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miR-584 and miR-146 are candidate biomarkers
for acute respiratory distress syndrome
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Abstract. MicroRNAs (miRNAs/miRs) have important roles
in inflammation and infections, which are common manifes-
tations of acute respiratory distress syndrome (ARDS). The
present study aimed to assess whether serum miRNAs are
potential diagnostic biomarkers for human ARDS. For this,
two sets of serum samples from healthy individuals and patients
with ARDS were analysed by high-throughput sequencing to
identify differentially expressed genes in ARDS. A total of
679 valid sequences were identified as differentially expressed
(P<0.05). Of these, five differentially expressed miRNAs were
subjected to reverse transcription-quantitative PCR valida-
tion. Finally, two miRNAs (miR-584 and miR-146a) were
successfully verified. These two miRNAs were significantly
downregulated in the serum of patients with ARDS. Gene
Ontology annotations and Kyoto Encyclopedia of Genes
and Genomes pathway analysis revealed that their target
transcripts were implicated in a broad range of biological
processes and various metabolic pathways, including involve-
ment in the regulation of various inflammatory factors. The
present study provided a framework for understanding the
molecular mechanisms of ARDS and suggested that miR-584
and miR-146a are associated with ARDS and may be potential
therapeutic targets.
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Introduction

Acute respiratory distress syndrome (ARDS) is a severe
respiratory disease that results in low oxygen levels in the
blood and multiple organ failure (1). Its clinical symptoms
include diffuse alveolar injury, oedema, bleeding, the forma-
tion of a transparent membrane and polymorphonuclear
neutrophil infiltration (2,3). The outcome and risk of ARDS
may be influenced by multiple factors and thus, it is difficult to
explain the risk and outcome of ARDS with only one clinical
factor (4). Furthermore, the characteristics and outcome of
ARDS may change over time (5). This means that although
individuals are exposed to similar environmental factors, they
have different risks of morbidity and survival rates. Depending
on these factors, the mortality rate of patients with ARDS is
30-40% (6). It has been speculated that the genome may play
an important role in the ARDS (4).

MicroRNAs (miRNAs/miRs) are 21-24 nt duplex RNAs
and one miRNA may regulate hundreds of targets (7). Most of
the human genome was predicted to be regulated by miRNAs
and multiple miRNAs may act cooperatively to silence the
same target gene (8). They have important roles in the regula-
tion of post-transcriptional gene expression. Mature miRNAs
bind to the 3'-untranslated region of their target gene to control
gene expression, resulting in either reduced protein translation
or degradation of mRNA (9). With the advances in the current
understanding of the genome, miRNAs have been indicated to
have an important role in the regulation of numerous biological
processes (10). Dysregulation of miRNAs has been identified
in various diseases, such as lung cancer (11). In addition,
differentially expressed miRNAs are thought to have distinct
regulatory roles in biological processes (12). miRNAs, which
are non-coding RNA molecules that regulate gene expres-
sion at the post-transcriptional level, have emerged as a novel
class of gene expression modulators and certain miRNAs
have important roles in inflammation and apoptosis, which
are common manifestations of ARDS and diffuse alveolar
damage (13).

Progress has been made in the study of lung disease on
a genome-wide scale and numerous miRNAs have been
indicated to be expressed in the lungs (4,14,15). For instance,
Yuan et al (16) inhibited neutrophilic inflammation by silencing
triggering receptor expressed on myeloid cells (TREM-1)
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with a nanomicellar approach, suggesting that TREM-1 is a
potential therapeutic target for neutrophilic lung inflammation
and ARDS. However, studies reporting on the discovery of
candidate genes are difficult to replicate due to small sample
sizes, population stratification, variability of the control
populations or heterogeneity of the ARDS phenotype (4).
Thus, the progress of research into biomarkers for ARDS is
very slow. However, at the same time, it has been demonstrated
that numerous miRNAs are expressed specifically in ARDS
compared with normal lung tissue in rat model studies (17,18).
For instance, after trauma/transfusion or the physiological
remission of ARDS, miR-223 expression increased in the
lungs of methyltetradecanoic acid-induced mice or patients
with ARDS (19). miR-181a and miR-92a are risk-associated
biomarkers for ARDS, whereas miR-424 is a protective
biomarker (20). Liu ef al (21) indicated that upregulation of
miRNA-200c-3p reduced the levels of angiotensin-converting
enzyme 2, which has a crucial role in the occurrence and
development of ARDS.

High-throughput sequencing technology has made it
possible to sequence full human genomes and enhance
the understanding of genetic effects on diseases, treat-
ment outcomes and public health (22). In the present study,
high-throughput sequencing was used to identify differentially
expressed miRNAs in the serum of patients with ARDS and
reverse transcription-quantitative (RT-q)PCR verification
indicated that miR-584 and miR-146a may have important
roles in ARDS. miR-122 may have a key role in the progres-
sion of ARDS from initiation to death. These genes may be
potential targets for the treatment of ARDS.

Materials and methods

Clinical samples. Serum samples of patients with ARDS (age
range, 23-85; average age, 63 years; sex ratio, 8:13) and healthy
subjects (age range, 27-69; average age, 45 years; sex ratio, 9:11)
were collected from December 2013 to February2016, at Xixi
Hospital (Hangzhou, China). Healthy samples underwent
routine medical examinations at Xixi Hospital. All patients
with ARDS met the Berlin diagnostic definition (23): The time
of ARDS was within 1 week of a known clinical insult or new
or worsening respiratory symptoms; chest imaging indicated
bilateral opacities (not fully explained by effusions, lobar/lung
collapse or nodules); respiratory failure was not fully explained
by cardiac failure or fluid overload; and ARDS severity was
based on oxygenation index (arterial oxygen partial pres-
sure/inhaled oxygen concentration). Detailed information on
the patients with ARDS is presented in Table I. Serum samples
were collected from patients who were grouped according to
the two stages of improvement and death. The criteria for
selection included an age of =18 years; absence of cardiac
insufficiency and no pregnancy or lactation. Serum was stored
at -80°C after collection.

RNA extraction and quality control. RNA was extracted by
TRIzol reagent (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The NanoDrop-2000 (Thermo Fisher
Scientific, Inc.) was used to measure the quantity and quality
of RNA. The integrity of RNA was assessed by standard dena-
turing agarose gel electrophoresis (1%).

High-throughput sequencing. From the 21 cases from the
ARDS group and the 20 cases from the healthy group, five
serum samples per group were selected. Age, sex, oxygen-
ation index and outcome were evenly distributed among the
5 samples from the ARDS group (Table I). In terms of age,
younger (age, 32 years), middle-aged (age, 63 years) and elderly
(age, 71,72 and 81 years) patients were selected. In terms of sex,
three females and two males were selected. For the oxygenation
index, patients with low (index=58), medium (index=116, 140)
and high levels (index=193, 222) were selected. For the final
outcome, three patients who died and two patients who finally
improved were selected. In terms of clinical diagnosis, patients
with HIN1 (n=1) or H7TN9 (n=1) infection and patients without
special infection were selected. In the healthy group, the age
range was 31-69 years and the male-to-female ratio was 3:2. For
each group, these 5 samples were mixed for high-throughput
sequencing to determine differentially expressed miRNAs.
The procedure followed standard Illumina procedures,
including library preparation and sequencing. TruSeq Small
RNA Sample Prep Kits (Illumina, Inc.) were used to prepare
the small RNA sequencing library. After library preparation
was completed, [llumina Hiseq2000/2500 (Illumina, Inc.) was
used to sequence the constructed library with a single-terminal
1x50-bp reading length.

High-throughput sequencing data analysis. To obtain the
clean sequence, ACGT101-miR v4.2 (LC Sciences) was used
to remove the 3'adaptor and low-quality sequences. From the
remaining sequences, 15 to 27 bp sequences, which were most
likely to contain mature miRNAs, were retained for further
analysis. miRNA sequences were filtered out and clean data
were obtained by comparisons with RFam (http:/rfam.
janelia.org), Repbase (http://www.girinst.org/repbase) and
mRNAbase (ftp:/ftp.ensembl.org/pub/release-90/fasta/homo_
sapiens/). After comparison with miRNAbase (ftp://mirbase.
org/pub/mirbase/CURRENTY/), the reads were divided
into 4 groups as the follows: ‘Group (gp)l’-reads mapped
to pre-miRNAs in miRbase and the pre-miRNAs further
mapped to the genome and expressed sequence tag; ‘gp2’-the
mapped pre-miRNAs did not map to the genome, but the reads
(and the miRNAs of the pre-miRNAs) mapped to the genome;
‘gp3’-reads mapped to selected miRNAs/pre-miRNAs in
miRbase, but the mapped pre-miRNAs and the reads did not
map to the genome; and ‘gp4’-reads did not map to selected
pre-miRNAs in miRbase, but the reads mapped to the genome
and the extended genome sequences in the genome may form
hairpins.

After screening for valid sequences, the expression profiles
of these sequences were normalized. Valid sequences were
identified in all samples and a reference frame, which consists
of the median of the copy number of the relevant valid sequence
in all samples, was established. Subsequently, the data of all
samples and reference frame data pairs were log2 transformed.
The Alog?2 of the log2-transformed data between each respec-
tive sample and the reference dataset was calculated and
sequences with |Alog2l<2 were selected. Next, a linear regres-
sion analysis of the reference set was performed between
samples and subsets to derive the linear formula y=a;x+b,,
where a; and b; are the slope and intercept, respectively. For
the resulting line, x is the log2 of the reference dataset and
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Patient Age Oxygenation Clinical
ID (years) Sex Clinical diagnosis index (mmHg) outcome
1# 32 Male Severe measles, severe pneumonia, type I respiratory 222 Death
failure, hepatitis B, hypernatremia.
2 47 Male Measles complicated with pneumonia, respiratory failure, 208 Improvement
intestinal obstruction.
3 56 Male Pulmonary infection, respiratory failure type I, cholestatic 161 Improvement
hepatitis, parapsoriasis, hypoproteinemia.
4 58 Male PCP, pulmonary edema, liver dysfunction. 85 Death
5 66 Male Chronic renal failure, pulmonary infection, liver cancer 172 Improvement
after interventional therapy, diabetes mellitus type II,
hypertension.
6 69 Male Posthepatitic cirrhosis, septic shock, hepatic 190 Death
encephalopathy.
¢ 72 Male Sepsis, septic shock, severe pulmonary infection, pleural 116 Improvement
effusion, occupation of left liver space.
8 83 Male Cerebral infarction, pulmonary infection, respiratory 125 Death
failure type I, septic shock, senile dementia, myocardial
infarction, renal failure.
9 23 Female  Severe pneumonia, respiratory failure. 129 Transfer®
10 35 Female  Pneumonia, respiratory failure, diabetes mellitus type II. 180 Improvement
11 56 Female = H7NO, severe pneumonia, respiratory failure. 136 Death
12¢ 63 Female = HINI1, pneumonia, post-operative thyroid cancer, diabetes 193 Improvement
mellitus type II.
13 69 Female  Respiratory failure type I, severe measles, chronic renal 153 Death
failure.
14¢ 71 Female @ H7N9, respiratory failure, apoplexy. 140 Death
15 74 Female Right inguinal hernia, intestinal obstruction, septic shock, 56 Death
cardiac arrest, aspiration pneumonia.
16 76 Female  Pulmonary infection, septic shock, respiratory failure, 198 Improvement
senile emphysema, coronary heart disease.
17 79 Female Renal failure, heart failure, pulmonary infection, 88 Death
respiratory failure.
19° 81 Female = Community-acquired, respiratory failure type I, 58 Death
hypertension, post-operative appendicitis.
20 84 Female  Hypertension, respiratory failure, sepsis, septic shock, 76 Transfer”
severe pulmonary infection.
21 85 Female  Pulmonary edema, stroke, liver cirrhosis, respiratory 103 Transfer®

failure.

sSamples selected for sequencing. °Patient was transferred to a different hospital according to their families' wishes. All patients were treated

with pressure control ventilation.

y is the expected value log2 of sample i on a corresponding
sequence. The median value of the reference frame, xmid,
was then calculated as xmid=[max(x)-min(x)]/2. The log2 of
the relevant sample i was calculated as y; ;4-2;X,;q + b;, such
that y, ie=Xmic and AY;=Y, nia-Yi. mie» Which is the logarithmic
correction factor of sample i. The correction factor algorithm
for sample i f;=2%"was then obtained. The number of copies
for each sample was obtained by multiplying the original copy
number with the algorithm correction factor f;.

RT-qPCR. Candidate miRNA selection was based on the
following criterion: Fold-change >2 after data normaliza-
tion. Patients were divided into the disease group (n=8)
and the death group (n=10) according to whether the final
clinical symptoms were improved or the patient died,
and three patients were transferred to a different hospital
according to their families' wishes, so they were not included
in the disease group or death group. A total of five randomly
selected miRNAs were validated by RT-qPCR. The stem-loop
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Table II. Stem-loop primers used for reverse-transcription PCR.

Name Sequence (5'-3")

miR-584 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACCTCAGTC
miR-451 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACTCAG
miR-146a GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACCCAT
miR-193a GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCATCTC
miR-122 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACCAAACAC

miR, microRNA.

Table III. Sequences of primers used for quantitative PCR.

Name Forward primer (5'-3") Reverse primer* (5'-3")
hsa-miR-584 GGTTATGGTTTGCCTGGGA

hsa-miR-451 CCCCAAACCGTTACCATTACT

hsa-miR-146a GGGGTGAGAACTGAATTCCAT CAGTGCGTGTCGTGGAGT
hsa-miR-193a GGGTCTTTGCGGGCG

hsa-miR-122 GGTGGAGTGTGACAATGGTG

5S rRNA GTCTACGGCCATACCACCCTGAA AAGCCTACAGCACCCGGTATTCC

*The reverse primer is a universal reverse primer. miR, microRNA; hsa, Homo sapiens.

primers used for RT of miRNAs (http://primer3.ut.ee/) are
listed in Table II. Complementary DNA was synthesized using
M-MLV(H-) Reverse Transcriptase obtained from Vazyme
Biotechnology. M-MLV(H-) Reverse Transcriptase (Vazyme
Biotech), 5x RT Buffer (Vazyme Biotech), dNTP Mixture
(Vazyme Biotech), primer (Sangon Biotech), RNase Inhibitor
(Vazyme Biotech) and ddH,O are included in the reverse
transcription reaction system. The temperature protocol for
reverse transcription was as follows: 45 min at 42°C, 5 min
at 85°C. The reaction was carried out in a PCR instrument
(cat. no. T1000; Bio-Rad Laboratories, Inc.). gPCR was
performed with SYBR Green qPCR (Toyobo) according to
the manufacturer's protocol. The composition of this reaction
mixture included the primers (Sangon Biotech), SYBR Green
qPCR Mix (Toyobo) and ddH,O. The temperature protocol for
reverse transcription was as follows: Initial denaturation 95°C
for 30 sec, followed by 40 cycles of 95°C for 10 sec and 60°C
for 30 sec. The reaction was carried out in a qPCR instrument
(7500; Applied Biosystems; Thermo Fisher Scientific, Inc.).
5S ribosomal RNA was used as an internal control. Relative
mRNA expression of each gene compared to 5S ribosomal
RNA was calculated using the 2244 method (24). The primer
information of miRNAs for qPCR is provided in Table III.
All miRNAs had the same stem-loop sequence. The reverse
primer used for qPCR was designed based on the stem-loop
sequence and thus, it was a universal reverse primer.

miRNA and mRNA co-expression network. Based on the
results of the sequence analysis, the following five miRNAs
with the largest difference in expression levels were obtained:
miR-584, miR-451, miR-146a, miR-193a and miR-122.

miRDB (http://mirdb.org), miRWalk (http://mirwalk.umm.
uni-heidelberg.de) and TargetScan 7.0 (http:/www.targetscan.
org/vert_72/) were used for target gene prediction.

Gene Ontology (GO) enrichment and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis. GO annotations of
target genes corresponding to differentially expressed miRNAs
were performed with the WEB-based GEne SeT AnaLysis
Toolkit (http://www.webgestalt.org/option.php). KEGG path-
ways were analysed through KEGG Mapper (https:/www.
kegg.jp/kegg/mapper.html) to identify the significant pathways
of the differentially expressed genes. GO terms and KEGG
pathways with a corrected P-value <0.05, which was calculated
by the hypergeometric test, were considered to be significantly
enriched. Futhermore, -loglO(P) was used to determine the
enrichment of each GO term by the differentially expressed
genes and the significance of the pathway associations.

Statistical analysis. All statistical analyses were conducted
with SPSS (20.0 IBM Corp.). Statistical comparisons of
the sequencing data were performed using Student's t-test.
ANOVA was used for comparisons between multiple groups,
followed by the Least-Significant Difference test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Processing of raw miRNA high-throughput sequencing data.
A total of 1.8x107 raw-sequence reads from the serum of
patients with ARDS and 1.9x107 raw-sequence reads from
the serum of healthy subjects were obtained. In the filtering
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Figure 1. Analysis of differentially expressed miRNAs. (A) Volcano plot indicating the differentially expressed miRNAs. Blue dots represent significantly
upregulated miRNAs, green dots represent significantly downregulated miRNAs and black points represent miRNAs that were not significantly different
between the ARDS and healthy groups. The two vertical lines indicate the filtering standard of fold-change =2. (B) Clustering analysis of differences in serum
levels of miRNAs between the ARDS and healthy groups. In the heat map, the highly upregulated genes are indicated in red the downregulated genes are
displayed in green. Because the samples for each group were pooled, there is only one entry for each group. miRNA/miR, microRNA; ARDS, acute respiratory

distress syndrome; hsa, Homo sapiens.

analysis, a total of 679 miRNAs were identified to be differen-
tially expressed between the ARDS and healthy samples. Of
the 679 miRNAs, 537 miRNAs belonged to the category gpl,
17 miRNAs to gp2, 24 miRNAs to gp3 and 101 miRNAs to
gp4. In gpl and gp2, 112 miRNAs were selected according to
the screening conditions fold-change >2 and P<0.05. A total
of 55 miRNAs were upregulated, while 57 miRNAs were
downregulated. In the volcano plot analysis of the differen-
tially expressed miRNAs, the ARDS group was successfully
separated from the normal group (Fig. 1A). The top 5 differ-
entially expressed miRNAs are presented in a heat map in
Fig. 1B. miR-584, miR-451, miR-146a and miR-193a were the
most downregulated miRNAs, while miR-122 was the most
upregulated.

Validation of differentially expressed miRNAs in ARDS and
healthy serum by RT-gPCR. To confirm the previous results
and identify the functions of miRNAs in ARDS, five randomly
selected miRNAs (Table IV), including three downregulated
miRNAs, Homo sapiens (hsa)-miR-584, hsa-miR-451 and
hsa-miR-146a, and two upregulated miRNAs, hsa-miR-193a
and hsa-miR-122, were validated by RT-qPCR (Fig. 2).

The results were similar to those of the high-throughput
sequencing. High-throughput sequencing and RT-qPCR
demonstrated downregulated expression of hsa-miR-584 and
hsa-miR-146a and upregulated expression of hsa-miR-122 in
the disease vs. healthy group (Fig. 2A). However, in the death
vs. healthy group, miR-122 was downregulated (Fig. 2B). In
the comparison of the death vs. healthy group, only the results
of hsa-miR-584 and hsa-miR-146a were similar to those of
the high-throughput sequencing (Fig. 2C). To reduce the indi-
vidual differences for sequencing, the samples were pooled in
the sequencing analysis, mixing patients from the disease and
death groups; thus, the sequencing results did not reflect the
differences between the disease group and the death group.

Prediction of potential miRNA targets. As miRNAs affect
gene expression by regulating mRNAs, the target mRNAs of

the miRNAs were predicted in a further analysis. miR-584
and miR-146a were selected for target gene prediction due
to their significant differences. ViennaRNA Web Services
(http://nibiru.tbi.univie.ac.at/forna/) were used to plot the
secondary structures of the miR-584 and miR-146 precursors
(Fig. 3A and B). MiRDB, miRWalk and TargetScan 7.0 were
used for this prediction and the results were intersected. A total
of 134 target genes were predicted for miR-584 and 41 target
genes for miR-146a (Fig. 3C and D). Analysis of the network
map of the target genes of these two miRNAs identified only
two common target genes (Fig. 3E).

GO analysis. GO enrichment analysis of significantly differ-
entially expressed mRNAs was performed to determine the
effects of these miRNAs. The WEB-based GEne SeT AnaLysis
Toolkit (webgestalt; http://www.webgestalt.org/option.php)
was used to annotate the potential biological functions and
signalling pathways of the target genes. GO categories of
‘biological process’ (BP), ‘cellular component’ (CC) and
‘molecular function’ (MF) were analysed to determine gene
functions and gene product enrichment. The results of the
GO enrichment analysis are presented in Fig. 4. The analysis
revealed that the majority of the BP terms associated with
both miR-146a (Fig. 4A) and miR-584 (Fig. 4B) were involved
in the processes of cell life activity and composition, such
as ‘biological regulation’, ‘metabolic process’, ‘multicellular
organismal process’ and ‘cellular component organization’. In
the category CC, the terms of the target mRNAs of miR-146a
and miR-584 included ‘nucleus’, ‘membrane’ and ‘macromo-
lecular complex’. In the MF category, the target mRNAs were
enriched in terms associated with binding activities, including
‘protein binding’, ‘ion binding’ and ‘nucleic acid binding’.

KEGG analysis. The results of the KEGG pathway enrich-
ment analysis of target mRNAs are presented in Fig. 5
and pathways with P<0.05 were selected to draw a bubble
diagram. These results demonstrated that the target mRNAs
of hsa-miRNA-584 may be involved in ‘ubiquitin-mediated
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Table IV. Details of the 5 randomly selected miRNAs for reverse transcription-quantitative PCR confirmation.

miRNA name P-value Fold-change Direction of regulation Chromosome Strand Expression
hsa-miR-584 1.93x10% 0.29 Down Chr5 - Middle
hsa-miR-451a 3.36x10* 0.49 Down Chr17 - High
hsa-miR-146a 4.86x10% 0.45 Down Chr5 + High
hsa-miR-193a 2.85x101° 329 Up Chrl7 + Middle
hsa-miR-122 2.94x107% 8.32 Up Chrl8 + High

miR/miRNA, microRNA; hsa, Homo sapiens; Chr, chromosome; + strand, sense strand; - strand, antisense strand.
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Figure 2. Validation of the microarray data by reverse transcription-
quantitative PCR. miRNA expression levels in the healthy (n=20), disease
(n=8) group and death (n=10) groups. ANOVA was used for comparative
analysis, followed by a Least-Significant Difference test. "P<0.05 and
“P<0.001. miRNA/miR, microRNA.

proteolysis’, ‘sulfur metabolism’, ‘retrograde endocannabinoid
signaling’ and ‘regulation of actin cytoskeleton’ (Fig. 5A). In
addition, ‘tuberculosis’, ‘toxoplasmosis’, ‘Toll-like receptor
(TLR) signaling pathway’ and ‘NF-«B signaling pathway’ were
associated with the target mRNAs of hsa-miR-146a (Fig. 5B).
MAPK cascade activation is the hub of multiple signalling
pathways and NF-«B is one of the downstream effectors of the
MAPK signalling pathway (25). Thus, further analysis focused
on the MAPK signaling pathway. According to the KEGG
prediction, glial cell line-derived neurotrophic factor (GDNF),
which is a target gene of miR-146a, and RAB23, which
belongs to the RAS family and is a target gene of miR-584,
are involved in the MAPK signalling pathway, which is an
inflammation-associated signalling pathway (26) (Fig. 5C).

Discussion

At present, no sensitive or specific biomarker for the early
diagnosis and treatment of ARDS is available. Considering the
high risk of death with ARDS, particularly in children (27),
further investigations into the molecular mechanisms of
ARDS are crucial to improve the survival rate. ARDS is a
multifactorial syndrome with high morbidity and mortality
rates, despite an enhanced understanding of ARDS pathogen-
esis, the capacity to predict the development of ARDS remains

limited (28). miRNAs have emerged as critical molecules
in human diseases (13,29-31). However, a limited number
of studies on miRNAs associated with the pathogenesis and
progression of ARDS have been published.

In the present study, using high-throughput sequencing
technology, a preliminary molecular analysis of miRNAs
and mRNAs in ARDS was performed to facilitate further
studies on the pathogenesis of ARDS and to explore whether
the pathology of ARDS may be induced by novel miRNAs. In
addition, GO and KEGG pathway enrichment analyses were
performed to identify the potential functions of differentially
expressed mRNAs.

Comparison of the expression profiles of miRNAs in ARDS
and healthy samples provided 679 differentially expressed
miRNAs. The most upregulated or downregulated miRNAs
may help identify molecular markers for the early diagnosis
of ARDS. A total of five miRNAs were randomly selected for
RT-gqPCR validation and the results of only 3 miRNAs were
consistent with the sequencing analysis. This may be because
a pooled sample strategy was adopted during sequencing,
while in the RT-qPCR analysis, a more detailed grouping was
performed. After excluding the difference between the disease
group and the death group, the sequencing results were still
reliable.

GO enrichment analysis was used to identify the functions
of the miRNAs through the expression patterns of their
target mRNAs. Among the target mRNAs of miR-146a
and miR-584, most of the BP terms were associated with
cell activity and composition. Alveolar macrophages and
alveolar epithelial cells are the first line of host defence
and innate immunity (32). In addition to macrophages and
alveolar epithelial cells, leukocytes and endothelial cells are
also essential for the inflammatory response in acute lung
injury (ALI)/ARDS. In addition, regulating the function of
macrophages and monocytes may be a promising therapeutic
strategy against ALI/ARDS (33). This evidence may indicate
that the differentially expressed miRNAs are associated with
the activities and functions of these immune cells.

The enriched CC terms were associated with the nucleus
and membrane, which are key organelles for biological
regulation, protein formation and secretion. As discussed
above, macrophages are important in ARDS, both in terms
of pro-inflammatory and anti-inflammatory activities (34). In
addition, NF-«kB is a key transcription factor in the regulation
of the innate immune inflammatory response in activated
macrophages (35). Activation of the NF-«B signalling pathway
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Figure 3. Two-dimensional structure analysis and target gene prediction of miR-584 and miR-146a. Based on the sequencing results, the secondary struc-
ture of (A) miR-584 and (B) miR-146a precursors was predicted. Venn diagrams indicating the number of common and target genes for (C) miR-584 and
(D) miR-146a in the three databases miRDB, miRwalk and TargetScan. (E) Comparison between the target genes of miR-584 and miR-146 revealed that there

were two identical target genes. miR, microRNA; hsa, Homo sapiens.

key determinants of inflammation. They mainly participate
in the inflammatory response through membrane processes,
including direct plasma membrane translocation, lysosome

requires extracellular factors to stimulate receptors on the cell
membrane and free NF-«kB is required to enter the nucleus
to initiate transcription (36). Members of the IL-1 family are
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Figure 4. Gene Ontology analysis of the predicted target genes of (A) miR-146a and (B) miR-584 in the categories Biological Process, Cellular Component and
Molecular Function. The number of genes accumulated in each term is displayed on the Y-axis. miR, microRNA.

exocytosis, exosome formation, membrane vesiculation,
autophagy and pyroptosis (37).

The MF terms were associated with protein binding and ion
binding. After the NF-«B signalling pathway is activated, NF-«xB
binds to multiple proteins or factors to mediate its effector func-
tions (38). In addition, numerous studies have indicated that zinc
modulates the NF-kB pathway (39). This is consistent with the
results of the GO enrichment analysis in the present study.

KEGG pathway enrichment analysis revealed that pathways
such as ‘ubiquitin-mediated proteolysis’, ‘sulfur metabolism’
and ‘regulation of actin cytoskeleton’ were associated with the
target mRNAs of miR-584. NF-«B is a critical transcription

factor for the maximal expression of numerous cytokines that
are involved in the pathogenesis of inflammatory diseases, such
as ARDS and sepsis syndrome. NF-xB activation involves the
phosphorylation, ubiquitination and proteolysis of IkB (40).
There is also experimental evidence that the actin cytoskeleton
has an important role in the regulation of NF-«kB activation and
inflammatory events in intestinal epithelial cells (41). Numerous
studies have proven that sulphides directly or indirectly affect
the NF-«kB signalling pathway, but they focused on a specific
sulphide, not the entire sulfur metabolism system (42-44).
The enrichment analysis of miR-584 target genes is basically
consistent with previous experiments.
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pathway. miR, microRNA.

Pathways such as ‘tuberculosis’, ‘toxoplasmosis’, “TLR
signaling pathway’ and ‘NF-«B signaling pathway’ were associ-
ated with the target mRNAs of miR-146a. The TLR family acts
as a primary sensor of innate immunity and all TLR signalling
pathways culminate with the activation of the transcription
factor NF-«kB (45). Numerous studies have proven that miR-146a
is closely related to inflammation (46-48). There is also consid-
erable evidence that miR-146a is closely linked to lung diseases,

including ARDS (49-51). The results of the target gene enrich-
ment in the present study are consistent with previous results.
One of the predicted target genes of miR-146a, GDNEF, is
involved in the development of pulmonary innervation (52).
Certain studies have proven that the introduction of the GDNF
gene into macrophages may effectively reduce neuronal
inflammation (53). RAB23 is a predicted target gene of
miR-584. Huang et al (54) detected the expression of Rab23
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protein in the nuclei in lung cancer tissues by immunohisto-
chemistry. Furthermore, the dysregulation of RAB23 may
affect the NF-kB signalling pathway (55). The predictions of
the present study are consistent with these findings.

A limitation of the present study is the focus on
high-throughput analysis and the related miRNA-mRNA
network, GO analysis and KEGG analysis based on the
predicted targeted genes. Further research on miRNA
functions will be performed in future studies with the aim of
obtaining additional evidence to corroborate the bioinformatics
predictions.

In conclusion, the results of the present study suggested
that miRNA-584 and miR-146a may be involved in the
occurrence and development of inflammation in ARDS by
affecting macrophages, and NF-kB may have an important
role in this process. These molecules may be promising
therapeutic targets for patients with ARDS and further
studies are required to explore the precise mechanisms of
ARDS.

Overall, it was revealed that miR-584, miR-146a and
miR-122 have a certain association with ARDS and may be
potential therapeutic targets. However, certain limitations of
the present study should also be acknowledged. Of note, the
results were only based on 21 serum samples from patients
with ARDS. There may be certain false-positives and further
verification is required. Future research on these targets is
required to validate the functions of the identified miRNAs in
ARDS and provide a more comprehensive understanding of
the underlying mechanisms.
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