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Using bioinformatics app
roach identifies key
genes and pathways in idiopathic pulmonary
fibrosis
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Abstract
Idiopathic pulmonary fibrosis is a chronic and irreversible respiratory disease with a high incidence worldwide and no specific
treatment. Currently, the etiology and pathogenesis of this disease remain largely unknown. In main purpose of this study,
bioinformatics analysis was used to uncover key genes and pathways related to idiopathic pulmonary fibrosis (IPF). Gene expression
profiles of GSE2052 and GSE35145 were obtained. After combining the 2 chip groups; then, we normalized the data, eliminating
batch difference. R software was used to process and to screen differentially expressed genes (DEGs) between the IPF and normal
tissues. Then, functional enrichment analysis of these DEGs was carried out, and a protein-protein interaction network (PPI) was also
constructed. A total of 276 DEGs (152 up and 134 down-regulated genes) were identified in the IPF lung samples. The PPI network
was established with 227 nodes and 763 edges. The top 10 hub genes were CAM1, CDH1, CXCL12, JUN, CTGF, SERPINE1,
CXCL1, EDN1, COL1A2, and SPARC. Analyzing the PPI network modules with close interaction, the 3 key modules in the whole PPI
network were screened out. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways enriched for the module containing
DEGs contained the viral protein interaction with cytokine and the cytokine receptor, the TNF signaling pathway, and the chemokine
signaling pathway. The identified key genes and pathways may play an important role in the occurrence and development of IPF, and
may be expected to be biomarkers or therapeutic targets for the diagnosis of IPF.

Abbreviations: BP = biological process, CC = cellular component, DEG = differently expressed gene, GEO = gene expression
omnibus, GO= gene ontology, IPF= idiopathic pulmonary fibrosis, KEGG=Kyoto Encyclopedia of Genes andGenomes, MCODE=
molecular complex detection, MF = molecular function, PPI = protein-protein interaction, STRING = search tool for the retrieval of
interacting genes.
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1. Introduction

Idiopathic pulmonary fibrosis (IPF) is defined as a specific type of
chronic, progressive, and fibrous interstitial pneumonia of
unknown etiology, which is characterized by fibroblast prolifer-
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ation and extracellular matrix deposition.[1] Its clinical features
are persistent, progressive dyspnea of unknown cause, often
accompanied by cough, Velcro rale at the end of the inspiratory
breath, which causes diffuse pulmonary fibrosis, and, ultimately,
respiratory failure.[2] The incidence of this disease is high, but its
onset is insipid, and its clinical manifestations lack specificity.
When diagnosed, patients are often in the terminal stage of the
disease, and there is still no effective treatment other than lung
transplantation.[3] Prognosis is extremely poor, and the median
survival is only 3 to 5 years.[4] Currently, many factors are
believed to contribute to the pathogenesis of rheumatoid arthritis
(RA), including genetics, age, smoking, and environmental
exposure; nonetheless, the pathogenesis of IPF has thus far
remained unclear.
Persistent inflammatory response leading to lung injury and

fibrosis formation is the major mechanism driving IPF.[5]

However, recent studies have shown that epithelial injury and
dysfunctionmay bemore important factors in the development of
pulmonary fibrosis.[6] Currently, the diagnosis of IPF relies on
medical history, physical examination, lung function, high-
resolution CT, and even lung biopsy.[2] However, high-resolution
CT has certain limitations when diagnosing IPF, and lung biopsy
specimens are not easily obtainable. Therefore, early diagnosis
and treatment intervention is essential for improving prognosis.
High-throughput microarray technology and bioinformatics

analyses have been widely applied in the pathogenesis, molecular
diagnosis, and prognosis of diseases. Through genome-wide
association studies (GWAS), some researchers have found that
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telomerase reverse transcriptase (TERT) and telomerase RNA
component (TERC) gene mutations, caused by telomerase
shortening, were related to a higher incidence of IPF.[7,8]

However, despite having identified these target genes, we still
lack a comprehensive representation of the key genes and
pathways implicated in IPF.
In this study, gene chipsets expression profile were used for

bioinformatics analysis to uncover the genes that differ between
normal tissues and IPF tissues. We performed functional
enrichment analysis on differentially expressed genes and
constructed PPI networks. It provides a theoretical basis for
exploring the molecular mechanism of the generation and
development of IPF and provides a new idea for the early
diagnosis of IPF.
2. Material and methods

Ethical approval or patient consent was not required because the
data for the present research were obtained from a public
database, and the data are available without personal identifiers.
2.1. Microarray dataset and data pre-processing

The gene expression profiles of IPF were downloaded from the
Gene Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/geo/), which is a gene expression database created
and maintained by the national center for biotechnology
information (NCBI). The acquisition conditions of the gene
chips data were: (1) from the original data of a human gene
expression chip; (2) from IPF lung samples and normal lung tissue
samples. GSE2052[9–11] and GSE35145[12] datasets were
obtained from GEO, based on the GPL1793 and GPL10558
platforms. Firstly, the gene probe IDs from the raw data were
converted to gene symbol codes. Secondly, the 2 databases were
merged; and, finally, the data of the 2 combined chips were
batched and normalized to eliminate batch differences using the
SVA package in R software v3.5.2 (https://www.r-project.org).
2.2. Analysis and identification of DEGs

The DEGs amongst IPF and normal samples were analyzed using
R software with a limma package from the Bioconductor project.
Probe sets that did not have a corresponding gene symbol or a
gene with multiple probe sets were removed or averaged. Fold-
changes (FCs) in the gene expression values were calculated. jlog2
FCj ≥ 1 and adjusted P values <.05 were considered the cut-off
criteria for identifying DEGs. Visualization of the DEGs was
illustrated by using the heatmap package in R software.
2.3. GO and KEGG enrichment analyses of DEGs

GO analysis is a common and useful tool which can annotate
genes and analyze their biological processes; it includes the
following 3 aspects: biological process (BP), molecular function
(MF), and cellular component (CC). Kyoto Encyclopedia of
Genes and Genomes (KEGG) is a utility database resource for
understanding advanced functions and biological systems, which
stores extensive data concerning genomes, biological pathways,
diseases, and chemical substances. The GO enrichment and
KEGG analyses of the DEGs were conducted by using the
clusterProfiler package in R software. The GOplot package
within R software allowed us to visualize the results from the GO
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and KEGG analyses. A P value <.05 was considered statistically
significant.
2.4. PPI network construction and hub gene analyses

The screened DEGs were input in the STRING database (http://
string-db.org/) to construct PPI network. Subsequently, the
results of PPI network constructed from the STRING database
were imported into Cytoscape software for visual analysis. The
cytoHubba app, a plugin for Cytoscape, was applied to calculate
the hub genes based on the overlapping results obtained by
Degree topological analysis methods. Then, Molecular Complex
Detection (MCODE) was performed to monitor the PPI network
modules with Cytoscape. The selection criteria of the modules
were as follows: node score cutoff=0.2, degree cutoff=2,
maximum depth=100, and k-core=2. The functional enhance-
ment analysis of the DEGs in the top module was performed
using the clusterProfiler package within R software.
3. Results

3.1. Identification of the DEGs

Two microarray datasets (GSE2052 and GSE35145) were
selected for this study. The GSE2052 dataset included 11 normal
lung histology samples and 13 IPF lung samples, while
GSE35145 included 4 normal specimens and 4 IPF specimens.
After we standardized the batch of merged microarray databases,
276 DEGswere be identified by the limma package in R software,
including 152 upregulated genes and 124 downregulated genes in
IPF samples compared with normal lung samples. The heatmaps
of the up- and downregulated genes amongst the DEGs are
shown in Figure 1. The volcano plot of the DEGs is presented in
Figure 2.

3.2. GO and KEGG pathway enrichment of DEGs

The enriched GO terms were divided into BP, CC, and MF
ontologies. Within the BP functional group, upregulated DEGs
were mainly enriched in the extracellular matrix organization,
extracellular structure organization and response to tumor
necrosis factor; whereas downregulated DEGs were enriched
in the neutrophil activation, neutrophil degranulation, and
neutrophil activation involved in the immune response. Upregu-
lated DEGs enriched in CC function were significantly associated
with the extracellular matrix, endoplasmic reticulum lumen, and
basolateral plasma membrane, whereas downregulated DEGs
were enriched in the cytoplasmic vesicle lumen, vesicle lumen,
and secretory granule lumen. For the MF functional group,
upregulated DEGs were enriched in heparin-binding, sulfur
compound binding, and cell adhesion molecule binding, while
downregulated DEGs were enriched in the glycosaminoglycan
binding, sulfur compound binding, and heparin-binding. In
addition, the results of the KEGG pathway analysis showed that
upregulated DEGs were mainly enriched in protein digestion and
absorption, NF-kappa B signaling pathway, and rheumatoid
arthritis. The downregulated DEGs were mainly enriched in
aldosterone-regulated sodium reabsorption, complement and
coagulation cascades, and amino sugar and nucleotide sugar
metabolism. The above functional enrichment results are
presented in Tables 1 and 2 respectively.
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Figure 1. Heatmap of the top 50 DEGs of GSE2052 and GSE35145. The gene expression data are presented in a matrix format. Green color represents a lower
expression and red color represents a higher expression. Black color indicates no differential expression.
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Figure 2. Volcano plot of DEGs. The black dots represent undifferentially expressed genes; the red dots represent up-regulated genes; green is the down-
regulated gene.
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3.3. PPI network and hub genes

PPI network of DEGs was drawn and beautified by STRING
database and Cytoscape, as shown in Figure 3A. Using the
cytoHubba app in Cytoscape, the top 10 hub genes (VCAM1,
CDH1, CXCL12, JUN, CTGF, SERPINE1, CXCL1, EDN1,
COL1A2, and SPARC) were identified in in Table 3 and Figure 3 B.
Three network modules that satisfied the number of nodes>4 were
then selected from the PPI network using MCODE (Fig. 4A–C).
The functional annotation of the module containing the DEGs

was carried out. The GO functions enriched for the module
containing the DEGs were determined. Regarding the BPs, the
DEGs in the PPI networks module were mainly enhanced for
leukocyte migration, positive regulation of cell migration, and
cell chemotaxis. As for the MF functional group, DEGs were
4

enriched in the protein-coupled receptors binding, receptor-
ligand activity, and sulfur compounds binding. Moreover, for the
CC functional group, DEGs were enhanced in the extracellular
matrix, the cytoplasmic vesicle lumen, and the vesicle lumen.
KEGG pathways enriched for the module containing DEGs
contained the viral protein interaction with cytokine and the
cytokine receptor, TNF signaling pathways, and chemokine
signaling pathways. The results are presented in Table 4.
4. Discussion

IPF is a relatively common clinical pattern of interstitial lung
disease (ILD) with a high fatality rate. This is a typical age-related
disease with onset age of over 60 years old that predominantly



Table 2

Top 10 GO terms and pathways enrichment analysis of downregulated DEGs (P< .05).

Category Term P value Count

BP GO:0042119 neutrophil activation 2.36E-08 17
BP GO:0043312 neutrophil degranulation 1.01E-07 16
BP GO:0002283 neutrophil activation involved in immune response 1.10E-07 16
BP GO:0002446 neutrophil mediated immunity 1.53E-07 16
BP GO:0050878 regulation of body fluid levels 8.53E-07 15
BP GO:0031349 positive regulation of defense response 1.08E-05 13
BP GO:0060326 cell chemotaxis 2.20E-07 12
BP GO:0032103 positive regulation of response to external stimulus 4.06E-07 12
BP GO:0030595 cleukocyte chemotaxis 8.45E-08 11
BP GO:0002526 acute inflammatory response 1.15E-05 9
CC GO:0060205 cytoplasmic vesicle lumen 5.87E-10 16
CC GO:0031983 vesicle lumen 6.12E-10 16
CC GO:0034774 secretory granule lumen 2.11E-08 14
CC GO:0009897 external side of plasma membrane 2.64E-06 11
CC GO:0030139 endocytic vesicle 0.000114 9
CC GO:0016324 apical plasma membrane 0.000147 9
CC GO:0070820 tertiary granule 1.15E-05 8
CC GO:0045335 phagocytic vesicle 0.000155 6
CC GO:1904724 tertiary granule lumen 2.81E-05 5
CC GO:0031233 intrinsic component of external side of plasma membrane 1.34E-05 4
MF GO:0005539 glycosaminoglycan binding 1.50E-06 10
MF GO:1901681 sulfur compound binding 2.44E-05 9
MF GO:0008201 heparin binding 9.47E-06 8
MF GO:0050662 coenzyme binding 0.000503 8
MF GO:0009055 electron transfer activity 0.000104 6
MF GO:0002020 protease binding 0.000242 6
MF GO:0016614 oxidoreductase activity, acting on CH-OH group of donors 0.000296 6
MF GO:0019865 immunoglobulin binding 0.000386 3
MF GO:0019864 IgG binding 4.35E-05 3
MF GO:0016628 oxidoreductase activity, acting on the CH-CH group of donors, NAD or NADP as acceptor 0.000639 3
PATHWAY hsa04960 CAldosterone-regulated sodium reabsorption 1.94E-05 5
PATHWAY hsa04610 complement and coagulation cascades 0.000744 5
PATHWAY hsa00520 amino sugar and nucleotide sugar metabolism 0.000926 4

Table 1

Top 10 GO terms and pathways enrichment analysis of upregulated DEGs (P< .05).

Category Term P value Count

BP GO:0043062 extracellular structure organization 2.01E-12 22
BP GO:0030198 extracellular matrix organization 9.83E-13 21
BP GO:0034612 response to tumor necrosis factor 5.98E-09 16
BP GO:0071356 cellular response to tumor necrosis factor 1.93E-08 15
BP GO:0001101 response to acid chemical 1.16E-07 15
BP GO:0048732 gland development 1.59E-05 14
BP GO:0010038 response to metal ion 4.86E-06 13
BP GO:0071248 cellular response to metal ion 6.71E-06 9
BP GO:0031960 response to corticosteroid 8.25E-06 9
BP GO:0045600 positive regulation of fat cell differentiation 1.08E-05 6
CC GO:0031012 extracellular matrix 2.61E-10 21
CC GO:0005788 endoplasmic reticulum lumen 1.24E-07 14
CC GO:0016323 basolateral plasma membrane 5.07E-05 9
CC GO:0044420 extracellular matrix component 4.92E-05 7
CC GO:0005581 collagen trimer 7.60E-05 6
CC GO:0005902 microvillus 0.000546 5
CC GO:0098644 complex of collagen trimers 0.000522 3
MF GO:0050839 cell adhesion molecule binding 4.03E-05 14
MF GO:1901681 sulfur compound binding 4.37E-07 12
MF GO:0008201 heparin binding 5.98E-08 11
MF GO:0005539 glycosaminoglycan binding 1.32E-06 11
MF GO:0019838 growth factor binding 1.20E-05 8
MF GO:0061134 peptidase regulator activity 0.000384 8
MF GO:0005518 collagen binding 7.08E-07 7
MF GO:0005201 extracellular matrix structural constituent 3.59E-05 6
MF GO:0005178 integrin binding 0.000381 6
MF GO:0008009 chemokine activity 0.000639 4
PATHWAY hsa04974 protein digestion and absorption 7.11E-06 8
PATHWAY hsa04064 NF-kappa B signaling pathway 0.000128 7
PATHWAY hsa05323 rheumatoid arthritis 0.000546 6
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Figure 3. The PPI network and hub genes. (A) PPI networks of all differentially expressed genes were shown in circles, with red representing up-regulated
differentially expressed genes and green representing down-regulated genes. (B) The 10 hub genes are represented by circles. The ellipses with different color-
differences represent different degrees, and the darker the color, the more important it is, and the interaction evidence degree between proteins is presented as the
gray scale of the lines.
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affects male patients. With the development of society and the
prolonged lifespan of the general population, the incidence of IPF
has tended to increase. The average annual incidence of IPF in
Europe and North America is 3 parts per 100,000 people and 9
parts per 100,000 people, respectively.[13,14] However, in East
Asia and South America, the prevalence of IPF is lower.[15] The
pathological process of patients with IPF after initial diagnosis is
complex, and the prognosis is poor overall[16]; the average
survival time of patients with IPF is only about 3.5 years.[17]

By using bioinformatics, this study analyzed 2 IPF gene chips
and normal lung tissue and identified the DEGs between the 2
expression profiles. The results of the microarray analysis
revealed the expression of 276 altered DEGs significantly (150
upregulated genes and 236 down-regulated genes). The associ-
ations between these genes were revealed by constructing a PPI
network. The top 10 genes with the highest degrees were-
identified, including VCAM1, CDH1, CXCL12, JUN, CTGF,
SERPINE1, CXCL1, EDN1, COL1A2, and SPARC. Further-
more, 6 modules were selected according to their respective
MCODE computed node scores (>4), and their functions were
determined by GO and KEGG pathway analyses.
VCAM1 encodes vascular cell adhesion molecule 1 and is a

member of the immunoglobulin superfamily.[18] It is an
important cell adhesion molecule, which plays an important
Table 3

Top ten hub genes with higher degree of connectivity.

Gene symbol Full name Score

VCAM1 Vascular cell adhesion molecule 1 39
CDH1 Cadherin 1 38
CXCL12 C-X-C motif chemokine ligand 12 34
JUN Jun proto-oncogene, AP-1 transcription factor subunit 31
CTGF Connective tissue growth factor 31
SERPINE1 Serpin family E member 1 28
CXCL1 C-X-C motif chemokine ligand 1 27
EDN1 Endothelin 1 25
COL1A2 Collagen type I alpha 2 chain 23
SPARC Secreted protein acidic and cysteine rich 23

6

role in regulating the inflammatory response and immunity.[19]

Previous studies have shown that VCAM1 can be used as an
indicator to predict the death rate of IPF patients and that the
level of VCAM1 in peripheral blood of patients with IPF is
positively correlated with the mortality rate of IPF.[20] Similarly,
some scholars have confirmed that VCAM1 is a transforming
growth factor-b1, which is involved in the proliferation of the
fibroblasts related to IPF.[21] These findings suggest that
upregulation of the VCAM1 may be used as a biomarker in IPF.
CDH1, also known as cadherins 1, is a calcium-dependent cell

adhesion protein.[22]CDH1 is an important molecule that
maintains the phenotype of epithelial cells; its deficiency
promotes epithelial-mesenchymal transition (EMT) and
decreases intercellular adhesion.[23] One study has shown that
EMT is one of the important factorsin the pathogenesis of IPF.[24]

Therefore, it may be hypothesized that CDH1 may play a
significant role in IPF.
CXCL12 is a small-molecule cytokine that belongs to the CXC

chemokine family. CXCL12 is the main ligand of CXCR4 and
can recruit fibroblasts and participate in the fibrosis process once
it ligates to the receptor.[25] Phillips et al. found that, in a mouse
model with pulmonary fibrosis and human pulmonary fibrosis
lesions, the CXCL12/CXCR4 biological axis plays a key role in
transforming fiber cells into myofibroblasts.[26]CXCL1 is also a
member of the CXC chemokine family, but there are no relevant
studies of this gene in lung fibrosis.
JUN is a subunit of the activator protein-1 (AP-1) and is also

known as Jun AP-1 transcription factor subunit.[27] AP-1 is a
homologous or heterodimer composed of JUN, Fos, ATF, and
MAF protein families; nonetheless, JUN remains the predomi-
nant part.[28] One study has reported that AP-1 is considered an
important requirement for TGF-b to lead to excessive deposition
of collagen in lung tissues and changes in pulmonary fibrosis.[29]

Recently, it has been demonstrated that CXCL12 activates Rac/
ERK and JNK signaling pathways through CXCR4 and then
initiates c-Jun phosphorylation, recruits c-Jun and c-Fos to the
CTGF promoter, and, finally, induces the expression of CTGF in
human lung fibroblasts.[30] Given these findings, the JUN gene is
closely related to CXCL12 and GTGF in the formation of
pulmonary fibrosis.



Figure 4. Three key modules of PPI network (A–C). Node size is negatively related to P value; edge color and width are positively related to combined score.
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CTGF, also known as calponin 2 (CCN2), is a growth factor
that promotes fibrocyte cell division and collagen deposition.[31]

In vitro experiments have confirmed that expression of CTGF in
rat and human lung fibroblasts stimulates mitosis, adhesion,
apoptosis, production of the extracellular matrix, and migration
of various cell-types.[32,33] CCN2 is considered an indicator to
diagnose IPF and is used to monitor the progression of IPF.[34]
Table 4

Top 5 GO terms and pathways enrichment analysis of DEGs in the m

Ontology ID description

BP GO:0050900 leukocyte migration
BP GO:0030335 positive regulation of cell migration
BP GO:0060326 cell chemotaxis
BP GO:0032103 positive regulation of response to extern
BP GO:0030198 extracellular matrix organization
CC GO:0031012 extracellular matrix
CC GO:0060205 cytoplasmic vesicle lumen
CC GO:0031983 vesicle lumen
CC GO:0034774 secretory granule lumen
CC GO:0005788 endoplasmic reticulum lumen
MF GO:0001664 G protein-coupled receptor binding
MF GO:0048018 receptor ligand activity
MF GO:1901681 sulfur compound binding
MF GO:0008201 heparin binding
MF GO:0005539 glycosaminoglycan binding
Pathway hsa04061 viral protein interaction with cytokine and c
Pathway hsa04668 TNF signaling pathway
Pathway hsa04062 chemokine signaling pathway
Pathway hsa04974 protein digestion and absorption
Pathway hsa04657 IL-17 signaling pathway

7

SPARC is a matricellular molecule that can regulatethe
interaction between cells and the extracellular matrix topromote
cell adhesion and induce cell migration.[35] Early studies have
found that SPARC was mainly located in the cytoplasm and
active fibroblasts within the fibroblastic foci in IPF lung
tissues.[36] A recent publication objectively described the role
of SPARC in pulmonary fibrosis, suggesting that SPARC may
odules (P< .05).

P value Count

4.14E-10 13
6.23E-10 13
1.06E-11 12

al stimulus 2.06E-11 12
1.40E-10 12
2.60E-10 13
1.14E-09 11
1.18E-09 11
1.56E-07 9
1.11E-06 8
3.16E-09 10
5.39E-06 9
2.58E-07 8
1.19E-08 8
1.31E-07 8

ytokine receptor 8.42E-06 6
1.62E-05 6
0.000308 6
7.41E-05 5
8.67E-05 5
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contribute to the formation of pulmonary fibrosis, but this
finding requires further verification.[37] Therefore, the SPARC
gene may be involved in forming IPF.
In themodule containing DEGs, GO enhancement showed that

these genes were mainly linked to leukocyte migration, positive
regulation of cell migration, cell chemotaxis, protein-coupled
receptor binding, receptor-ligand activity, sulfur compound
binding, the extracellular matrix, the cytoplasmic vesicle lumen,
and the vesicle lumen; KEGG pathway showed that these genes
were mainly linked to the viral protein interaction with cytokine
the cytokine receptor, the TNF signaling pathway, and the
chemokine signaling pathway, suggesting that they pose an
important role in the pathogenesis of IPF. However, there are
certain limitations to the present study. Firstly, the current sample
size of these datasets was small. Therefore, further studies using
high-throughput sequencing experiments with larger clinical
samples would be valuable. Secondly, some key genes and
pathways were not found to be associated with IPF in
previous studies.

5. Conclusions

This study makes a comprehensive analysis of IPF related genes
and pathways, which is conducive to the future research on the
pathogenesis of IPF. For future research, the target genes and
pathways that we have identified here should be confirmed
through in vitro studies and functional studies to determine the
molecular mechanism in the pathogenesis of IPF. Overall, our
results provided new insights into the potential targets for IPF
diagnosis and treatment.
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