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Abstract. – OBJECTIVES: The purpose of this
study was to identify differentially expressed
genes (DEGs) related to acute lung injury (ALI) in-
duced by sepsis with DNA microarray.

MATERIALS AND METHODS: Gene expres-
sion profile GSE10474 was downloaded from
Gene Expression Omnibus (GEO) database
which includes 34 samples, among which 13 pa-
tients with ALI + sepsis and 21 patients with sep-
sis alone. The DEGs were identified between ALI
+ sepsis and sepsis alone samples using R,
which were further analyzed using bioinformat-
ics methods. Firstly, HitPredict was used to
search protein-protein interactions of the DEGs.
Secondly, WebGestalt was adopted for functional
enrichment analysis of genes in the interaction
networks. Finally, DNA methylation was analyzed
to explain the differential expression.

RESULTS: A total of 12 genes were identified
as DEGs by comparing chip data from ALI + sep-
sis samples and those from sepsis alone sam-
ples, among which occludin (OCLN) and major
histocompatibility complex, class II, DQ beta 1
(HLA-DQB1) had 21 and 6 interactors, respec-
tively. Functional enrichment analysis revealed
several significantly over-represented terms: cel-
lular component organization, macromolecular
organization and biosynthesis, and response to
stimulus. In addition, methylation was found in
the promoters of OCLN and HLA-DQB1.

CONCLUSIONS: We screened DEGs in septic
ALI samples, and several interesting genes were
obtained, especially OCLN and HLA-DQB1. They
may be developed into marker genes for diagno-
sis or treatment of ALI.

Key Words:
Acute lung injury, Sepsis, Bioinformatics, Differen-

tially expressed gene, Interaction network, Functional
enrichment analysis, Methylation.

Introduction

Sepsis is a clinical course of systemic inflam-
matory response caused by bacterial infections,
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and it is also known as a common complication
in critically ill patients after surgery. It usually
results in a high morbidity and mortality. Lung is
the most vulnerable organ suffering from sepsis,
among which acute lung injury (ALI) appears
early with a high incidence1,2. ALI can be caused
by various internal and external pathogenic fac-
tors that leading to systemic inflammatory re-
sponse and it is characterized by refractory hy-
poxemia and respiratory distress syndrome.
Common causes include sepsis, trauma and
shock3, and sepsis is the most common one4.
Therefore, it is very important to elucidate the
pathogenesis of sepsis-induced ALI. Previous
study indicates that the pathogenic bacteria in-
gredients activate a variety of inflammatory
cells, which further leads to generations of exces-
sive inflammatory mediators5. Another report
shows that sepsis induced expression of tissue
factor activates coagulation in the lung and leads
to a procoagulant environment, which subse-
quently results in fibrin deposition and inflam-
matory response. Another work reports that tis-
sue factor complex mainly stimulates the release
of inflammatory cytokines and fibrin deposition
to promote the animal organ damage6. The tissue
factor-dependent extrinsic pathway has been sug-
gested as a central mechanism by which the co-
agulation cascade is locally activated in the lungs
of patients with ALI1. TNF receptor-associated
factor 6 gene, interleukin-6 (IL-6) and IL-1β
have also been confirmed to be associated with
septic ALI7. Though much progress has been
achieved in revealing its pathogenesis, more
works are needed to describe it systematically.

In terms of treatment, emerging evidence shows
that the use of anticoagulants, such as tissue factor
pathway inhibitor, antithrombin, heparin, activated
protein, and plasminogen activator, especially the
tissue-type plasminogen activator, presents a signif-
icant effect on improving lung function in ALI and
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increased oxygen supply8. However, improvements
in diagnosis and treatment are still necessary, espe-
cially early detection.

Microarray technology is a powerful tool to
globally detect the changes in gene expression,
which can help to uncover the pathogenesis and
advance the discovery of biomarkers. Therefore,
chip data from patients with septic ALI were
compared with those from patients with sepsis
alone to uncover DEGs. Protein-protein interac-
tion analysis and functional enrichment analysis
were performed to better characterize their roles
in development of ALI.

Materials and Methods

Microarray Data
Data set including 13 samples with ALI + sep-

sis and 20 samples with sepsis alone was down-
loaded from NCBI GEO (access no. GSE10474)9.
The platform is GPL571 [HG-U133A_2]
Affymetrix Human Genome U133A 2.0 Array.
The information about each probe on the chip is
provided by Affymetrix, Inc., and gathered along
with the raw chip data.

Identification of Differentially
Expressed Genes

Raw data was pre-processed by Package
Affy10,11. And limma12, an R package, was ap-
plied to find out DEGs between ALI + sepsis and
sepsis alone. The threshold was set as p < 0.05
and |logFC| > 1.

Prediction of Protein-Protein Interactions
Generally, proteins interact with each other to

function in different biological processes13. There-
fore, HitPredict was utilized to identify protein-pro-
tein interactions (PPIs) for DEGs. HitPredict com-
bines comprehensive PPIs databases in use, such as
IntAct14, BIOGRID15 and HPRD16, containing PPI
information from both high-throughput and small-
scale experiments. Moreover, HitPredict calculates
reliability for each interaction in the form of likeli-
hood ratio using Bayesian algorithm, combining in-
formation like sequences, structures and
functions17. Interaction is regarded of high confi-
dence when the likelihood ratio is bigger than 1.

Functional Enrichment Analysis
Genes in the same network generally interact

with each other to achieve the same biological
process and function. Since researches focus

have transferred from “single genes” to “gene
sets”, we applied WebGestalt18,19 that based on
the hypergeometric test to perform the enrich-
ment analysis for large sets of differentially ex-
pressed gene products.

DNA Methylation Retrieval
DNA methylation is known as a fundamental

element of epigenetic modification that is in-
volved in the regulation of gene expressions in
the developmental process of multicellular or-
ganisms. DNA methylation influences gene ac-
tivities that circumvent the changes of the DNA
sequences20. Therefore, DNA methylation was
analyzed by searching ENCODE (Encyclopedia
of DNA Elements) project in UCSC Genome
Browser21 to elucidate the underlying mecha-
nisms of differentially expressed genes.

Results

Differentially Expressed Genes
R package was used to pre-process the chip

data (Figure 1). A total of 12 genes were ac-
quired according to the cut-off (p < 0.05 and
|logFC| > 1), among which 4 were down-regulat-
ed and 8 were up-regulated (Table I).

Interactors of DEGs
HitPredict collects 239,584 PPIs, of which

168,458 are thought to be of high confidence.
PPIs of high confidence were retained for the
DEGs (Figure 2). Finally, 21 and 6 interactors
were identified for OCLN and HLA-DQB1.

Results of Functional Enrichment
Analysis for Genes in the Network

For all the genes included in the interaction
network, we applied WebGestalt to perform the
functional enrichment analysis. Finally, 7 signifi-
cantly over-represented functions in OCLN net-
work were revealed, which were associated with
cell components assembly. And HLA-DQB1 net-
work had 5 significant functions that were relat-
ed to immune responses (Table II).

DNA Methylation in DEGs
The ENCODE plan uses multiple cell lines to

collect all information in the regulatory sequences
of the human genome22. By USCS Genome
Browser query system, sequence analysis of the
promoter regions of differentially expressed
OCLN and HLA-DQB genes was performed to
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Figure 1. Boxplot of normalized expression data. The blue boxes represent 13 septic ALI samples and the pink boxes for 21
sepsis samples. Black lines in the boxes indicate the medians. They are almost on the same line, suggesting a good perfor-
mance of the normalization.

Symbol p value logFC Symbol p value logFC

HOPX 0.021837 -1.1871044 TREM1 0.013971 1.08965861
CYBRD1 0.041109 -1.12738059 HIST1H3H 0.038 1.13533773
UPB1 0.01082 -1.0672 CDKN1A 0.000235 1.31803919
OCLN 0.045338 -1.03764029 BTNL8 0.008236 1.46422381
C21orf7 0.034917 1.06017363 HLA-DQB1 0.021759 1.50202784
HIST2H4B 0.036566 1.06655311 CDKN1C 0.004152 1.64387692

Table I. List of differentially expressed genes.

acquire information about the status and location
of methylation (Figure 3). According to the
search results, DNA methylation of OCLN CpG

island occurs mainly in the promoter region (Fig-
ure 3A). As shown in Figure 3B, the methylation
region of HLA-DQB1 gene also locates in the
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promoter region. Given promoter plays an impor-
tant role in transcriptional regulation, methylation
may be a good point for modulation of gene ex-
pression and thus treatment of disease.

Discussion

Although significant progress has been
made in the treatment of sepsis-induced ALI,

disease prevention and timely diagnosis are al-
so important. It is beneficial to find diagnostic
marker genes for ALI. In present study, mi-
croarray data for patients with septic ALI were
compared with that for patients with sepsis
alone to screen out genes associated with sep-
sis-induced ALI. A total of 12 DEGs were ob-
tained, 4 down-regulated and 8 up-regulated
(Table I).

Figure 2. Data sources of PPIs in HitPredict. A, PPIs from three database, IntAct (blue), BioGRID (red) and the HPRD
(green); B, PPIs from small-scale (blue) or high-throughput (red) experiments. C, PPIs from 9 species in small-scale (blue) or
high-throughput (red) experiments.

Function p adjP

OCLN
Cellular component organization rawP = 0.0009 adjP = 0.0151
Protein complex assembly rawP = 0.0009 adjP = 0.0151
Protein complex biogenesis rawP = 0.0009 adjP = 0.0151
Macromolecular complex assembly rawP = 0.0020 adjP = 0.0180
Macromolecular complex subunit organization awP = 0.0027 adjP = 0.0182
Cellular component assembly rawP = 0.0046 adjP = 0.0226
Cellular component biogenesis rawP = 0.0064 adjP = 0.0258

HLA-DQB1
Antigen processing and presentation of peptide or rawP = 1.96e-08 adjP = 3.14e-06
polysaccharide antigen via MHC class II
Immune response rawP = 3.82e-07 adjP = 3.06e-05
Antigen processing and presentation rawP = 7.23e-07 adjP = 3.86e-05
Immune system process rawP = 2.23e-06 adjP = 8.92e-05
Response to stimulus rawP = 0.0008 adjP = 0.0033

Table II. Enrichment analysis in gene interactive network.



OCLN is an integral membrane protein that is
required for cytokine-induced regulation of tight
junction, and its down-regulation is indicative of
lung injury. You et al23 find that OCLN messen-
ger RNA and protein expressions in lung tissue
are consistent with the degree of lung injury. The
study by Shimada et al24 reports that OCLN is
down-regulated in diffuse alveolar damage in-
duced by hyperoxia exposure in mice. TREM1 is
a receptor involved in amplification of neutrophil
and monocytes-mediated inflammatory re-
sponse25. It was found to be up-regulated in pre-
sent study in septic ALI, which was in accor-
dance with previous findings26. It has been
thought to be a potential therapeutic target in dis-
eases characterized by an excessive inflammato-
ry response25. CDKN1A (p21) is a regulator of
cell cycle progression at G1. Its expression is
controlled by p53, through which this protein
mediates the p53-dependent cell cycle G1 phase
arrest in response to a variety of stress stimuli27.
It also takes a part in DNA replication and DNA
damage repair28. Therefore, it’s not difficult to
comprehend its up-regulation in ALI where ex-
cessive inflammatory response occurs, as well as

CDKN1C (p57). HLA-DQB1 (major histocom-
patibility complex, class II, DQ beta 1) plays a
critical role in the immune system by presenting
peptides derived from extracellular proteins29, so
the up-regulation is also expectable. Besides, two
histones were also identified as up-regulated
genes: HIST2H4B and HIST1H3H. This may ex-
plain the global changes in gene expression as
they are responsible for nucleosome structure of
the chromosomal fiber and subsequently affect
the transcription.

To further uncover their roles in the develop-
ment of septic ALI, interactors of the DEGs were
retrieved by HitPredict. Finally, 21 interactors
were acquired for OCLN and 6 for HLA-DQB1,
and corresponding interaction networks were al-
so established. Functional enrichment analysis
was carried out for these genes with WebGestalt.
7 significantly over-represented terms were re-
vealed for OCLN, and they were associated with
cellular component organization and protein
complex assembly. Some of the interactors for
OCLN are implicated in cell junction and cell
communication. Gap junction protein, beta 1
(GJB1) is a member of the gap junction protein

Figure 3. Methylation sites in OCLN and HLA-DQB1. The black box contains information of cell lines used in the EN-
CODE project. The methylation sites are indicated by red rectangles on the chromosome diagram. A, OCLN. B, HLA-DQB.
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family. Previous reports have indicated that the
regulation of gene expression of gap junction
proteins is affected during injury30. SMAD fami-
ly member 4 (SMAD4) is a member of the Smad
family of signal transduction proteins, which are
phosphorylated and activated by transmembrane
serine-threonine receptor kinases in response to
TGF-beta signaling31,32. Epidermal growth factor
receptor (EGFR) pathway substrate 15 (EPS15)
participates in receptor-mediated endocytosis of
EGF33. Epsin 1 (EPN1) binds clathrin and is in-
volved in the endocytosis of clathrin-coated vesi-
cles34. 5 significant terms were disclosed for
HLA-DQB1, all of which were associated with
immune response. Several interactors were asso-
ciated with class II major histocompatibility
complex, such as major histocompatibility com-
plex, class II, DQ alpha 2 (HLA-DQA2), CD74
(an important chaperone that regulates antigen
presentation for immune response35). CD4 was
also included in the list, which initiates the early
phase of T-cell activation. According to the func-
tions of some typical interactors, it could be
speculated that OCLN is indicative of lung injury
and HLA-DQB1 can reflect the degree of im-
mune response. Thus both of them are worthy of
further researches.

In addition, DNA methylation was investigat-
ed to explain the differential expression of
OCLN and HLA-DQA2. Methylation was found
in promoters for both genes, which might be de-
veloped into targets for modulation of the ex-
pression. Previous studies have reported the
methylation of OCLN in cancers36,37. Methyla-
tion of HLA-DQA2 is also investigated38,39. More
studies are beneficial to determine their roles in
development ALI.

Conclusions

Overall, chip data from patients with septic
ALI were compared with those from patients
with sepsis alone to screen out DEGs. Protein-
protein interaction analysis and functional en-
richment analysis were performed and two inter-
esting DEGs were revealed: OCLN and HLA-
DQA2. OCLN may be used for diagnosis and
monitoring of ALI while HLA-DQA2 is poten-
tial drug target to modulate immune response.
Besides, DNA methylation may contribute to the
differential expression of the two genes, and
more studies are necessary to deepen the under-
standing of the regulation mechanism.
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