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Background: Idiopathic pulmonary fibrosis (IPF) is a life-threatening lung disorder with an unknown
aetiology. The roles of long non-coding RNAs (IncRNAs) and its related competing endogenous RNAs
(ceRNA) network in IPF remains poorly understood. In this study, we aimed to build a IncRNA-miRNA-
mRNA network and explore the pathogenesis of IPE.

Methods: We screened differentially expressed IncRNAs (DEIncRNAs) and mRNAs (DEmRNAs) between
IPF and control lung tissues from two datasets. The ceRNA network was built according to the interactions
between DEIncRNA, miRNA, and DEmRNA. Functional enrichment analysis of DemRNAs was performed
using Metascape. CIBERSORT (Cell type Identification by Estimating Relative Subsets Of known RNA
Transcripts) was applied to estimate the fraction of 22 immune cells in IPF and controls lung tissue samples.
Then we investigated the correlation between immune cells and clinical traits.

Results: We constructed a IncRNA-miRNA-mRNA network, which was composed of two DEIncRNAs, 18
miRNAs, 66 DemRNAs. Functional enrichment analysis showed that the DEmRNAs mainly participated in
MicroRNAs in cancer. By applying CIBERSORT, we found that IPF tissue samples had a higher proportion
of plasma cells, resting mast cells and a lower proportion of resting NK cells, monocytes, neutrophils
compared with control tissue samples. Also, our results indicated that immune cells were associated with the
severity of IPE.

Conclusions: In summary, this is the first study to build IncRNA-miRNA-mRNA ceRNA network of IPE,
which may improve our understanding of IPF pathogenesis. Our study indicates that immune cells in lung
tissues may predict disease severity and participate in the development of IPFE. Future prospective studies are

required to confirm the findings of the current study.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic progressive
pulmonary interstitial disease with unknown causes, which
is the most common pulmonary pathological feature of
idiopathic interstitial pneumonia. Although the overall
incidence of the disease is low, it tends to increase over time (1).
In Europe and North America, there are an estimated eight
to 18 cases per 100,000 people per year. Rates are lower in
Asia and South America, where they range from 0.5 to 4.2 per
100,000 people per year (2). The median age of IPF diagnosis
was 65 years old, and patients younger than 50 years old were
rare, with more male patients than female patients (3). The
disease progresses insidiously and unpredictably, with a median
survival time of 2—4 years after diagnosis (4).

IPF was once thought to be a disease caused by
immune disorders, but the clinical application of anti-
inflammatory drugs has not improved the prognosis of
patients and may even increase the mortality (5,6). A large
number of recent studies have shown that the disease is
caused by a combination of factors such as genetic factors,
environmental risk factors and exposure (7). The basic
pathological changes are as follows: the slight injury
of lung tissue causes the interaction between epithelial
fibroblasts, and induces the activation of storm-producing
myofibroblasts, resulting in a large amount of extracellular
matrix and the remodeling of lung interstitium (8,9). The
clinical manifestations of IPF are primarily exertional
dyspnea with or without a dry cough, which is usually not
specific and is not easily distinguished from interstitial lung
disease in general. So, the main diagnostic challenge is to
exclude other types of interstitial lung disease in the cases
considered IPF. In terms of disease treatment, numerous
multi-center studies have shown the ineffectiveness and
toxicity of some conventional drugs, such as prednisolone
and azathioprine. At present, nintedanib and pirfenidone
have been widely used (10,11), both of which have shown
definite effects on extending the survival period, but still
have relatively high probability of side effects (12).

Long non-coding RNA (IncRNA) is a type of RNA
transcripts, which has been one of the hottest research fields
in the life science field for nearly 10 years. It turns out that
the human body produces far more non-coding RNA than
coding RNA (13). LncRNA is more than 200 nucleotide
sequences in length. Although it does not have the function
of coding protein, more and more studies have found in
recent years that IncRNA plays an important role in tumor,
infection, cardiovascular disease, diabetes, lung disease and
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other extensive diseases (14,15). It is generally believed that
IncRNA functions by regulating the binding of microRNA
to its target mRNA. However, the characteristics and
functions of most IncRNAs have not been elucidated up to
now. At present, although some studies have found that some
microRNAs are involved in the pathogenesis of IPF (16),
there are few studies on the role of IncRNAs in this regard.
Limited studies have reported that two IncRNAs, CD99P1
and n341773 may be involved in the regulation of the
proliferation and mutation process of pulmonary fibrosis in
IPF (17). We expect that the study of IncRINAs involving IPF
will provide a new direction for the treatment of IPE.

The immune system plays an intricate role in the
pathogenesis of IPF. Previous studies showed that T cells
play a beneficial role in pulmonary fibrosis. T cells could
induce apoptosis in myofibroblasts from lungs resolving
fibrosis (18). Another study assessed the interaction
between immune T cells and lung myofibroblasts. The
findings revealed that myofibroblasts possess Fas/FasL-
pathway-dependent characteristics that enable them to
avoid immune surveillance and resulting lung fibrosis (19).
Due to technical constraints, conventional immunological
infiltration measurement methods cannot comprehensively
evaluate the immune effects of different cell types, usually
including only one or two cell types. CIBERSORT is a
newly developed bioinformatics method for enumeration
of immune cells from gene expression profiles (20). This
algorithm was successfully validated by flow cytometry
and conducted in several types of human cancers such as
breast (21), colon (22) and osteosarcoma (23). By using
CIBERSORT method, previous research has studied the
relationship between immune cells and IPF outcome based
on whole blood datasets (24). The study suggested resting
memory T cells and monocytes proportions were correlated
with IPF prognosis. However, to date, there are no studies
investigating the fractions of 22 immune cell types in lung
tissues of IPE.

The aims of this study were two-fold: (I) to establish
a IncRNA-miRNA-mRNA ceRNA network of IPF and
improve our understanding of the mechanism of IncRNAs
in IPF; (II) to estimate the proportion of immune cells
in IPF lung tissues and assess their relationship with
disease severity. Through our research, we hope to
further understand the immune mechanism of the disease
process and discover possible key targets, so as to make
contributions to the improvement of the accuracy of IPF
diagnosis and the development of new drugs.
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Methods
Data processing

The raw microarray data were retrieved from the Genome
Expression Omnibus (GEO) datasets under accession
numbers GSE32537 (25) and GSE110147 (26). Both
datasets came from the same platform (GPL6244). Lung
tissue samples from 141 IPF patients and 61 non-diseased
controls were included in the present study. Background
correction, normalization and summarization of expression
levels were applied using the robust multi-array average
method (27). We utilized surrogate variable analysis
package to remove batch effects (28). If multiple probes
corresponded to a gene symbol, we calculated the average
value of the probes and converted the probe names into
gene names. In this study, data processing and analysis
were carried out using R packages and Perl script. Ethics
approval was not required as our data were downloaded
directly from public datasets.

Differential expression analysis

The differentially expressed IncRNAs (DEIncRNAs) and
mRNAs (DEmRNAs) between IPF and control lung tissue
samples were screened by limma package (29). 1logFC(fold
change)l >0.5 and P value <0.05 were considered
significant. The heatmap of DEIncRNAs expression was
generated using pheatmap packages.

Establishment of the IncRNA-miRNA-mRNA ceRNA
network

The competitive endogenous RNA (ceRNA) network
was established according to the interactions between
DEIncRNA, miRNA, and DEmRNA. The DEIncRNA-
miRNA pairs were predicted using the miRcode database (30),
miRDB (31), miRTarBase (32) and TargetScan (33) databases
were applied to predict the miRNA targeted mRNAs.
MRNAEs in all three databases were selected, and those that
also belong to DEmRNASs were selected again as the targeted
DEmRNAs of miRNA in ceRNA network. The ceRNA
network was built and visualized by Cytoscape software (34).

Functional enrichment analysis

To explore the biological processes of DEmRNAs in the
ceRINA network, functional enrichment analysis was carried
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out using Metascape (35). The top 20 most significantly
enriched pathways were selected.

Immunity cells analysis

CIBERSORT was applied to calculate immune cell
composition from gene expression profiles. Leukocyte
signature matrix is the signature genes file which contains
547 genes that distinguish 22 immune cell types. This
file together with normalized gene expression data served
as input files for CIBERSORT analysis. The number
of permutations was set to 1,000 and samples with a
CIBERSORT P<0.05 were chosen for further analysis.
The heat map of 22 immune cells was generated via the
pheatmap package in R. The violin plot showed the ratio of
different immune cell types between IPF group and control
group, which was performed using the R vioplot package.
The correlation between immune cells proportion and
clinical factors was analyzed with Wilcoxon test.

Results

Identification of differentially expressed IncRNAs and
mRNAs

Based on the screening criteria, we obtained the
DEIncRNAs and DEmRNAs in IPF compared with normal
lung tissue samples. A total of five DEIncRNAs (four up-,
and one down-regulated) and 1,688 DEmRNAs (1,010 up-
and 678 down-regulated) were identified. The heatmap of
DEIncRNAs was shown in Figure 1.

Construction of ceRNA networks and functional analysis

The two DEIncRNAs were acquired from the miRcode
database, and 145 IncRNA-miRNA interactions were
obtained. We observed these 145 miRNAs targeted 749
mRNAsin miRDB, miRTarBase and TargetScan databases.
Among the 749 targeted mRNAs, only 66 mRNAs were
found in the 1,688 DEmRNAs. The IncRNA-miRNA-
mRNA ceRNA network was built according to the above
data. As shown in Figure 2, the network was composed of
two DEIncRNAs, 18 miRNAs, 66 DEmRNAs and 100
edges. The key DEIncRNAs in the entire network were
DLEU2 and LINCO00472, which may play a significant role
in the pathogenesis of IPF. Moreover, the DEmRNAs in
the ceRNNA network were mainly involved in MicroRNAs
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Figure 1 The heat map of differentially expressed IncRNAs in IPF
and normal lung tissue samples. The samples were represented in
columns, and the genes were represented in rows. Red represents
increased gene expression and green represents decreased gene

expression.

in cancer, blood vessel development and cellular response to
growth factor stimulus (Figure 3).

Immunity cells analysis

We applied the CIBERSORT algorithm to perform 1,000
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permutations and obtained all samples with a P value less
than 0.05. The proportion of 22 immune cells in all samples
was shown in Figure 4. Resting memory T cells CD4, M2
Macrophages, resting Mast cells and M0 Macrophages
comprised the majority of immune cells. As shown in Figure 5,
important differences were found between IPF lung samples
and control lung samples. The violin plot (Figure 6) showed
that IPF samples had a higher proportion of plasma cells,
M2 macrophages, resting mast cells and a lower proportion
of resting NK cells, monocytes, neutrophils compared with
control samples. This study investigated the correlation
between 22 distinct immune cell types and clinical traits.
There was no correlation between gender and the proportion
of immune cells. The proportion of plasma cells and resting
mast cells were found to be positively correlated with the
St. George’s Respiratory Questionnaire (SGRQ) total score
while neutrophils, monocytes, resting NK cells appeared to
be negatively correlated with the SGRQ total score (Figure 7).
These results indicated that immune cells were associated with
the severity of IPE.

Discussion

IPF is a severe life-threatening disease in global population
that generally leads to death within a few years after
diagnosis. The molecular pathogenesis of IPF remains not
fully understood. While a few studies have indicated that
IncRNAs play key roles in the progression of IPF (17), no
study has constructed IncRNA-associated ceRNA network
in IPE

In the present study, we used gene expression data from
the GEO database to screen significantly expressed IncRINAs
and mRNAs in IPF. A total of five IncRNAs and 1,688
mRNAs were significantly altered in IPF compared with
control groups. Then, we established the IncRINA-miRNA-
mRNA ceRNA network, which included 2 IncRNAs, 66
mRNA and 18 miRNAs. Two novel candidate IncRNAs
were detected, of which DLEU2 was upregulated and
LINCO00472 was downregulated in IPE. DLEU2 is a cancer-
related IncRNA with 15 exons and several transcripts (36).
Some studies reported that DLEU2 was significantly
upregulated in various cancers, including gastric cancer and
pancreatic ductal adenocarcinoma (37,38). Besides, DLEU2
may serve as a potential prognostic biomarker for esophageal
adenocarcinoma (39). DLEU2 may have oncogenic functions
and modulate the proliferation, migration and invasion of
cancer. Our study suggested that overexpression of DLEU2
might promote the progression of IPE. Studies on DLEU?2
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O mRNA
A miRNA
Q InRNA

Figure 2 The ceRNA network of IncRNA-miRNA-mRNA in IPF. Nodes in green, blue and red represented mRNAs, miRNAs and
IncRNAs, respectively. There were 2 IncRNAs, 18 miRNAs, 66 mRNAs and 100 edges in the network.
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Figure 3 Functional and pathway enrichment analysis of differentially expressed mRNAs in the CeRNA network. Heatmap of top 20

clusters, colored by P values. Each bar represents a cluster. The darker the color of the bar is, the smaller the P value is.
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Figure 4 The proportion of 22 immune cells in all samples. The samples were represented in columns, and the relative percentage of

immune cells were represented in rows.
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Figure 5 Heatmap of the 22 immune cell proportions. The horizontal axis shows the information of samples while the vertical axis shows 22

immune cell types.

were very limited and levels of DLEU2 in IPF have not
been previously discussed. Consequently, future studies are
warranted to confirm its function in IPE. Previous studies have
reported that LINC00472 was found to be downregulated in
various human cancers and lower expression of LINC00472
was associated with worse prognosis (40). LINC00472
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inhibited cell proliferation and migration in many kinds
of human cancers, suggesting that LINC00472 may be an
important tumor suppressor. Moreover, LINC00472 was
significantly downregulated in diabetic kidney disease patients
compared to the control samples (41). These studies suggested
that LINC00472 may play a crucial role in human diseases.
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Figure 6 The violin plot displayed the ratio of different immune cell types between IPF group and control group. The 22 immune cell types

were represented in columns, and the proportions of immune cells were represented in rows. Blue represents control lung tissue samples,

while red represents IPF lung tissue samples.
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Figure 7 The correlation between immune cells proportion and the St. George’s Respiratory Questionnaire total score. The horizontal axis

shows the St. George’s Respiratory Questionnaire total score while the vertical axis shows different immune cell types.

However, very little is known about the role of LINC00472 in
IPFE. Further studies are required to elucidate the function of
LINCO00472 in IPE

To better understand the function of ceRINA networks
in IPF, functional enrichment analysis of differentially
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expressed mRNAs was performed using Metascape. The
results indicated that the DEmRNAs mainly involved
in MicroRNAs in cancer, blood vessel development
and cellular response to growth factor stimulus. Many
dysregulated microRNAs were commonly involved in
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the molecular pathogenesis of IPF and cancers, especially
lung cancer (42). IPF and lung cancer showed similar risk
factors, pathogenic pathways, genetic changes and worse
prognosis (43). our results indicated that not only IncRNAs
in IPF ceRNA network were cancer-related but also
mRNAs were involved in pathways crucial to cancers. All
the evidence above showed that IPF can be considered a
cancer-like disease, which can help in better understanding
the pathogenesis of IPF. Importantly, viewing IPF as a
cancer-like disorder might attract more public attention and
draw lessons from the experience of cancer treatment and
encourage the use of cancer drugs for IPF treatment (44).
In this paper, CIBERSORT was applied to estimate the
fraction of 22 immune cells in IPF and controls lung tissue
samples. We found that the proportions of plasma cells, M2
Macrophages and resting mast cells in IPF lung tissues were
higher than control samples; on the contrary, the proportions
of resting NK cells, monocytes and neutrophils in IPF lung
tissue samples were lower than control samples. In addition,
we investigated the relationship between immune cells and
clinical traits. The proportions of plasma cells and resting
mast cells were positively correlated with the SGRQ total
score while neutrophils, monocytes, resting NK cells were
negatively correlated with the SGRQ total score. This
suggested that immune cells in lung tissue samples might
predict disease severity and mortality in IPFE. Plasma cells,
also known as effector B cells, are derived from B cells and
participate in humoral immune response. Abnormalities of
B cell activating factor and CD20+ B cells had been reported
for IPF lung tissues (45,46). Moreover, B cell targeted
therapies showed improvement of pulmonary function
and alleviation of pulmonary fibrosis for IPF patients (47).
These data suggested plasma cells may play a key role in the
pathogenesis of IPE. Mast cells play essential roles in both
innate and adaptive immunity. Increased numbers of mast
cells were reported in the alveolar parenchyma in patients
with IPF (48). Our results showed that resting mast cells,
not activated mast cells were significantly increased in IPF
lung tissues and positively correlated with the SGRQ total
score. The role of resting mast cells in IPF lung tissues
may be a significant research area in identifying new anti-
IPF therapeutic strategies. Neutrophils can regulate the
production of cytokines and turnover of extracellular matrix,
which may contribute to pulmonary fibrosis (49). Moreover,
neutrophile lastase levels was higher in bronchoalveolar
lavage fluid of IPF patients (50) and the expression of
neutrophil chemoattractant, IL.-8, was increased in IPF (51).
One previous study reported that neutrophil counts in
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bronchoalveolar lavage fluid were not higher than normal
controls in IPF patients (52). Also, our study showed that
neutrophils were significantly decreased in IPF lung tissues
compared with control lung tissues. The role of neutrophils
in IPF has remained controversial and further studies will be
required to understand its role in IPF pathogenesis. To date,
few literatures have studied the proportions of monocytes and
resting NK cells in IPF lung tissues. Future efforts should be
made to understand their relevance to IPE.

Conclusions

Taken together, this is the first study to construct IncRINA-
miRNA-mRNA ceRNA network of IPF. Two IncRNA
identified in the ceRNA network may serve as novel
biomarkers and therapeutic targets. The ceRNA network
will help us to better understand the pathogenesis of IPE. In
addition, this is the first study to estimate the proportions of
immune cells in lung tissues of IPF. We found that immune
cells in lung tissues may predict disease severity and
participate in the development of IPF. Future prospective
researches are required to confirm the findings of the
current study.
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