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Abstract 
Introduction: Sepsis is a life-threatening organ dysfunction caused by dysregulated host responses to infection. Identifying key genes associated 
with sepsis and exploring their interactions with immune cells are crucial for advancing diagnostic and therapeutic strategies. Methodology: In 
order to explore the genetic underpinnings, five datasets—GSE28750, GSE57065, GSE64457, GSE65682, and GSE95233—were analyzed 
using the "Limma" package in R to identify differentially expressed genes (DEGs). Functional enrichment analysis was conducted using Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). Protein-protein interaction (PPI) networks and key modules were 
analyzed using STRING and Cytoscape. The core genes were selected using the least absolute shrinkage and selection operator (LASSO) 
regression, and their diagnostic value was validated through receiver operating characteristic (ROC) curve analysis. Immune cell infiltration 
was assessed using the CIBERSORT algorithm.  
Results: A total of 230 DEGs were identified, including 183 upregulated and 47 downregulated genes. GO and KEGG analysis revealed 
significant enrichment in immune-related pathways. Two core genes, IL-23A and JAK2, emerged as key players. ROC curve analysis 
demonstrated high diagnostic value with area under the curve (AUC) values of 0.82 and 0.90 for IL-23A and JAK2, respectively. IL-23A showed 
a strong positive correlation with CD8+ T cells and activated natural killer (NK) cells, while also activating the JAK/STAT3 signaling pathway 
and mitigating JAK2-mediated immune cell infiltration.  
Conclusions: This study highlights the potential role of IL-23A and JAK2 in the immune regulation of sepsis and provides new insights into 
immune therapeutic strategies via the JAK/STAT3 signaling pathway. 
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Introduction 

Sepsis is a life-threatening organ dysfunction 
caused by the dysregulation of host response to 
infection. It is responsible for an estimated 6 million 
deaths annually, and is the leading cause of mortality in 
intensive care units (ICUs) worldwide [1–3]. Despite 
substantial progress in research [4], its pathogenesis 
remains highly complex. The increasing incidence and 
mortality rates of sepsis highlight the urgent need for 
improved diagnostic and therapeutic strategies [5,6]. 
Reasonable distinction between patients with early 
sepsis and non-infectious critically ill patients is 
essential to improve the clinical outcomes of patients 
with sepsis. While blood culture remains the gold 
standard for diagnosis, its lengthy processing time and 
limited sensitivity hinder timely clinical decision-
making, underscoring the need for novel biomarkers to 
support early diagnosis and effective management [7]. 
At present, non-specific acute phase reactive proteins 
such as procalcitonin (PCT), C-reactive protein (CRP), 

and inflammatory cytokine interleukin-6 (IL-6) play a 
certain role in the early diagnosis of sepsis [8]. 
However, there is currently insufficient evidence to 
support PCT, CRP, and IL-6 as biomarkers for initiating 
antimicrobial therapy in sepsis [9]. Non-invasive, 
blood-based biomarkers with strong diagnostic 
potential are essential for enabling personalized 
treatment strategies, enabling clinicians to design 
therapies based on individual molecular profiles. 
Recent advancements in high-throughput sequencing 
technologies and bioinformatics have provided 
valuable tools to investigate the genomic alterations 
associated with sepsis, shedding light on its complex 
molecular mechanisms [10–12]. Publicly accessible 
databases, such as the Gene Expression Omnibus 
(GEO), provide extensive resources for transcriptomic 
data, facilitating the identification of comprehensive 
genomic changes and potential therapeutic targets 
[13,14]. Bioinformatics tools are instrumental in 
systematically analyzing these datasets, revealing key 
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molecular pathways, and supporting the development 
of immunotherapies and precision medicine approaches 
[15]. 

Recent studies have identified specific genes 
involved in the pathogenesis and progression of sepsis 
[16,17], yet their diagnostic utility remains largely 
underexplored. Furthermore, the interactions between 
these genes and immune cells in sepsis patients are not 
well understood. To address these gaps, data from 5 
GEO datasets: GSE28750, GSE57065, GSE64457, 
GSE65682, and GSE95233, were integrated and 
analyzed. Bioinformatics methods were used to identify 
differentially expressed genes (DEGs), construct 
protein-protein interaction (PPI) networks, and conduct 
functional enrichment analyses. Machine learning 
approaches were applied, including least absolute 
shrinkage and selection operator (LASSO) regression 
and support vector machine-recursive feature 
elimination (SVM-RFE) to pinpoint key genes. The 
diagnostic potential of these core genes was validated 
using receiver operating characteristic (ROC) curve 
analysis. Therefore, this study provides new insights 
into diagnostic approaches and potential immune 
modulation therapies for sepsis in critically ill patients. 

 

Methodology 
Data sources and selection criteria 

Gene expression data was obtained from the GEO 
database, a publicly available repository for high-
throughput gene expression datasets. Five datasets were 
selected for their relevance to sepsis and their inclusion 
of both sepsis patient samples and healthy controls: 
GSE28750, GSE57065, GSE64457, GSE65682, and 
GSE95233. These datasets included 875 sepsis patients 
and 117 healthy individuals, and provided a 
comprehensive resource for identifying DEGs 
associated with sepsis. 

Raw data from these microarray datasets were 
processed to ensure consistency and compatibility. 
Probe IDs were mapped to gene symbols using the 
annotation files associated with each platform. Data 
preprocessing included normalization using 
logarithmic transformation and imputation of missing 
values. These steps were performed using the "limma" 
and "impute" packages in R software. 

 
Identification of DEGs 

DEGs between sepsis patients and healthy controls 
were identified using the "limma" package in R. 
Stringent filtering were applied to ensure the robustness 
of the results: genes were considered differentially 
expressed if they had a p value < 0.05 and a fold change 
(FC) > 2. This dual-threshold approach ensured that the 
identified DEGs exhibited both statistical and 
biological significance. The results were visualized 
using volcano plots and heatmaps to highlight 
upregulated and downregulated genes. 

 
Functional enrichment analysis 

Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) enrichment analyses 
were performed to investigate the biological functions 
and pathways associated with the DEGs. The GO terms 
were categorized into three categories: biological 
processes (BP), cellular components (CC), and 
molecular functions (MF). The KEGG pathway 
analysis was used to identify metabolic and signaling 
pathways enriched among the DEGs. These functional 
enrichment analyses were conducted using the 
"clusterProfiler" package in R, and adjusted p values < 
0.05 were considered statistically significant. The 
results were visualized through bar plots and bubble 
plots to effectively convey the enriched functions and 
pathways. 

 
PPI network construction 

A PPI network was constructed to investigate 

Figure 1. Flow chart. 

GEO datasets were used to identify DEGs (p < 0.05, |log₂ FC| > 1). 
Functional analyses included GO, KEGG, and immune infiltration analysis. 
Core genes were identified via machine learning and PPI network 
construction, followed by ROC validation and regulatory network analysis. 
GEO: gene expression omnibus; GO: gene ontology; KEGG: Kyoto 
Encyclopedia of Genes and Genomes; PPI: protein-protein interaction; 
LASSO: least absolute shrinkage and selection operator; ROC: receiver 
operating characteristic. 
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potential interactions among the DEGs at the protein 
level. The STRING database was used to predict and 
visualize protein interactions [18], by applying a 
confidence score threshold of > 0.15 to ensure reliable 
connections. The Cytoscape software (version 3.8.0) 
was employed for network visualization and analysis. 
Functional modules within the network were identified 
using the molecular complex detection (MCODE) plug-
in which prioritizes clusters of highly interconnected 
nodes. 

 
Screening of core genes 

Two machine learning algorithms were employed 
to identify key prognostic variables and sepsis 
characteristic genes. First, a LASSO Cox regression 
model was constructed using the "glmnet" package in R 
to prevent over-fitting and increase the plasticity of 
selecting core genes [19–21]. The genes that were 
significantly related to the difference between normal 
and sepsis specimens were further screened out. 

Support vector machine (SVM) is a supervised machine 
learning technology for disease classification that 
creates a decision boundary between two categories so 
that labels can be predicted from one or more feature 
vectors [22]. SVM recursive feature elimination (SVM-
RFE) could select the most important genes according 
to the weight of the classifier [23]. While SVM-RFE 
has been widely used in the screening tumor-related 
core genes (such as skin cancer [24], colon cancer [25], 
and gastric cancer [26]), little research has been done in 
sepsis [27]. Finally, the intersection of genes identified 
by both methods was considered the core gene 
signature. 

 
Diagnostic evaluation of core genes 

The diagnostic potential of the core genes was 
evaluated using ROC curve analysis. ROC curves were 
generated using gene expression data from sepsis 
patients and healthy controls, and the area under the 
curve (AUC) was calculated to assess diagnostic 

Figure 2. Heatmap of the top 20 upregulated and downregulated differentially expressed genes (DEGs) in sepsis patients and controls. 
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accuracy. AUC values closer to 1 indicated stronger 
diagnostic performance. The analysis was performed 
using the "pROC" package in R. 

 
Immune infiltration analysis 

Immune cell infiltration analysis was performed 
using the CIBERSORT algorithm to explore the 
immune landscape in sepsis. This computational 
method estimates the relative abundance of 22 immune 
cell types in sepsis and control samples based on gene 
expression data. The results were visualized using bar 
plots and box plots, and correlation analysis was 
conducted to assess the relationship between core genes 

and specific immune cell populations, offering insights 
into the immune-modulatory roles of these genes.  

 
Statistical analysis 

The Student's t-test was used to compare 
differences in gene expression between sepsis and 
normal samples. All statistical analyses were performed 
using R software (version 4.2.2). with an adjusted p 
value < 0.05 considered statistically significant. Data 
visualization was performed using the "ggplot2" and 
"ComplexHeatmap" packages, ensuring clear and 
informative graphical representation of the results. 

 

Figure 3A. Gene ontology (GO) analysis of differentially expressed genes (DEGs). B. Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis highlighting immune-related pathways. 
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Results 
Dataset combination and identification of DEGs 

The overall workflow of this study is illustrated in 
Figure 1. This study analyzed 5 microarray datasets 
retrospectively—GSE28750, GSE57065, GSE64457, 
GSE65682, and GSE95233. DEGs were identified from 
the combined dataset using the LIMMA package, after 
correcting for batch effects. A total of 230 DEGs were 
identified, comprising 183 upregulated and 47 
downregulated genes in sepsis patients compared to 
healthy controls (Supplementary Figure 1). These 
DEGs were selected using stringent filtering criteria: p 
< 0. 05 and FC > 2. A heatmap was used to visualize 
the top 20 upregulated and downregulated genes 
(Figure 2). 

 
Functional enrichment analysis DEGs in sepsis 

GO and KEGG enrichment analysis of the 230 
DEGs was performed using the ClusterProfiler R 
package. GO enrichment analysis revealed that the 

DEGs were primarily enriched in processes such as 
neutrophil activation, neutrophil degranulation, 
immune response-related neutrophil activation, 
neutrophil-mediated immunity, T cell activation, T cell 
differentiation, and lymphocyte differentiation (Figure 
3A). The KEGG pathway analysis identified 
significantly enriched pathways, including Th1 and Th2 
cell differentiation, Th17 cell differentiation, 
hematopoietic cell lineage, inflammatory bowel 
disease, PD-L1 expression and PD-1 checkpoint 
pathways in cancer, Staphylococcus aureus infection, 
and T cell receptor signaling pathways (Figure 3B). 

Disease ontology (DO) analysis revealed 
associations between the DEGs and various diseases, 
including hepatitis, tuberculosis, primary bacterial 
infections, arteriosclerosis, atherosclerosis, 
cardiovascular diseases related to atherosclerosis, 
multiple sclerosis, hematologic diseases, demyelinating 
diseases, and bacterial infections (Figure 3C). 

Based on the functional enrichment analysis of all 

Figure 4. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of up- and down-regulated 
genes in sepsis. Bar plots (left) show the top enriched GO terms for BP, MF, and CC. Bubble plots (right) highlight key KEGG pathways, 
with bubble size representing gene count and color indicating p value. Up-regulated genes are linked to adaptive immunity, while down-
regulated genes are associated with innate immunity and metabolic dysregulation. 
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DEGs, the specific roles of the upregulated and 
downregulated genes were further investigated by 
analyzing their different enrichment patterns (Figure 4). 
This detailed analysis provided a deeper understanding 
of how adaptive and innate immune responses, as well 
as metabolic processes, are differentially regulated in 
sepsis. 

GO enrichment analysis indicated that upregulated 
genes were significantly enriched in biological 
processes such as T cell activation, lymphocyte 
differentiation, and immune response regulation via cell 
surface receptor signaling pathways, highlighting their 
critical role in adaptive immune regulation. In terms of 
molecular functions, upregulated genes were involved 
in major histocompatibility complex (MHC) protein 
complex binding and cytokine receptor activity, 
emphasizing their contribution to antigen presentation 
and immune signal transduction. At the cellular 
component level, these genes were associated with the 
outer side of the plasma membrane and membrane 
components, suggesting their involvement in immune 
signal perception on the cell surface. In contrast, 
downregulated genes were enriched in processes related 
to neutrophil degranulation and bacterial defense 
responses, indicating inhibition of the innate immune 
response. Their related molecular functions included 
hydrolase activity and enzymes involved in fatty acid 
metabolism, reflecting potential metabolic 
dysregulation. KEGG pathway analysis showed that 
upregulated genes were primarily enriched in immune-
related pathways such as Th1 and Th2 cell 
differentiation, Th17 cell differentiation, PD-L1 
expression, and PD-1 checkpoint pathways. In addition, 
pathways such as NK cell-mediated cytotoxicity were 
highlighted, further supporting their significance in 
immune activation during sepsis. Conversely, 

downregulated genes were enriched in pathways related 
to complement and coagulation cascades, NOD-like 
receptor signaling, as well as metabolic processes such 
as fatty acid metabolism and iron homeostasis, 
indicating suppression of innate immune activity and 
disruption of metabolic functions. 

 
PPI network analysis 

A PPI network consisting 180 nodes and 351 edges 
was constructed using the STRING database 
(Supplementary Figure 2). Functional modules within 
the network were identified using the MCODE plug-in 
in Cytoscape. The largest module included 20 nodes 
and 63 edges, while the remaining 3 modules showed 
smaller but tightly interconnected clusters. These 
modules revealed critical interaction patterns among the 
DEGs, providing insights into their potential roles in 
sepsis pathophysiology. 

 
Screening and validation of core genes 
Screening core genes 

Two machine learning algorithms were 
employed—LASSO regression and SVM-RFE—to 
refine the core genes associated with sepsis. These 
analyses identified IL-23A and JAK2 as core genes with 
significant biological relevance and strong connectivity 
within the PPI network. LASSO regression highlighted 
68 potential core genes, among which SOCS3, JAK2, 
SH2B3, and IL-23A stood out due to their prominent 
interconnections in the PPI network (Supplementary 
Figure 3). JAK2 and IL-23A were prioritized for further 
analysis based on their established roles in sepsis 
(Figure 5A). 

 
  

Figure 5A. Least absolute shrinkage and selection operator (LASSO) regression. B–C. Receiver operating characteristic (ROC) curves for 
IL-23A and JAK2 diagnostic accuracy. 
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  Figure 6. Correlation and pathway analysis of IL-23A and JAK2 via the JAK/STAT3 pathway. 

Figure 7. Immune infiltration analysis in sepsis. A. proportions of immune cell types in sepsis and controls; B. box plots of macrophages, 
plasma cells; C. correlation of IL-23A and JAK2 with immune cell infiltration; D. tumor immune dysfunction and exclusion (TIDE) scores 
showing higher immune dysfunction in sepsis samples. 
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Validation of core genes 
The mRNA expression levels of IL-23A and JAK2 

in sepsis and normal blood samples were analyzed from 
the GEO database to confirm the roles of the core genes 
in sepsis. ROC curve analysis demonstrated the 
diagnostic potential of these genes, with AUC values 
0.82 for IL-23A and 0.9 for JAK2 (Figure 5B–C). 
Validation with an independent dataset (GSE9600) 
yielded consistent results (Supplementary Figure 4A–
B). 

The expression of IL-23A and JAK2 in sepsis were 
analyzed (Figure 6A–B and Supplementary Figure 5A–
B). Further integrative analysis revealed a negative 
correlation between the expression of IL-23A and JAK2 
in sepsis, with a correlation coefficient of – 0.60 (Figure 
6C). Mechanistic analysis indicated that IL-23A is 
closely associated with targets in the JAK/STAT3 
signaling pathway, suggesting its potential role in 
modulating immune responses during sepsis (Figure 
6D). 

 
Immune infiltration analysis 

Immune infiltration was assessed using the 
CIBERSORT algorithm, revealing significant 
differences in immune cell population proportions 
between sepsis patients and healthy controls. Sepsis 
samples showed elevated levels of macrophages, 
plasma cells, and γδT cells (Figure 7A–B and 
Supplementary Figure 6A–B), indicative of a 
hyperactivated immune response. Correlation analysis 
demonstrated that IL-23A was negatively associated 
with macrophages, plasma cells, and γδT cells; while 
JAK2 exhibited a positive correlation with these 
immune cell types (Figure 6C and Supplementary 
Figure 6C). The tumor immune dysfunction and 
exclusion (TIDE) score was significantly higher in 
sepsis samples compared to normal controls (Figure 
7D), highlighting the immune dysfunction 
characteristic of sepsis and supporting the robustness 
and reliability of the immune classification. 

 
Discussion 

Despite advancements in intensive care and 
antimicrobial therapies, sepsis remains a leading cause 
of mortality and morbidity globally, with an estimated 
31.5 million cases and 5.3 million deaths annually [28]. 
The complexity of sepsis pathogenesis, involving 
dysregulated immune responses, coagulation 
abnormalities, bacterial and endotoxin translocation, 
and genetic polymorphisms; underscores the urgent 
need for novel diagnostic and therapeutic strategies 
[29]. Accumulating evidence indicates that systemic 

immune responses play a critical role in the 
pathogenesis and progression of sepsis [30–32]. The 
immune system typically exhibits a robust pro-
inflammatory response aimed at eliminating pathogens 
in the early stages of the disease [33]. However, as the 
condition advances, immune dysfunction emerges as a 
hallmark of progressive sepsis [34]. Recent studies have 
identified specific genes involved in the 
pathophysiology and progression of sepsis [16,17]; 
nonetheless, the interactions between these genes and 
immune cells remain poorly understood. To tackle this 
issue, a comprehensive bioinformatics analysis of gene 
expression data from 5 datasets, including 875 sepsis 
patients and 117 healthy controls was utilized. A total 
of 230 DEGs, with 183 upregulated and 47 
downregulated genes were identified. GO analysis 
revealed enrichment in immune-related processes, such 
as neutrophil and T cell activation and differentiation. 
Further analysis highlighted IL-23A and JAK2 as core 
genes with significant biological relevance and high 
diagnostic accuracy (AUC values of 0.82 and 0.90, 
respectively). These genes were validated in an 
independent external dataset (GSE9600). Immune 
infiltration analysis showed differences in immune cell 
populations, with IL-23A and JAK2 closely associated 
with key immune responses. These findings highlight 
the potential of IL-23A and JAK2 as indicators of 
immune responses and therapeutic targets in sepsis. 

Compared to healthy individuals, immune-related 
pathways are significantly enriched in septic patients. 
This finding is consistent with several previous 
bioinformatics studies and further supports the view 
that the pathogenesis of sepsis is primarily driven by the 
body's abnormal or dysregulated immune response to 
infection [35–38]. This is also in line with the current 
definition of sepsis. The core genes identified in 
different bioinformatics studies may not be consistent 
due to differences in dataset selection and core gene 
screening methods. To the best of our knowledge, this 
study has the largest number of septic cases included in 
bioinformatics research using GEO data. We are able to 
provide a more comprehensive understanding of the 
complexity of immune responses in septic patients and 
the potential roles of related genes through the analysis 
of this large-scale dataset; thus, offering important 
insights for future precision medicine and therapeutic 
strategies. 

 
Role of IL-23A in sepsis 

IL-23 is a member of the IL-12 cytokine family. It 
is composed of two subunits: IL-23A (p19) and IL-
12/23B (p40), the latter being shared with IL-12 [39]. 
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The IL-23/IL-17 axis plays a protective role against 
bacterial and fungal infections. Dysregulated IL-23 can 
lead to chronic inflammation and autoimmunity, 
contributing to the pathogenesis of diseases such as 
psoriasis, psoriatic arthritis, inflammatory bowel 
disease, rheumatoid arthritis, and multiple sclerosis 
[40]. The triggering receptor expressed on myeloid cells 
2 (TREM-2) is a novel immune regulatory factor with 
multiple activities. Animal experiments have shown 
that the IL-23 levels in TREM-2 overexpressing 
macrophages are significantly lower compared to GFP-
expressing macrophages [41]. Blocking IL-23 after the 
administration of GFP-expressing macrophages also 
protects elderly mice from sepsis [41]. These findings 
suggest that targeting the IL-23/IL-17A immune 
pathway could be a potential strategy for treating aging-
related sepsis. 

Several studies, including this one, have 
demonstrated the critical role of IL-23A in mitigating 
excessive immune activation and immune dysfunction 
in sepsis through the JAK/STAT3 signaling pathway. 
Previous research has indicated that IL-23 plays a 
crucial role in NK cell activation and IFN-γ secretion, 
influencing the adaptive immune response, especially 
during early infection [42]. The synergy between IL-23 
and IL-18 suggests its importance in initiating adaptive 
immunity responses. This highlights the potential of IL-
23A as a therapeutic target for managing immune 
dysregulation in sepsis. 

A study involving 74 adult sepsis patients, 45 ICU 
controls, and 50 healthy individuals participating in 
routine physical examinations emphasized that IL-1 β 
and IL-23 are potential biomarkers for the diagnosis and 
prognosis of sepsis [43]. Sepsis patients, especially 
non-survivors, have significantly elevated levels of 
both. IL-1 β and IL-23 are independent risk factors for 
28-day mortality and are associated with the severity of 
sepsis [43]. ROC analysis shows that IL-23 has better 
predictive value for mortality [43]. Additionally, the 
robust ROC analysis presented in this study 
underscores the diagnostic potential of IL-23A, 
providing new insights into its clinical application. 

 
Role of JAK/STAT3 signaling pathway in sepsis 

Activation of the JAK/STAT3 pathway drives 
inflammation and immune activation [44]. This study 
demonstrates that JAK2 expression is significantly 
upregulated in sepsis patients compared to healthy 
controls, aligning with previous findings that link 
increased JAK2 activity to sepsis-associated 
inflammation [45,46]. Furthermore, the findings 
support IL-23A and JAK2 as key immune regulators in 

sepsis, consistent with Clere-Jehl et al. [47], who 
emphasized the dual role of JAK/STAT3 in 
hyperinflammation and immunosuppression. 
Additionally, a unique negative correlation between IL-
23A and JAK2 was revealed, offering novel insights 
into sepsis pathogenesis. 

However, unlike previous studies that emphasized 
the pro-inflammatory role of IL-23A [48], this study 
revealed a negative correlation between the expression 
of IL-23A and JAK2 in sepsis patients. Earlier research 
also demonstrated that IL-23-dependent activation of 
the JAK/STAT pathway can be inhibited in IL-23R-
expressing cells, suggesting that IL-23 is involved in 
specific regulatory mechanisms of the JAK/STAT 
pathway [49]. Further research is required to elucidate 
the mechanisms through which IL-23A regulates JAK2 
expression and the downstream effects of this 
interaction in sepsis.  

 
Limitations and future directions 

Although the results of this study are promising, 
some limitations should be acknowledged. First, the 
analysis is based on gene expression data from public 
databases and confirmed on external independent 
datasets. These data may not fully represent the 
complexity and heterogeneity of sepsis in clinical 
practice. Therefore, the results should be interpreted 
with caution. Further experimental studies and 
validation in a larger prospective patient cohort are 
essential to confirm the diagnostic and therapeutic 
potential of IL-23A and JAK2 in sepsis. Second, 875 
septic patients and 117 healthy individuals were 
included in this study. Considering the potential 
limitations of the control group size, the small sample 
size of the control group may affect the statistical power 
and generalizability of the survey results. Future 
research should focus on clarifying the precise 
molecular mechanism of IL-23A regulating JAK2 and 
JAK/STAT3 pathways in sepsis. Further in vivo studies 
and large-scale longitudinal clinical trials are needed to 
validate the diagnostic and prognostic value of IL-23A 
and JAK2. In addition, exploring the therapeutic 
potential of targeting the IL-23A/JAK2 axis through 
pharmacological inhibitors or combination therapies in 
animal models will provide valuable insights. 

 
Conclusions 

This study identifies IL-23A and JAK2 as key genes 
associated with sepsis, highlighting their potential as 
assistant diagnostic indicators and therapeutic targets. 
The involvement of the JAK/STAT3 signaling pathway 
and the observed immune dysregulation underscore the 
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complex interplay of immune responses in sepsis. 
These findings provide a foundation for future research 
aimed at developing targeted therapies to modulate 
immune responses and improve outcomes in sepsis 
patients. 
 
Funding 
This study is financially sponsored by Jiangxi Provincial 
Health Technology Project [grant no. 202510122]. 
 
Availability of data and materials 
The datasets generated for this study can be found at 
https://www.ncbi.nlm.nih.gov/. 
 
Authors’ contributions 
ZYL, CLY, conception and design of the work, manuscript 
draft, critical revision for important intellectual content; 
ZYL, WF, acquisition, analysis, and interpretation of data; 
All authors approved the final version of this manuscript. 
 
Corresponding author 
Chunli Yang, MD. 
Jiangxi provincial People's Hospital, The First Affiliated 
Hospital of Nanchang Medical College,  
No. 92 Aiguo Road, Nanchang, Jiangxi Province, China 
Tel: 0791-86895550 
Fax: 0086-010-12345678 
Email: syzzyxk@126.com 
 
Conflict of interest 
No conflict of interest is declared. 
 
References 
1. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith 

CM, French C, Machado FR, McIntyre L, Ostermann M, 
Prescott HC, Schorr C, Simpson S, Wiersinga WJ, Alshamsi F, 
Angus DC, Arabi Y, Azevedo L, Beale R, Beilman G, Belley-
Cote E, Burry L, Cecconi M, Centofanti J, Coz Yataco A, De 
Waele J, Dellinger RP, Doi K, Du B, Estenssoro E, Ferrer R, 
Gomersall C, Hodgson C, Møller MH, Iwashyna T, Jacob S, 
Kleinpell R, Klompas M, Koh Y, Kumar A, Kwizera A, Lobo 
S, Masur H, McGloughlin S, Mehta S, Mehta Y, Mer M, 
Nunnally M, Oczkowski S, Osborn T, Papathanassoglou E, 
Perner A, Puskarich M, Roberts J, Schweickert W, Seckel M, 
Sevransky J, Sprung CL, Welte T, Zimmerman J, Levy M 
(2021) Surviving sepsis campaign: international guidelines for 
management of sepsis and septic shock 2021. Intensive Care 
Med 47: 1181–1247. doi: 10.1007/s00134-021-06506-y. 

2. Scicluna BP, van Vught LA, Zwinderman AH, Wiewel MA, 
Davenport EE, Burnham KL, Nürnberg P, Schultz MJ, Horn J, 
Cremer OL, Bonten MJ, Hinds CJ, Wong HR, Knight J C, van 
der Poll T (2017) Classification of patients with sepsis 
according to blood genomic endotype: a prospective cohort 
study. Lancet Respir Med 5: 816–826. doi: 10.1016/S2213-
2600(17)30294-1. 

3. Vincent JL, Opal SM, Marshall JC, Tracey KJ (2013) Sepsis 
definitions: time for change. Lancet. 381: 774–775. doi: 
10.1016/S0140-6736(12)61815-7. 

4. Tsantes AG, Parastatidou S, Tsantes EA, Bonova E, Tsante 
KA, Mantzios PG, Vaiopoulos AG, Tsalas S, Konstantinidi A, 
Houhoula D, Iacovidou N, Piovani D, Nikolopoulos GK, 
Sokou R (2023) Sepsis-induced coagulopathy: an update on 
pathophysiology, biomarkers, and current guidelines. Life 
(Basel). 13: 350. doi: 10.3390/life13020350. 

5. Fleischmann-Struzek C, Mellhammar L, Rose N, Cassini A, 
Rudd KE, Schlattmann P, Allegranzi B, Reinhart K (2020) 
Incidence and mortality of hospital- and ICU-treated sepsis: 
results from an updated and expanded systematic review and 
meta-analysis. Intensive Care Med 46: 1552–1562. doi: 
10.1007/s00134-020-06151-x. 

6. Markwart R, Saito H, Harder T, Tomczyk S, Cassini A, 
Fleischmann-Struzek C, Reichert F, Eckmanns T, Allegranzi B 
(2020) Epidemiology and burden of sepsis acquired in 
hospitals and intensive care units: a systematic review and 
meta-analysis. Intensive Care Med 46: 1536–1551. doi: 
10.1007/s00134-020-06106-2. 

7. Sinha M, Jupe J, Mack H, Coleman TP, Lawrence SM, Fraley 
SI (2018) Emerging technologies for molecular diagnosis of 
sepsis. Clin Microbiol Rev 31: e00089–17. doi: 
10.1128/CMR.00089-17. 

8. Taeb AM, Hooper MH, Marik PE (2017) Sepsis: current 
definition, pathophysiology, diagnosis, and management. Nutr 
Clin Pract 32: 296–308. doi: 10.1177/0884533617695243. 

9. Bonini A, Carota A G, Poma N, Vivaldi FM, Biagini D, Bottai 
D, Lenzi A, Tavanti A, Di Francesco F, Lomonaco T (2022) 
Emerging biosensing technologies towards early sepsis 
diagnosis and management. Biosensors (Basel) 12: 894. doi: 
10.3390/bios12100894. 

10. Schenz J, Weigand M A, Uhle F (2019) Molecular and 
biomarker-based diagnostics in early sepsis: current challenges 
and future perspectives. Expert Rev Mol Diagn 19: 1069–1078. 
doi: 10.1080/14737159.2020.1680285. 

11. Nie MW, Han YC, Shen ZJ, Xie HZ (2020) Identification of 
circRNA and mRNA expression profiles and functional 
networks of vascular tissue in lipopolysaccharide-induced 
sepsis. J Cell Mol Med 24: 7915–7927. doi: 
10.1111/jcmm.15424. 

12. Madeira F, Madhusoodanan N, Lee J, Eusebi A, Niewielska A, 
Tivey ARN, Lopez R, Butcher S (2024) The EMBL-EBI job 
dispatcher sequence analysis tools framework in 2024. Nucleic 
Acids Res. 52: W521–W525. doi: 10.1093/nar/gkae241. 

13. Lee J, Banerjee D (2020) Metabolomics and the microbiome 
as biomarkers in sepsis. Crit Care Clin 36: 105–113. doi: 
10.1016/j.ccc.2019.08.008. 

14. Qin Y, Guo X, Yu Y, Dong S, Yan Y, Bian X, Zhao C (2020) 
Screening key genes and microRNAs in sepsis by RNA-
sequencing. J Chin Med Assoc 83: 41–47. doi: 
10.1097/JCMA.0000000000000209. 

15. Azad R K, Shulaev V (2019) Metabolomics technology and 
bioinformatics for precision medicine. Brief Bioinform 20: 
1957–1971. doi: 10.1093/bib/bbx170. 

16. Maiese A, Scatena A, Costantino A, Chiti E, Occhipinti C, La 
Russa R, Di Paolo M, Turillazzi E, Frati P, Fineschi V (2022) 
Expression of microRNAs in sepsis-related organ dysfunction: 
a systematic review. Int J Mol Sci 23: 9354. doi: 
10.3390/ijms23169354. 

17. Lai Y, Lin C, Lin X, Wu L, Zhao Y, Shao T, Lin F (2022) 
Comprehensive analysis of molecular subtypes and hub genes 
of sepsis by gene expression profiles. Front Genet. 13: 884762. 
doi: 10.3389/fgene.2022.884762. 



Lin et al. – Role of IL-23A and JAK2 in sepsis J Infect Dev Ctries 2026; 20(3):445-456. 
 

455 

18. Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-
Cepas J, Simonovic M, Doncheva NT, Morris JH, Bork P, 
Jensen LJ, Mering CV (2019) STRING v11: protein-protein 
association networks with increased coverage, supporting 
functional discovery in genome-wide experimental datasets. 
Nucleic Acids Res 47: D607–D613. doi: 10.1093/nar/gky1131. 

19. Li J, Liu C, Chen Y, Gao C, Wang M, Ma X, Zhang W, Zhuang 
J, Yao Y, Sun C (2019) Tumor characterization in breast cancer 
identifies immune-relevant gene signatures associated with 
prognosis. Front Genet 10: 1119. doi: 
10.3389/fgene.2019.01119. 

20. Friedman J, Hastie T, Tibshirani R (2010) Regularization paths 
for generalized linear models via coordinate descent. J Stat 
Softw 33: 1–22. doi: 10.18637/jss.v033.i01. 

21. Lao J, Chen Y, Li Z C, Li Q, Zhang J, Liu J, Zhai G (2017) A 
deep learning-based radiomics model for prediction of survival 
in glioblastoma multiforme. Sci Rep 7: 10353. doi: 
10.1038/s41598-017-10649-8. 

22. Golub TR, Slonim DK, Tamayo P, Huard C, Gaasenbeek M, 
Mesirov JP, Coller H, Loh ML, Downing JR, Caligiuri MA, 
Bloomfield CD, Lander ES (1999) Molecular classification of 
cancer: class discovery and class prediction by gene expression 
monitoring. Science 286: 531–537. doi: 
10.1126/science.286.5439.531. 

23. Huang S, Cai N, Pacheco P, Narrandes S, Wang Y, Xu W 
(2018) Applications of support vector machine (SVM) learning 
in cancer genomics. Cancer Genomics Proteomics 15: 41–51. 
doi: 10.21873/cgp.20063. 

24. S P, Tr GB (2020) An efficient skin cancer diagnostic system 
using bendlet transform and support vector machine. An Acad 
Bras Ciênc 92: e20190554. doi: 10.1590/0001-
3765202020190554. 

25. Zhang Y, Wu Y, Gong Z-y, Ye H-d, Zhao X-k, Li J-y, Zhang 
X-m, Li S, Zhu W, Wang M, Liang G-y, Liu Y, Guan X, Zhang 
D-y, Shen B (2021) Distinguishing rectal cancer from colon 
cancer based on the support vector machine method and RNA-
sequencing data. Curr Med Sci 41: 368–374. doi: 
10.1007/s11596-021-2356-8. 

26. Jiang Y, Xie J, Han Z, Liu W, Xi S, Huang L, Huang W, Lin 
T, Zhao L, Hu Y, Yu J, Zhang Q, Li T, Cai S, Li G (2018) 
Immunomarker support vector machine classifier for 
prediction of gastric cancer survival and adjuvant 
chemotherapeutic benefit. Clin Cancer Res 24: 5574–5584. 
doi: 10.1158/1078-0432.CCR-18-0848. 

27. Li M, Huang H, Ke C, Tan L, Wu J, Xu S, Tu X (2022) 
Identification of a novel four-gene diagnostic signature for 
patients with sepsis by integrating weighted gene co-
expression network analysis and support vector machine 
algorithm. Hereditas 159: 14. doi: 10.1186/s41065-021-00215-
8. 

28. Fleischmann C, Scherag A, Adhikari NK, Hartog CS, 
Tsaganos T, Schlattmann P, Angus DC, Reinhart K (2016) 
Assessment of global incidence and mortality of hospital-
treated sepsis. current estimates and limitations. Am J Respir 
Crit Care Med 193: 259–272. doi: 10.1164/rccm.201504-
0781OC. 

29. Cecconi M, Evans L, Levy M, Rhodes A (2018) Sepsis and 
septic shock. Lancet 392: 75–87. doi: 10.1016/S0140-
6736(18)30696-2. 

30. Rubio I, Osuchowski MF, Shankar-Hari M, Skirecki T, 
Winkler MS, Lachmann G, La Rosée P, Monneret G, Venet F, 
Bauer M, Brunkhorst FM, Kox M, Cavaillon JM, Uhle F, 
Weigand MA, Flohé SB, Wiersinga WJ, Martin-Fernandez M, 

Almansa R, Martin-Loeches I, Torres A, Giamarellos-
Bourboulis EJ, Girardis M, Cossarizza A, Netea MG, van der 
Poll T, Scherag A, Meisel C, Schefold JC, Bermejo-Martín JF 
(2019) Current gaps in sepsis immunology: new opportunities 
for translational research. Lancet Infect Dis 19: e422–e436. 
doi: 10.1016/S1473-3099(19)30567-5. 

31. Delano MJ, Ward PA (2016) The immune system's role in 
sepsis progression, resolution, and long-term outcome. 
Immunol Rev 274: 330–353. doi: 10.1111/imr.12499. 

32. Nedeva C (2021) Inflammation and cell death of the innate and 
adaptive immune system during sepsis. Biomolecules. 11: 
1011. doi: 10.3390/biom11071011. 

33. van der Poll T, van de Veerdonk FL, Scicluna BP, Netea MG 
(2017) The immunopathology of sepsis and potential 
therapeutic targets. Nat Rev Immunol 17: 407–420. doi: 
10.1038/nri.2017.36. 

34. Venet F, Monneret G (2018) Advances in the understanding 
and treatment of sepsis-induced immunosuppression. Nat Rev 
Nephrol 14: 121–137. doi: 10.1038/nrneph.2017.165. 

35. Hu Y, Cheng L, Zhong W, Chen M, Zhang Q (2019) 
Bioinformatics analysis of gene expression profiles for risk 
prediction in patients with septic shock. Med Sci Monit. 25: 
9563–9571. doi: 10.12659/MSM.918491. 

36. Niu J, Qin B, Wang C, Chen C, Yang J, Shao H (2021) 
Identification of key immune-related genes in the progression 
of septic shock. Front Genet 12: 668527. doi: 
10.3389/fgene.2021.668527. 

37. Zeng X, Feng J, Yang Y, Zhao R, Yu Q, Qin H, Wei L, Ji P, Li 
H, Wu Z, Zhang J (2021) Screening of key genes of sepsis and 
septic shock using bioinformatics analysis. J Inflamm Res. 14: 
829–841. doi: 10.2147/JIR.S301663. 

38. Choi H, Lee JY, Yoo H, Jeon K (2023) Bioinformatics analysis 
of gene expression profiles for diagnosing sepsis and risk 
prediction in patients with sepsis. Int J Mol Sci 24: 9362. doi: 
10.3390/ijms24119362. 

39. Bloch Y, Bouchareychas L, Merceron R, Składanowska K, 
Van den Bossche L, Detry S, Govindarajan S, Elewaut D, 
Haerynck F, Dullaers M, Adamopoulos IE, Savvides SN 
(2018) Structural activation of pro-inflammatory human 
cytokine IL-23 by cognate IL-23 receptor enables recruitment 
of the shared receptor IL-12Rβ1. Immunity 48: 45–58.e6. doi: 
10.1016/j.immuni.2017.12.008. 

40. Xiong DK, Shi X, Han MM, Zhang XM, Wu NN, Sheng XY, 
Wang JN (2022) The regulatory mechanism and potential 
application of IL-23 in autoimmune diseases. Front Pharmacol. 
13: 982238. doi: 10.3389/fphar.2022.982238. 

41. Chen Q, Yang Y, Wu X, Yang S, Zhang Y, Shu Q, Fang X 
(2021) Triggering receptor expressed on myeloid cells-2 
protects aged mice against sepsis by mitigating the IL-23/IL-
17A response. Shock 56: 98–107. doi: 
10.1097/SHK.0000000000001668. 

42. van de Wetering D, de Paus R A, van Dissel J T, van de Vosse 
E (2009) IL-23 modulates CD56+/CD3- NK cell and 
CD56+/CD3+ NK-like T cell function differentially from IL-
12. Int Immunol 21: 145–153. doi: 10.1093/intimm/dxn132. 

43. Cao J, Liu W, Li Y, Chen B, Yu T, He Z, Hong Y (2023) Value 
of IL-1β and IL-23 in predicting 28-day mortality due to sepsis: 
a retrospective study. Med Sci Monit 29: e940163. doi: 
10.12659/MSM.940163. 

44. Xu J, Zhang X, Zhou M, Lu P, Xu Y, Wu L, Zhang Q, Wu Z, 
Xu X, Shi P, Wei Q, Li X, Song Q (2023) Bioactive compound 
C498-0670 alleviates LPS-induced sepsis via JAK/STAT and 



Lin et al. – Role of IL-23A and JAK2 in sepsis J Infect Dev Ctries 2026; 20(3):445-456. 
 

456 

NFκB signaling pathways. Front Immunol 14: 1132265. doi: 
10.3389/fimmu.2023.1132265. 

45. Morante-Palacios O, Lorente-Sorolla C, Ciudad L, Calafell-
Segura J, Garcia-Gomez A, Català-Moll F, Ruiz-Sanmartín A, 
Martínez-Gallo M, Ferrer R, Ruiz-Rodriguez J C, Álvarez-
Errico D, Ballestar E (2021) JAK2-STAT epigenetically 
regulates tolerized genes in monocytes in the first encounter 
with Gram-negative bacterial endotoxins in sepsis. Front 
Immunol 12: 734652. doi: 10.3389/fimmu.2021.734652. 

46. Liu E H, Zheng Z N, Xiao C X, Liu X, Lin X Q (2020) IL-22 
relieves sepsis-induced liver injury via activating JAK/STAT3 
signaling pathway. J Biol Regul Homeost Agents 34: 1719–
1727. doi: 10.23812/20-326-A. 

47. Clere-Jehl R, Mariotte A, Meziani F, Bahram S, Georgel P, 
Helms J (2020) JAK-STAT targeting offers novel therapeutic 
opportunities in sepsis. Trends Mol Med 26: 987–1002. doi: 
10.1016/j.molmed.2020.06.007. 

48. Schinocca C, Rizzo C, Fasano S, Grasso G, La Barbera L, 
Ciccia F, Guggino G (2021) Role of the IL-23/IL-17 pathway 
in rheumatic diseases: an overview. Front Immunol 12: 
637829. doi: 10.3389/fimmu.2021.637829. 

49. Varghese TM, Dudas PL, Allen SJ, Schneeweis JE, Finley 
MFA (2021) Optimization of a high-throughput cell-based 
screening strategy to identify small-molecule inhibitors of IL-
23 signaling. SLAS Discov 26: 122–129. doi: 
10.1177/2472555220923362. 

 



Lin et al. – Role of IL-23A and JAK2 in sepsis J Infect Dev Ctries 2026; 20(3):445-456. 
 

 

Annex – Supplementary Items 
 
  

Supplementary Figure 1. Thermograms of the top 20 genes that were up-regulated and down-regulated. 
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  Supplementary Figure 2. The protein-protein interaction (PPI) network constructed by differentially expressed genes (DEG). 
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  Supplementary Figure 3. Protein-protein interaction (PPI) network of key genes obtained by the least absolute shrinkage and selection 
operator (LASSO) regression analysis. 
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Supplementary Figure 4. Receiver operating characteristic (ROC) 
curve analysis of GSE9600 database. A: IL23A; B: JAK2. 

Supplementary Figure 5. Analysis of IL23A gene expression. A. 
GSE9600 database; B. GSE9600 database. 

Supplementary Figure 6. Immune correlation analysis in the GSE9600 dataset. A. the proportion of immune cells in each sepsis sample; B. 
level of immune cell population; C. correlation between C:IL-23A and JAK2 in each immune cell population. 
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