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Background: Patients with severe burns continue to display a high mortality rate during the
initial shock period. The precise molecular mechanism underlying the change in host
response during severe burn shock remains unknown. This study aimed to identify key
genes leading to the change in host response during burn shock.

Methods: The GSE77791 dataset, which was utilized in a previous study that compared
hydrocortisone administration to placebo (NaCl 0.9%) in the inflammatory reaction of severe
burn shock, was downloaded from the Gene Expression Omnibus (GEO) database and
analyzed to identify the differentially expressed genes (DEGs). Functional enrichment
analyses of Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways were performed. The protein—protein interaction (PPI) network of DEGs
was constructed using the Search Tool for the Retrieval of Interacting Genes (STRING)
database and then visualized in Cytoscape. In addition, important modules in this network
were selected using the Molecular Complex Detection (MCODE) algorithm, and hub genes
were identified in cytoHubba, a Cytoscape plugin.

Results: A total of 1059 DEGs (508 downregulated genes and 551 upregulated genes) were
identified from the dataset. The DEGs enriched in GO terms and KEGG pathways were related to
immune response. The PPI network contained 439 nodes and 2430 protein pairs. Finally,
important modules and hub genes were identified using the different Cytoscape plugins. The
key genes in burn shock were identified as arginase 1 (4RG1), cytoskeleton-associated protein
(CKAP4), complement C3a receptor (C34R1), neutrophil elastase (ELANE), gamma-glutamyl
hydrolase (GGH), orosomucoid (ORM1), and quiescin sulthydryl (OSOX1T).

Conclusion: The DEGs, functional terms and pathways, and hub genes identified in the
present study can help shed light on the molecular mechanism underlying the changes in host
response during burn shock and provide potential targets for early detection and treatment of
burn shock.
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Introduction

With the development of the economy and improvements in public safety aware-
ness, the incidence of burn in less-developed and developing areas is gradually
decreasing." However, burns are still the fourth most common type of trauma
worldwide, after traffic injuries, falls, and interpersonal violence, with up to 90%
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of the burns occurring in low- and middle-income areas.”
According to an estimate released by the World Health
Organization in 2018, 18,000 burn-related deaths occur
annually.® Burn injuries are associated with a high mortal-
ity rate in patients with severe burn shock which is
a combination of distributive and hypovolemic shock
accompanied by immune and inflammatory responses,
and metabolic changes.* Hence, the state of shock experi-
enced following burn injuries can be a challenge in patient
management and may result in multiple organ failure.’
Notably, the number of deaths within the burn shock
period has been greatly reduced through improvements in
the available treatment and resuscitation procedures for
burn injuries.*® However, the state of burn shock is asso-
ciated with numerous complications, as patients experien-
cing an unstable period of shock will have a greatly
weakened defense and repair system due to tissue ische-
mia, hypoxia, and reperfusion injury that accompany the
state of shock. As a result, these patients are at a greater
risk of experiencing concurrent severe systemic infections
and multiple organ failure, which are currently the primary
cause of death in severe burn cases.”'® Therefore, explor-
ing the precise mechanism that underlies the host response
to severe burn shock is crucial.

Numerous studies have indicated that gene expression
plays an important role in different burn stages. It has been
reported that the expression of high-mobility group box
protein 1 (HMGBI) is elevated in burn patients and has an
important impact on the immune function of postburn
patients.'" Carter found that the melanocortin 1 receptor
(MCIR) gene polymorphism was associated with wound
infection after burn injury.'? In the repair stage after burn
injury, nucleotide-binding domain leucine-rich repeat
(NLR) and pyrin domain containing receptor 3 (NLRP3)
promote wound healing through regulation of macrophage
polarization and inflammation.'> However, there has been
little information regarding the important genes expressed
during burn shock. Given the popularity of gene detection
technology, gene chips are widely used in research on
many diseases.'* Bioinformatic analysis of the data gener-
ated from the use of gene chips has become a promising
and effective tool for screening the significant genetic or
epigenetic variations associated with the development and
progression of diseases.'>'® The differentially expressed
genes (DEGs), signaling pathways, and hub genes that are
potentially related to the host response to burn shock have
not been identified. Moreover, to our knowledge, no stu-
DEGs,

dies have been performed to analyze the

enrichment analysis of Gene Ontology (GO) terms and
Kyoto Encyclopedia of Genes and Genomes (KEGQG)
pathways, and protein—protein interaction (PPI) networks
associated with burn shock using datasets obtained from
the Gene Expression Omnibus (GEO) database.

This study, to our knowledge, is the first to identify
1059 DEGs by screening the gene expression dataset
GSE77791, which included 30 samples from burn shock
patients and 13 samples from healthy volunteers. The
analyzed biological functions, signal pathways, con-
structed PPI network, and selected hub genes were used
to understand the molecular mechanism underlying the
host response to burn shock, which may potentially be
insightful for studying burn shock, including early detec-
tion and treatment.

Materials and Methods

Gene Expression Microarray Data

We acquired the microarray expression profiles of severe
burn shock patients from the National Center for
Biotechnology Information GEO database (http://www.

ncbi.nlm.nih.gov/geo), which contains high-throughput

gene expression data, chips, and microarrays, under the
accession number GSE77791. The GSE77791 dataset,
based on GPL570 (a platform for Affymetrix Human
Genome U133 Plus 2.0 Array), contains 117 samples,
including 30 samples collected from patients with burn
shock prior to any treatment and 13 samples collected
from healthy volunteers that served as controls. These 43
samples were selected for deep analysis in this study in
accordance with our aims. The remaining samples col-
lected from patients with different medical conditions
were excluded.

Data Preprocessing: Identification of
DEGs

First, the probe sets were correspondingly converted into
gene symbols by the platform with annotation information.
The mean value of multiple probe sets was calculated if they
corresponded to the same gene. The data were normalized,
and DEGs were subsequently identified using the linear
models for microarray data (LIMMA) package in
R software (version 3.6.1). Individual p-values were calcu-
lated and converted to adjusted p-values (adj. p. val) for
comparisons by false discovery rate correction of the
Benjamini and Hochberg test. DEGs were selected with
the commonly used thresholds of | log,fold change (FC)>
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1 and adj. p. val < 0.05. The heatmap and volcano plot of the
DEGs were constructed using the ggplot2 package in R.

Functional and Pathway Enrichment
Analyses of DEGs

The functions of up- and down-regulated DEGs in severe
burn shock were predicted based on GO function and KEGG
pathway enrichment analyses and visualized using the
ClusterProfiler package in R. The GO database (http://
www.geneontology.org) primarily comprises the following

three categories: biological processes (BP), cellular compo-
nents (CC), and molecular functions (MF). The KEGG
database (http://www.genome.ad.jp/kegg/) collects systema-

tic functional, genomic, and chemical information. The sig-
nificance criterion to screen the significantly enriched GO
terms and KEGG pathways was set at p <0.05.

PPl Network Construction and Module
Analysis

Functional interactions between proteins were analyzed to
shed light on the exact mechanisms of generation and devel-
opment of diseases. In this study, the PPI network of DEGs
was predicted in an online database (Search Tool for the
Retrieval of Interacting Genes database, STRING, version
11.0, http:/string-db.org) and subsequently visualized in

Cytoscape (version 3.7.2). DEGs were uploaded onto the

database, and single protein nodes were removed.
A combined score > 0.9 was set as the cutoff criterion. The
PPI network was downloaded and further analyzed in
Cytoscape. The important modules were identified and visua-
lized by Molecular Complex Detection (MCODE), which is
a plugin in Cytoscape for discovering densely connected
nodes in a given network. The module selection was in accor-
dance with the following criteria: k-score=2, MCODE score >
10, degree cut-off=2, max depth=100, and node score cut-off
=0.2."7 The nodes in the key modules are presented as highly
connected proteins that have important biological functions.
Moreover, the pathway enrichment analysis of the DEGs in
selected modules was performed using the ClusterProfiler

package.

Hub Gene Selection

The hub genes in the PPI network were characterized by the
cytoHubba plugin in Cytoscape. The top 10 genes were
identified by three methods (Maximal Clique Centrality
(MCC), Degree, and Maximum Neighborhood Component
(MNC)) and overlapped to identify the hub genes.

Results
Patients in GSE77791

Thirty-two patients were enrolled in Plassais’s study,'®
however, two of them were discarded due to a major
batch effect related to a technical issue. The demographics
of the patients are shown in Table 1. Briefly, these patients
were severely burned with a total burn surface area
(TBSA) range from 30 to 98 and registered for hospitali-
zation between 24 and 72 h after injury. Few data about
the severity of the burns in the original article were
obtained: the mean abbreviated burn severity index
(ABSI) score was 11, 12 patients had inhalation injuries,
and 3 patients had infections during hospitalization. The
exact time points of injury were not recorded. Samples
were immediately collected from hospitalized patients

Table | Demographics of the Patients in Jonathan Plassais’s
Study

Patient ID Sex Age TBSA Endpoint at Day 28
BOI M 52 85 Non survivor
B02 M 40 85 Survivor

BO3 M 43 80 Survivor

B04 M 36 73 Survivor

BO5 M 49 90 Survivor

B06 M 42 88 Non survivor
BO7 F 75 40 Survivor

BO8 F 56 30 Survivor

B09 M 50 49 Survivor

BI10 F 63 47 Survivor

Bl F 49 35 Survivor

B2 M 34 47 Survivor

BI3 F 48 64 Non survivor
Bl14 M 48 75 Survivor

Bl6 F 32 70 Survivor

B17 M 66 35 Survivor

B18 M 38 70 Survivor

B20 M 41 46 Non survivor
B21 M 35 88 Survivor

B22 M 46 8l Survivor

B23 M 48 62 Survivor

B24 M 19 98 Non survivor
B25 M 56 90 Non survivor
B26 M 25 78 Survivor

B27 F 64 38 Survivor

B28 M 50 57 Survivor

B30 M 46 57 Non survivor
B3I M 47 50 Survivor

B32 F 59 38 Survivor
BI9BY F 58 70 Non survivor

Abbreviations: M, male; F, female; TBSA, total burn surface area.
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with defined by
a norepinephrine dosage above 0.5 pg/kg/min.

severe burn shock, which was

Identification of DEGs

The microarray data of 30 burn shock patients and 13
healthy volunteers from the GSE77791 dataset were ana-
lyzed to identify DEGs according to the following
criteria: | logyfold change (FC) | > 1 and adj. p. val <
0.05. A total of 1059 DEGs from the samples of patients
with burn shock were identified by comparing with the
controls. This total included 508 downregulated genes
and 551 upregulated genes, which are indicated in the
volcano plot shown in Figure 1A. The top 100 DEGs of
all samples were clustered and represented as a heatmap
(Figure 1B).

Analyses of GO Function and KEGG
Enrichment of DEGs

Analyses of GO function and KEGG enrichment were
performed using the ClusterProfiler package to further
understand the functions and mechanisms of the iden-
tified DEGs. The top eight enriched terms in BP, CC,
and MF are shown in Figure 2A. For BP, the DEGs
were enriched in neutrophil activation, neutrophil

Volcano Plot

A

-i0g10 (adj.P.Val)

log2 (fold change)

activation involved in immune response, neutrophil
degranulation, neutrophil-mediated immunity, T cell
receptor signaling pathway, T cell activation, T cell
differentiation, and Ilymphocyte differentiation. In
terms of CC, the DEGs were enriched in specific gran-
ules, tertiary granules, secretory granule lumen, tertiary
granule lumen, specific granule lumen, secretory gran-
ule membranes, vesicle lumen, and cytoplasmic vesicle
lumen. Regarding MF, the DEGs were enriched in
carbohydrate binding, MHC protein complex binding,
immunoglobulin binding, cytokine receptor activity,
MHC

membrane spanning protein tyrosine kinase activity,

class II protein complex binding, non-
cytokine binding, and chemokine binding.

Based on KEGG pathway analysis, the DEGs were
significantly enriched in Thl and Th2 cell differentia-
tion, hematopoietic cell lineage, antigen processing and
Th17

Staphylococcus aureus infection (Figure 2B). The top

presentation, cell differentiation, and
six terms associated with the up- and down-regulated
DEGs, enriched in BP, CC and MF as well as various
KEGG pathways are shown in Tables 2 and 3, respec-
tively. The details of the enriched DEGs in BP cate-
gory of GO analysis and KEGG pathways are shown in

Supplementary Tables 1 and 2, respectively.

2

Figure | DEGs from GSE77791. (A) 1059 DEGs are showed in the volcano plot that containing 551 upregulated genes in red and 508 downregulated genes in green. (B)
The heatmap shows the top 100 most significant DEGs. Red indicates a relatively high expression and blue indicates a relatively low expression. DEGs were identified by the
criteria of | log2fold change (FC) | >1 and adj. p. val <0.05. DEGs, differentially expressed gene.

submit your manuscript

1032

Dove

Journal of Inflammation Research 2020:13


https://www.dovepress.com/get_supplementary_file.php?f=282722.docx
https://www.dovepress.com/get_supplementary_file.php?f=282722.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Fang et al

A neutrophil activation -
neutrophil mediated immunity 1

neutrophil degranulation 4

neutrophil activation involved in immune response 4

T cell activation

lymphocyte differentiation 1

T cell differentiation -

T cell receptor signaling pathway 1

specific granule 1

tertiary granule - p.adjust

secretory granule lumen -

cytoplasmic vesicle lumen 0.004

20

vesicle lumen 0.008

secretory granule membrane 1 0.012
specific granule lumen -

tertiary granule lumen

carbohydrate binding 1

MHC protein complex binding 1
immunoglobulin binding 1
cytokine binding 1

EL

non-membrane spanning protein tyrosine kinase activity 1
MHC class Il protein complex binding 1
cytokine receptor activity 1

chemokine binding 1

o
W
S
@
o
©
o

Antigen processing and presentation

Th1 and Th2 cell differentiation

Hematopoietic cell lineage

Th17 cell differentiation

p.adjust

5.0-06
1.0e-05
1.5e-05
2.0e-05
2.5e-05

Staphylococcus aureus infection

Inflammatory bowel disease (IBD)

Graft-versus-host disease

Epstein-Barr virus infection

o

10 20 30

Figure 2 The GO terms and KEGG pathway enrichment analysis of all DEGs. (A) The top 8 terms enriched in BP, CC, and MF. (B) The top 8 enriched terms of KEGG
pathway. Cutoff value is adj. p. val <0.05. GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed gene; BP, biological process;

CC, cellular component; MF, molecular function.

PPl Network Construction and Module
Analysis

The interactions between DEGs, which consisted of 439
nodes and 2430 edges (Figure 3A), were downloaded from
the STRING database and visualized using Cytoscape.
Four significant modules (Figure 3B) were identified by
cluster analyzing the PPI network in MCODE based on
the aforementioned criteria. KEGG pathway enrichment
analysis was then performed for the DEGs in the four
modules, and the results are listed in Table 4. The DEGs
in module 1 were significantly enriched in S. aureus infec-
tions. The DEGs in module 2 were enriched in chemokine
signaling pathways, viral protein interactions with cyto-
kines, and cytokine receptors. The DEGs in module 3
were mainly enriched in ubiquitin-mediated proteolysis.
Finally, the DEGs in module 4 were enriched in Th1 and
Th2 cell differentiation, Th17 cell differentiation, primary
immunodeficiencies, and T cell

receptor signaling

pathways.

Hub Gene Selection

Hub genes were identified by CytoHubba in the present
study. The top 10 hub genes, which were selected based on
the 3 most commonly used classification methods in
cytoHubba, are displayed in Table 5. By overlapping the
first 15 genes, 7 central genes (ARG, CKAP4, C3A4RI,
ELANE, GGH, ORMI, and OSOXI) were consequently
identified as shown in Figure 4A. After being marked on

selected modules, we observed that the hub genes were
upregulated and gathered in module 1 (Figure 4B).

Discussion

Severe burn injuries usually result in distributive
shock,'® an abnormal physical state that is marked by
capillary leakage of fluid from the intravascular to the
interstitial space, and is commonly accompanied by mul-
tiple host responses.’’ In the initial stages following
a severe burn injury, burn shock presents complex patho-
physiological changes under the influence of chemical
transmitters, injury factors, and toxins due to the effects
of injury, stress, and acute phase and immune-
inflammatory reactions.?'*> Severe burn injury is often
accompanied by smoke inhalation injury, and there were
12 of 30 patients have inhalation injury in this study. In
most cases, inhalation injury aggravates burn shock by
increasing vascular permeability, and edema formation.?
Burn shock is the earliest serious systemic complication
of severe burns and could lead to multiple organ failure,
especially in instances of delayed resuscitation for severe
burns which not only has serious consequences in the
early stages of the injury, but also has a significant
impact on the entire course of the disease.”* However,
sufficient fluid resuscitation alone does not ameliorate
the effects of burn shock.”® Therefore, the exact mole-
cular mechanism underlying the changes in host

response during burn shock needs to be understood.
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Table 2 GO Terms Enrichment Analysis of DEGs (Top 6 of Each)

GO ID Term Adj. p. Gene
val Count

Up-regulated

BP

GO:0043312 | neutrophil degranulation 1.05E-49 | 91

GO:0042119 | neutrophil activation 1.05E-49 | 92

G0:0002283 | neutrophil activation involved | 1.18E-49 | 91
in immune response

GO:0002446 | neutrophil mediated immunity | 6.62E-49 | 91

GO:0050727 | regulation of inflammatory 6.76E-07 | 38
response

GO:0097237 | cellular response to toxic 0.000256 | 22
substance

CcC

GO:0042581 | specific granule 6.52E-34 | 46

GO:0034774 | secretory granule lumen 2.83E-30 | 57

GO:0060205 | cytoplasmic vesicle lumen 3.46E-29 | 57

GO:0031983 | vesicle lumen 3.46E-29 | 57

GO:0030667 | secretory granule membrane 7.23E-21 | 45

GO:0035580 | specific granule lumen 9.31E-20 | 23

MF

GO:0016209 | antioxidant activity 0.010493 | |1

GO:0030246 | carbohydrate binding 0.011884 | 20

GO:0016651 | oxidoreductase activity, acting | 0.022367 | 11
on NAD(P)H

GO:0016667 | oxidoreductase activity, acting | 0.022367 | 8
on a sulfur group of donors

GO:0016757 | transferase activity, 0.022518 | 19
transferring glycosyl groups

Down-regulated

BP

GO:0042110 | T cell activation 1.79E-25 | 6l

GO:0030098 | lymphocyte differentiation 2.48E-20 | 48

GO:0030217 | T cell differentiation 4.70E-20 | 40

GO:0050852 | T cell receptor signaling 5.54E-18 | 35
pathway

GO:0050851 | antigen receptor-mediated 1.69E-17 | 42
signaling pathway

GO:0002429 | immune response-activating I.16E-14 | 47
cell surface receptor signaling
pathway

CcC

GO:0009897 | external side of plasma 7.71E-09 | 34
membrane

GO:0001772 | immunological synapse 4.86E-08 | Il

GO:0042611 | MHC protein complex 6.56E-06 | 8

(Continued)

Table 2 (Continued).

GO ID Term Adj. p. Gene
val Count

GO:0042613 | MHC class Il protein complex | 8.65E-05 | 6

GO:0098802 | plasma membrane receptor 0.001032 | 20
complex
GO:0042101 | T cell receptor complex 0.002005 | 12

MF

G0:0023023 | MHC protein complex binding | 2.34E-06
G0:0023026 | MHC class Il protein complex | 0.000391

binding
GO:0019955 | cytokine binding 0.000555
GO:0042605 | peptide antigen binding 0.001138
GO:0019956 | chemokine binding 0.001 141
GO:0016493 | C-C chemokine receptor 0.001423
activity

Abbreviations: GO, gene ontology; DEGs, differentially expressed genes; BP,
biological process; CC, cellular component; MF, molecular function.

In the present study, the gene expression data of the
GSE77791 dataset were obtained from the GEO data-
base and bioinformatically analyzed to explore the key

Table 3 KEGG Pathway Enrichment Analysis of DEGs (Top 6 of
Each)

Pathway | Name Adj. p. Gene
ID val count

Up-regulated

hsa04610 | Complement and coagulation | 0.000518 | I3

cascades

hsa00480 Glutathione metabolism 0.04162 8

hsa05202 | Transcriptional misregulation 0.04162 15
in cancer

hsa00500 Starch and sucrose 0.04162 6
metabolism

hsa05150 | Staphylococcus aureus 0.04162 10
infection

Down-regulated

hsa04658 | Thl and Th2 cell 2.68E-17 | 26
differentiation

hsa04659 | Thl17 cell differentiation 1.24E-13 | 24

hsa04640 | Hematopoietic cell lineage 1.70E-12 | 22

hsa04612 | Antigen processing and 1.85E-09 | 17
presentation

hsa05340 | Primary immunodeficiency 1.22E-08 | 12

hsa05332 | Graft-versus-host disease 2.75E-08 | 12

Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differ-
entially expressed gene.
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Module 1

Module 2

Module 3

Module 4

Figure 3 PPl network analysis. (A) The PPl network consists 439 nodes and 2430 edges were visualized in Cytoscape. Red notes the upregulated genes and green notes the
downregulated genes. The size of each node is positive correlated with log,fold change (FC). The width of each edge is positively correlated with the combine score. (B) It
shows the most significant modules in this PPl network. PPI, protein-protein interaction.

pathways and genes involved in the host response to
burn shock. The GSE77791 microarray dataset con-
tained 117 samples, including 13 samples from healthy
volunteers, 30 samples from patients without any treat-
ment administration, and the remaining 74 samples from
1 day, 5 days and 7 days after hydrocortisone or NaCl
0.9% administration. The dataset was utilized for asses-
sing the hydrocortisone-induced transcriptional modula-
tion of the immune response in severe burn shock

without a deep microarray analysis in a previous study,
which found that hydrocortisone administration may
worsen the immunosuppression associated with severe
burn shock.'® The present study, to our knowledge, is
the first to extract data from the 13 healthy volunteer
samples and the 30 burn shock patient samples before
any treatment administration for further analysis and we
subsequently identified the key genes associated with
the host response to severe burn shock.
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Table 4 KEGG Pathway Enrichment Analysis of the DEGs in the

Four Modules (Top 6 of Each)

Table 5 List of the Top 10 Hub Genes Selected by MCC, MNC,
and Degree Methods in cytoHubba

Cluster

Pathway
ID

Name

Adj. p.
val

Gene
Count

Module |

hsa05150

Staphylococcus

aureus infection

0.000465

Module 2

hsa04062

hsa04061

hsa05163

hsa04060

hsa05120

hsa04024

Chemokine
signaling pathway
Viral protein
interaction with
cytokine and
cytokine receptor
Human
cytomegalovirus
infection
Cytokine-cytokine
receptor
interaction
Epithelial cell
signaling in
Helicobacter pylori
infection

cAMP signaling
pathway

3.14E-14

6.11E-11

5.34E-10

1.81E-07

0.004247

0.005765

MCC MNC Degree
C3ARI C3ARI C3ARI
QSOX| QSOX| QSOX|
GGH GGH GGH
ORMI ORMI ORM|
CKAP4 HLA-E HLA-E
ELANE HLA-DRA HLA-DRA
RETN LCK LCK
ARGI CKAP4 CKAP4
CTSD ARGI ARGI
CEACAMS ELANE ELANE

Module 3

hsa04120

hsa04141

Ubiquitin mediated
proteolysis
Protein processing
in endoplasmic

reticulum

2.65E-12

0.047101

Module 4

hsa04658

hsa04659

hsa05340

hsa04660

hsa05235

hsa05162

Thl and Th2 cell
differentiation
Thl7 cell
differentiation
Primary
immunodeficiency
T cell receptor
signaling pathway
PD-LI expression
and PD-1
checkpoint pathway
in cancer

Measles

5.38E-15

1.52E-14

4.63E-13

4.63E-13

6.08E-12

1.20E-08

8

Abbreviations: KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differ-
entially expressed gene.

A total of 1059 DEGs, included 508 downregulated
genes and 551 upregulated genes, were identified. The GO
analysis annotates each DEG and enriches the DEGs with
the same attribute into one term. As shown in Figure 2A,
the DEGs enriched terms in the BP category were neutro-
phil activation, neutrophil activation involved in immune

Abbreviations: MCC, maximal clique centrality; MNC, maximum neighborhood
component.

response, neutrophil degranulation, neutrophil-mediated
immunity, T cell activation, T cell differentiation, lympho-
cyte differentiation, and T cell receptor signaling pathway.
Interestingly, Table 2 shows that the upregulated genes
were mostly enriched in the GO terms of neutrophil acti-
vation, neutrophil activation involved in immune response,
neutrophil degranulation, and neutrophil-mediated immu-
nity, which are associated with neutrophil activation, while
the downregulated genes were mostly enriched in terms of
T cell activation, T cell differentiation, lymphocyte differ-
entiation, and T cell receptor signaling pathway, all of
which are associated with T cell activation. There were
many DEGs enriched in neutrophil activation and T cell
activation and Supplementary Table 1 was added to show
the specific DEGs. The key genes (ARGI, CKAP4,
C34RI1, ELANE, GGH, ORMI, and QSOXI) identified
by cytoHubba were all enriched in terms associated with

neutrophil activation. Further in vivo and in vitro studies
are warranted to determine the role of these key genes in
burn shock. These GO analysis results are consistent with
the postburn immune response, in which the neutrophil is
over activated and T cell activation is suppressed.
Neutrophils are immediately activated and migrate to the
injury site to remove debris and pathogens as well as
promote wound healing after burn injury.?**” However,
they also accumulate in other remote organs, such as the
lung and small intestine and eventually lead to the injury
of these organs.”® Overactivated neutrophils can secrete
free radicals and inflammatory mediators such as interleu-
kin (IL)-1, tumor necrosis factor (TNF), IL-6, and IL-8
after severe burn injury and result in systemic inflamma-
tory response syndrome and multiple organ failure.””
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Degree

Figure 4 Identification of the hub genes. (A) Hub genes were identified by the overlapping of the three methods in cytoHubba. (B) From the module analysis we find that
seven of the hub genes upregulated and gathered in module | in which showed by shape of square.

Meanwhile, T cell proliferation is also suppressed in
severe burn injuries.>® According to the p value in Figure
2B, the top three pathways with the highest reliability were
Thl and Th2 cell differentiation, Th17 cell differentiation,
and hematopoietic cell lineage, in which the downregu-
lated DEGs were enriched. There were many DEGs
enriched in the various pathways and Supplementary
Table 2 was added to show the specific DEGs. The signal
transduction in T cell activation in burn shock was sup-
pressed according to KEGG pathway analysis.

After severe burn injury, immune functions are
severely compromised, including the decline of neutrophil
killing of invading pathogens and macrophage antigen
presentation as well as suppression of T cell activation.’
Together, these events lead to the development of immune
suppression during the burn stage.’ According to the
results of GO function analysis and KEGG pathway
enrichment analysis, the most downregulated DEGs were
enriched in T cell activation. Neutrophils are activated in
burn shock, and the granules released by overactivated
neutrophils can suppress T cell activation.®' Therefore,
immunity may be impaired by the suppression of T cell
activation.”’ Our findings are consistent with the patho-
physiology of burn shock in terms of neutrophil overacti-
vation and lymphocyte suppression.z’z’33 This can explain
the increased risk of severe systemic infection and

multiple organ failure in the severe burn patients with an
unstable shock period.

Four significant modules were selected from the PPI
network using MCODE in Cytoscape. Next, KEGG path-
way enrichment analysis was performed for the DEGs in
these modules. As shown in Table 4, the DEGs in modules
1, 2, and 4 were mostly enriched in the pathways asso-
ciated with immune response, and the DEGs in module 3
were mostly enriched in the pathways associated with
protein metabolism. This is consistent with the hypermeta-
bolic state in severe burn injury.** Jeschke suggested that
the continued release of TNF, IL-6, and other inflamma-
tory mediators could further contribute to the hypermeta-
bolic state of severe burn injury patients.>> Furthermore,
immune dysregulation could also affect the metabolic state
of the body.

Seven hub genes (ARGI, CKAP4, C3ARI, ELANE,
GGH, ORMI, and QSOXI) were
cytoHubba and gathered in module 1 with a high degree.

identified using

ARG, which is contained in cytoplasmic azurophil gran-
ules and the gelatinase grains of neutrophils,*®*” hydro-
lyzes L-arginine to L-ornithine and urea in the cytosol.
ARGI-induced depletion of arginine, suppression of
T lymphocyte proliferation, and secretion of cytokines
via down-regulated expression of the CD3 zeta chain in
T cells®' have emerged as fundamental mechanisms under-
lying inflammation-associated immunosuppression.*® In
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addition, ARG! competes with inducible nitric oxide
synthase for substrate L-arginine to inhibit the production
of nitric oxide, which can also suppress the inflammatory
response.”” C34R1 is a G protein-coupled receptor protein
that is predominantly distributed on neutrophils, eosino-
phils, basophils, mast cells, and monocytes/macrophages.-
40 described C3a as

a proinflammatory mediator in some chronic inflammatory

Previous  studies have
responses.’'*> However, several studies have indicated
that C34ARI exerts a potent anti-inflammatory response
with a high expression of C34R! on neutrophils by inhi-
biting the mobilization of neutrophils from the bone mar-
row to circulation following acute injury.**** Neutrophil
elastase (NE) is coded by ELANE and secreted by acti-
vated neutrophils to kill bacteria and promotes the secre-
tion of pro-inflammatory mediators, such as TNFa and IL-
1B. Numerous studies have indicated that NE is a marker
of neutrophil activation.*> ORM1, also known as alpha—1—
acid glycoprotein (AGPI), encodes an acute-phase protein
in activated neutrophil that mediates neutrophil migration
failure and inhibition of neutrophil activation in the acute
4647 The latest study indicates that
ORM!1 serves as a potential diagnostic marker for sepsis.*®

inflammatory response.

CKAP4 is a transmembrane protein residing predomi-
nantly in the endoplasmic reticulum of eukaryotes that can
promote cellular proliferation through the phosphoinosi-
tide 3-kinase (PI3K)/protein kinase B (AKT) pathway.*’
Research has shown that PI3K plays a vital role in the
through AKT
activation.’®! Therefore, CKAP4 may activate neutro-
phils through the PI3K/AKT pathway in burn shock
patients. GGH is a lysosomal enzyme involved in the

regulation of neutrophil activation

metabolism of folates and the disposition of methotrexate
that plays a role as a tumor marker in breast and lung
cancer.”>”* GGH also catalyzes the hydrolysis of folyl-
poly-gamma-glutamates to generate glutamate, which is
a substrate of glutamine.>* Glutamine, a substrate of enter-
ocytes, plays a vital role in the normal immunological
function and the structure of the gut.>> The intense stress
and persistent inflammation caused by severe burn injury
may result in intestinal mucosal barrier damage which is
sensitive to infection.’® Wang and colleagues found that
glutamine improved tissue perfusion and increased energy
synthesis in enterocytes, thus alleviating the intestinal
injury after burn injury.’” OSOXI is mainly expressed in
several tumor cells and can promote tumor growth and
metastasis.’™>® A recently study reported that the periph-
eral blood level of QSOX1I related to neutrophil infiltration

is a novel independent predictor of left ventricular
dysfunction.®

To date, the clinical value of ARGI, CKAP4, C3ARI,
ELANE, GGH, ORM1, and OSOXI in burn shock has not
been documented. From the above description, we know
that ARG, C34ARI, ELANE, and ORM]1 are released from
activated neutrophils and have different effects on immune
response. Neutrophil activation is considered the most
dominant host response to burn shock; thus, it is crucial
to conduct further studies to explore the diagnostic or
therapeutic value of these four genes in burn shock.
Although CKAP4, GGH, and OQSOXI play crucial roles
in tumor proliferation and metastasis, these genes were
also significantly upregulated in neutrophil in burn shock
and had close interactions with ARGI, C34ARI, ELANE,
and ORMI in the PPI network constructed using the
DEGs. Furthermore, an increasing amount of research
indicates that CKAP4, GGH, and, QSOX]I are associated
with the immune response of neutrophils. Therefore, we
speculate these three genes play crucial effects on the
immune response to severe burn injury, but more studies
are needed to confirm this hypothesis. Our study revealed
the host response to burn shock and identified the key
genes that provide a new direction for further in vivo
and in vitro studies to explore the mechanism of occur-
rence and development of burn shock.

There are no precise methods to identify hub genes.
Some researchers select the higher-degree nodes in the PPI
network as hub genes,®' while others identify the hub genes
via cytoHubba in Cytoscape using a single method.®* In
addition, some researchers believe that the overlapping
results from several methods in cytoHubba is a more reason-
able method for detecting hub genes.® In this study, we
overlapped the top 10 genes selected by the MCC, MNC,
and degree methods in cytoHubba to identify the hub genes.

Several previous studies have used the bioinformatic
analysis of microarray datasets to explore gene expression
after burn injury. Xu® and Wu® reanalyzed the
GSE19743 dataset and determined the time course change
in gene expression after burn injury. The time points of
sample collection in the GSE19743 dataset were separated
into two groups: early-stage for < 11 days postburn and
11-49 days
Bioinformatic analysis of the GSE19743 dataset was pre-

middle-stage for after thermal injury.
formed to reveal the gene changes over the whole burn
stage which ranged from 0 to 49 days after thermal injury.
However, the 30 samples in GSE77791 were collected

within 72 h after burn injury, and the analysis of these
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samples was utilized to identify gene changes in the shock
stage after burn injury. The GSE77791 dataset, to our
knowledge, contains unique burn shock data in the GEO
database and this study is the first to use GSE77791 to
explore the different gene expression levels during the
burn shock stage after burn injury.

Compared to previous studies, the present study has
several advantages. First, our study successfully identi-
fied novel hub genes associated with severe burn shock.
Second, we further analyzed and presented the functions
and pathway enrichment of the main DEGs. Our findings
can help to elucidate the molecular mechanism under-
lying the changes in host response during burn shock as
well as provide potential targets for early detection and
treatment of burn shock. However, some limitations are
also present in our study. We only made use of a single
dataset from the GEO database, which is the only one we
could find that was associated with burn shock. We will
repeat the experiment in the future should other datasets,
associated with burn shock, become available. Moreover,
we did not verify the expression of these hub genes in
patients with severe burn injury because samples from
patients with severe burn injury are limited. However, we
will verify the expression levels of the hub genes in
severe burn injuries and perform further studies on the
mechanisms of these genes in the occurrence of severe
burn injury shock once the samples are available.

Conclusions

In conclusion, following the bioinformatic analyses of
DEGs, GO terms, KEGG pathway enrichment, and the PPI
network, our study found that the immune response of the
host is altered during burn shock, which may be mediated by
specific hub genes. The present study provides a new direc-
tion for future research to investigate the underlying
mechanism of burn shock occurrence and development.
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