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Sepsis refers to a group of clinical disorders that are 
characterized by systemic organ failure due to an uncontrolled 
host reaction toward an infection.1-3 It’s one of the leading 
causes of mortality for patients with severe infections who 
have been admitted to intensive care units (ICUs). 

Currently, sepsis still has an impressively increasing 
incidence, high mortality, and ever-rising costs, and it presents 
challenges for clinicians.4,5 Current treatment focuses mainly 
on early fluid resuscitation and anti-infective empirical 

ABSTRACT
Context • Sepsis is one of the leading causes of mortality for patients 
with severe infections who had been admitted to intensive care units 
(ICUs). Early diagnosis, accurate treatment, and management of 
sepsis remain extremely difficult in clinical settings, due to a lack of 
early biomarkers and diverse clinical manifestations.
Objective • The study intended to identify the key genes and 
pathways associated with inflammation in sepsis—using 
microarray technology combined with bioinformatics and key 
inflammation-related genes (IRGs)—to perform an enrichment 
analysis and evaluate the value of those genes for the diagnosis and 
evaluation of prognosis for patients with sepsis.
Design • The research team performed a genetic analysis.
Setting • The study took place at the Center for Emergency and 
Critical Medicine at Jinshan Hospital of Fudan University in 
Jinshan District, Shanghai, China.
Groups • The research team created two groups, the sepsis group, 
individuals with sepsis, and the control group, individuals without 
sepsis, using data for those groups from five microarray datasets 
obtained from the Gene Expression Omnibus (GEO) database. 
Outcome Measures • The research team: (1) downloaded the 
GSE57065, GSE28750, GSE9692, GSE13904, and GSE54514 
datasets from the Gene Expression Omnibus (GEO) database for 
analysis; (2) analyzed the GSE57065, GSE28750, and GSE9692 
datasets to detect the differentially expressed genes (DEGs) in 
the sepsis and control groups; (3) used Venn diagrams to obtain 
the intersection of DEGs and inflammation-related genes (IRGs); 
(4) mapped the protein-protein interaction (PPI) network using 
the Search Tool for Retrieval of Interacting Genes (STRING) 
database; (5) detected the hub genes using Cytoscape and 
cytoHubba; (6) performed an enrichment analysis of hub IRGs 
using Gene Ontology (GO) and the Kyoto Encyclopedia of 
Genes and Genomes (KEGG); (7) validated the expression of  

hub IRGs in sepsis using the GSE13904 dataset; and  
(8) performed a survival analysis in sepsis using the GSE54514 
dataset to explore the prognostic value of the hub IRGs.
Results • The research team: (1) identified 104 upregulated 
DEGs and 4 downregulated DEGs; (2) after defining the 
intersection of DEGs and IRGs, detected nine differentially 
expressed IRGs (DEIRGs); and (3) identified five IRGs— 
haptoglobin (HP), high affinity immunoglobulin gamma Fc 
receptor I (FCGR1A), cluster of differentiation 163 (CD163), 
complement C3a receptor 1 human (C3AR1), C-type lectin 
domain containing 5A (CLEC5A)—that overlapped DEIRGs. 
The GO and KEGG pathway analyses showed that the hub IRGs 
became enriched during acute-phase response, acute 
inflammatory response, specific granule, specific granule 
membrane, endocytic vesicle membrane, tertiary granule, 
immunoglobulin G (IgG) binding, complement receptor activity, 
Ig binding, scavenger receptor activity, and scaffold protein 
binding. The DEGs also played a significant role in Staphylococcus 
aureus (S. aureus) infection. The ROC curves showed that HP 
(AUC: 0.956, 95% CI: 0.924–0.988); FCGR1A (AUC: 0.895,95% 
CI: 0.827–0.963); CD163 (AUC: 0.838, 95% CI: 0.774–0.901); 
C3AR1 (AUC: 0.953, 95% CI: 0.913–0.993); and CLEC5A (AUC: 
0.951, 95% CI: 0 920–0 981) had meaningful diagnostic value for 
sepsis. Survival analysis showed that the sepsis and control 
groups had significant differences in HP (P = .043) and CLEC5A 
(P < .001).
Conclusions • HP, FCGR1A, CD163, C3AR1, and CLEC5A have 
value for clinical application. Clinicians can use them as 
diagnostic biomarkers, and they provide research direction for 
treatment targets for sepsis. (Altern Ther Health Med. 
2023;29(5):24-31).
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treatment; timely diagnosis and precise treatment could 
significantly improve the prognosis of patients with sepsis.6 

Although early diagnosis of sepsis is associated with 
patients’ improved prognosis, so far accurate biomarkers to 
diagnose sepsis are lacking. Researchers have demonstrated 
that both procalcitonin (PCT) and soluble triggering receptor 
expressed on myeloid cell-1 (sTREM-1) can be useful in its 
early diagnosis but haven’t yet proven their effectiveness for 
sepsis in clinical settings.7,8 

Despite decades of research and exploration, early 
diagnosis, accurate treatment, and management of sepsis 
remain extremely difficult in clinical settings, due to a lack of 
early biomarkers and diverse clinical manifestations.9,10 

The pathogenesis of sepsis involves multiple factors that 
induce a dysregulated immune response and an inflammatory 
storm, but the immune stage of sepsis, which involves 
immune pathways and multiple biological processes, is still 
not completely clear. 

Inflammation-related Genes 
C3AR1 and FCGR1A. Naber found that S. aureus is one of 

the most common blood isolates during sepsis.11 In sepsis that 
Staphylococcus aureus (S. aureus) causes, a number of factors are 
expressed that interfere with the efficiency of neutrophils, which 
are a major source of inflammatory cells that respond to 
infection, and of macrophages, by suppressing complementary 
activation, neutrophil chemotaxis, neutrophil lysis, or immune 
evasion.12 Furthermore, S. aureus can exacerbate symptoms in 
infected individuals by boosting immunosuppression and 
impairing the normal humoral immune response.13 

Complement C3a receptor 1 (C3AR1) and Fc gamma 
receptor 1A (FCGR1A) are key regulators of inflammation. 
In the pathway of S. aureus infection, they play an important 
role in its immune evasion and may be correlated with the 
inhibition of chemotaxis and phagocyte activation.14

Brennan et al found that C3AR1 can antagonize 
neutrophil chemotactic signals, inversely controlling 
neutrophil mobility.15 The majority of immune cells express 
FCGR1A as one of Fc-gamma receptors (FcγRs). This 
involves monocytes, NK cells, B cells, eosinophils, basophils, 
dendritic cells, platelets, macrophages, and even some 
subpopulations of T cells.16,17 

Antibody-mediated phagocytosis involves expression of 
FcγRs on monocytes, dendritic cells (DCs), macrophages, and 
neutrophils.16 A protein that the gene FCGR1A encodes has a 
vital role in the immune reaction. Its surface expression can 
rapidly increase in response to infection, mediated by bacterial 
lipopolysaccharides (LPS), interleukin-12 (IL-12), interferon 
(IFN), and granulocyte colony-stimulating factor (G-CSF). 

FCGR1A might be a good diagnostic indicator of 
infectious diseases.18 Yang et al found that C3AR1 
overexpression was associated with poor prognosis and 
enhanced infiltration of tumor-immune adenocarcinomas of 
the stomach.19 Wu et al found a significant correlation 
between FCGR1A genotypes and sarcoidosis vulnerability 
and intensity.20 

CD163 and CLEC5A. Cluster of differentiation 163 
(CD163) and C-type lectin domain containing 5A (CLEC5A) 
also can significantly affect inflammatory responses and 
regulation of macrophage function. 

CD163 has a critical role in the defense against contagious 
diseases. Expression of CD163 occurs only through 
macrophages at a high level and only through monocytes at 
a low level. Although CD163 is commonly thought to be an 
M2 marker, it appears that only a small percentage of M2s are 
CD163+.21 

In coronary heart disease, Guo et al found that CD163 
expression was upregulated and linked to the development of 
atherosclerosis and probable complications.22 Researchers 
have also found upregulated CD163 in some malignant 
diseases, such as classical Hodgkin lymphoma23 and diffuse 
large B-cell lymphoma.24 

Chen et al found CLEC5A regulates pro‐inflammatory 
cytokine release from macrophages and is a confirmed key 
factor in the processing of Japanese encephalitis virus (JEV)-
induced neuroinflammation.25 Chen et al found that the 
percentage of CLEC5A-expressing monocytes and their 
expression levels dramatically increased in autoinflammatory 
diseases, such as rheumatoid arthritis (RA) and adult-onset 
Still disease (AOSD).26 In Tosiek et al’s study, the mixed 
response of pro- and anti-inflammatory cytokines to an 
unclear immune reaction and the regulation of the expression 
of the myeloid cell receptor in two opposing directions were 
both indicative of the immune response in sterile settings 
that a chosen CLEC5A agonist produced.27 

Chen et al found that CLEC5A, through the stimulation 
of the activities of macrophages, neutrophils, and T cell-
mediated effectors, can be a major pathogen recognition 
receptor (PRR) in immunological responses to bacteria, 
including L. monocytogenes and S. aureus.28 Sung et al found 
that CLEC5A can promote thromboinflammation, 
exacerbating acute respiratory distress syndrome  (ARDS) 
risk for coronavirus disease 2019 (COVID-19) patients, 
which highlights the importance of CLEC5A and toll-like 
receptor 2 (TLR2) as therapeutic targets.29

Haptoglobin (HP). HP is a plasma hemoglobin-binding 
protein that aids in the release of hemoglobin from red blood 
cells following either intravascular or extravascular hemolysis. 
Patients with sepsis have damaged red blood cell (RBC) 
membranes, which can lead to hemolysis associated with 
poor clinical outcomes. Cell-free hemoglobin is a toxin that 
can enhance sepsis’ role in mitigating nitric oxide, inducing 
oxidative tissue damage, triggering coagulation, and 
activating innate immune pathways.30 

In an animal model of sepsis, Arredouani et al confirmed 
that HP can be a biomarker of decreasing inflammation.31 In 
parallel, Schaer et al found that cell-free hemoglobin can 
contribute to adverse sepsis outcomes in a rat model.32 
Several research studies have correlated the relationship of 
circulating cell-free hemoglobin with poor clinical 
outcomes.33,34
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(STRING) database37 to create the PPI network; (2) used the 
Cytoscape software, version 3.8.1 (Institute of Systems 
Biology, Seattle, Washington, USA), to import the STRING 
analysis data and applied the maximal clique centrality 
(MCC) method of the cytoHubba plugin in Cytoscape to tag 
the top 20 genes as hub genes; (3) identified the overlapping 
hub genes and DEIRGs, finding five hub IRGs; and  
(4) visualized the expression of the hub IRGs for the control 
and sepsis groups in the GSE57065, GSE28750, and GSE9692 
datasets using the R software package ggpubr.

Functional annotation and pathway analysis. The 
research team: (1) conducted a gene ontology (GO) analysis 
to identify the biological processes (BPs), cellular components 
(CCs), and molecular functions (MFs) associated with the 
hub IRGs; (2) identified the signaling pathways related to 
those genes using the Kyoto Encyclopedia of Genes and 
Genomes (KEGG),38 and the R software package 
clusterProfiler to conduct the analyses; and (3) set the 
threshold for statistical significance at P < .05 or P < .05;  
(4) used the R software package ggplot2 to display the GO 
and KEGG enrichment findings; (5) used the CIBERSORT 
computational method to estimate the  Tumor-Infiltrating 
lmmune Cells (TIC) in the GSE57065 dataset; (6) filtered the 
quality data to choose only samples with P < .05; and  
(7) analyzed the correlations between the hub IRGs and the 
TIC abundance using Spearman correlation analysis, 
visualizing them using the R software package ggplot.

Comparison of expression values and receiver 
operating characteristic (ROC). The research team:  
(1) compared the expression values of the hub IRGs among 
the control, sepsis, and septic shock groups of the GSE13904 
dataset using the Kruskal-Wallis test; (2) visualized that data 
using the R software package ggpubr; (3) analyzed the ROC 
curves using R software package pROC for hub IRGs to 
analyze their diagnostic accuracy in the GSE13904 dataset.

Survival analysis. The research team performed survival 
analysis for the hub IRGs in the GSE54514 dataset using the 
survminer and survival R packages.

Gene-expression evaluation in tissue. To acquire gene 
expressions in tissue, the research team submitted the IRGs 
to the Human Protein Atlas database.39 

Outcome Measures 
The research team: (1) downloaded the GSE57065, 

GSE28750, GSE9692, GSE13904, and GSE54514 datasets 

Current Study
The current study intended to identify the key genes and 

pathways associated with inflammation in sepsis—using 
microarray technology combined with bioinformatics and 
key inflammation-related genes (IRGs)—to perform an 
enrichment analysis and evaluate the value of those genes for 
the diagnosis and evaluation of prognosis for patients with 
sepsis.

METHODS
Procedures

Study. The research team performed a genetic analysis. 
The study took place at the Center for Emergency and 
Critical Medicine at Jinshan Hospital of Fudan University in 
Jinshan District, Shanghai, China. 

The ethics committee of Jinshan Hospital of Fudan 
University (Approval number: JIEC 2021-S40) approved the 
study’s protocols. The research team conducted the study in 
accordance with the Declaration of Helsinki, as revised in 2013.

Groups. For data analysis, the research team created two 
groups, the sepsis group, individuals with sepsis, and the 
control group, individuals without sepsis, using data for 
those groups from five microarray datasets obtained from the 
Gene Expression Omnibus (GEO) database.35 The GSE13904 
dataset divided the sepsis group into two subgroups, the 
sepsis and septic shock groups. 

Data acquisition. The research team used GEO to obtain 
access to the five datasets: GSE57065, GSE28750, GSE9692, 
GSE13904, and GSE54514. The team annotated the first four 
based on the GPL570 platform and GSE54514 based on the 
GPL6947 platform. Table 1 provides the details of the data sets. 

The team: (1) normalized all of them using the R software 
package Linear Models for Microarray and RNA-Seq Data 
(limma); (2) carried out principal component analysis (PCA) 
to verify data repeatability, and (3) generated PCA plots using 
two R software packages, FactoMineR and factoextra.

Differentially expressed genes (DEGs) analysis. To 
determine which genes in the datasets GSE57065, GSE28750, 
and GSE9692 were associated with the control and sepsis 
groups, the research team used the R software package 
limma. The team: (1) defined DEGs as those genes with an 
adjusted P < .05 and a |log2Foldchange| >1; (2) used R 
software package ggplot2 to create volcano plots; (3) used 
Venn plots to obtain the common downregulated and 
upregulated genes in the GSE57065, GSE28750, and GSE9692 
datasets; and (4) defined the groups of frequently up- and 
downregulated genes in sepsis as the DEGs. 

Additionally, the team retrieved 303 genes associated 
with IRGs from the gene sets for “Hallmark inflammatory 
response” and “GOBP inflammatory response” in the 
Molecular Signatures database (MSigDB).36 The team used 
Venn plots to obtain the intersection of DEGs and IRGs, 
which identified nine differentially expressed IRGs (DEIRGs).

Protein-protein interaction (PPI) network and gene 
identification. The research team: (1) entered the DEGs into 
the Search Tool for the Retrieval of Interacting Genes 

Table 1. Details of Sepsis Data from the Gene Expression 
Omnibus (GEO) Database 

Accession Platform Sample
Experiment 

Type

Sepsis 
Group

n

Control 
Group

n
GSE57065 GPL570 Peripheral blood Array 28 25
GSE28750 GPL570 Peripheral blood Array 10 20
GSE9692 GPL571 Peripheral blood Array 29 14
GSE13904 GPL570 Peripheral blood Array 97 18
GSE54514 GPL6947 Peripheral blood Array 37 18
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Figure 1. Volcano Plots, Principal Component Analyses 
(PCAs) of Genes, and Venn Diagrams of the Hub Genes that 
Present Comparisons of the Sepsis and Control Groups. 
Figure 1A shows the PCA and Figure 1B shows the volcano 
plot of the GSE57065; Figure 1C shows the PCA and Figure 
1D shows the volcano plot of the GSE28750; Figure 1E shows 
the PCA and Figure 1F shows the volcano plot of the GSE9692: 
Figure 1G shows the Venn diagram of the hub downregulated 
genes in GSE57065, GSE28750, and GSE9692; Figure 1H 
shows the Venn diagram of the hub upregulated genes in 
GSE57065, GSE28750, and GSE9692; and Figure 1I shows the 
Venn diagram of the hub genes in the inflammation-related 
genes (IRGs) and differentially expressed genes (DEGs).

from the GEO database for analysis; (2) analyzed the 
GSE57065, GSE28750, and GSE9692 datasets to detect the 
DEGs in the sepsis and control groups; (3) used Venn 
diagrams to obtain the intersection of DEGs and IRGs;  
(4) mapped the PPI network using the STRING database;  
(5) detected the hub genes using Cytoscape and cytoHubba; 
(6) performed an enrichment analysis of hub IRGs using GO 
and KEGG; (7) validated the expression of hub IRGs in 
sepsis using the GSE13904 dataset; (8) performed a survival 
analysis in sepsis using the GSE54514 dataset to explore the 
prognostic value of the hub IRGs.

RESULTS
Identification of DEGs and DEIRGs 

Figures 1A, 1C, and 1E show the differences in the PCAs 
of the sepsis and control groups. The GSE57065 dataset 
provided 565 upregulated and 618 downregulated DEGs, for 
1183 in total. The GSE28750 dataset provided 397 upregulated 
and 475 downregulated DEGs for 872 in total. The GSE9692 
dataset provided 127 upregulated and 6 downregulated 
DEGs, for 133 in total. 

Figures 1B, 1D, and 1F show the volcano plots of the 
upregulated and downregulated DEGs from the above 
datasets. Figures 1G and 1H show Venn diagrams of those 
three datasets, which share 4 downregulated and 104 
upregulated DEGs, for 108 in total. 

Figure 1I shows the Venn diagram of the intersection of 
DEGs and IRGs, which provided nine DEIRGs: (1) C3AR1, 
(2) CLEC5A, (3) interleukin 18 receptor 1 (IL18R1),  
(4) kinesin family member 1B (KIF1B), (5) CD163,  
(6) FCGR1A, (7) HP, (8) orosomucoid 1 (ORM1), and (9) 
vanin 1 (VNN1).

PPI Network and Gene Identification 
The top 20 genes marked as hub genes (Figures 2A and 

2B) included: (1) matrix metallopeptidase 9 (MMP9),  
(2) S100 calcium binding protein A12 (S100A12),  
(3) lactotransferrin (LTF), (4) lipocalin 2 (LCN2), (5) HP,  
(6) MMP8, (7) carcinoembryonic antigen (CEA) cell 
adhesion molecule 8 (CEACAM8), (8) resistin (RETN),  
(9) FCGR1A, (10) arginase 1 (ARG1), (11) CD163,  
(12) olfactomedin 4 (OLFM4), (13) CD177 molecule (CD177), 
(14) complement receptor type 1 (CR1), (15) suppressor of 
cytokine signaling 3 (SOCS3), (16) hexokinase-3 - homo 
sapiens (HK3), (17) mast cell-expressed membrane protein 1 
(MCEMP1), (18) C3AR1, (19) CLEC4D, and (20) CLEC5A. 

Overlapping the hub genes with the DEIRGs identified 
five hub IRGs: HP, FCGR1A, CD163, C3AR1, and CLEC5A 
(Figure 2C). 

Functional Annotation and Pathway Analysis 
Figures 3A, 3B, and 3C show the differences in the expression 

of the five hub IRGs in the GSE57065, GSE28750, and GSE9692 
datasets. The sepsis group’s expressions of HP, FCGR1A, CD163, 
C3AR1, and CLEC5A in the three datasets were significantly 
higher than those of the control group (P < .001).

Figure 2. Analysis of Interacting Genes and Hub Inflammation-
related Genes (IRGs). Figure 2A shows the STRING analysis. 
The research team analyzed the data and constructed the 
matrix using the Cytoscape software, version 3.8.1 (Figure 2B). 
Figure 2C shows the Venn diagrams for the Hub IRGs—HP, 
C3AR1, FCGR1A, CD163, and CLEC5A.

Abbreviations: C3AR1, complement C3a receptor 1; CD163, 
cluster of differentiation 163; CLEC5A, C-type lectin domain 
containing 5A; FCGR1A, Fc gamma receptor 1; HP, 
haptoglobin; STRING, Search Tool for the Retrieval of 
Interacting Genes.
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Considerable enrichment 
occurred in the hub IRGs in 
acute-phase response, acute 
inflammatory response, specific 
granule, specific granule 
membrane, endocytic vesicle 
membrane, tertiary granule, 
immunoglobulin G (IgG) 
binding, complement receptor 
activity, Ig binding, scavenger 
receptor activity, and scaffold 
protein binding (Figure 3D). 
Figure 3E shows that the DEGs 
played a significant role in  
S. aureus infection.

Hub IRGs and TIC-abundance 
Correlations 

Profiling the 22 immune cell 
types in the GSE57065 dataset 
(Figure 3F) showed that the hub 
IRGs were significantly positively 
associated with upregulation: (1) 
of monocytes—C3AR1 and 
CD163 (P < .001) and CLEC5A, 
FCGR1A, and HP (all P < .01); 
(2) of neutrophils— CLEC5A  
(P < .01) and, C3AR1, CD163, 
FCGR1A, and HP (all P < .001); 
(3) of plasma cells—CD163  
(P < .01) and C3AR1, CLEC5A, 
FCGR1A, and HP (all P < .001); 
(4) of uncommitted (M0) 
macrophages (all P < .001);  
(5) of T cells CD4 memory 
activated— except for CD163, 
C3AR1, CLEC5A, FCGR1A, and 
HP (all P < .001); (6) of 
macrophages M1—CLEC5A 
and HP (both P < .05); and (7) of 
eosinophils—CLEC5A (P < .01) 
and HP (P < .001).

Figure 3. Comparison of Gene Expression in the Three Gene Expression Profiles—the 
GSE57065 (Figure 3A), GSE28750 (Figure 3B), and GSE9692 (Figure 3C) datasets—of the 
Sepsis and the Control Groups. Figures 3D shows the clustering of the biological processes 
(BPs), molecular functions (MFs), and cellular components (CCs) of the potential targets, 
determined using the ClusterProfiler package in R software. Figures 3E shows the enriched 
KEGG signaling pathways selected to demonstrate the primary biological actions of major 
potential targets. Figure 3F shows the results of TIC abundance profile in GSE57065 using 
the CIBERSORT computational method. Red represents a positive correlation, and blue 
represents a negative correlation. The darker the color, the higher the correlation. 

***P < .001, indicating that the sepsis group’s expressions of HP, FCGR1A, CD163, C3AR1, 
and CLEC5A in the GSE57065, GSE28750, and GSE9692 datasets were significantly higher 
than those of the control group
*P < .05, ** P < .01, *** P < .01Pindicating that the hub IRGs were significantly positively 
associated at varying levels with upregulation of monocytes, neutrophils, plasma cells, 
uncommitted (M0) macrophages, T cells CD4 memory activated, macrophages M1, 
eosinophils, and T cells gamma delta and were significantly negatively associated at varying 
levels with downregulation of resting CD8 T cells, T cells CD4 naive, resting CD4 memory 
T cells, resting natural killer (NK) cells, dendritic cells resting, B cells naive, B cells memory, 
and macrophages M2

Abbreviations: C3AR1, complement C3a receptor 1; CD163, cluster of differentiation 163; 
CLEC5A, C-type lectin domain containing 5A; FCGR1A, Fc gamma receptor 1; GO, gene 
ontology; HP, haptoglobin; IRG, inflammation-related genes; KEGG, Kyoto Encyclopedia 
of Genes and Genomes; TIC, Tumor-Infiltrating lmmune Cells. 

The hub IRGs were significantly negatively associated 
with downregulation: (1) of resting CD8 T cells (all P < .001); 
(2) of T cells CD4 naive—C3AR1 (P < .001), CD163 (P < .01), 
and FCGR1A (P < .05); (3) of resting CD4 memory T cells (all 
P < .001); (4) of  resting natural killer (NK) cells (all P < .001); 
(5) of dendritic cells resting—C3AR1 and FCGR1A (both  
P < .001); (6) of B cells naive—C3AR1 and FCGR1A (both  
P < .001) and CD163 (P < .05); and (7) of B cells memory—
CLEC5A and HP (both P < .001).

CLEC5A and HP (both P < .001) and C3AR1 and 
FCGR1A (both P < .01) were significantly positively correlated 
with T cells gamma delta, but C3AR1 (P < .05) and CLEC5A 
and HP (both P < .001) were significantly negatively correlated 
with macrophages M2. 

Expression and Diagnostic Value of IRGs 
The analysis validated the expression of the screened 

target genes in the GSE13904 dataset. A statistically significant 
variation existed between the sepsis and septic-shock groups 
(P < .001) for four of the IRGs—HP (Figure 4A), with  
P = .00014; C3AR1 (Figure 4D), with p=0.01; and CLEC5A 
(Figure 4E) with P = .00058. The differentiation didn’t occur 
for FCGR1A (Figure 4B) or CD163 (Figure 4C), with P > .05. 

Figure 5 shows that the expression of IRGs can 
accurately predict sepsis: (1) HP: AUC = 0.956, 95% CI: 
0.924-0.988; (2) FCGR1A: AUC= 0.895, 95% CI: 0.827-
0.963; (3) CD163: AUC = 0.838, 95% CI: 0.774-0.901;  
(4) C3AR1: AUC = 0.953, 95% CI: 0.913-0.993; and  
(5) CLEC5A: AUC = 0.951, 95% CI: 0.920-0.981. 
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***P < .05, indicating the expression of HP and CLEC5A 
significantly improved the survival rate of participants in the 
sepsis group

Abbreviations: C3AR1, complement C3a receptor 1; CD163, 
cluster of differentiation 163; CLEC5A, C-type lectin domain 
containing 5A; FCGR1A, Fc gamma receptor 1; HP, haptoglobin.

Figure 4. Hub Inflammation-related Genes (IRGs) Detected 
in GSE13904, With Differences Between the Sepsis and 
Control Groups. Except for FCGR1A and CD16, significant 
differences existed between the sepsis and septic-shock 
groups. Figure 4A shows the HP expression in GSE13904; 
Figure 4B shows the FCGR1A expression in GSE13904; 
Figure 4C shows the CD163 expression in GSE13904; Figure 
4D shows the C3AR1 expression in GSE13904; and Figure 4E 
shows the CLEC5A expression in GSE13904. 

*P < .05, ** P < .01, *** P < .01, indicating that the septic-shock 
group’s expressions of HP, C3AR1, and CLEC5A in the 
GSE13904 datasets were significantly higher than those of 
the sepsis group

Abbreviations: C3AR1, complement C3a receptor 1; CD163, 
cluster of differentiation 163; CLEC5A, C-type lectin domain 
containing 5A; FCGR1A, Fc gamma receptor 1; HP, 
haptoglobin.

Figure 5. Area Under the Receiver Operating Characteristic 
(ROC) Curve for the Diagnosis of Sepsis. Figure 5A shows 
the area for HP—0.956 (95% CI: 0.924-0.988); Figure 5B the 
area for FCGR1A—0.895 (95% CI: 0.827-0.963); Figure 5C 
shows the area for CD163—0.838 (95% CI: 0.774-0.901); 
Figure 5D shows the area for C3AR1—0.953 (95% CI: 0.913-
0.993); and Figure 5E shows the area for CLEC5A—0.951 
(95% CI: 0.920-0.981).

Abbreviations: C3AR1, complement C3a receptor 1; CD163, 
cluster of differentiation 163; CLEC5A, C-type lectin domain 
containing 5A; FCGR1A, Fc gamma receptor 1; FPR, false 
positive rate; HP, haptoglobin; TPR, true positive rate. 

Survival Analysis 
According to the survival analysis, expression of HP 

(Figure 6A), with P = .043, and CLEC5A (Figures 6E), with  
P < .001, significantly improved the survival rate of 
participants in the sepsis group. However, participants with 
FCGR1A (Figure 6B), CD163 (Figure 6C), and C3AR1 
(Figure 6D) expression demonstrated no significant 
improvement in survival time.

IRG Expression in Tissue 
HP had a high expression of mRNA and protein in the 

liver, but the protein expression didn’t occur in other tissues 
(Table 2). CD163 had a high protein expression in the lungs, 
but the protein expression didn’t occur in other tissues. 
C3AR1 showed a medium protein expression in the lung and 
a low expression in the heart muscle and colon. No protein 
expression was detected in any tissue for FCGR1A.

DISCUSSION
All of the hub IRGs had a high diagnostic value and may 

provide wide prospects in clinical application. In addition, HP, 
C3AR1, and CLEC5A in the GSE13904 dataset exhibited a 

Figure 6. Survival Probability Curves for Participants in the 
Sepsis Group with Different Protein Expressions—Log-rank 
Test and Pairwise Comparisons: Sepsis and Control Groups. 
Figure 6A shows the probability with HP expression; Figure 
6B shows the probability with FCGR1A expression; Figure 
6C shows the probability with CD163 expression; Figure 6D 
shows the probability with C3AR1 expression; and Figure 6E 
shows the probability with CLEC5A expression.
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The current study examined protein and mRNA 
expression in the organ tissue damaged in a sepsis setting—
the lung, liver, heart muscle, colon, and kidney. CD163 had 
high expression in the lungs. In addition, C3AR1 was 
expressed to varying degrees in the lungs, heart muscle, and 
colon.We did not find significant prognostic value in them, 
suggesting that their high expression may not cause 
impairment of organ function.Further studies could aim to 
confirm their role in organ tissue.

Currently, researchers still lack a comprehensive 
understanding of the IRG expression in tissue under a sepsis 
setting. HP may be biomarkers for organ damage, which 
warrants a follow-up study to further validate the expression 
in the lung, heart muscle, and colon.

Although the current study’s results suggest that hub 
IRGs have certain value in clinical practice, the specific 
mechanism remains elusive in sepsis. The hub IRGs may be 
useful as diagnostic biomarkers in sepsis, especially in sepsis 
infected by S. aureus. 

Although the current research team conducted no 
further experimental validation, the team did validate the 
expression of hub IRGs and further explored their diagnostic 
and prognostic value. Therefore, the results may provide 
research and clinical application for early diagnosis and 
treatment targets for sepsis. It’s also important to explore the 
roles of sepsis-related genes, which may provide a theoretical 
basis for understanding sepsis pathogenesis.

However, our research still has several limitations:  
(1) Our research differential gene results were not verified with 
independent data sets; (2) Expressions of CD163, CA3AR1 and 
HP in tissues have not been verified in sepsis; (3) Signaling 
pathways were not explored in our study; (4) The diagnostic 
value of differential genes has not been verified.

CONCLUSIONS
HP, FCGR1A, CD163, C3AR1, and CLEC5A have value 

for clinical application. Clinicians can use them as diagnostic 
biomarkers, and they provide research direction for treatment 
targets for sepsis.
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statistically significant variation between the sepsis and septic-
shock groups, which may be related to the severity of sepsis. 

The core cause of sepsis is a pathogen’s infection of a 
host. Systemic inflammatory response or immune disorder 
may lead to rapid disease progression and even death. 
Understanding the pathogen–host relationship may benefit 
in the diagnosis and treatment of sepsis. As Naber previously 
indicated,11 the present study found that S. aureus was one of 
the most common blood isolates during sepsis. As previously 
mentioned,14 C3AR1 and FCGR1A are key genes in the 
sepsis infected by S. aureus. This highly suggests that they 
may contribute to the occurrence of sepsis after S. aureus 
infection. According to published studies, C3AR1 causes 
death of neutrophils, Neutrophils are important innate 
immune cells after bacterial infection. Death of neutrophils 
may contribute to the progression of sepsis.This suggests that 
he may be one of the key factors in the pathological process 
of sepsis. FCGR1A is a receptor for most immune cells,16 
After infection, its expression increased significantly, 
suggesting that this may be a good biomarker for early 
diagnosis.

The current study found that the sepsis group had 
significantly higher levels of C3AR1, FCGR1A, CD163, 
CLEC5A, and HP expression than the control group did. 
Sepsis may have a new research target with this finding. As a 
feature of tissues’ responses to inflammation, macrophages 
express CD163, which indirectly participates in anti-
inflammatory processes. During inflammation’s progression, 
the increasing number of CD163+ macrophages can induce 
the expression of IL-6 and IL-10.40 In a sepsis setting, the 
expression of inflammatory factors that macrophages induce is 
often out of control and is also a significant reason for sepsis 
progressing to severe sepsis and septic shock.The increased 
expression of CD163 in LPS-induced sepsis suggests that 
CD163 can be used as one of the markers for early diagnosis of 
sepsis. Macrophages are also an important part of innate 
immunity and play a crucial role in the progression of sepsis. 
This also suggests that CD163 is an important target for the 
study of sepsis mechanism. Besides, The C-type lectin 
superfamily has a pattern-recognition receptor, CLEC5A, 
which can trigger macrophages and cause a variety of immune-
inflammatory responses. However, It remains unknown the 
pathway that CLEC5A trigger macrophages.

Table 2. Inflammation-related Genes (IRG) Expression in Tissue

Lung Liver Kidney Heart Muscle Colon
Protein RNA (nTPM) Protein RNA (nTPM) Protein RNA (nTPM) Protein RNA (nTPM) Protein RNA (nTPM)

HP ND 91.3 high 61113.6 ND 19.8 ND 146.7 ND 3.6
FCGR1A ND 28.6 ND 4.2 ND 2.8 ND 2.2 ND 2.3
CD163 high 131.7 ND 89.3 ND 27.3 ND 52.7 ND 48.7
C3AR1 medium 18.6 ND 10.8 ND 3.1 low 4.4 low 7.4
CLEC5A ND 4 ND 1.8 ND 0.5 ND 0.5 ND 0.2

 
Abbreviations: C3AR1, complement C3a receptor 1 (human); CD163, cluster of differentiation 163; FCGR1A, high affinity 
immunoglobulin gamma Fc receptor I; HP, haptoglobin; ND, not detected; nTPM, normalized transcript per million. 
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