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Abstract. The etiology and pathophysiological mechanisms 
of idiopathic pulmonary fibrosis (IPF) are yet to be fully 
elucidated; however, mining of disease-related microRNAs 
(miRNAs/miRs) has improved the understanding of the 
progression of IPF. The aim of the current study was to 
screen miRNAs associated with IPF using three mathematical 
algorithms: One-way ANOVA, least absolute shrinkage and 
selector operation (LASSO) and support vector machine- 
recursive feature elimination (SVM-RFE). Using ANOVA, 
three miRNAs and two miRNAs were selected with opposite 
expression patterns in moderate and severe IPF, respectively. 
In total, two algorithms, LASSO and SVM-RFE, were used to 
perform feature selection of miRNAs. miRNAs from patients 
were also extracted from formalin‑fixed paraffin‑embedded 
tissues and detected using reverse transcription-quantitative 
PCR (RT-qPCR). The intersection of the three algorithms 
(ANOVA, LASSO and SVM-RFE) was taken as the final 
result of the miRNA candidates. Three miRNA candidates, 
including miR-124, hsa-miR-524-5p and hsa-miR-194 were 
therefore used as biomarkers. The receiver operating charac-
teristic model demonstrated favorable discrimination between 
IPF and control groups, with an area under the curve of 
78.5%. Moreover, RT-qPCR results indicated that miR‑124, 
hsa‑miR‑524‑5p, hsa‑miR‑194 and hsa‑miR‑133a were differ-
entially expressed between patients with IPF and age-matched 
men without fibrotic lung disease. The target genes of these 

miRNAs were further predicted and Kyoto Encyclopedia of 
Genes and Genomes enrichment analysis was performed. 
Collectively, the present results suggested that the identified 
miRNAs associated with IPF may be useful biomarkers for the 
diagnosis of this disease.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a lung disease associ-
ated with a lower average survival time of ~2-5 years after 
initial diagnosis (1). For instance, Wolters et al (2) reported that 
50% of patients have a survival time of 3-5 years. The char-
acteristics of IPF include the proliferation of myofibroblasts, 
excessive accumulation of extracellular matrix and abnormal 
proliferation of alveolar epithelial cells (2). Moreover, fibro-
blasts in patients with IPF may originate from the following 
three sources: i) Excessive proliferation of resident fibroblasts 
in lung tissue; ii) the epithelial-mesenchymal transition (EMT) 
of alveolar epithelial cells into fibroblasts; and iii) excessive 
inflammation, which attracts fibroblasts from other tissues and 
facilitates their migration to the lungs (3). In total, two drugs 
are currently available to slow the progression of IPF, including 
prednisone and nintedanib (4). However, as the pathogenesis 
of IPF remains unknown, these drugs can only alleviate the 
progression of pulmonary fibrosis; thus, the disease cannot be 
fully treated (4).

MicroRNAs (miRNAs/miRs) are non-coding RNA 
molecules that have been revealed to interact with a variety 
of mRNAs and affect the expression of target genes (5). 
Furthermore, miRNAs serve important roles in the pathogen-
esis of IPF. For example, Rubio et al (6) found that epigenetic 
gene silencing mediated by the ribonucleoprotein complex 
multicomponent RNA-protein complex results from reduced 
levels of miRNA lethal 7 d in IPF. Bodempudi et al (7) also 
reported that miR‑210 promoted the proliferation of IPF 
fibroblasts to resist hypoxia. Additionally, miR‑101 attenuates 
IPF by inhibiting SMAD3, thus reducing transforming growth 
factor (TGF)-β expression and inhibiting fibroblast prolifera-
tion and activation (8). Other previous studies have shown that 
the downregulation of miR‑9 targets anoctamin-1, which 
results in decreased expression levels of TGF-β and SMAD3, 
slowed progression of IPF and reduced fibroblast proliferation 
in bleomycin-induced mice (9,10).
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Therefore, the aim of the present study was to compre-
hensively identify and quantify miRNAs involved in the 
occurrence and development of IPF using machine learning. 
The results will improve the understanding of miRNAs 
in patients with IPF, as well as demonstrate the differential 
expression of miRNAs and the function of target genes during 
IPF. In addition, the current results may provide miRNA 
expression profiles and potential biomarkers for IPF, thus 
improving diagnosis and treatment strategies.

Materials and methods

Data collection and patient population. In the discovery phase, 
array data (GSE129126) from the Gene Expression Omnibus 
(GEO; https://www.ncbi.nlm.nih.gov/geo/) were used as the 
finding set. This dataset included 28 samples (eight healthy 
lung tissues and 20 lung tissues from patients with IPF) from 
individuals with forced vital capacities of >80, 50-80 or <50%, 
respectively (8). GSE13316 array data were also included as 
the validation set with 20 samples (ten healthy lung tissues and 
ten lung tissues from patients with IPF) (11).

Paraffin-embedded tissue samples were collected from 
4 men with IPF (age range, 56-73 years; median age, 63 years) 
or 3 age‑matched men without fibrotic lung disease (controls) 
at Shenyang Thoracic Hospital and Fushun Central Hospital 
of Liaoning Province. All patients were enrolled between 
August 2001 and December 2016 (Table SI). The research 
was approved by the Ethics Committee of Shenyang Thoracic 
Hospital and Fushun Central Hospital of Liaoning Province. 
All selected patients or their families provided oral informed 
consent for participation in the study.

Bioinformatics analysis
Identification of differentially expressed miRNAs in patients 
with IPF. The K-nearest neighbor and β-mixture quintile 
dilation methods (12) were used to perform imputation and 
normalization in the GSE129126 dataset. Differences among the 
three groups were tested using single factor ANOVA with post 
hoc Fisher's LSD. Results with P<0.05 were considered signifi-
cant. To further analyze the GEO data, glmnet (version 4.0-2; 
http://cran.r-project.org/web/packages/glmnet/index.html) (13) 
and e1071 (version 1.7-3; https://cran.r-project.org/web/
packages/e1071/index.html) R packages were used to establish 
a least absolute shrinkage and selector operation (LASSO) 
model and a support vector machine-recursive feature 
elimination (SVM-RFE) model, respectively. After primary 
filtration, a LASSO algorithm, with penalty parameter tuning 
conducted using 5-fold cross-validation, was constructed 
to select candidate miRNAs. In R 3.50 software (14), the 
minimum absolute contraction of glmnet and selection 
operator (LASSO) Cox regression were used to determine the 
best candidate, ignoring miRNAs with a regression coefficient 
of <0.1. Then, miRNAs from the LASSO and SVM-RFE 
algorithms and ANOVA were combined; the obtained 
miRNAs were considered potential markers.

Validation of the IPF signature. The validation set was used 
for internal validation. The R package ‘pROC’ (version 1.16.2; 
https://CRAN.R-project.org/package=pROC) was used to 
analyze the receiver operating characteristic curve (ROC) with 

area under the curve (AUC) analysis. miRNAs with an AUC 
>0.7 were considered ideal biomarkers (15).

Construction of the miRNA/mRNA network. miRNA target 
sites were retrieved using miRDB (version 6.0; www.mirdb.
org) (16). mRNAs with a target score >90 were selected 
as target genes and used to construct the miRNA/mRNA 
network using Cytoscape software (version 3.8.0; https://
cytoscape.org/).

Functional enrichment analysis. The Kyoto Encyclopedia of 
Genes and Genomes (KEGG; https://www.genome.jp/kegg/) 
annotation system and cumulative hypergeometric distribution 
were used to determine the enrichment pathways of the 
targeted mRNAs. ClusterProfiler (version 3.11) (17) was used 
to annotate and analyze KEGG data. The screening conditions 
were as follows: Enrichment score >2, and false discovery rate 
<0.05.

Histological analysis. Formalin‑fixed (formalin concentration, 
10%; 12‑24 h at room temperature), paraffin‑embedded lung 
sections (thickness, 2‑5 µm) were deparaffinized, stained with 
hematoxylin (3-5 min) and eosin (2-3 min) at room tempera-
ture and diagnosed by a lung pathologist using a blinded 
method. Tissue sections were dehydrated in xylene I (15 min), 
xylene II (5 min), 100% ethanol (twice for 5 min), 95% ethanol 
(2 min), 85% ethanol (2 min) and 75% ethanol (2 min) at room 
temperature. After soaking for 2 min in distilled water, the 
slices were stained with hematoxylin (Beijing Solarbio Science 
& Technology Co., Ltd.; cat. no. H8070) for 20 min and soaked 
in tap water for 3 min at room temperature. The slices were 
then re-differentiated in 1% hydrochloric acid-ethanol solution 
(5 sec) and washed with tap water for 10 min to return to a blue 
color. Slices were then re-stained with eosin (Beijing Solarbio 
Science & Technology Co., Ltd.; cat. no. G1100) for 1 min 
and washed with distilled water for 30 sec to terminate the 
staining at room temperature. Samples were then sealed with 
neutral resin glue and observed under an optical microscope 
(Nikon Corporation; magnification, x200).

Extraction of miRNAs and detection using reverse 
transcription‑ quantitative PCR (RT‑qPCR). A miRNeasy 
FFPE kit (Qiagen GmbH; cat. no. 217504) was used to extract 
miRNAs from paraffin‑embedded samples from the IPF and 
control groups. The extracted miRNAs were reverse tran-
scribed to cDNA using miScript II RT kits (Qiagen GmbH; 
cat. no. 218160) at 42˚C for 60 min. cDNA was stored in a ‑20˚C 
refrigerator until subsequent analysis using RT-qPCR, which 
was performed according to a previously described method 
to amplify miRNAs (18). Reactions were conducted using 
SYBR Green PCR Master Mix (Thermo Fisher Scientific, 
Inc.; cat. no. 4309155) following the manufacturer's instruc-
tions for RT-qPCR. Triplicate reactions were performed in a 
QuantStudio 7 system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) using the following thermocycling conditions: 
Initial denaturation at 95˚C for 8 min, followed by 40 cycles of 
95˚C for 15 sec, 60˚C for 15 sec, 72˚C for 15 sec, and a final 
extension step at 55˚C for 15 sec. Using the 2-ΔΔCq method (19), 
the relative expression levels of hsa‑miR‑221 hsa‑miR‑524‑5p, 
hsa‑miR‑194, hsa‑miRPlus‑E1092, hsa‑miR‑17 and 
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hsa‑miR‑133a (Table SII) were normalized to U6 small 
nuclear RNA.

Statistical analysis. If the data were normally distributed, the 
measurement data between the two groups were compared 
using the independent sample t-test, and the measurement 
data of ≥3 groups were compared using Fisher's and Welch's 
one-way ANOVA with post hoc Fisher's LSD. If the results 
demonstrated that there was a significant difference, then the 
non-parametric Mann-Whitney test was used for comparison 
of two groups when the data were of skewed distribution. 
P<0.05 was considered to indicate a statistically significant 
difference. All statistical analyses were performed using R 
version 3.5 (14). In each experiment, data are presented as the 
mean ± SEM. All experiments were repeated ≥3 times.

Results

Identification of differentially expressed miRNAs in patients 
with IPF using ANOVA. To identify IPF‑specific genes and 
key biomarkers, ANOVA was used to evaluate gene expres-
sion at specific disease stages. Using the significance criteria 
(|Log2FC|≥1; P<0.05) to filter the miRNAs, miRNAs as 
markers of IPF at different stages determined according to 
the pre-bronchodilator forced vital capacity % values, such 
as hsa-miR-124, hsa-miR-133a and hsa-miR-524-5p, were 
obtained using one-way ANOVA. (Fig. 1).

Feature selection of IPF using LASSO and SVM‑RFE. The 
LASSO algorithm was used to distinguish between healthy 
lung tissues and mild IPF. In total, nine eigenvalues were 
obtained (Fig. 2A). Of the 300 differentially expressed 
miRNAs, nine demonstrated features with non-zero 
coefficients in the LASSO logistic regression model, 
including four upregulated and five downregulated miRNAs, 
and were selected on the basis of the training set for mild 
IPF (Fig. 2B). From the two algorithms, hsa‑miR‑124, 
hsa‑miR‑133a and hsa‑miR‑524‑5p were identified (Fig. 2C). 

Among these miRNAs, hsa‑miR‑124 appeared in the three 
algorithms, demonstrating the reliability of the association 
between mild IPF and miR-124.

When comparing advanced fibrosis with healthy lung 
tissue, the LASSO algorithm calculated a total of 16 features 
(Fig. 3A), and SVM‑RFE selected the first 16 features (Fig. 3B). 
Further analysis identified that hsa‑miR‑194 and hsa‑miR‑17 
were found in both algorithms (Fig. 3C).

Verification of biomarkers using ROC curves. GSE13316 was 
used as the verification set to assess the potential biomarkers. 
The results demonstrated that hsa‑miR‑124, hsa‑miR‑194 and 
hsa‑miR‑524‑5p could distinguish between healthy tissue and 
pulmonary fibrosis tissue (AUC=0.785; P=0.0368), indicating 
that the biomarkers may be clinically useful (Fig. 4). The ROC 
curve was above the diagonal, indicating a good sensitivity 
(96.52%) and specificity (96.32%).

Identification of differential miRNA expression using 
RT‑qPCR. The number of interstitial cells increased and 
interstitial sclerosis appeared in the lungs of the patients with 
IPF. Furthermore, inflammatory cell infiltration was found 
around the interstitial lesion, and an inflammatory reaction 
was identified in the lung tissue around the lesion area in the 
patients with IPF (Fig. 5A).

It was demonstrated that miR‑124 (P=0.0086) and 
hsa‑miR‑524‑5p (P=0.0362) were highly expressed in the 
IPF group compared with the control (Fig. 5B). These results 
suggested that these miRNAs may contribute to IPF by 
reducing the expression of target genes. Moreover, hsa‑miR‑194 
(P=0.0399) and hsa‑miR‑133a (P=0.0489) were expressed at 
lower levels in patients with IPF compared with the control 
group. Therefore, the results indicated that these miRNAs may 
also contribute to IPF by increasing the expression of target 
genes. Other differentially expressed miRNAs were detected 
in the lungs of patients with IPF and age-matched men without 
fibrotic lung disease; however, the differences were not 
statistically significant (Fig. 5B).

Figure 1. Heatmap of differentially expressed miRNAs. Differentially expressed genes screened by ANOVA. Differentially expressed genes are represented 
by heatmap. Red indicates upregulation, blue indicates downregulation. miR, microRNA; FVC, forced vital capacities. 
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Functional enrichment analysis. miRDB was used to 
predict the mRNAs targeted by miR‑124, hsa‑miR‑194 and 
hsa‑miR‑524‑5p, and selected genes with a target score >90 
as candidate genes. In total, 329 genes targeted by miR‑124 
were enriched in ‘PI3K/AKT’, ‘cAMP’ and ‘mitogen-activated 
protein kinase’ (MAPK) signaling pathways. In addition, 
63 genes targeted by miR‑194 were enriched in the regulation 
of signaling pathways, such as ‘stem cell pluripotency’, ‘epithe-
lial cell signal transduction’ and ‘lysine degradation’. A total 
of 401 genes targeted by hsa‑miR‑524‑5p were enriched in 
the ‘MAPK’, ‘amphetamine addiction’ and ‘cAMP’ signaling 
pathways. The top six input pathways with P<0.05 enriched by 
the three miRNAs are presented in Table SIII. Most of these 
signaling pathways were cascade signaling pathways that regu-
late ‘growth’, ‘differentiation’ and the ‘EMT’ in fibroblasts.

Discussion

IPF is a progressive disease; however, as current treatments 
can only delay the disease progression, there is an urgent need 
for improved methods to treat IPF (20). miRNAs are impor-
tant regulators of cell function during disease and can serve 
roles in other cells via exocrine secretion (21,22). The present 
study analyzed miRNA expression profiles at different stages 
of IPF to identify miRNAs involved in disease progression. 

To further reduce the number of differentially expressed 
miRNAs, LASSO and SVM-RFE were used to calculate the 
differential gene set. In total, four miRNA were obtained by 
intersecting the results with ANOVA. At present, to the best of 
our knowledge, no in-depth studies regarding the expression 
levels of these three miRNAs in tissue samples of patients 
with IPF have been published. However, in other diseases, 
these three miRNAs have been reported to be associated with 
the extracellular matrix and TGF-β signaling, supporting the 
relevance of the present analysis in IPF.

Lu et al (23) demonstrated that miR‑124 responded to 
TGF-β1-induced fibrogenic differentiation by regulating 
Axin-1 expression and activating the Wnt signaling pathway. 
Panganiban et al (24) revealed significant changes in the 
serum levels of miR‑124‑26a, let‑7a and let‑7d in patients 
with asthma compared with healthy controls, which suggested 
that miR‑124 may be involved in the development of lung 
asthma. Moreover, Chen et al (25) demonstrated the inhibitory 
effects of miR‑124 on the DNA repair enzyme poly(ADP) 
ribose polymerase 1. In addition, overexpression of miR‑124 
reduces DNA repair ability and leads to a decrease in the 
drug sensitivity of cells (25). Liang et al (26) also reported 
that miR‑124 may regulate the EMT process by targeting snail 
family transcriptional repressor 2 to promote breast cancer 
metastasis, while Cui et al (27) suggested that miR‑124 may 

Figure 2. Using LASSO and SVM-RFE algorithm to identify the key eigenvalues of mild IPF. (A) Eigenvalues between mild IPF and healthy lungs calcu-
lated using LASSO. (B) Eigenvalues between moderate IPF and healthy lungs calculated using SVM‑RFE. (C) Venn graph of eigenvalues filtered using 
SVM-RFE (blue) and LASSO (red). IPF, Idiopathic Pulmonary Fibrosis; LASSO, least absolute shrinkage and selector operation; SVM-RFE, support vector 
machine-recursive feature elimination; miR, microRNA.
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induce hepatocellular carcinoma metastasis by targeting 
Slug. Additionally, homeoboxA11 has been shown to induce 

the formation of type I collagen in scars via the activation 
of miR‑124‑3p and the SMAD signaling pathway in the 
cavernous body (28). Thus, miR‑124 contributes to the forma-
tion of fibrotic tissue in a variety of diseases by responding to 
the TGF-β and EMT signaling pathways.

miR‑524‑5p is a member of the primate-specific 
chromosome 19 miRNA cluster (C19MC), which is highly 
homologous to reprogrammed miR‑520d‑5p. Nguyen et al (29) 
demonstrated that miR‑524‑5p regulated stem cell program-
ming by targeting tumor protein p53 and EMT-related 
genes. Similarly, Liu et al (27) reported that miR‑524‑5p can 
positively regulate the expression of distal homeobox 1 and 
modulate the TGF-β signaling pathway by competing with 
taurine upregulated-1. It has also been shown that low expres-
sion of miR‑524‑5p in thyroid papillary carcinoma increases 
the expression levels of Forkhead box protein E1 and integrin 
subunit α3 in thyroid papillary carcinoma, thus inhibiting cell 
migration and proliferation and promoting apoptosis (27). 
Eftekharian et al (30) demonstrated that the expression of 
miR‑524‑5p was significantly lower in the peripheral blood 
of patients with multiple sclerosis compared with healthy 
controls. Moreover, miR‑524‑5p can be used as a biomarker 
of the response to fengomod in patients with multiple scle-
rosis (30). Zhao et al (31) also revealed that high expression 
levels of miR‑524‑3p and miR‑524‑5p inhibit the TGF-β, Notch 
and Hippo pathways by targeting SMAD2, hairy and enhancer 
of split-1 and TEA domain transcription factor 1, respectively. 
It has also been reported that knockout of H19 imprinted 
maternally expressed transcript inhibits the activation of the 

Figure 3. Using LASSO and SVM-RFE algorithm to identify the key eigenvalues of severe IPF. (A) Eigenvalues between severe IPF and healthy lungs 
calculated using LASSO. (B) Eigenvalues between severe IPF and healthy lungs calculated using SVM‑RFE. (C) Venn graph of eigenvalues filtered using 
SVM-RFE (blue) and LASSO (red). IPF, Idiopathic Pulmonary Fibrosis; LASSO, least absolute shrinkage and selector operation; SVM-RFE, support vector 
machine-recursive feature elimination; miR, microRNA.

Figure 4. ROC curves for hsa-miR-124, hsa-miR-194 and hsa-miR-524-5p. 
ROC curves for hsa-mir-124, hsa-miR-194 and hsa-miR-524-5p. ROC, 
receiver operating characteristic curve; miR, microRNA; AUC, area under 
the curve.
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TGF-β/SMAD3 pathway by regulating miR‑140. The afore-
mentioned results suggested that miR‑524‑5p, a member of the 
C19MC, may serve the same role as miR‑140 (32). Furthermore, 
the current findings indicated that miR‑524‑5p was involved 
in signaling pathways and target genes associated with IPF. 
For instance, miR‑524‑5p was shown to be downregulated in 
patients with moderate IPF compared with that in other groups, 
and was upregulated in healthy lung tissues. Therefore, it was 
speculated that this miRNA may be involved in the EMT 
process during the development of IPF.

Xu et al (33) reported that high expression of miR‑194‑3p 
inhibits the proliferation and migration of fibroblasts by directly 
blocking the expression of genes encoding cyclin-dependent 
kinase 4 and matrix metalloproteinase 2, as well as inter-
acting with RUNX family transcription factor 2 in keloids. 
Furthermore, Hu et al (34) showed that miR‑194 can be used 
as a biomarker of drug resistance in non-small lung cancer. 
Downregulation of miR‑194 reduces nuclear accumulation of 
β-catenin and inhibits the Wnt signaling pathway in gastric 
cancer (35). In addition, the proliferation and infiltration of 
breast cancer cells are inhibited by knockout of miR‑194, 
which regulates the Wnt/β-catenin signaling pathway (36). 
Miao et al (37) also revealed that miR‑194 targets cadherin 2 
(CDH2) to inhibit cell expansion and promote apoptosis in 
osteosarcoma cells. Thus, miR‑194 is involved in the EMT 
and cell adhesion in a variety of diseases by regulating 
various genes, such as Wnt and CDH2. Of the three significant 
miRNAs identified in the present study, including miR‑124, 
hsa-miR-524-5p and hsa-miR-194, two may be used as 
biomarkers in the diagnosis of IPF. All three miRNAs are 
related to the EMT process, and the EMT is a key process 
involved in the pathogenesis of IPF (38-40). Therefore, the 
present results suggested that the three miRNAs were specific 
to, and significant for, IPF.

Various changes in miRNA expression have been 
identified in IPF (41). For example, miR‑21 positively regulates 

IPF by targeting the TGF-β inhibitor SMAD7 and reducing 
the phosphorylation level of the SMAD2 complex (42). In 
addition, significant upregulation of serum EVmiR‑21‑5p 
is observed in acute and chronic/late fibrosis in a mouse 
bleomycin‑induced lung fibrosis model (43). The upstream 
region of the miR‑154 promoter contains the binding site for 
the transcription factor SMAD3. In the pathogenesis of IPF, 
the TGF-β signaling pathway enhances the phosphorylation 
of SMAD3 and promotes the transcription of miR‑154 (44). 
Subsequently, upregulation of miR‑154 protects myofibroblasts 
from apoptosis by regulating the activity of cyclin (45).

The current results indicated that there were significant 
differences in the expression levels of miR‑124, hsa‑miR‑524‑5p 
and hsa‑miR‑194 between patients with IPF and age-matched 
men without fibrotic lung disease. These findings further 
support the reliability of the present analysis results. However, 
due to the small number of samples, additional studies 
are required to assess the present findings. In addition to 
verifying the aforementioned three miRNAs, other differ-
ences in miRNA expression levels were demonstrated using 
two machine learning models. For example, hsa‑miR‑133a 
expression was found to be significantly different between 
the experimental and control groups, although the ROC curve 
AUC was <0.5. Thus, it was suggested that hsa‑miR‑133a could 
not be used as a potential biomarker to distinguish pulmonary 
fibrosis tissue from healthy tissue. Therefore, due to limita-
tions of this study, prospective studies with larger sample 
sizes are required to confirm the current results. Moreover, 
additional RT-qPCR experiments should be performed using 
known IPF biomarkers as reference miRNAs, such as miR‑29b 
and miR‑let‑7d.

In conclusion, the present study demonstrated the expres-
sion patterns of miRNAs in different stages of IPF using 
ANOVA and identified candidate biomarkers of IPF using two 
machine learning models. The reliability of these candidate 
markers was assessed using a validation dataset. The current 

Figure 5. Biomarkers are significantly expressed in the lung tissues of patients with IPF. (A) Representative images of hematoxylin and eosin stained lung 
tissues from patients with IPF; magnification, x200; scale bar, 100 µm. (B) Differentially expressed miRNAs in IPF lung tissues and control tissue were 
measured using reverse transcription-quantitative PCR. Data are presented as the mean ± SEM. *P<0.05, **P<0.01 vs. Control, #P<0.05 vs. IPF.
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study successfully identified nine specific miRNAs and 
obtained a collection of biomarkers including three miRNAs 
(AUC=0.785). The miRNA expression levels in patients 
with IPF and age‑matched men without fibrotic lung disease 
were compared using RT-qPCR, and the differences in the 
expression levels of the four miRNAs obtained were further 
evaluated using bioinformatics methods.
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