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Abstract. Idiopathic pulmonary fibrosis (IPF) is considered 
to be an ailment of the lungs that cannot be cured, wherein 
the lung tissues are characterized by increased thickness and 
stiffness, and/or scars. Despite the fact that extensive success 
has been achieved regarding the molecular diagnostics and 
pathobiology, the basic pathogenesis associated with IPF has 
not yet been fully elucidated and requires further clarification. 
In the current research, the changes in microRNA (miRNA) 
and mRNA expression in IPF were investigated through an 
integrative network technique. The authentic miRNA and 
mRNA expression profiling datasets were downloaded from 
Gene Expression Omnibus, followed by identification of 
differentially expressed miRNAs and mRNAs with use of the 
Significance Analysis of Microarrays algorithm. Expansion of 
the molecular targets associated with miRNAs was performed 
with the use of CyTargetLinker in Cytoscape, which was 
succeeded by validation with the use of mRNA array expres-
sion profiling. The incorporated miRNA‑mRNA network 
covered 27 genes, in addition to 22 miRNAs that were asso-
ciated with IPF development. As revealed by the functional 
enrichment analysis, the cytokine‑cytokine receptor interac-
tion and glycine, serine and threonine metabolism signalling 
pathways were extensively associated with IPF development. 

Overall, the present incorporated network illustrated the 
key link between miRNA and genes in IPF; in particular, it 
was elucidated that miR‑409‑5p and has‑miR‑376c, together 
with their target genes (C‑C motif chemokine ligand 20 and 
oncostatin M), are likely candidates involved in the promotion 
of IPF initiation and progression.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and eventu-
ally fatal ailment, characterized by a progressive decrease in 
the function of the lungs, and is regarded as a rarely occurring 
ailment that influences almost 5 million individuals world-
wide (1). As revealed by previous research, the 3‑ and 5‑year 
mortality rates associated with IPF are below 50 percent. 
However, these estimations were made well before the identi-
fication of nonspecific interstitial pneumonia, which is classed 
as a pathological subtype of IPF in its medicinal presenta-
tion (2). Clinical phenotypes of IPF exhibit associations with 
old age, a history of smoking, serious physiological damage, 
an extensive degree of radiological damage, and pulmonary 
hypertension (3). Despite the fact that the diagnostics for IPF 
are considered to have reached an adequate level of efficacy (4), 
the comprehensive molecular mechanisms associated with IPF 
remain poorly defined.

MicroRNAs (miRNAs) are classed as a subset of small, 
non‑coding RNA molecules of ~22 nucleotides in length, 
comprised of RNA and DNA, which make up one percent 
of genes in the animal genome; these molecules are capable 
of repressing gene expression through interaction with the 
three prime untranslated regions of target mRNAs. To date, 
several studies have suggested that miRNAs represent a key 
topic in the field of biomedical research into pulmonary 
fibrosis (5). Despite the fact that there have been reports on 
modified miRNA expression profiles in numerous respiratory 
ailments, including asthma, chronic obstructive pulmonary 
disease and cystic fibrosis in addition to IPF, comprehensive 
information on IPF regarding potential miRNA‑mRNA 
interaction networks from a systematic biological perspec-
tive remains inadequate.
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In order to better address this topic, in the present study, 
the authors depicted an miRNA‑mRNA interaction network 
through use of publicly accessible databases based around 
high‑throughput screening data (6). It has been hypothesized 
that the interaction network between miRNA and mRNA 
associated with IPF may provide a novel approach for the 
determination of gene functions and mechanisms involved in 
the pathogenesis of IPF.

Materials and methods

Methods. The workflow of the integrative methodology, 
in general, comprised four methodologies, namely data 
processing and miRNA/mRNA identification, miRNA target 
prediction, miRNA‑mRNA network construction, and target 
validation.

Patient samples and data processing. Raw microarray 
datasets were downloaded from Gene Expression Omnibus 
(GEO, http://www.ncbi.nlm.nih.gov/geo/). The microarrays 
GSE27430 for miRNA isoform and GSE24206 for mRNA 
isoform expression profiling that stemmed from a cluster of 
patients with IPF (7,8) were selected. Both of these individual 
datasets were produced on Agilent (Agilent Technologies, 
Inc., Santa Clara, CA, USA) and Affymetrix (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) platforms, followed by 
normalization with the use of quantile normalization  (9) 
and Robust Multi‑Array (10) methodology, respectively, as 
described previously (11).

Differentially expressed miRNA/mRNA identif ication. 
Identification of differentially expressed miRNAs/mRNAs 
between IPF cases and their normal controls was performed 
with the use of Significance Analysis of Microarrays (SAM, 
http://statweb.stanford.edu/~tibs/SAM/) in accordance with 
previously detailed methodology  (12). miRNAs/mRNAs 
considered to be significantly differentially expressed when 
the fold change in expression was ≥2, together with a False 
Discovery Rate ≤0.05.

miRNA target prediction. For the purpose of improving 
understanding of the association between miRNAs and gene 
expression, molecular targets linked to the aberrant miRNAs 
were identified and mapped with the use of CyTargetLinker 
(http://projects.bigcat.unimaas.nl/cytargetlinker/), which is 
regarded as an easy‑to‑use Cytoscape application, providing 
an immediate and widespread presentation of biological 
networks with regards to particular miRNAs, which in the 
present study was visualized in the Cytoscape environment 
(http://www.cytoscape.org/) (13).

miRNA target validation and co‑expression network 
integration. For the purpose of further validating the 
molecular targets of the aberrant miRNAs linked to IPF, the 
present study examined the differentially expressed genes 
determined from the mRNA microarray expression profiling 
data combined with the in  silico forecasted targets from 
CyTargetLinker, in a bid to additionally optimize and authen-
ticate the miRNA/mRNA co‑regulatory network linked to 
IPF.

Enrichment analysis. Signalling pathway enrichment analysis 
was carried out with the use of the Database for Annotation, 
Visualization and Integrated Discovery (DAVID; https://david 
.ncifcrf.gov/) version 6.8, utilizing the Kyoto Encyclopaedia 
of Genes and Genomes (KEGG; http://www.genome.jp/kegg/) 
annotations (14,15).

Results

A total of 22 miRNAs and 27 genes are aberrantly expressed 
in IPF tissues. Overall, 22 miRNAs, together with 27 genes, 
were determined be differentially expressed in the IPF patient 
specimens compared with in the vehicle control tissues 
(Tables I and II). Making use of the SAM Plot Controller, the 
present study constructed a list of up‑(red) and down‑(green) 
regulated miRNAs and mRNA associated with IPF, which 
has been presented in Fig. 1A and B. Unsupervised hier-
archical clustering analysis of these miRNAs (Fig.  2A), 
together with the genes (Fig. 2B) revealed a notable segrega-
tion between the fibrosis and normal lung tissues, in that the 
transcription profiles of miRNAs as well as mRNAs had the 
capability of discriminating the IPF group from the vehicle 
cohort, in addition to a possible application as a phenotypic 
discriminator.

Potential miRNA targets forecast using CyTargetLinker. 
Mapping of the molecular targets that were linked to the 
aberrantly expressed miRNAs was conducted with the use of 
CyTargetLinker, by means of integration of Homo sapiens data 
from different microRNA‑target, transcription factor‑target and 
drug‑target databases, including MicroCosm (http://www.ebi.
ac.uk/enright‑srv/microcosm/htdocs/targets/v5/), TargetScan 
(http://www.targetscan.org/), miRTarBase (http://mirtar-
base.mbc.nctu.edu.tw/), ENCODE (https://genome.ucsc.
edu/ENCODE/) and DrugBank (http://www.drugbank.ca/). A 
representative genetic interaction network of miRNAs associ-
ated with idiopathic pulmonary fibrosis is presented in Fig. 3.

Target validation and miRNA target gene co‑expression 
network construction. In order to further understanding of 
the regulatory network linked to pulmonary fibrosis, the 
confirmed target genes attained from the mRNA array were 
mapped into the forecasted miRNA‑target network; further-
more, optimization and visualization of the miRNA‑mRNA 
regulatory network were performed with the use of Cytoscape. 
As evident in Fig. 4, 22 miRNAs were eventually observed 
as having an association with IPF initiation by means of their 
regulation of 27 validated targets.

Signalling pathway enrichment analysis. For the purpose 
of obtaining an improved understanding of the biological 
function of the miRNA‑mRNA interaction network that was 
implicated in IPF, the enriched KEGG pathways of the target 
genes established were assessed with the use of DAVID. 
With the use of an adjusted P‑value cut‑off for correction, 
cytokine‑cytokine receptor interaction [P=6.9E‑3, genes C‑C 
motif chemokine ligand 20 (CCL20), oncostatin M (OSM), 
C‑X‑C motif chemokine ligand 14 and bone morphogenetic 
protein receptor type 1B] and glycine, serine and threonine 
metabolism (P=7.0E‑2, genes cystathionine‑β‑synthase and 
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phosphoserine phosphatase) were determined as being 
substantially enriched pathways in IPF.

Discussion

Owing to the development of high‑throughput screening 
approaches, the integration of miRNA‑mediated regulation 
into biological network analyses provides a novel perspective 
with regard to the pathogenesis and progression of diseases. 
Previously, Maimaiti et al  (16) mapped a miRNA‑mRNA 
network that demonstrated the malignant commencement 
and transformation of oral leukoplakia. In particular, they 
shed light on the significance of miR‑129‑5p, miR‑339‑5p and 
miR‑31 in mediating the evolution of oral leukoplakia from the 
non‑malignant to the aggressive form. Furthermore, through 
microRNA‑mRNA regulatory network analyses, Li et al (17) 
demonstrated the underlying molecular mechanism of glioma 
malignant progression. Other similar studies on miRNAs as 
well as their target gene interaction networks in conditions 
including leukaemia  (18), prostate cancer  (19), premature 
ovarian failure (20) and pancreatic ductal adenocarcinoma (21) 
also identified target miRNAs, as well as mRNAs that appeared 
likely to aid in diagnosing and treating the respective ailments.

As single‑stranded RNAs, it has been demonstrated that 
miRNAs perform regulation of gene expression in pulmo-
nary fibrosis. Previously, let‑7d has been observed to be 
downregulated in IPF lung tissues, whereas let‑7d inhibition 

gives rise to a substantial epithelial to mesenchymal shift in a 
bleomycin‑stimulated lung fibrosis mouse model (22,23). As 
reported by a number of other research studies, miR‑200 family 
members may serve key roles in IPF. In particular, it has been 
documented that downregulation of miR‑200a and miR‑200c 
is evident in the lungs of mice with empirical pulmonary 
fibrosis, and notably, in the lungs of the patients with IPF (24). 
Additionally, there are reports suggesting that miR‑29 (25), 
miR‑375 (26), miR‑145 (27), miR‑96 (28), miR‑26a (29) and 
the miR‑17‑92 cluster (30) have crucial importance in lung 
epithelial cell homeostasis and IPF evolution.

In the current research, it was indicated that the cyto-
kine‑cytokine receptor interaction and glycine, serine and 
threonine metabolism signalling pathways are involved in 
IPF, which was consistent with the results of a preliminary 
bioinformatics analysis  (31). Specifically, both the CCL20 
and OSM genes were observed to be downregulated in IPF 
patient specimens in comparison with normal lung specimens, 
and appeared to be the fundamental hubs regulated in the 
cytokine‑cytokine receptor interaction pathway according to 
the enrichment analysis (P≤0.05). As one of the genes present 
in the integrated network, CCL20 has been observed to be 

Table II. List of idiopathic pulmonary fibrosis associated genes 
in the integrated networks.

Genes associated with
idiopathic pulmonary fibrosis	 Fold change

WISP1	 0.242
FLJ36031	 0.267
CXCL14	 6.770
TTN	 0.166
CASC1	 3.076
PSPH	 0.303
CCL20	 0.146
CD69	 0.297
LPPR4	 5.542
NFKBIZ	 0.272
CP	 3.309
SIX1	 4.568
CBS	 0.286
PSD3	 4.656
OSM	 0.295
ATF3	 0.216
CHIT1	 9.515
APOBEC3A	 0.183
COL10A1	 5.493
BMPR1B	 3.042
YOD1	 0.315
PTGFRN	 3.658
IGHM	 3.055
AFF3	 0.202
C10orf81	 6.874
CAPS2	 3.019
SLC25A37	 0.318

Table I. List of idiopathic pulmonary fibrosis associated 
miRNAs in the integrated networks.

miRNAs associated with
idiopathic pulmonary fibrosis	 Fold change

hsa‑miR‑299‑5p	 2.091
hsa‑miR‑410	 2.463
hsa‑miR‑495	 2.124
hsa‑miR‑338‑3p	 0.374
hsa‑miR‑31	 4.434
hsa‑miR‑1	 2.089
hsa‑miR‑326	 0.442
hsa‑miR‑143*	 2.089
hsa‑miR‑203	 0.347
hsa‑miR‑370	 2.074
hsa‑miR‑513c	 2.061
hsa‑miR‑376a	 2.206
hsa‑miR‑382	 2.440
hsa‑miR‑30b	 0.491
hsa‑miR‑376c	 2.274
hsa‑miR‑31*	 4.434
hsa‑miR‑409‑3p	 2.234
hsa‑miR‑299‑3p	 2.146
hsa‑miR‑409‑5p	 2.028
hsa‑miR‑379	 2.193
hsa‑miR‑377	 2.269
hsa‑miR‑650	 2.830
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Figure 1. Significance analysis of microarrays (SAM) for miRNA and mRNA from patients with IPF. (A) Representative SAM plot sheet for GSE24206 (n=23) 
and (B) GSE27430 (n=25) in patients with IPF compared with the normal lung tissues. In the SAM plot sheet, red represents miRNAs or genes upregulated, 
while green represents miRNAs or genes downregulated. miRNA, microRNA; SAM, significance analysis of microarrays; IPF, idiopathic pulmonary fibrosis.
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Figure 2. Unsupervised hierarchical clustering analysis. Differentially expressed (A) miRNAs and (B) genes in idiopathic pulmonary fibrosis patients. In these 
heatmaps, red represents gene upregulated and green represents genes downregulated. miRNA, microRNA; SAM, significance analysis of microarrays; IPF, 
idiopathic pulmonary fibrosis.
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involved in a number of physiological and pathological mecha-
nisms, including in cancer and inflammatory ailments (32,33). 
Being a minor cytokine associated with the CC chemokine 
family, CCL20 has been found to be a critical inflammatory 
regulator associated with chronically inflamed fibrosis, in 
addition to being produced in the regions of epithelial hyper-
plasia, which results in the development and maintenance 
of the ectopic lymphoid aggregates (34). In accordance with 
the network analysis, CCL20 was observed as being a direct 
target of has‑miR‑376c in IPF commencement. Nevertheless, 
comprehensive information concerning whether and how 
miR‑376c regulates IPF remains to be elucidated.

Another gene identified in the interaction network was 
OSM, which has been observed to be downregulated in IPF 

tissues, and serves as a predictor of inflammation (35). OSM 
is regarded as a pleiotropic cytokine, associated with the 
interleukin 6 cohort of cytokines. As an IL‑6 family cyto-
kine, OSM reportedly is involved in inflammation as well as 
modulation of the extracellular matrix. Additionally, OSM has 
been observed to be upregulated in the bronchoalveolar lavage 
fluid of patients with idiopathic pulmonary fibrosis, wherein 
it stimulates the pulmonary inflammation and fibrosis (36). 
Notably, OSM has been observed as a hub gene regulated by 
miR‑409‑5p. As an oncomiR, miR‑409‑5p has been identi-
fied to be capable of promoting tumorigenesis, in addition to 
epithelial‑to‑mesenchymal transition and even bone metastasis 
in prostate cancer (37). Nevertheless, the potential function of 
miR‑409‑5p in lung fibrosis has not been defined to date.

Figure 3. Representative genetic interaction network of miRNAs associated with idiopathic pulmonary fibrosis in the Cytoscape environment. In this diagram-
matic sketch, the outer circles represent the differently expressed miRNAs screened from the microarray (GSE24206). The central circles represent the 
databases of MicroCosm, TargetScan, miRTarBase, ENCODE and DrugBank. A total of 17,879 targets from MicroCosm, 9,378 targets from TargetScan and 
1,137 targets from miRTarBase were subsequently identified.
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In conclusion, by application of publicly accessible datasets 
obtained from the GEO database, the present study developed 
an miRNA‑mRNA interaction network for IPF, and identified 
certain miRNA candidates (including miR‑409‑5p as well as 

has‑miR‑376c), in addition to genes (CCL20 and OSM) 
implicated in IPF commencement and evolution. Overall, 
the findings suggest potential targets for application in IPF 
diagnostics and therapeutics.

Figure 4. Validated microRNA‑mRNA interaction obtained from the predicted network and the mRNA microarray of idiopathic pulmonary fibrosis. Grey 
circles represent microRNAs, and pink squares represent their targets. Blue arrows represent regulatory interaction network identified from MicroCosm, red 
from TargetScan and purple from miRTarBase.
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