Nature and Science of Sleep Dove

ORIGINAL RESEARCH

Manuscript Title: A 4-miRNAs Serum Panel for
Obstructive Sleep Apnea Syndrome Screening

Jianming Mo*, Chao Zeng*, Wei Li*, Weidong Song, Ping Xu
Department of Pulmonary and Critical Care Medicine, Peking University Shenzhen Hospital, Shenzhen, 518034, People’s Republic of China
*These authors contributed equally to this work

Correspondence: Ping Xu, Peking University Shenzhen Hospital, | 120 Lianhua Road, Shenzhen, 518036, People’s Republic of China,
Email 582233978@qq.com

Background: Obstructive sleep apnea syndrome (OSAS) is a common chronic sleep disorder. OSAS is closely related to cardiovas-
cular disease, metabolic disorders, cancer risk, and sudden death. This association has special significance in young people. Although
it is known that OSAS has a great impact on physical health, it is estimated that 70-80% of patients with moderate-to-severe OSAS
remain undiagnosed. Therefore, a new method for early diagnosis of the disease, the therapeutic effect of OSAS and prevention of
complications to important.

Methods: A total of 110 patients with moderate-to-severe OSAS diagnosed in the Sleep Disorders Diagnosis and Treatment Center of
Peking University Shenzhen Hospital were selected. After excluding other diseases, 59 patients were finally selected as the OSAS
group. In addition, 60 healthy people were selected as the control group. Serum RNA was then extracted. Eight RNA samples were
randomly selected from the two groups for high-throughput miRNA sequencing. The 10 miRNAs with the greatest differences were
selected as preselected markers from the results. Then, qRT-PCR was performed on the remaining RNA samples of the two groups to
extract and verify the 10 miRNAs, and statistical analysis was performed between groups.

Results: A diagnostic panel was constructed by a stepwise logistic regression model combined with the expression data of miRNAs in
the validation phase. A four-miRNA panel was identified to better predict OSAS, and the model was calculated using the following
formula: Logit (P)= 0.77-1.65 x miR-486-5p - 4.56 x miR-148a-3p + 1.79 x miR-744-5p + 1.13 x let-7d-3p. The AUC for the four-
miRNA panel was 0.955 (95% CI: 0.899 to 0.985; sensitivity = 91.38%, specificity = 91.38%). Gene Ontology (GO) annotation and
Kyoto encyclopedia of genes and genomes (KEGG) pathway analysis was included in bioinformatic analysis.

Conclusion: A 4-miRNAs panel as a diagnostic biomarker for OSAS screening is feasible.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a common chronic sleep disorder.' Symptoms such as oxygen desaturation
and daytime sleepiness occur in approximately 10—17% of the adult population. OSAS is characterized by recurrent
episodes of obstruction of the upper airway during sleep, causing recurrent episodes of chronic intermittent hypoxia
(CIH), which lead to sleep fragmentation and daytime sleepiness. In obstructive airway conditions, the ineffective effects
of breathing exercise also led to increased chest pressure, intermittent suffocation, and disruption of the sleep-wake cycle.
Taken together, these events strongly associate OSAS with the risk of cardiovascular disease, metabolic disorders, cancer
development, and sudden death, an association of particular significance in the younger population.” In recent years, the
incidence of cancer in young adults has increased, in which OSAS may be involved and play a larger role. In addition,
CIH may also cause oxidative stress, inflammation, etc., and even the delay in OSAS treatment will have irreversible
effects on cardiovascular disease. Although it is known that OSAS has a great impact on physical health, it is estimated
that 70-80% of patients with moderate-to-severe OSAS remain undiagnosed.”> Therefore, a new method for early

diagnosis of the disease, the therapeutic effect of OSAS and the prevention of complications to important.
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Traditional polysomnography (PSG) is the most important diagnostic method for OSAS. Through continuous
monitoring of breathing, arterial oxygen saturation, electroencephalogram (EEG), electrocardiogram (ECG), heart rate
and electromyogram (EMG) during sleep, doctors can make a clear diagnosis based on the analysis of the monitoring
data. But PSG requires seven hours of continuous testing while the patient is asleep, and the wires that are connected can
easily come off. Therefore, data loss and errors are often caused. In addition, in many patients, the lead severely affects
the quality of sleep, leading to an inaccurate diagnosis of OSAHS.* These directly lead to the difficulty of OSAS
screening. Often when the disease is diagnosed, the degree of nocturnal apnea and hypoxia of the patient is already very
serious, and irreversible cardiovascular disease has occurred. Therefore, high-throughput sequencing or qRT-PCR
diagnostic methods can improve the underdiagnosis of diseases and can reduce unnecessary procedures, thereby reducing
the use of medical resources.

Currently, research in the field of OSAS is focused on finding its reliable biomarkers, which can not only help doctors
make a quick diagnosis, but also increase the understanding of the physiopathological genetic level of OSAS.” In the era
of precision medicine, miRNAs have become an increasingly common research object for the screening, diagnosis and
management of various diseases. miRNAs are a class of small noncoding RNAs that negatively regulate gene expression
post-transcriptionally by binding to target messenger RNAs (mRNAs), resulting in degradation or translational repression
and protein synthesis.® They play key roles in several biological processes, such as stress response, apoptosis, prolifera-
tion and differentiation, and many studies have shown that they are overexpressed in several diseases including
cardiovascular disease, metabolic disorders and cancer. miRNAs are ubiquitous in blood, are resistant to degradation,
and can be measured simply and quickly (8—10 hours), making them ideal biomarkers.’

This study aimed to detect miRNA expression in serum, identify differences between OSAS patients and healthy
people, and explore their clinical significance and contribution to disease diagnosis. In addition, we combined the NoSAS
score to try to find a simpler and more reliable clinical diagnosis method.

Materials and Methods

Participants Enrollment and Serum Collection

From January 2020 to February 2021, a total of 110 patients with moderate-to-severe OSAS diagnosed at the Sleep
Disorders Diagnosis and Treatment Center of Peking University Shenzhen Hospital were selected. All patients underwent
Philips polysomnography (Alice6LDE 31-lead PSG). 1 night (= 7 hours) of continuous sleep monitoring, and the
monitoring results met the OSAS diagnostic criteria of the American Academy of Sleep Medicine (AASM).®
Exclusion criteria: (1) Combined with other sleep disorders; (2) Combined with chronic or severe cardiopulmonary
diseases; (3) Combined with cerebrovascular disease, diabetes, hyperthyroidism, dementia, anxiety and depression or
mental disorders; (4) Combined with tumors (5) Combined pregnancy; (6) Received continuous positive airway pressure
(CPAP) or surgical treatment; (7) Taking psychotropic and sedative drugs; (8) History of smoking and alcoholism.
Finally, 59 patients were selected as the OSAS group. During the same period, 60 healthy people were recruited and
selected as the control group. OSAS were excluded by the same polysomnography, and they met the above exclusion
criteria. Two groups of patients took fasting whole blood samples from 8:00-9:00 in the morning and centrifuged them to
obtain serum. The serum was collected and stored at —80°C for subsequent batch extraction of RNA. RNA was extracted
by TRIZOL method (Trizol, THERMO 15596026). The basic data of the two groups of patients are shown in Table 1.

Candidate miRNA Screening
Build the library: Eight RNA samples were randomly selected from the two groups, the RNA concentration was
accurately quantified by Qubit, and the integrity of RNA was accurately detected by Agilent 2100. Libraries were
constructed using the Small RNA Sample Pre Kit.

miRNA screening: After the sample library is qualified, high-throughput miRNA sequencing (illumina
HiSeqTM2500/MiSeq sequencing platform) is performed, and the raw reads of the original sequencing results are
filtered to obtain “Clean Reads”, and then the length distribution statistics of “Clean Reads” are performed and screened
out SmallRNA (sRNA) within the length range of miRNA (21~22nt).
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Table | The Clinical Characteristics of Participants

Screening Stage

Validation Stage

Control (n=8) | OSAHS (n=8) | Control (n=60) | OSAHS (n=59)
Age (years) 4325 £9.10 36.50 + 7.54 4234 £ 10.11 40.68 + 10.64
Gender (Male/Female) 6/2 6/2 44/16 44/15
BMI (kg/m?) 23.70 = 3.56 26.75 +2.78 24.55 + 2.24 26.10 + 3.18
AHI (events/h) 1.63 £ 0.74 38.75 + 8.48 1.78 £ 0.85 41.26 * 5.66
Mean SaO, (%) 97.6 £ 1.1 924 +22 96.2 + 1.7 91.7 £43
Minimum SaO, (%) 934+ 12 747 £ 53 928 + 1.3 695 +74

Abbreviations: BMI, Body mass index; AHI, Apnea hypopnea index; SaO2, Oxygen saturation.

The sRNA after length screening is located on the reference sequence, the distribution of SRNA on the reference sequence
is analyzed, and the density statistics of all the “Reads” of each sample aligned to each chromosome on the genome are
performed, and the circos plot is used to view each chromosome. The distribution of Reads is “Mapped Reads”. Align the
“Reads” on the above-mentioned “Mapped Reads” reference sequence with the specified range sequence in miRbase to
obtain the details of the matched sSRNAs in each sample, including the secondary structure of the matched known miRNAs,
the sequence, length, number of occurrences and other information of miRNA in each sample.

Differential analysis of miRNA: The expression levels of known and new miRNAs in each sample were counted, and
the expression levels were normalized with TPM. The input data of miRNA differential expression is the “Readcount”
data obtained in the analysis of miRNA expression level, and we use DESeq2 based on negative binomial distribution for
differential analysis.

Preselected miRNA: After high-throughput sequencing of 8 RNA samples in the OSAS group and the control group,
miRNAs with the greatest differences were screened as preselected markers (p value<0.01 and | log2 (foldchange)>1).

qRT-PCR Validation

To further verify the sequencing results, we performed qRT-PCR on the remaining samples from the two groups (51 in
the OSAS group and 52 in the control group). First, RNA reverse transcription was performed on the sample. The
Mastercycler PCR instrument of Eppendorf Company was used, and the one-step miRNA reverse transcription kit
(Xinhai Gene, D1801) was used. qRT-PCR was performed using the LightCycler 96 fluorescence PCR instrument of
ROCHE Company, and 5*Fast SYBR was used. Green qPCR Mix reagent (Xinhai Gene, A2202B). And add the most
reliable endogenous reference substance U6 for standardization. Results were normalized using the mean center normal-
ization method, the gold standard method when screening large numbers of miRNAs.

Bioinformatic Analysis

To explore the correlation of miRNAs in the experiments with OSAS, and we further deciphered the potential functions
of the identified miRNAs through the mirWalk (http://mirwalk.umm.uni-heidelberg.de/) database. MiRWalk, as
a miRNAs-gene interaction prediction database, will be used for target gene prediction among candidate miRNAs.

After obtaining the predicted target genes, Gene Ontology (GO) annotation and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis were performed in the DAVID database.

Statistical Analysis

Mann—Whitney U-test or Student’s 7-test will be used to verify the statistical significance of miRNA expression levels
between patients and controls. With logistic regression, a combined miRNA panel was built whose profiles included
receiver operating characteristic (ROC) curve, area under the ROC curve (AUC), and Youden index (sensitivity +
specificity - 1). All data analysis and management work were performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA)
and GraphPad Prism 8.3 (GraphPad Software, USA). Data were removed from extreme values and null values, and were
stratified by gender.

Nature and Science of Sleep 2022:14 heeps: 2057

Dove:


http://mirwalk.umm.uni-heidelberg.de/
https://www.dovepress.com
https://www.dovepress.com

Mo et al Dove

Results

Ethical Statement

This study was approved by the Ethics Committee of Peking University Shenzhen Hospital and all the participants
signed an informed consent form. And this study complied with the Declaration of Helsinki. Totally of 119
participants, including 59 OSAS patients and 60 controls, were enrolled in our study. The study process was
shown in Figure 1. The demographics and clinical characteristics of the subjects in our study are shown in
Table 1.

To Discover Candidate miRNAs in the Screening Stage

Initially to identify candidate miRNAs in the screening stage, the expression level of miRNAs was screened out with the
serums of 8 OSAS patients and 8 controls by miRNA sequencing. Under the standard of p-value<0.01 and | log2
(foldchange)[>1, the candidate miRNAs were chosen based on the differential expression between OSAS patients and
controls. Then, 10 miRNAs in serum were most differentially expressed between OSAS patients and controls, including
5 significantly down-regulated miRNAs and 5 significantly up-regulated miRNAs (Figure 2). Thus, these 10 miRNAs
were chosen as candidate miRNAs for next study in the validation stage.

To Confirm Candidate miRNAs in the Validation Stage

The expression level of these 10 miRNAs in serum were further assessed by RT-qPCR with 59 OSAS patients and
60 controls, to confirm the expression of these candidate miRNAs serving as serum biomarkers in OSAS diagnosis.
As shown in Figure 3, compared to healthy controls, the relative expression level of miR-486-5p, and miR-148a-3p
were significantly downregulated in the serum of OSAS patients, and the relative expression level of miR-744-5p,

Screening Stage
serum sample: 8 OSASH vs. 8 controls
method: miRNA Sequencing

&

Validation Stage
serum sample: 59 OSASH vs. 60 controls
method: RT-qPCR

&

Diagnostic capacity evaluation
Student's t test, ROC and Youden index analysis
Result: Four miRNAs have high diagnostic capabilities

&

Diagnostic panel discovery
Combined the expression data of the four miRNAs
build a diagnostic panel by logistic regression model.
The calibration was evaluated byHosmer-Lemeshow test.

Figure | The flowchart of the study design.
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Figure 2 The expression profile of miRNAs by miRNA sequencing in the screening stage. (A) the volcanic map of the expression profile of miRNAs. (B) the heatmap of the
expression profile of miRNAs with the serums of 8 OSASH patients and 8 controls. Different color indicates the fold-change of the relative expression level, whereas blue
means down-regulated, and red means upregulated. Ten candidate miRNAs were selected based on the differential expression (2-fold change and p-value < 0.01).
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Figure 3 Expression levels of the 10 candidate miRNAs in the validation stage. Expression levels of miR-486-5p (A), miR-215-5p (B), miR-148a-3p (C), miR-191-5p (D),
miR-182-5p(E), miR-150-5p (F), miR-744-5p (G), miR-223-3p (H), let-7d-3p (I), and miR-361-3p (J) in the validation stage. The serum of 59 OSASH patients and 60 controls
were used in the stage. *Represents P < 0.05, **Represents P < 0.01, ***Represents P < 0.001.

let-7d-3p, and miR-361-3p were significantly increased in the serum of OSAS patients. The other 5 miRNAs,
including miR-215-5p, miR-191-5p, miR-182-5p, miR-150-5p, and miR-223-3p, were no difference between OSAS
patients and controls.
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Diagnostic Value of Candidate miRNAs in the Validation Stage

The diagnostic value of these 10 candidate miRNAs was assessed by ROC curve analysis. The AUCs were 0.745 (95%
confidence interval (CI): 0.656 to 0.821; Figure 4A) for miR-486-5p, 0.645 (95% CI: 0.552 to 0.730; Figure 4B) for miR-
215-5p, 0.804 (95% CI: 0.721 to 0.871; Figure 4C) for miR-148a-3p, 0.513 (95% CI: 0.418 to 0.607; Figure 4D) for
miR-191-5p, 0.565 (95% CI: 0.471 to 0.656; Figure 4E) for miR-182-5p, 0.5 (95% CI: 0.407 to 0.593; Figure 4F) for
miR-150-5p, 0.729 (95% CI: 0.639 to 0.807; Figure 4G) for miR-744-5p, 0.525 (95% CI: 0.431 to 0.617; Figure 4H) for
miR-223-3p, 0.742 (95% CI: 0.653 to 0.818; Figure 41) for let-7d-3p, and 0.646 (95% CI: 0.553 to 0.731; Figure 4J) for
miR-361-3p, respectively. Youden index was performed to calculate optimum cutoff values and the best sensitivity and
specificity of 10 candidate miRNAs in diagnosing OSAS are listed in Table 2.

Building miRNA Panels for Better Detection of OSAS

Although, a single miRNA may have good diagnostic values in distinguishing OSAS patients from healthy controls, the
combination of several miRNAs could improve higher diagnostic values than single miRNA. By stepwise logistic
regression model, the expression data of the miRNAs in the validation stage was combined to build the diagnostic panels.
A four-miRNA panel was identified to predict OSAS better and the model was calculated with the formula: Logit (P)=
0.77-1.65 x miR-486-5p - 4.56 x miR-148a-3p + 1.79 x miR-744-5p + 1.13 x let-7d-3p. The AUC for the four-miRNA
panel was 0.955 (95% CI: 0.899 to 0.985; sensitivity = 91.38%, specificity = 91.38%; Figure 5).

Bioinformatics Analysis of Candidate miRNAs

Targeted genes prediction was performed by miRWalk database and genes targeted by more than three miRNAs were
selected as targeted genes. A total of 367 genes targeted by miR-486-5p, miR-148a-3p, miR-744-5p and let-7d-3p were
put into Enrichr database to for KEGG pathway enrichment analysis and GO functional annotation, including biological
process (BP), cellular component (CC), and molecular function (MF). The top 10 enriched GO terms in each GO items
were shown in Figure 6C, including protein phosphorylation (GO:0006468), RNA interference (GO:0016246), and post-
transcriptional gene silencing by RNA (GO:0035194) in the BP category; dendrite (GO:0030425), neuron projection
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Figure 4 The receiver operating characteristic (ROC) curve analyses of 10 candidate miRNAs in validation stage. The AUCs were 0.745 for miR-486-5p (A), 0.645 for miR-

215-5p (B), 0.804 for miR-148a-3p (C), 0.513 for miR-191-5p (D), 0.565 for miR-182-5p (E), 0.5 for miR-150-5p (F), 0.729 for miR-744-5p (G), 0.525 for miR-223-3p (H),
0.742 for let-7d-3p (I), and 0.646 for miR-361-3p (J).
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Table 2 Outcomes of Receiver Operating Characteristic Curves and Youden Index for the ten
Candidate miRNAs and the Diagnostic Panel

AUC P value 95% ClI Sensitivity (%) | Specificity (%)
miR-486-5p 0.745 0.0466 0.656 to 0.821 62.71 84.48
miR-215-5p 0.645 0.0536 0.552 t0 0.730 55.93 80
miR-148a-3p 0.804 0.0414 0.721 to 0.871 69.49 90
miR-191-5p 0513 0.0544 0.418 to 0.607 66.1 42.11
miR-182-5p 0.565 0.0531 0.471 to 0.656 64.41 55
miR-150-5p 0.5 0.0541 0.407 to 0.593 27.12 88.33
miR-744-5p 0.729 0.0466 0.639 to 0.807 62.07 80
miR-223-5p 0.525 0.0544 0.431 t0 0.617 25.42 89.83
Let-7d-3p 0.742 0.0446 0.653 t0 0.818 47.46 90
miR-361-3p 0.646 0.0517 0.553 to 0.731 52.54 78.33
Four-miRNA panel 0.955 0.0206 0.899 to 0.985 91.38 91.38

Abbreviations: AUC, area under curve; Cl, confidence interval.

(GO:0043005), and asymmetric synapse (GO:0032279) in the CC category; protein serine/threonine kinase activity
(GO:0004674), voltage-gated cation channel activity (GO:0022843), and cytokine receptor binding (GO:0005126) in the
MF category. FoxO signaling pathway, Spinocerebellar ataxia, and NF-kappa B signaling pathway were enriched by
targeted genes for KEGG analysis (Figure 6D).

Discussion

Obstructive sleep apnea syndrome (OSAS) is a common chronic sleep disorder and influences cardiovascular disease.
And previous studies have shown that circulating microRNA could help diagnose OSAS more accurately.”'® In our
study, a two-stage study was designed to identify serum miRNAs that may have diagnostic ability. In the screening stage,
the expression level of miRNAs was screened out with the serums of 8 OSAS patients and 8 controls by miRNA
sequencing. Then, the most differentially expressed miRNAs were selected as candidate miRNAs for further verification
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Figure 5 The receiver operating characteristic (ROC) curve analyses for the miRNA panels. The AUC for the four-miRNA panel (miR-486-5p, miR-148a-3p, miR-744-5p,
let-7d-3p, and miR-361-3p) was 0.955 (95% CI: 0.899 to 0.985; sensitivity = 91.38%, specificity = 91.38%).

Nature and Science of Sleep 2022:14 heeps: 2061

Dove!


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

Mo et al Dove
A Biological Process B Cellular Component
protein phosphorylation (GO:0006468) dendrite (G0:0030425)
RNA interference (GO:0016246) neuron projection (GO:0043005)
post-transcriptional gene silencing by RNA (GO:0035194) asymmetric synapse (GO:0032279)
phosphorylation m*m 16310) postsynaptic density (GO:0014069)
regulation of intracellular signal transduction (GO:1902531) axon (GO:0030424)
m" of cell growth (GO:0030307) early endosome (GO:0005769)
[FEGUIREERBIS orz! transduction by ps3 class mediator (GO-1901796) bounded lle (GO:0043231)
[CEGIEATESESH: « o nerve growth factor stimulus (GO:1990090) nucleus (GO:0005634)
[FEGUIAHBAIY dendrite development (G0:0050773) [REERERIREEE < < (o-0014704)
|BRSEEIRIEER, ohosphorylation (G0:0046777) -embrane (GO:0010008)
C Molecular Function D KEGG Pathways
[EBkiReIrEeEptoRBiA ing (GO-0005126) INF-kappaBsignaling pathway |
[RRAJBSIVREREE cis-regulatory region sequence-specific DNA binding (GO:0000978) [Cholinergic synapse
[EISSTEUIRESRNEY i on sequence-specific DNA binding (GO:0000987) _
|BBUBIEZSHFERERL methylated DNA binding (GO:0010385) |Herpes simplex virus 1 infecti -
[EREIGTPEEB nding (G0.0031267) _aled ococyte maturation
[IREEHEURIRS receptor binding (G0-0005138) - fatty liver disease
[ERERERRBi oo (0-0045296) - o ety

Figure 6 GO functional annotation and KEGG pathway enrichment analysis of the target genes of miR-486-5p, miR-148a-3p, miR-744-5p and let-7d-3p. (A) Biological
process (BP) analysis; (B) cellular component (CC) analysis; (C) molecular function (MF) analysis; (D) KEGG pathway enrichment analysis.

with 59 OSAS patients and 60 controls in the validation stage. We found miR-486-5p, miR-148a-3p, miR-744-5p, and
let-7d-3p were significantly dysregulated between OSAS patients and controls. And a four-miRNA panel was identified
to detect OSAS, including miR-486-5p, miR-148a-3p, miR-744-5p and let-7d-3p (AUC =0.955 95% CI: 0.899 to 0.985;
sensitivity = 91.38%, specificity = 91.38%; Figure 5).

We found miR-486-5p was significantly downregulated in the serum of OSAS patients, and was a good serum
biomarker for screening OSAS with AUC=0.745 (95% CI: 0.656 to 0.821; Figure 4A). Also, miR-486-5p has been
reported to related to the discrimination between OSAS and non-OSAS patients.'' OSAS was a common disease related
to the development of cardiovascular disease, and miR-486-5p in patients with OSAS was associated with the
cardiovascular risk SCORE.'>'? The first-choice treatment for sleep apnea is continuous positive airway pressure
(CPAP) and miR-486-5p is involved in the favorable response to CPAP treatment in patients with OSA and resistant
hypertension through actions on cardiovascular-associated genes and functions.'*'

The miR-148a-3p could be performed to distinguish OSAS patients from controls, among the candidate miRNAs in
our study (AUC=0.804; 95% CI: 0.721 to 0.871; Figure 4C), and miR-744-5p (AUC=0.729; 95% CI: 0.639 to 0.807;
Figure 4G) and let-7d-3p (AUC=0.742; 95% CI: 0.653 to 0.818; Figure 4I) were also good serum biomarkers for
screening OSAS. Previous studies have reported that OSAS is associated with lung cancer.'®?* OSAS patients had
higher risk of lung cancer compared with those without OSAS.?? Intermittent nocturnal hypoxemia and sleep fragmenta-
tion were immediate consequences of OSAS, which might play a role in carcinogenesis.'® " And animal studies have
shown that OSAS and lung cancer are linked via chronic and intermittent hypoxemia.'®'” And, severe OSAS was
associated with increased cancer mortality in patients with stage III-IV lung cancer.?' Studied shown that miR-148a-3p
and miR-744-5p were play an important role in the development of lung cancer. Though modulating Ras/MAPK/Erk
signaling, miR-148a-3p restrained the epithelial-mesenchymal transition progression and proliferation of non-small-cell
lung cancer (NSCLC).** And miR-148a-3p could regulate Y-box binding protein 1 (YBX1) to promote NSCLC
progression.”* Through miR-148a-3p/ DNA methyltransferase 1 (DNMT1) axis, long non-coding RNA HOXA11-AS
facilitated NSCLC tumorigenesis in vitro and in vivo.”> By miR-744-5p/ cell division cycle-associated protein 4
(CDCA4) axis, long non-coding RNA LINCO01116 promoted lung adenocarcinoma oncogenicity activated by EGR1.%
And, IncRNA MAFG-ASI1, served as a molecular sponge of miR-744-5p, boosts the proliferation of lung
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adenocarcinoma by regulating miR-744-5p/MAFG axis.?’” Our study is the first to reveal the role miR-148a-3p, miR-744-
5p, and let-7d-3p in the screening of OSAS.

Though KEGG analysis, NF-kappa B signaling pathway were enriched by targeted genes predicted by miR-486-5p,
miR-148a-3p, miR-744-5p and let-7d-3p. Obstructive sleep apnea could cause excessive oxidative stress and systemic
inflammation by tissue hypoxia. And, reactive oxygen species, induced by hypoxia, affected myoblast pyroptosis though
the NF- « B/HIF-1 o signaling pathway during OSAS.*® Some hypoxia-inducible miRNAs have been identified that be
activated in different types of cancers and performing their role in tumorigenesis.?’ Oxidative stress and Inflammation
significantly correlate with OSAS, DNA oxidation products, TNF-a, NO, IL-6, IL-8, and nitrosative stress compounds
could be predictive laboratory biomarkers for OSAS.>** OSAS leaded to chronic intermittent hypoxia (CIH) during
sleep and was associated with nonalcoholic fatty liver disease, then CIH promoted liver fibrosis by TLR4/MyD88/
MAPK/NF-kB signaling pathways in mice.”> >’ OSAS was related to cardiovascular morbidity, and NFkB played a role
in the development of cardiovascular morbidity in OSAS.*”° Thus, NF-kappa B signaling pathway played an important
role in OSAS.

Conclusion

In conclusion, our study showed that 5 miRNAs (miR-486-5p, miR-148a-3p, miR-744-5p, let-7d-3p, and miR-361-3p) in
serum were significantly dysregulated between OSAS patients and healthy controls. The four-miRNA panel (miR-486-
5p, miR-148a-3p, miR-744-5p and let-7d-3p) was identified to enhance diagnostic value of screening OSAS, which
might be severed as novel biomarker for OSAS diagnosis.
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