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Abstract

Background: Systemic inflammatory response syndrome (SIRS) is a primary health concern that needs to be addressed urgently, however,
the pathological mechanism of SIRS in genetic level is unclear. The aim of this study was to detect the hub genes and molecular pathways
involved in SIRS by using bioinformatics analysis, which may enhance the sensitivity of potential therapeutic signs and diagnostic
biomarkers during the process of SIRS.

Methods: The Gene Expression Omnibus database was used to investigate the expression profile of GSE12370. The differentially expressed
genes (DEGs) in patients with SIRS and controls were respectively analyzed via limma R/Bioconductor software package and clusterProfiler
package in R. The protein-protein interaction (PPI) network data of DEGs, constructed by the Search Tool for the Retrieval of Interacting
Proteins (STRING) database, was analyzed by using Molecular Complex Detection (MCODE) plugin of Cytoscape software.

Results: 188 DEGs were detected in SIRS samples and controls, including 98 up-regulated and 90 down-regulated genes. Antigen
processing and presentation signaling pathways were closely relevant to up-regulated DEGs, and the down-regulated genes controlled the
expression of Toll-like receptor signaling pathway. Further, 85 nodes and 278 edges created a PPI network. Molecular Complex Detection
analysis was used to screen out the top two important clusters from the PPI. 22 hub genes, including Myxovirus resistance 1 (MX1), MX2,
oligoadenylate synthetase-like, interferon regulatory factor 9 (IRF9), IRF1, and IRF8, el at, were selected because of the high connectivity
in the PPI network.

Conclusions: The results based on the bioinformatics network analysis identified molecular mechanisms and the main hub genes might
accelerate the process of SIRS.
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Introduction

Systemic inflammatory response syndrome (SIRS), an inflammatory state which can affect all systems of the body, is defined as a
derangement in routinely observed physiological parameters. It is a nonspecific clinical state,usually diagnosed by the criteria that
declared the by American Society of Thoracic Physicians and Society of Critical Care Medicine.SIRS is a common complication
after surgery, which can result in significant mortality. Recent examinations detected that the occurrence of SIRS in patients
undergoing abdominal surgery ranged between 16% and 89% [1,2]. SIRS was associated with a 13-fold increase in mortality, which
could be as high as 4.8%in the aneurysm repair surgeries [3].

The occurrence of SIRS in patients with other diseases, such as subarachnoid hemorrhage [4], alcoholic hepatitis [5] and acute
liver failure [6], and even the major determinant of multiple-organ failure, is associated with higher mortality and morbidity rates.
However, limited attention to the damage to the immune system, the misuse and overuse of antibiotics, and lack of specificity in
diagnosis can increase the morbidity of SIRS. No drugs are currently licensed for treating SIRS. On progression, the disease results
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in sepsis and septic shock, finally leading to multiple-organ failure and hence resulting in higher mortality [7]. Hence, SIRS is a
primary health concern that needs to be addressed urgently.

During the SIRS, large qualities proinflammatory cytokines are released into circulation. The downstream signaling or cytokine
cascades are the main responses of SIRS and usually are activated by cytokines which are irritated through the pattern recognition
receptors, pathogen-associated molecular patterns, and damage-associated molecular patterns [8,9].However, the physiology of
inflammation and the pathogenesis of SIRS are highly complex and not fully understood in many aspects, especially regulatory
and molecular mechanisms [10].

Gene micrograms analysis at the level of bioinformatics and network are considerably important to make a thorough inquiry of
gene expression profile in disease pathogenesis. During the study,we screened out some hub genes and molecular pathways and
tried to identify molecular mechanisms and the main hub genes might accelerate the process of SIRS through different software.
The differentially expressed genes (DEGs) between patients with SIRS and controls were compared by bioinformatics analysis. The
protein—protein interaction (PPI) network, constructed using Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis, was operated by the Molecular Complex Detection (MCODE) software [11] .

Material and methods

Microarray data

The Gene Expression Omnibus database (www.ncbi.nlm.nih.gov/geo/), storing curated gene expression datasets, was used in
this research.The GSE12370 expression profile data were downloaded from this database. Patients with SIRS after surgery were
included in the “SIRS” group,while the “control” group consisted of presurgical patients.A total of 19 SIRS samples and 20 control
samples constituted the database. Blood was collected in tubes using venipuncture in the group of control and using a central
venous catheter for patients with SIRS. The Affymetrix Human Genome U133 Plus 2.0 Array was used in this study.

Identification of differentially expressed genes (DEGs)

The limma R/Bioconductor software package provides a complete analysis scheme of gene expression experimental data, which can
be used for both differential expression (DE) and differential splicing analyses of RNA sequencing [12,13]. It includes importing
data, pre-processing (submit reads-per-kilobase-per-million (RPKM) to limma), assessing quality, and normalizing, through to
linear modeling, DE, and gene signature analyses during the analysis of gene expression14.And it was used to identify DEGs in
SIRS and control in R (Version 3.5.3) [14]. The cutoff criteria were |logFC| =2 (log2 fold change) and a P-value <0.05. At last, we
found out 188 DEGs which including 98 up-regulated genes and 90 down-regulated genes.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment anal-
ysis of DEGs

GO, a classification system through which genes are classified in view of their functional characteristics (including the cellular
component, molecular function, and biological process (BP)),was frequently used to comment on the correspondence between
gene and GO term [15]. During the examination, we focused on the enrichment results of BP. Also, attempts, from a larger biological
view, tried their best to demonstrate the pathophysiological process of SIRS. KEGG pathway analysis, a subclass of KEGG, is always
used to demonstrate enriched signaling pathways, which were screened by mapping DEGs to the KEGG database. GO and KEGG
enrichment were used to analyze DEGs by the cluster profiler16. It was statistically significant when the P-value <0.05.

Protein-protein interaction (PPI) network and subcluster analysis

The PPI network was always constructed online using the Search Tool for the Retrieval of Interacting Genes (STRING, https://
string-db.org/).The cutoff value was defined as the minimum required interaction score >0.4. MCODE was applied to identify the
molecular network for module identification according to the clustering of genes in the network.In line with the specific parameters,
the MCODE through the vertex weighting by local neighborhood density and outward traversal from a locally dense seed protein
could isolate the dense regions [11]. The subclusters in the PPI network of SIRS were created by the MCODE Cytoscape software
plugin (Version 3.7.1) [11,17]. We set “degree cutoft = 2; node score cutoft = 0.2; and K-Core = 2”[11]as the selection criteria.

Results
Identification of differentially expressed genes (DEGs)

19 patients with SIRS and 20 controls were examined in this study. The limma R/Bioconductor software package was for preliminarily
processing the dataset of expression and then we got a heatmap made by top 100 up-regulated and down-regulated genes, showing
in the Figure 1.After setting threshold of P-value and logFC, we screened out 98 up-regulated and 90 down-regulated DEGs (Figure
2), which were listed in Table 1.
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Figure 1: The heatmap made by top 100 up-regulated and down-regulated genes in systemic
inflammatory response syndrome (SIRS) via limma R/Bioconductor software package
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Figure 2: Volcano plot forming by differentially expressed genes (DEGs) in systemic inflammatory response syndrome
(SIRS). Genes with a log fold change (logFC) >3 are labeled in black, and genes of the top two subclusters are labeled in blue
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DGEs Gene names
FKBPS5, KIR2DL4, KIR2DL3, DDIT4, VCAN, IGKC, CD180, CXCR4, SOCS1, PTGDS, TMIGD2, KIR2DL1, CD3E, CPVL,
MGAM, SLC1AS5, IL7R, PPBP, FLT3, NAPSB, IDO1, PLXND1, KRT73, LINC00426, DUSP2, F13A1, KRT72, LINC02580,
MS4A6A, TSPANS, LY86, CD163, PIK3IP1, SCIMP, LINC01061, HLA-DPB1, LINC01278, WDFY4, HLA-DPA1, CLIC2,
GIMAP1, JCHAIN, APBA2, TLE1, KIR3DL3, GASK1B, LINC02273, CHI3L2, KLF9, FCMR, TPP1, WDSUBI, TSPAN33,
Upregulated DGEs

ABCG1, TMEM204, FBP1, IL18, LDLRAP1, CD68, CD86, DCAKD, ERRFI1, HLA-DMA, CTSH, SHTNI1, PTDSS1,
SLC31A1, CYP4V2, FGFR1, H1-3, CD300H, H4C5, CD36, USP17L5, IRS2, SERPINF1, IGFBP3, ZFP36L2, FAM66C,
SLC25A6, CLEC9A, XCR1, IGHA1L, IRF8, H1-4, ZNF385A, TSPAN13, GPATCHS, PRKAR2B, TMEM35B, ECH1, CREGI,
HLA-DQA2, HLA-DPB2, CRAMP1, RGS10, SNHG32, ABHD14B

Down-regulated DGEs

MIR142, LDLR, RNUS5E-1, ANKRD20A4, IENG, LOC401261, NEAT1, IF144, SNORA31, FOSB, IF144L, MIR616, MIR4441,
MIR5047, JUN, UBB, TMEM14EP, ANKRD44-1T1, MIR4482, MIR4742, MIR3064, MIRLET71, LOC100289230, NR4A2,
IFIT3, TUBA1A, TRAJ56, TRAJ22, OAS1, TRAJ61, PPP1R15A, DTL, SNORD50B, ARHGAP11B, MIR548K, CYSLTR2,
HELLS, IER5, MIR4518, SNORA16B, TRAJ47, MX1, RNU6-82P, LOC729603, KMT2E-AS1, MIR548C, LINC01004,
TAS2R19, MIR3137, IGKV1D-12, STAT1, CXorf40A, CTNND1, OASL, MIR4296, MCM4, N4BP2L2-1T2, LOC286297,
TRAJ34, RSRP1, MX2, LOC399900, SNORD18B, IVNS1ABP, TRAJ35, TRG-AS1, SLC7A5P2, DENND3, SNORD14E,
LOC101928361, TAGLN2, IRF9, BABAM2-AS1, RSAD2, CCDC141, TIGIT, IRF1, TRAJ48, SCARNAS5, TRAJ52, FAM111B,
LINCO00893, HIPK1-AS1, SLC2A3, TYMS, SNORD51, OAS3, FAM13A-AS1, TRAJ14, FPGT

The upregulated and down-regulated genes arranged in descending order according to the abso-
lute value of the log fold change (logFC). DEGs - differentially expressed genes; FC - fold change.
Table 1: The 98 up-regulated genes and 90 down-regulated genes between Systemic inflammatory
response syndrome (SIRS) and controls were chosen from microarray data

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analysis of DEGs

DEGs ID Term Count | P-value | Genes
. . TMIGD2/FLT3/HLA-DPA1/HLA-DPB1/IL7R/
GO:0046651 lymphocyte proliferation 11 4.90E-08 IL18/IDO1/CD180/IRS2/CD3E/CD86
. . TMIGD2/FLT3/HLA-DPA1/HLA-DPB1/IL7R/
GO0:0032943 Mononuclear cell proliferation 11 5.29E-08 IL18/IDO1/CD180/IRS2/CD3E/CDS6
] g TMIGD2/FLT3/HLA-DPA1/HLA-DPB1/IL7R/
GO:0070661 leukocyte proliferation 11 1.26E-07 IL18/IDO1/CD180/IRS2/CD3E/CD86
-, . - TMIGD2/HLA-DPA1/HLA-DPB1/IGHA1/IGKC/
GO0:0051251 positive regulation of lymphocyte activation 11 1.71E-07 IL7R/IL18/SOCS1/IRS2/CD3E/CD86
TMIGD2/HLA-DPA1/HLA-DPB1/IGHA1/IGKC/
Up- GO:0051249 regulation of lymphocyte activation 13 1.78E-07 | IL7R/IL18/IDO1/ZFP36L2/SOCS1/IRS2/CD3E/
regralated CDS6
GO:0071385 cellular response to glucocorticoid stimulus 6 2.52E-07 | FLT3/SERPINF1/ERRFI1/DDIT4/ZFP36L2/KLF9
GO:0071384 cellular response to corticosteroid stimulus 6 3.46E-07 | FLT3/SERPINF1/ERRFI1/DDIT4/ZFP36L2/KLF9
. . - TMIGD2/HLA-DPA1/HLA-DPB1/IGHA1/IGKC/
GO0:0002696 positive regulation of leukocyte activation 11 7.05E-07 IL7R/IL18/SOCS1/IRS2/CD3E/CD86
- . o TMIGD2/HLA-DPA1/HLA-DPB1/IGHA1/IGKC/
GO:0050867 positive regulation of cell activation 11 1.01E-06 IL7R/IL18/SOCS1/IRS2/CD3E/CDS6
o, . . . TMIGD2/HLA-DPA1/HLA-DPB1/IL18/IRS2/
GO:0050671 | positive regulation of lymphocyte proliferation | 7 2.33E-06 CD3E/CD$6
. . . IRFY/IFIT3/IRF1/MX1/MX2/OAS1/OAS3/STAT1/
GO0:0060337 type I interferon signaling pathway 10 5.94E-14 OASL/RSAD2
. IRF9/IFIT3/IRF1/MX1/MX2/OAS1/OAS3/STAT1/
GO:0071357 cellular response to type I interferon 10 5.94E-14 OASL/RSAD2
. IRF9/IFIT3/IRF1/MX1/MX2/OAS1/OAS3/STAT1/
GO:0034340 response to type I interferon 10 9.27E-14 OASL/RSAD?2
. IRF9/IF144/IVNS1ABP/IFI144L/IFIT3/IFNG/IRF1/
Down. | G010009615 response to virus 14 LOSE-L3 |y iy ) IMX2/0OAS1/OAS3/STAT1/OASL/RSAD2
regralated . IRF9/IF144L/IFIT3/IFNG/IRF1/MX1/MX2/OAS1/
GO:0051607 defense response to virus 12 1.11E-12 OAS3/STAT1/OASL/RSAD2
GO0:0060333 | interferon-gamma-mediated signaling pathway | 7 4.56E-09 | IRF9/IFNG/IRF1/OAS1/OAS3/STAT1/OASL
GO:0048525 negative regulation of viral process 7 9.73E-09 | JUN/MX1/OAS1/OAS3/STAT1/OASL/RSAD2
GO:0071346 cellular response to interferon-gamma 7 4.01E-07 | IRF9/IFNG/IRF1/OAS1/OAS3/STAT1/OASL
GO0:0043901 | negative regulation of multi-organism process | 7 4.34E-07 | JUN/MX1/OAS1/OAS3/STAT1/OASL/RSAD2
GO:0045071 | negative regulation of viral genome replication | 5 6.18E-07 | MX1/OAS1/OAS3/OASL/RSAD2

GO - Gene Ontology.
Table 2. Terms of top five Gene Ontology (GO) for Systemic inflammatory re-
sponse syndrome (SIRS) respectively enriched by up and down regulated genes
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According to results of GO enrichment analysis in BP, the positive regulation of cytokine production, T-cell activation, defense
response to the virus, and interferon-gamma-mediated signaling pathway were significantly promoted by the up-regulated DEGs.
The cellular response to interferon-gamma,type I interferon signaling pathway and cellular response to type I interferon were closely
related to the down-regulated DEGs (Table 2). Antigen processing and presentation signaling pathway were significantly activated
by the up-regulated DEGs on the basis of KEGG enrichment analysis. The down-regulated DEGs had a significant influence in the
signaling pathway of the Toll-like receptor which were listed in Table 3.

DGEs ID Pathway Count | P-value Genes
. HLA-DMA/HLA-DPA1/HLA-DPB1/HLA-DQA2/
hsa05332 | Graft-versus-host disease 7 1.38E-09 KIR2DL1/KIR2DL3/CD86
hsa04612 | Antigen processing and presentation 8 4.888-09 | KIRSDL3/HLA-DMA/HLA-DPAL/HLA-DPBI/HLA-

DQA2/KIR2DL1/KIR2DL3/KIR2DL4

FLT3/HLA-DMA/HLA-DPA1/HLA-DPB1/HLA-DQA2/
IL7R/CD3E/CD36

Intestinal immune network for IgA 6 2.05E-07 HLA-DMA/HLA-DPA1/HLA-DPB1/HLA-DQA2/
production ’ CXCR4/CD86

hsa05330 | Allograft rejection 1.62E-06 | HLA-DMA/HLA-DPA1/HLA-DPB1/HLA-DQA2/CD86
hsa05160 | Hepatitis C 1.10E-08 | IRF9/TFNG/LDLR/MX1/OAS1/OAS3/STAT1/RSAD2
hsa05164 | Influenza A 3.38E-07 | IRF9/IFNG/MX1/OAS1/OAS3/STAT1/RSAD2
2.85E-06 | IRF9/JUN/MX1/OAS1/OAS3/STAT1

3.47E-05 | IRF9/FOSB/IFNG/JUN/STAT1

hsa04621 | Toll-like receptor signaling pathway 5 0.000165 | IRF9/JUN/OAS1/OAS3/STAT1

KEGG - Kyoto Encyclopedia of Genes and Genomes; DEGs - differentially expressed genes.
Table 3: Pathways of the top five Kyoto Encyclopedia of Genes and Genomes (KEGG) were respectively
enriched by up-regulated and down-regulated genes in systemic inflammatory response syndrome (SIRS)

Dip-rel hsa04640 | Hematopoietic cell lineage 8 4.92E-08

hsa04672

Down-regulated | hsa05162 | Measles

152 B I N N B e R BN ) |

hsa04380 | Osteoclast differentiation

Protein-protein interaction (PPI) network and subcluster analysis

There were 278 interaction pairs of DEGs that were identified from the STRING database, in order to further identify the interaction
between genes we constructed a PPI network, including 85 nodes (Figure 3). The subclusters of PPI networks were created via the
MCODE Cytoscape software plugin (Figure. 4). Hub genes were defined as those with subclusters having the MCODE score >5.
Ultimately, 22 genes were screened out of the 2 subclusters. The GOplot package was used to process the hub genes of the top two
subclusters which including the top five GO enrichment analysis terms(Figure. 5)[18].

log2 fold change
e 1

e 2

DEGs
* Down
Up

Figure 3: The protein—protein interaction (PPI) network constructed by differentially expressed genes (DEGs) in
systemic inflammatory response syndrome (SIRS). Top two subclusters genes are separately labeled
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Figure 4: Molecular Complex Detection (MCODE) analysis was used to screen in subclusters systemic
inflammatory response syndrome (SIRS). Top two subclusters genes have an extremely high connectivity
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Figure 5: Hub genes of the top two subclusters are the part of top ten terms of Gene Ontology (GO)

enrichment analysis during biological processes in systemic inflammatory response syndrome (SIRS)
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These hub genes included Myxovirus resistance 1 (MX1), MX2, oligoadenylate synthetase-like (OASL), interferon regulatory
factor 9 (IRF9), IRF1, IRF8, 2’-5’-oligoadenylate synthetase 1 (OASI), OAS3, interferon-induced protein 44L (IFI44L), IF144,
C-X-C chemokine receptor type 4 (CXCR4), CD86, interleukin-18 (IL-18), and indoleamine 2,3-dioxygenase-1 (IDO1), etc. The
excessively proliferated and activated of immune cells were certificated closely related to the most up-regulated genes and GO
terms, while data showed that the down-regulated hub genes and terms were tightly connected with the influence of the type I
interferon (IFN).

Gene Degree DEGs logFC Cluster
MX1 16 Down -0.60404 | Cluster 1
OASL 15 Down -0.57201 | Cluster 1
RSAD2 12 Down -0.53899 | Cluster 1
MX2 12 Down -0.55857 | Cluster 1
IRF9 17 Down -0.54075 | Cluster 1
STAT1 22 Down -0.57916 | Cluster 1
OAS1 18 Down -0.68051 | Cluster 1
IFIT3 12 Down -0.71587 | Cluster 1
OAS3 15 Down -0.5075 Cluster 1
IRF1 21 Down -0.52921 | Cluster 1
IF144L 11 Down -0.90552 | Cluster 1
1F144 11 Down -0.93736 | Cluster 1
IRF8 22 Up 0.524199 | Cluster 1
HLA-DPB1 12 Up 0.718371 | Cluster 2
HLA-DPA1 12 Up 0.70475 Cluster 2
CXCR4 13 Up 1.13041 Cluster 2
CD86 24 Up 0.601765 | Cluster 2
HLA-DQA2 12 Up 0.512199 | Cluster 2
IL18 13 Up 0.614836 | Cluster 2
CD163 11 Up 0.752011 | Cluster 2
CD68 10 Up 0.609529 | Cluster 2
IDO1 12 Up 0.916729 | Cluster 2

MCODE - Molecular Complex Detection; PPI - protein—protein interaction; logFC - log fold change.
Table 4: Genes of the top two subclustersof systemic inflammatory response syndrome (SIRS), identified by Molecular Com-
plex Detection (MCODE) analysis, showed a high degree of connectivity in the protein-protein interaction (PPI) network

The SIRS is an inflammatory state occurring in up to 30% of the hospitalized patients and usually occurs in surgical and intensive
care patients [19]. The degree of physical injury, exposure to commensal bacteria, and a whole host of patient factors, including
age, preoperative health, and medication, are related to the incidence of SIRS. According to recent studies, the occurrence of SIRS
in patients with other diseases, such as subarachnoid hemorrhage [4], alcoholic hepatitis [5] and acute liver failure [6], and even
the major determinant of multiple-organ failure, is associated with higher mortality and morbidity rates.A clinical study also
demonstrated that the happence of SIRS in oral and maxillofacial surgeries was 32.5%, and SIRS was the pioneering performance
of sepsis, which maight to lead multiple-organ dysfunction syndrome[20].It should keep vigilant if the patient occurred SIRS
promptly postoperative, which maight be an early indication of multiple-organ failure. Excessive innate immune responses and
failure of adaptive immune responses can result in significant morbidity and mortality from SIRS. However, the physiology of
inflammation and the pathogenesis of SIRS are highly complex and not fully understood in many aspects, especially regulatory
and molecular mechanisms [10].During the examination, we handled the blood samples firstly, then identified the DEGs between
SIRS and controls by using bioinformatics analysis.To detect the key genes involved in the process of SIRS, we used the possible
hub genes,which highly correlate with the protein—protein interaction (PPI) network to verify the genes.The hub genes of the top
two subclusters were identified through the MCODE analysis which shows a high degree of connectivity in the PPI network. The
result was listed in Table 4. These hub genes included MX1, OASL, RSAD2, MX2, IRF9, STAT1, OAS1, OAS3, IRF1, IFI44L, IF144,
IRF8, CXCR4, CD86, HLA-DQAZ2, IL18, CD163, CD68, (IDO1), etc.

The type I or III interferon are the main inducers to enhance the expression of MX family members which can against a diverse
range of viruses including pathogens in human and veterinary medicine [21]. Nowadays, more and more DNA and RNA viruses
are inhibited by Human MX1.It is essential in defense of mammalian cells against influenza viruses.
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Mainly HIV type-1 and other primate lentiviruses are effectively inhibited by Human MX2 which invalid to the MX1-sensitive
viruses [22-24]. Therefore, the downregulation of MX1 and MX2 may be a factor in the progression of SIRS.

The 2’-5-oligoadenylate synthetases (OASs), include OAS1, OAS2, OAS3, and OASL, are a family of interferon (IFN)- and virus-
induced proteins. After infected RNA viruses, the proliferation of 2,5-oligoadenylates (2-5A) from ATP was induced by the viral
double-stranded (ds) RNA directly binds to, and activates, OAS1-3 [25].Further, the ribonuclease L (RNaseL) , dimerized and
activated by 2-5A, can cleave viral and host RNA, so 2-5A plays the most important role in blocking viral replication and inhibiting
viral protein synthesis.Recent studies found that OAS1had a negative influence in macrophages about the induction of chemokines
and IFN-stimulated genes in response to Toll-like receptor (TLR)3 and TLR4 signaling,whereas in THP-1 cells, OAS3 played a
negative role in regulating retinoic-acid-inducible gene I and melanoma differentiation-associated gene 5-dependent antiviral
responses. Therefore, the down-regulation of OSA1 and OAS3 would reduce the antiviral capability and accelerate the progression
of SIRS.

The IRF family plays an indispensable role in the development and function of natural killer cells.It is necessary to support the
rapid growth in the number of mature natural killer (NK) cells when infection and homeostatic proliferation [26]. Therefore, the
up-regulation of genes showed a greatly positive role in regulating adaptive immunity.

CXCR4, a 7-transmembrane G protein-coupled receptor, is indispensable in orchestrating both immune responses of innate and
adaptive. CXCR4 is critical for the production of T-cell immunological synapse (IS) which may be a driven factor for the initiation
of the adaptive immune response [27]. Furthermore, during the process of homing, development, and function of B cells, CXCR4 is
indispensable. After infection or injury, the release of large amounts of cytokines, such as IL-2, IL-4, IL-7, IL-10, IL-15, and TGF-B,
increases the CXCR4 transcription, thus inducing an excessive immune response and accelerating the development of SIRS.

According to the GO enrichment analysis, most enrichment terms of up-regulated genes were related to the excessive activation
and proliferation of immune cells. Following lipopolysaccharide (LPS) stimulation, the multiple downstream protein adaptors
and intracellular signaling pathways were activated, producing a large array of cytokines and chemokines [28]. The activation and
proliferation of NK cells, lymphocytes, and monocytes are usually promoted by some chemokines, such as CXCR4, IRF8 and so
on [24,25]. Recruitment of B-arrestin to the CXCR4-CXCR7 complex activates extracellular regulated kinase 1/2, p38mitogen-
activated protein kinase, and stress-activated protein kinase pathways, thus facilitating immune cell migration, survival, and
proliferation [29]. IL-6, a dominant inflammatory cytokine, reduces monocyte human leukocyte antigen-DR (HLA-DR) expression
and antigen presentation to T cells. It activates C-reactive protein or procalcitonin (PCT) and mobilizes neutrophil progenitors
in the bone marrow, leading to peripheral granulocytosis. Its levels are elevated in patients with SIRS [30]. The up-regulated
genes enriched in the KEGG pathway were related to antigen processing and presentation, which consistent with hypothesis that
excessive activation and proliferation of immune cells may be contained in the regulation of SIRS.

The down-regulated genes were analyzed in the GO and KEGG enrichment. Most of them found to be associated with type
I IFN. Usually, type I IFN, through TLR, transfers the LPS signal downstream via interferon-p autocrine induction to induce
various inflammatory mediators that exert antibacterial actions. Another study indicated that IFN-a and IFN-{ were significant
in viral, fungal, and parasitic infections through specific signaling pathways [31]. However, with the progression of SIRS, the over
stimulation of the anti-inflammatory and immunosuppressive signals may decrease this response.

There were many accept to improve in this experiment. First, strict screening was not performed. The participants in this clinical trial
were not tested for chronic infectious diseases and immune system diseases, such as viral hepatitis, cancer, autoimmune diseases,
and gastroenteritis, which might have influenced the results. In addition, the sample size was small, with certain regionality. Hence,
it is necessary to make further research through large-sample animal studies.

Conclusions

The purpose of research was to detect hub genes and molecular pathways involved in SIRS via bioinformatics analysis, and thus
identify potential diagnostic or therapeutic biomarkers. The excessive activation and proliferation of immune cells and the down-
regulation of type I IFN genes and TLR signaling pathway were tightly related to SIRS. The verification regarding the relationship
of hub genes and function in SIRS needs further studies.
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