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Abstract: Recent advancements in understanding the pathogenesis and therapeutic
approaches for septic shock have been made; however, research elucidating genetic-level
mechanisms remains limited. This study aims to explore genetic contributors to septic
shock pathogenesis and evaluate differentially expressed genes as potential diagnostic targets.
Utilizing the GSE95233 dataset from the GEO database, we compared blood samples from
51 septic shock patients and 22 healthy controls via R language and GEO2R tools. We
identified 38 differentially expressed genes (21 upregulated, 17 downregulated). GO
functional enrichment analysis of differential genes was carried out using the Cluster Profiler
package in R language, and the results showed that most of the differential genes were
distributed in T cells, which were related to the development, differentiation, recognition, and
clearance of T cells, and the regulation of inflammatory cytokines, which directly affected
immune signaling and immune killing pathways. We also analyzed the interaction network
between differentially expressed proteins with the help of string online website and MCODE
plug-in in Cytoscape 3.8.2, and identified 9 core genes, including BCLI1B and TBX21 genes
related to immune cell development and differentiation, CD247, CD3G, CD8A and S1PR5
genes related to T cell signaling, PRF'I and GNLY genes related to immune cell killing activity.
Through the evaluation of gene function and the prediction of the mechanism of action, we
determined that BCL11B, TBX21, SIPR5, CD247, PRFI and other differential genes can be
used as new targets for research to prevent the exacerbation of sepsis and treat septic shock.
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1. Introduction

1.1. Definition

Sepsis is defined by the Third International Consensus as life-threatening organ dysfunction caused
by a dysregulated host response to infection, which is a syndrome of physiological, pathological, and
biochemical abnormalities caused by infection and an important public health problem. Sepsis shock
(also known as septic shock) is a subtype of late-stage sepsis that causes severe circulatory, cellular,

and metabolic abnormalities and a high risk of mortality [1].

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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1.2. Epidemiological features

Global sepsis incidence declined by 18.8% between 1997-2017, yet it caused approximately 11
million deaths in 2017, reflecting a 52.8% reduction in mortality compared to previous decades.
Despite declining morbidity and mortality, sepsis remains one of the biggest health problems
worldwide, particularly in sub-Saharan South Africa [2]. It is worth noting that in China, in 2017,
there were about 3 million sepsis patients and about 710,000 related deaths, with a mortality rate of
32%; Normalized, the incidence rate was approximately 214 per 100,000 and the mortality rate was
approximately 43.3 per 100,000 [3]. These statistics highlight the significant burden sepsis places on
society and the urgent need for more effective diagnostic approaches.

In terms of distribution, the incidence of sepsis varies significantly from country to region, and is
affected by a variety of factors. According to a survey, the incidence of sepsis is characterized by the
following characteristics: it is higher in developing countries, about 66/100,000~300/100,000; The
incidence is higher in older people and children than in other age groups; The incidence is higher in
females than in males. The mortality rate of sepsis is also affected by a variety of factors, including
the age of the patient, the underlying disease, the type of infectious agent, the treatment strategy, etc.,
and the global mortality rate in 2017 ranged from 27%~36%, accounting for 19.7% of the total
number of deaths in the world.

When sepsis progresses to septic shock, the case fatality rate increases dramatically, and despite
many new advances in the treatment of septic shock in recent years, the case fatality rate is still higher
than 40 percent [2]. It can be seen that early diagnosis of septic shock have an important impact on
the survival of patients.

1.3. Pathogenesis

Previous studies have shown that the pathogenesis of sepsis involves many aspects, including
imbalance of inflammatory response, immune dysfunction, macrophage autophagy and other
pathological processes.

An imbalance in the inflammatory response is key to the onset and exacerbation of sepsis. In the
early stages of sepsis, pro-inflammatory cytokines are released in large quantities, and although this
is beneficial for the elimination of pathogens, the resulting inflammatory factor storm can cause a
series of damages; In the later stage of sepsis, a large number of anti-inflammatory cytokines are
released to reduce the damage of inflammatory response to the body, but excessive anti-inflammatory
factors will lead to the depletion of pro-inflammatory factors, the patient's resistance will be reduced,
and the patient will be susceptible to infection, and eventually multiple organ dysfunction syndrome
(4, 5].

Immune dysfunction, particularly Th1/Th2 polarization, plays a critical role in sepsis progression.
Early hyperinflammation driven by Thl cells transitions to immunosuppression mediated by Th2
responses, increasing susceptibility to secondary infections [6-9]. In addition, the maturation and
activation of macrophages also play an important role in the development of sepsis, and the M1
subtype of macrophages can release inflammatory factors to cause inflammatory responses, which
are more active in the early stage of sepsis. The M2 subtype releases anti-inflammatory factors and
participates in the immunosuppression of sepsis in the later stages of sepsis to cause secondary
infections [10, 11].

It is worth noting that at the genetic level, there are few studies on how sepsis develops into septic
shock, so this paper hopes to predict the potential pathogenesis of septic shock at the genetic level
with the help of bioinformatics data, so as to provide new ideas for the timely detection of septic
shock.
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In summary, sepsis is a major public health problem that brings a great burden to patients, families
and society. Preventing the onset of septic shock is of great significance to the survival of patients. In
recent years, with the development of bioinformatics, we have been able to analyze the occurrence
and development of diseases at the genetic and molecular levels. However, the pathogenesis of septic
shock at the genetic level has not been clearly studied, so this paper analyzes the bioinformatics of
relevant samples in the GEO database to predict the potential pathogenesis of septic shock at the
genetic level, hoping to provide new ideas for the subsequent research on the diagnosis of septic
shock.

2. Methods
2.1. Sources and selection of genetic data

In this paper, the GEP microarrays provided by the dataset numbered GSE95233 in the GEO database
are selected using the GPL570 [HG-U133 Plus 2] Affymetrix Human Genome U133 Plus 2.0 Array.
The study samples consisted of admitted blood samples from 51 patients with septic shock and 22
healthy volunteers.

2.2. Extraction and analysis of differential genes

Differential genes were screened using R language and GEO2R with thresholds of log,FC > 3.5
(P <0.05) for upregulation and log,FC < —2.5 (P <0.05) for downregulation. Through the above
conditions, the differential genes in the blood of healthy people and patients with septic shock were
screened, and the ggplot2 package [12] in R language was used to plot these data into more intuitive
volcano maps and heat maps.

2.3. Functional enrichment analysis and pathway annotation of differential genes

The Cluster Profiler package [13-16] in R language was used to analyze the GO function and KEGG
pathway of differentially differentiated genes. In terms of GO function, molecular function (MF),
biological pathway (BP), and cellular component (CC) were analyzed. The filter conditions of each
pathway were set as: P. adjust less than 0.1 (MF), P. adjust less than 0.05 (BP), P. adjust less than
0.05 (CC), and then the analysis results were filtered and plotted using the ggplot2 package in R
language. In terms of KEGG pathway analysis, the KEGG signaling pathway analysis of key
differential genes was carried out in this paper, and the interaction relationship between the proteins
of each gene expression product was obtained. Under the condition of P. adjust less than 1, the first
10 KEGG pathways were screened and plotted using the ggplot2 package.

2.4. Construct the protein interaction network of differential genes and screen the cor genes:

The interaction between differential genes was analyzed with the help of the STRING database
(https://string-bd.org/), and the PPI network was generated online. In addition, the MCODE plug-in
in Cytoscape 3.8.2 was used to analyze and screen the differentially interacting genes. By traversing
outward from the densely connected regions in the PPI, the density of each local neighborhood was
calculated to isolate the dense areas and remove the poorly connected nodes, so as to find out the core
genes associated with septic shock.
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3. Results

3.1. Genes expressed in blood samples from patients with septic shock that are significantly
different from those of healthy people

Analysis via GEO2R and R language identified 38 DEGs in septic shock patients versus controls,
including 21 upregulated genes (e.g., SI00412, ILISR1) and 17 downregulated genes (e.g., CD3G,
PRFI). The differential genes are shown in Table 1.

Table 1: Differential genes in blood samples from patients with septic shock and healthy individuals

Gene Types Filter Conditions Genes
S100412,IL18R1,BCL2A1, CLEC4D,SAMSNI, VNNI,
log,FC ILIR2, LCN2,MS4A4A4, HP, PCOLCE2, PFKFB2 , ANXA3,
Upregulated > 3.5,P_value
< 0.05 ANKRD22, MCEMPI, GPR84, ARG1, HPR, OLFM4, CD177
MMPS8

log,FC CD3G,KLRC4-KLRKI,FCMR,CD247,CDS8A,SIPR5, A2M-
Downregulation < —=25,P_value ASI,PRFI,FGFBP2,BCLI1B,RORA,SAMD3,ADGRGI ,
< 0.05 YMEILI,TBX21,GNLY, TRAC

In addition, the above differential genes were plotted into volcano maps (Figure 1-a. The data used
in this figure is the expression amount corresponding to the ID of the microarray platform,
considering that some gene names have multiple IDs or some IDs do not have corresponding gene
names, so the number of IDs corresponding to the differential genes displayed in the volcano diagram
is more than the number of differential genes) and heat maps (Figure 1-b) using the ggplot2 package

in the R language.
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Figure 1: (a)Volcano diagram of differential genes, where the orange dots represent the up-regulated
genes, and the blue dots indicate the down-regulated genes. (b) Differential gene heat map, in which
the blue-green band on the left is for healthy people (control group), and the red-pink band on the left
is for patients with septic shock (treat group), and the expression level of single gene increases from
blue to yellow.
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3.2. Functional enrichment analysis and pathway annotation of differential genes

With the help of the Cluster Profiler package in R language, we performed GO functional enrichment
analysis of differential genes from three aspects: MF, CC, and BP. Then, the first ten entries of MF,
CC, BP were taken and the barplot function in the ggplot2 package in R language was used to plot
the bar chart (Figs. 2-a, 2-b, and 2-c). We found that in MF, differential genes were mainly associated
with: Immune receptor activity, Calcium-dependent protein binding, MHC class [ protein binding,
Serine-type endopeptidase/peptidase activity, etc.; In CC, differential genes were mainly associated
with: Specific/tertiary granule, a-f T cell receptor complex, etc.; In BP, differential genes were
mainly associated with: o-fp T cell activation, Lymphocyte/T cell differentiation,
Leukocyte/Lymphocyte/T cell mediated immunity, Lymphocyte differentiation, Cell surface receptor,
etc.
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Figure 2: (a) MF enrichment analysis of differential genes. (b) CC enrichment analysis of differential
genes. (c) BP enrichment analysis of differential genes. (d) KEGG pathway analysis of differential
genes.

In addition, we analyzed the KEGG pathways of the differential genes and plotted the first ten
pathways into a bubble plot using the dotplot function (Fig. 2-d), and we found that the KEGG
pathways associated with the differentially genetically related are Th 1/2/17 cell differentiation, T
cell receptor signaling pathway, natural killer cell mediated cytotoxicity, etc.
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3.3. Protein interaction networks and screening of core genes

After analyzing and constructing the PPI network online with the help of the STRING website, and
eliminating isolated nodes, we obtained 32 interacting differential genes (Figure 3-a).

With the help of the MCODE plug-in in Cytoscape 3.8.2, we analyzed and screened the above
differential genes, and we obtained nine interacting core genes (Figure 3-b), which are BCLIIB,
PRF1, SIPRS5, CD247, CD3G, CD8A, TBX21, GNLY and FGFBP2, all of which are down-regulated
genes.
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Figure 3: (a) Protein Interaction Network (PPI). (b) Core Genes.

4. Discussion

In this study, we screened 38 differentially GSE95233 genes associated with septic shock through
bioinformatics analysis of datasets. Then, we further analyzed the signal enrichment pathways and
gene annotation of these differential genes, and the results showed that the differentially related genes
associated with sepsis are involved in inflammatory responses such as T cell maturation and
differentiation, immune cell-to-cell signaling, granulocyte and natural killer cell-mediated immunity,
lymphocyte-mediated immune regulation, and the body's defense against fungi and bacteria. Existing
studies have shown that sepsis is caused by the disorder of the release of pro-inflammatory factors
and anti-inflammatory factors, which is manifested in the early stage by the release of a large number
of pro-inflammatory factors, the overactivation of the immune system, and the killing of healthy cells.
Late stages, including septic shock, are characterized by massive release of anti-inflammatory factors,
weakened immune defenses, and inability to fight foreign pathogen invasion, ultimately leading to
cross-infection and multi-organ failure and death [17].

Considering that the occurrence of septic shock is the result of multi-gene interaction, we screened
9 core differential genes by PPI analysis, including BCLI11B, TBX21, SIPR5, CD247, CD3G, CD8A,
PRFI, GNLY, and FGFBP?2.

BCLI11B, encoding a C2H2 zinc finger transcription factor, regulates T cell development and
identity maintenance. Its dysregulation is implicated in pathologies ranging from malignancies to
sepsis. Studies have shown [18] that pre-T cell apoptosis in the thymus of mice with BCLIIB
knockout eventually develops into T cell malignancy due to hindered T cell maturation. Studies by
V. Le Douce et al. [19] have shown that dysregulated expression of BCL/IB is associated with a
variety of pathologies such as cancer, myocardial hypertrophy, AIDS, and sepsis. In a study of
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neonatal sepsis [20], L.H. et al. found that has-miR-150 targeted inhibition of BCL B had an effect
on the development of sepsis.

TBX21 protein is a Thl cell-specific transcription factor, which promotes Th precursor cells to
initiate Thl lineage development and inhibits Th precursor cells to initiate Th2 and Th17 genetic
programs [21, 22], and Bartsch, P et al. [23] showed that mice with abnormal TBX2/7 defects will lose
their ability to resist bacteria such as Staphylococcus aureus, which in turn leads to bacterial sepsis,
which is related to the production of septic shock; At the same time, this protein activates the
transcription of genes related to Thl cell function, including the iconic Thl cytokine interferon-y
(IFNG) gene and the chemokine receptor CXCR3 gene [24]. Almansa, R et al. [25] showed that
TBX21 affects the development of sepsis by participating in T-cell immunity. In addition, the 7TBX21
gene is also involved in the developmental and immune processes of natural killer cells (NK) and has
been linked to the occurrence of sepsis [25, 26].

S1PRS3, a sphingosine-1-phosphate receptor, modulates cellular processes such as proliferation and
apoptosis. Its downregulation in septic shock may impair lymphocyte trafficking and immune
coordination. Upregulation of S/PR5 gene expression promotes T cell differentiation and has a
significant impact on the transport of lymphocytes and hematopoietic cells [27]. In a study of chronic
obstructive pulmonary disease [28], the researchers found that the expression of S/PR5 was
significantly related to the phagocytosis of macrophages, which can be used as a targeted therapeutic
strategy for chronic inflammatory diseases and may also be helpful in the study of septic shock. The
results of Tian Y. et al. [29] showed that the upregulation of S/PRS expression increased the survival
rate of sepsis patients, while the results of this study showed that the expression of S7/PR5 in the blood
of patients with septic shock was down-regulated, and the conclusions of the two were consistent,
which can confirm that S7/PR5 has a certain relationship with the occurrence of sepsis shock.

CD247, CD3G, and CD8A receptor protein genes are used to encode T cell surface receptor
proteins, which are involved in antigen recognition and cell signaling. Among them, the CD3G gene
encodes the y chain in CD3, and the CD247 gene encodes the { chain in CD3, which together with
CD3-3 and T cell receptor o/f and y/6 heterodimers form the TCR-CD3 complex, and the cytoplasmic
domains of all CD3 chains contain Immunoreceptor Tyrosine-based Activation Motifs (ITAM) and
TCR Upon binding, these motifs are phosphorylated by the Src family of proteins tyrosine kinases
LCK and FYN, leading to the activation of downstream signaling pathways for antigen recognition
and cell signaling [30-33]. A series of studies [34-37] have shown that CD247 is involved in the
occurrence of a variety of autoimmune diseases, such as systemic lupus erythematosus, rheumatoid
joints, systemic sclerosis, etc., so CD247 is closely related to the occurrence of autoimmune diseases.
In addition, CD3G plays an important role in the dynamic regulation of TCR expression [38], and
CD247 plays an important role in thymic T cell differentiation. The protein encoded by the CD8A
gene is present on most cytotoxic T cells, is involved in the recognition of MHC 1. antigen-presenting
antigen-presenting antigens, recruits the Src kinase LCK near the TCR-CD3 complex, and opens
different intracellular signaling pathways by phosphorylating different substrates, affecting
lymphofactor production and cytotoxic T cell activation [39]. Zeng X. and Jiang Y. et al. [40, 41]
also found that CD247, CD3G and CD8A4 genes were the core genes of septic shock and their
expression was down-regulated, which was consistent with the results of this study.

The granzyme encoded by PRF'I and GNLY granzyme family genes exists in the cytotoxic granules
of cytotoxic T cells and natural killer cells, and is one of the main means for cytotoxic T cells and
natural killer cells to exert their functions. The SAPLIP protein encoded by GNLY has a killing effect
on Mycobacterium tuberculosis and other microorganisms, and existing studies have determined that
GNLY is closely related to the antibacterial ability of the body [42, 43], and the abnormality of GLNY
also leads to the occurrence of a variety of pathological conditions, mainly including infection and
cancer [44]. PRF1-encoded perforin is inserted into the target cell membrane by binding to Ca2+,
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oligomerizing to form membrane pores, killing tumor cells and virus-infected cells, and this gene
plays an important role in recognizing non-self cells, which can cause immune rejection and
autoimmune diseases in organ transplantation [45-49]. The PRFI gene has been identified as a
causative factor in cellular lymphohistiocytosis (HLH) [50]. A study by Ozan, ZK et al. on neonatal
sepsis [51] showed that mutations in PRF'I occur in some patients with sepsis that lead to sepsis.

In general, at the level of cell development, the down-regulation of BCLI1B gene expression in
patients with septic shock will lead to the inability of immature T cells to develop and differentiate
normally, and the T cell-related immune pathways will be blocked. The down-regulation of TBX21
gene expression will lead to the development of T cells in the direction of Th2 and Th17, the release
of pro-inflammatory factors will decrease, the release of anti-inflammatory factors will increase, and
the body's immune system will be further weakened. In addition, down-regulation of the expression
of CD247, CD3G, CD8A and S1PR)5 receptor protein expression genes on the surface of T cells will
weaken the migration, infiltration, recognition and signal transmission functions of mature T cells,
resulting in a decrease in immune response efficiency. In particular, the CD84 gene, which expresses
a receptor protein that is involved in the recognition of MHC 1. antigen-presenting antigens by
cytotoxic T cells, greatly weakens the activation and killing function of cytotoxic T cells. In terms of
killing pathogens, in addition to the CD8A gene, the granzyme encoded by PRF/ and GNLY genes is
one of the main means for cytotoxic T cells and natural killer cells to exert their functions.

However, there are some limitations in this study: individual differences such as age and gender
were not considered in the selection of samples in this study, and in fact, there are some differences
in the mechanism of sepsis shock among different age groups; Moreover, this study has not been
experimentally verified, and the specific mechanism of differential genes needs to be further clarified
through experiments.

5. Conclusion

This study utilized bioinformatics approaches to explore the genetic underpinnings of septic shock,
identifying 38 differentially expressed genes (DEGs) and highlighting nine core genes (BCLIIB,
TBX21, SIPRS5, CD247, CD3G, CD8A, PRF1, GNLY, and FGFBP?2) through protein interaction
network analysis. The downregulation of BCL/IB and TBX21 disrupts T cell lineage commitment
and Th1/Th2 balance, impairing pathogen clearance and exacerbating immunosuppression. Similarly,
reduced expression of CD247, CD3G, and CD8A compromises antigen recognition and T cell
receptor signaling, while diminished S/PR5 levels hinder lymphocyte trafficking. The
downregulation of cytotoxic effector genes PRFI and GNLY further weakens immune cell-mediated
pathogen elimination. Collectively, these findings suggest that septic shock progression is driven by
a collapse in immune coordination, marked by impaired T cell functionality and diminished cytotoxic
activity. These genes offer critical insights into the immune dysregulation characteristic of septic
shock and highlight their potential as therapeutic targets.
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