD Patients

Variable Low Expression Group | High Expression Group | t/X2/z-value | P-value
Age (years) 77.83%5.74 72.14+8.70 2.939 0.005%*
BMI (kg/m2) 21.93+4.18 23.68+3.76 —-1.677 0.099
Male, n (%) 27 (93.10) 22 (75.86) 3.288 0.070
History of smoking, (years) | 20.000 (0.0,40.0) 30.000 (0.0,40.0) —0.056 0.955
miR-150-5p 0.10+0.03 0.73+0.63 —5.331 0.000%*
WABCs (109/L) 8.281 (6.8,12.4) 5.660 (4.4,7.2) —4.331 0.000%*
PCT (ng/mL) 0.120 (0.0,0.3) 0.040 (0.0,0.1) —2.128 0.033*
CRP (mg/L) 43.380 (8.7,108.9) 7.170 (1.9,28.2) -3.103 0.002%**
FEVI (L) 0.860 (0.6,1.1) 1.230 (0.8,1.6) —2.372 0.018*
FVC (L) 1.68+0.61 2.00+0.75 -1.793 0.078
FEVI/FVC (%) 53.890 (47.1,64.7) 61.170 (56.3,67.5) —2.465 0.014*
FEV1%pred (%) 40.68+14.17 51.79+17.65 —2.643 0.01I*

Notes: *P < 0.05, **P < 0.01.
Abbreviations: BMI, body mass index; WBCs, white blood cells; PCT, procalcitonin; CRP, C-reactive protein; FEVI, forced expiratory
volume in | second; FEV | %pred, forced expiratory volume in | second as a percentage of the predicted value; FVC, forced vital capacity.

two groups. Count statistics are expressed as n (%), and the chi-square test was used for comparisons. Pearson’s or
Spearman correlation analysis was used to assess correlations between the miR-150-5p expression level and lung
function indexes in COPD patients. The receiver operating characteristic (ROC) curve was used to assess the predictive
value of plasma miR-150-5p in the diagnosis of COPD. P < 0.05 indicated a statistically significant difference.

Results

Comparisons of Clinical Data

COPD patients were divided into low- and high-expression groups with the median miR-150-5p expression level of 0.16
as the boundary value. Clinical data of the two groups are compared in Table 1. The results showed that there was no
significant difference in sex, BMI, FVC, and smoking history between the two groups (P > 0.05). There was, however,
a significant difference in age, WBC count, CRP level, PCT, FEV1/FVC, and FEV1%pred (P < 0.05).

Expression of miR-150-5p

Comparing the expression of plasma miR-150-5p between the COPD and control groups showed that it was significantly
lower in the COPD group than in the healthy control group (P < 0.05). We also compared the expression of miR-150-5p
between the mild and severe COPD groups and found that the expression level in COPD patients with severe airflow
limitation was significantly lower (P < 0.05; Figure 1).

*kkk
*kkk

Relative miR-150-5p level
Relative miR-150-5p level

1
Mild group Severe group

Normal

COPD

Normal

Figure | (A) Comparison of miR-150-5p expression levels between the control and chronic obstructive pulmonary disease (COPD) groups. (B) Comparison of miR-150-5p
expression levels between the control, mild COPD, and severe COPD groups. The heights of the columns represent the relative expression (2 **<T) of miR-150-5p. Data
are expressed as means * standard error of the mean. ****P < 0.0001. *P < 0.05.

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 https: 401
Dove!


https://www.dovepress.com
https://www.dovepress.com

Ding et al Dove
A B C
34 r=0.4076 1001 1004 r=0.3697
p=0.0014 3 .8 p=0.0040
S * 2 80q. . o . L 80
w2 ° . S @
s o . ﬁ 60 4&2°, ,° & 60
- - N - i . S
% < i O 4o ;- 3 40
° & g y r=0.5087 3
= ° 2 i <0.0001 B
= A“' . °* ° 2 20-1® * P E 2
-
0 T T T T 1 0 T T T T 1 0 ! 1 I T 1
0.0 0.5 1.0 1.5 2.0 25 0.0 0.5 1.0 1.5 2.0 25 25 00 0.5 1.0 1.5 2.0 25
The expression of miR-150-5p The expression of miR-150-5p The expression of miR-150-5p
D E F
100
r=-0.4513 254 200+
904 . "p=0,0003 r=-0.6386 r=-0.4353
- P 20e  p<0.0001 150-e% p=0.0006
[
S 80- b 5
E s S 100
o L E
g, 70 T
< o 50 ..
60 °
T T T T 1 0 1
50 T ' r ' . 05 10 15 20 25 25
00 05 10 15 20 25 T -50-

The expression of miR-150-5p The expression of miR-150-5p The expression of miR-150-5p

Figure 2 Correlation analyses of the miR-150-5p expression level with (A) forced expiratory volume in | second (FEVI), (B) FEVI as a percentage of the predicted value
(FEV1%pred), (C) FEVI/forced vital capacity (FVC), (D) age, (E) white blood cell (WBC) count, and (F) C-reactive protein (CRP) level.

Correlation Analyses of miR-150-5p with Pulmonary Function Indexes

The relationship between plasma miR-150-5p expression and pulmonary function in COPD patients is shown in Figure 2.
Correlation analyses showed that the plasma miR-150-5p expression level in COPD patients was positively correlated
with FEV1/FVC, FEV1, and FEV1%pred. Because there were significant differences in the WBC count, CRP level, and
age between the low- and high-expression groups, we also analyzed the correlation between plasma miR-150-5p
expression and WBCs, CRP level, and age. The results are shown in Figure 2. Correlation analyses showed that the
plasma miR-150-5p expression level in COPD patients was negative correlated with WBC count, CRP level, and age.

The Plasma miR-150-5p Level is a Diagnostic Biomarker for COPD

The predictive value of plasma miR-150-5p for COPD is shown in Figure 3. The ROC analysis showed that plasma miR-
150-5p levels were valuable in the clinical diagnosis of COPD (area under the curve = 0.819, sensitivity 64.4%,
specificity 92.3%).

Discussion
COPD is expected to become the third most common cause of death globally by 2030.% At present, the therapy and
prognosis of COPD have become more challenging in the situation of COVID-2019, and its incidence will continue to
rise in the future.>' COPD is a complicated and heterogencous disease at the genetic, cellular, and molecular levels.” At
the same time, as a progressive disease, COPD may only have clinical significance at specific stages.*> Therefore, the use
of biomarkers that may alter the pathophysiological pathway of the disease has the potential to improve the accuracy of
clinical diagnosis and the effectiveness of treatment.”*

MiRNAs can be detected in various body fluids of COPD patients and are very stable, thus having value as potential
disease diagnostic markers.>* Recently, the function of miRNAs in the pathogenesis of COPD was confirmed, and an
increasing number of miRNAs, such as miR-146a, miR-199a-5p, miR-106b, and miR-638, have proven their value in the
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Figure 3 Receiver operating characteristic curves for plasma miR-150-5p. AUC, area under the curve.

diagnosis and treatment of COPD,**

providing new ideas for the early diagnosis, screening, and prognosis of this
disease.

Studies have found that the miR-150-5p level is heightened in blood samples.? Thus, we speculated that miR-150-5p
had the potential to be a biomarker. For example, researchers have reported that the expression of miR-150-5p is
associated with the severity and outcome of advanced heart failure, and is a novel circulatory biomarker.'” MiR-150-5p
levels vary greatly in patients with myasthenia gravis and are significantly decreased after thymectomy, suggesting that
its expression may be associated with disease remission.*® In studies of acute ischemic stroke, miR-150-5p was highly
associated with patient mortality within 90 days, outperforming traditional classifications for risk factors.®! Plasma miR-
150-5p is related with disease activity in ankylosing spondylitis and is an important non-invasive biomarker candidate.*?
Prospective studies have also found that the pathogenesis of chronic lymphocytic leukemia is associated with the
dysregulation of miR-150-5p.* In addition, the expression of miR-150-5p in the blood of COPD patients predicts the
development of cancer, and miR-150-5p was found to be dysregulated in patients with a variety of cancers, including
non-small cell lung cancer.>**” In basic research, the possible mechanism of miR-150-5p involved in the occurrence and
development of diseases has also attracted the attention of many scholars. For example, the level of miR-150-5p is
negatively correlated with metastasis-associated lung adenocarcinoma transcript 1 (MALAT1). Overexpression of
MALAT! inhibits apoptosis and degradation of the extracellular matrix by down-regulating miR-150-5p.*® In aortic
endothelial cells, MALAT1 can competitively bind to miR-150-5p and upregulate endothelin-1 expression, resulting in
an imbalance of oxidative stress and increased release of proinflammatory cytokines.>” Chen’s study identified vascular
endothelial growth factor A as a target gene of miR-150-5p, which is associated with decreased cell proliferation, cell
invasion, and angiogenesis through multiple sets of evidence.'” It is worth noting that the above pathological processes
are also inseparable from the pathogenesis of COPD, and miR-150-5p must affect COPD through some pathway.

Currently, there are few studies on miR-150-5p and diseases of the respiratory tract. In basic studies, it was found that
upregulation of miR-150-5p can reduce the overexpression of MALAT 1, thereby inhibiting the apoptosis and the inflamma-
tory response of human pulmonary microvascular endothelial cells, and alleviating the lung injury that occurs in acute
respiratory distress syndrome.'* A study found that down-regulation of miR-150-5p promotes the expression of inflammatory
cytokines by targeting SLC38A1.*® In extracellular vesicles secreted by hypoxic lung cancer cells, miR-150-5p has
immunomodulatory effects that reprogram natural killer cells into dysfunctional pro-inflammatory and pro-angiogenic
phenotypes.* Inhibition of oxidative stress by increasing the expression of protective miRNAs, such as miR-150-5p, can
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prevent the occurrence and development of COPD.?° A clinical study showed that COPD patients with high miR-150-5p
expression survived longer than those with low expression. Thus, overexpression of miR-150-5p may reduce tissue damage by
weakening the body’s immune response.** Among them, the relationship between MALAT1 and miR-150-5p deserves further
study. In vascular endothelial cells, the expression of MALAT1 triggers the expression of pro-inflammatory factors and the
increase of endothelial cell permeability.*' MiR-150 is the target of MALATI in airway smooth muscle cells."* And
bioinformatics analysis has predicted the binding of MALAT1 and miR-150-5p.*> MALAT] is abnormally expressed in
a variety of diseases including respiratory diseases, possibly aggravating the development of COPD by regulating inflamma-
tory responses, inhibiting apoptosis, and leading to lung injury through various mechanisms.

In the current study, the plasma miR-150-5p level, as a novel biomarker, was significantly higher in healthy people
compared with COPD patients. The ROC curve suggested the value of miR-150-5p in the clinical diagnosis of COPD
patients. Plasma miR-150-5p was not only significantly different between COPD patients and healthy controls, but also
relatively lower in patients with low FEV1%pred, indicating that miR-150-5p is closely related to the severity of clinical
airflow limitation in COPD patients and has the potential to be used as a marker of disease severity. In addition, the WBC
number was negatively correlated with miR-150-5p expression in the correlation analysis suggesting that miR-150-5p
may be related to negative feedback regulation of inflammation.

The development of chronic inflammation and emphysema is one of the hallmarks of COPD, and various
immune cells play a crucial role in the pathogenesis of this disease.*> Previous studies have confirmed that the
dysregulation of miR-150-5p has a regulatory relationship with the expression of inflammatory factors.>®3°
Therefore, down-regulation of miR-150-5p may lead to further exacerbation of the disease by aggravating the
inflammatory response and lung injury. Previous genome-wide association studies found that the binding checkpoint
of miR-150 was significantly enriched in genes related to lung function decline,** which is consistent with our
results. Specifically, we found that the plasma miR-150-5p expression level of COPD patients was positively
correlated with FEV1, FEV1/FVC, and FEVI%pred, the latter of which is generally used to formulate the grouping
of COPD patients clinically. Whether it can become a marker of COPD disease severity is worth further exploration
in the future.

Our study has two major limitations. First, this was a single-center study. Thus, to verify the value of miR-150-5p
as a biomarker, further validation in a larger COPD cohort will be required. Second, among hospitalized patients with
COPD, relatively few have mild or moderate pulmonary function scores, especially those with mild disease exhibiting
inconspicuous early clinical symptoms. Identifying COPD at an early stage may better prevent progression of the
disease and morbidity. However, confirming the possibility that miR-150-5p can be used for this purpose requires
recruiting more patients in outpatient clinics and the community to verify its value in early screening and to judge
disease severity.

Conclusion

This study confirmed that the plasma miR-150-5p level has value in the diagnosis and disease assessment of COPD
patients. Its expression may be associated with clinical indicators such as the WBC number, CRP level, and age, and is
positively correlated with pulmonary function indicators. In conclusion, plasma miR-150-5p has the potential of
becoming a beneficial biomarker of COPD.
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