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INTRODUCTION

Acute respiratory distress syndrome (ARDS),
which induced by alveolocapillary inflammation
and increased permeability (Hoeboer et al. 2015),
is a life-threatening common disorder of urgent
onset pulmonary failure with high morbidity and
mortality requiring critical care in clinically pa-
tients (Yadav et al. 2017). Its mortality remains
high ranging between 27 percent and 45 percent
(Villar et al. 2014), in which adult has mortality
rates between 45 percent and 55 percent (Sud et
al. 2010). Currently, there are some measures to
deal with ARDS, for example, prone positioning
(Guerin et al. 2013), neuromuscular blockade (Pa-
pazian et al. 2010) and extra-corporeal therapies
(Fitzgerald et al. 2014). But few research dig the
causes of ARDS at the molecular biology level
and provide a more effective prevention and
treatment for it on fundamentally. Therefore, the
search for accurate biomarkers reflecting the se-
verity and course of ARDS is crucial.

A majority of the genome-related studies aim
at the verification of differentially expressed
genes (DEGs) that are dramatically different in
different conditions, or the differential network
(DN) that extract disease related edges in oc-
curred interactions across different static net-
works. However, there is rarely research about
the new molecular network type involved in char-
acterization alterations on a specific condition,
that is, the differential expression network (DEN).
The DEN not only covers DEGs and DN, but
also includes non-differential interactions which
are missed in DN. It can better describe pheno-
type differences from the network viewpoint in
contrast to the traditional DEGs and DN meth-
ods. Description of the alterations in DEN
present in association to a certain phenotype at
gene, interaction, pathway, and even global net-
work structure level (Sun et al. 2013), and pro-
vide additional information to determine the
genes that could have a central role in disease.
The DEN fully explored all disease-related inter-
actions, thus it would offer a novel way to pre-
dict disease genes and disease interactions in
an accurate manner. Hence, the researchers in-
vestigated significant genes and pathways in
ARDS based on DEN. Six hub genes and one
pathway which possess the potential to be biom-
arkers for ARDS diagnosis and treatment were
identified in this study.
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ABSTRACT This study aimed to investigate significant genes and pathways in acute respiratory distress syndrome
(ARDS) based on differential expression network (DEN). Firstly, differentially expressed genes (DEGs) between
ARDS samples and normal controls were identified using linear models for microarray data (Limma) package.
Secondly, differential interactions and non-differential interactions were selected to construct a DEN. Thirdly,
topological centrality analysis (degree) was performed for exploring hub genes. Finally, to investigate functional
biological processes related to hub genes, pathway enrichment analysis was conducted. A total of 229 DEGs were
detected for ARDS. There were 759 nodes and 576 edges which included 550 differential edges and 26 non-
differential interactions. By accessing topological centrality analysis, the researchers obtained 6 hub genes, UBC,
CSNK2A2, CUL5, SOX2, PARK2 and CHAF1A. The most significant pathway enriched by hub genes was T cell
receptor signaling pathway. The hub genes and pathways would be potential biomarkers for ARDS diagnosis and
treatment.
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Objectives

In order to gain a system-wide understand-
ing for ARDS, in this paper, after screening the
DEGs between ARDS samples and normal con-
trols, the researchers developed a new frame work
by constructing a DEN, whose key step was the
identification of differential interactions and non-
differential interactions by spearman correlation
coefficients (SCC) algorithm based on DEGs and
protein-protein interaction (PPI) network down-
loaded from Biological General Repository for
Interaction Datasets (BioGrid), in two conditions.
Subsequently, to investigate the functional sig-
nificant genes and biological processes of
ARDS, topological centrality analysis of DEN
and pathway enrichment analysis were carried
out. The study contributed to the validation of
potential therapeutic targets among the select-
ed genes and the relevant networks.

METHODOLOGY

Collecting Data

The researchers collected the gene expres-
sion profile under the access number E-MEXP-
3621 (Vassiliou et al. 2013) from ArrayExpress
database. E-MEXP-3621, which consisted of 4
ARDS samples and 6 normal controls, existed in
Affymetrix GeneChip Human Genome U133A 2.0
Platform. Before analysis, the original expres-
sion information from all conditions was carried
on data preprocessing. Background correction
and normalization were carried out in order to
eliminate the influence of nonspecific hybridiza-
tion via robust multichip average (RMA) meth-
od (Ma et al. 2006) and quantile based algorithm
(Rifai and Ridker 2001), respectively. Perfect
match and mismatch value was revised by Mi-
cro Array Suite 5.0 (MAS 5.0) algorithm (Pepper
et al. 2007), the expression value was selected
using the medianpolish. The data were screened
by feature filter function of genefilter package.
Each probe is mapped to one gene by getSYM-
BOL. The researchers eliminated the probe sets
without corresponding official symbol. Finally,
a total of 12493 genes were screened for further
consideration.

Identifying DEGs

It is well confirmed that the propensity of
many diseases can be reflected in the difference

of gene expression levels (Zhao et al. 2011).
Hence genes showed a different expression lev-
els between control crowds and case groups are
likely related to the disease. To get a more pow-
erful and less subject to bias, multiple testing
was employed via linear models for microarray
data (Limma) package in this work (Smyth 2004).
Here the T-test and F-test were utilized to identi-
fy differentially expressed genes, and then the
P-values were transformed to -log10. Empirical
Bayes (Datta et al. 2004) (eBayes) statistics and
a false discovery rate (FDR) (Reiner et al. 2003)
calibration of P-values for the data were con-
ducted by lmFit function. DEGs were identified
for further research with the threshold of P <
0.05 and |log2FoldChange| >2.

Constructing DEN

Generally, genes can’t work alone, thus the
candidate interactions were detected from the
network perspective. If some genes had a close-
ly connections with ARDS, it was reasonable to
assume that they had some closely interactions.
The researchers constructed the DEN by extract-
ing the interactions which were capable of char-
acterizing the initiation and progression of ARDS
based on differential interactions and non-dif-
ferential interactions. A differential interaction
was an edge which had significantly changed
under different conditions, and a non-differen-
tial interaction was an edge which had no signif-
icant change but its linked two genes or corre-
sponding coded proteins were both differential-
ly expressed.

Calculating the SCC

SCC was a popular method to describe the
interaction between genes. Thus, in this study,
SCC was used to present the reweighted value
of each interaction (between -1 and 1, negative
value represents the negative correlation, posi-
tive value as on behalf of the positive correla-
tion). First, all PPIs of humans were downloaded
from BioGrid, (http://thebiogrid.org/) (Chatr-
Aryamontri et al. 2015), which includes a total of
15750 genes and 248584 interactions, and the
gene pairs from the gene expression data were
extracted for further analysis. The genes expres-
sion value in the control sample and disease group
were computed and extracted, respectively. The
SCC of PPI pairs in two conditions (A1 meant
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control sample and A2 represented disease
group) and its absolute value of the differences
(|A1-A2|) between two groups were calculated.

Determining the Threshold of Differential and
Non-differential Interactions

In order to determine how to choose the gene
relationships for further research, here the re-
searchers built two models (one for case, the
other for control) randomly, and each model con-
tained 200,000 PPI pairs respectively. The SCC
of PPI pairs and its absolute value of differences
(|A1-A2|) in two groups were calculated. The
value of |A1-A2| was ranked in descending or-
der. When setting P = 0.01, the absolute value of
SCC differences in two condition was 1.743.
Thus, the researchers selected the differential
interactions with |A1-A2|> 1.743 and one of A1,
A2 showed strong correlation (<0.7). Mean-
while, the non-differential interactions were
screened if an interaction had |A1-A2| < 1.743
and the both two corresponding nodes belonged
to DEGs.

To sum up, the DEN was finally constructed
by incorporating all of the differential interac-
tions and non-differential interactions. The net-
work was performed using the Cytoscape 2.1
software.

Centrality Analysis

In the present study, in order to obtain the
hub genes of ARDS, the researchers utilized the
centricity analysis (Scardoni and Laudanna
2012) which was useful to identify key players
in biological processes for the DEN. Common
centrality measures mainly contained degree
centrality, closeness centrality and shortest path
betweenness centrality, in which degree was the
simplest topological index. The degree of a node
(gene or protein) is the average number of edg-
es (interactions) incident to this node. Nodes
with high degree were called “hubs” which was
related to several other genes, suggesting a cen-
tral role in the interaction network. An obvious
order of the vertices of a graph can be estab-
lished by sorting them according to their degree
(Koschützki and Schreiber  2008). The degree of
the genes in the network > 9 were defined as
hub genes in this study.

Pathways Enrichment Analysis

To further assess the signaling pathway of
the DEGs and nodes in the DEN, the researchers
performed a pathway analysis based on Kyoto
Encyclopedia of Genes and Genomes (KEGG)
database. The KEGG database is a collection of
manually drawn pathway maps for metabolism,
genetic information processing, environmental
information processing such as signal transduc-
tion, various other cellular processes and hu-
man diseases (Kanehisa and Goto 2000). The
DEGs and nodes in the DEN were applied to this
database in order to investigate the biochemis-
try pathways that might be involved in the oc-
currence and development of ARDS. The analy-
sis was performed using the online tool of Data-
base for Annotation, Visualization and Integrat-
ed Discovery (Huang et al. 2008) (DAVID). The
researchers got the significantly enriched path-
ways according to the threshold of empirical p-
value of 0.05.

RESULTS

Identifying DEGs

In this study, under the criteria of |log2 Fold-
Change| > 2 and P <0.05, the researchers ob-
tained 229 DEGs, of which 96 were up-regulated
and 133 were down-regulated genes, between
ARDS samples and normal subjects by Limma
package.

Constructing DEN

A total of 248584 PPI pairs of humans includ-
ing of 15750 genes were downloaded from Bio-
Grid, and the study extracted 185,873 PPI pairs
which the genes existed in the above gene ex-
pression spectrum. Then the researchers per-
formed the SCC distribution for the 185,873 PPI
pairs between disease group and the control
group and its absolute difference result. The re-
sults were shown in Figure 1 and Figure 2. Based
on |A1-A2|> 1.743 and at least one of A1, A2 >
0.7, the researchers selected 550 differential in-
teractions. Meanwhile, 26 non-differential inter-
actions whose two corresponding nodes be-
longed to DEGs were screened with |A1-A2| <
1.743. Finally, the DEN was constructed by in-
corporating 550 differential interactions and 26
non-differential interactions. The main DEN was
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Fig. 1. The distribution of SCC in normal group and acute respiratory distress syndrome group between-
1 and 1
Source: Author

Fig. 2. The absolute difference of SCC between normal group and acute respiratory distress syndrome
group
Source: Author
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shown in Figure 3. The node stands for the pro-
tein, edge stands for the interaction of proteins.

Centrality Analysis

In this work, the researchers obtained a few
hub genes based on the nodes degree centrality
analysis of the main DEN. Then the six hub genes
were picked out under the threshold value > 9 in
descending order, which might play important

roles in the biological processes of ARDS, as fol-
lowing: UBC (degree = 62), CSNK2A2 (degree =
16), CUL5 (degree = 14), SOX2 (degree = 11),
PARK2 (degree = 11) and CHAF1A (degree = 9).

Pathways Enrichment Analysis

In this paper, for KEGG pathway enrichment
analysis, on one hand, the enriched pathways
of the DEGs showed that acute myeloid leuke-

Fig. 3. The main DEN of 550 differential interactions and 26 non-differential interactions. The node
stands for the protein (gene), edge stands for the interaction of proteins (genes). Six hub genes are
filled with light grey
Source; Author
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mia (P = 8.39E-03), T cell receptor signaling path-
way (P = 1.69E-02) and endometrial cancer (P =
3.54E-02) were significant pathways under the
condition of P < 0.05 (Table 1). On the other
hand, the top three enriched pathways in DEN
were pathways in cancer (P = 7.43E-10), T cell
receptor signaling pathway (P = 8.14E-09), pros-
tate cancer (P = 1.84E-08) at P < 0.05 (Table 1). At
last, the researchers obtained T cell receptor sig-
naling pathway that was the mutual pathway
under the two conditions.

DISCUSSION

ARDS is a respiratory disease linked to nu-
merous factors including cytokines, epithelial
and endothelial damage, fibrogenesis and ab-
normal lung mechanics (Capelozzi et al. 2017).  It
was first described in 1967, and since then a
majority of studies were raised to address its
pathogenesis and therapies. Despite intense re-
search efforts, few therapies for ARDS have
been shown to be effective other than the use of
lung protection strategies. Functional genom-
ics approaches provide novel insights into un-
derstanding gene-environmental interactions
controlling this complex process. In the present
study, the researchers identified the key genes
and the enriched pathways with ARDS using
DEN method that maybe play critical roles in
regulating the pathogenesis of ARDS.

In this study, the researchers obtained six
hub genes based on the nodes degree centrality
analysis of the main DEN. Among the six hub
genes, UBC gene had the highest degree of 62
which maybe act as a genomic resource for func-
tional studies of ARDS. UBC is one of two stress-
inducible polyubiquitin genes in mammals,
whose DNA sequence contains a first untrans-
lated exon, an intron and 9 tandemly repeated
ubiquitin moieties. UBC, together with UBB, was
first described as a stress inducible gene, up-

regulated upon different cell treatments as well
as in some pathological conditions. Meanwhile
UBC is thought to be essential for fetal liver
development and cell-cycle progression (Ryu et
al. 2007).  It was also reported that the expres-
sion of UBC had a close relationship testicular
gene expression (Sinnar et al. 2011). What was
more, Earl et al. (2015) drew a conclusion that
the UBC-40 was a predominance of more ag-
gressive tumor subtypes among urothelial blad-
der cancer cell line in recently. Therefore UBC
was an important gene of many diseases. This
study found that it was a hub gene of ARDS
based on centrality analysis of DEN rather than
the DEG. If the researchers used the traditional
DEG method to analyze the key gene of diseas-
es, the UBC would be ignored. It was further
showed the advanced nature of the DEN.

Moreover, the researchers explored the T cell
receptor (TCR) signaling pathway that was the
mutual pathway between the DEGs and nodes
in the DEN. The self-recognition of the TCR sig-
nals and foreign antigens to control T cell ho-
meostasis for immune tolerance were regulated
by a variety of cytokines which determined T
cell subset homeostasis and differentiation. It
has been well documented that protein tyrosine
phosphatases were involved in negative regu-
lation of proximal TCR signaling (Ye et al. 2015).
Several observations suggested that Treg cell
homeostasis, cell-type-specific gene expression
and suppressive function critically depended on
continuous triggering of their TCR (Vahl et al.
2014). Signaling events triggered by TCR stimu-
lation were importantly targets for the develop-
ment of common therapeutics for various dis-
eases. Such as Ye  et al. ( 2015) found that the
TCR pathway was associated with rheumatoid
arthritis. Agostinelli et al. ( 2014) evaluated that
intracellular TCR-signaling pathway played a
novel marker for lymphoma diagnosis and po-
tential therapeutic targets. Considering the sig-

Table 1: KEGG pathway enrichment analysis

                 Enriched pathways of the DEGs            Enriched pathways in DEN

Pathway P value Pathway P value

Acute myeloid leukemia 8.39E-03 Pathways in cancer 7.43E-10
T cell receptor signaling pathway 1.69E-02 T cell receptor signaling pathway 8.14E-09
Endometrial cancer 3.54E-02 prostate cancer 1.84E-08

KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes; DEN, differential
expression network.
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nificance of TCR signaling pathway in this study,
it might also be a potential sign for the diagno-
sis and treatment of TCR.

CONCLUSION

In conclusion, the researchers utilized the
DEN to fully explore ARDS related interactions,
and successfully obtained six hub genes and
the enriched pathways of ARDS at network lev-
el. The DEN offered an accurate manner to pre-
dict that the six hub genes and the enriched path-
ways might be potential biomarkers of early de-
tection and therapy for ARDS.

RECOMMENDATIONS

This study provide a system-wide under-
standing for ARDS and predicted several po-
tential biomarkers for early diagnosis and treat-
ment of ARDS. However, there were some weak
points in this study. Further experiments need-
ed to be carried out to verify our results as soon
as possible.
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