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Abstract
Background: Immune dysfunction is a common and serious complication of sepsis. This study 
finds key genes linked to immunity in sepsis.
Methods: The “Limma package” was used to analyze GSE154918 datasets for differen-
tially expressed genes. The differentially expressed genes were then enriched for Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway, and interleukin 2 receptor subunit Beta 
(IL2RB) protein coding gene was chosen for investigation. IL2RB expression in peripheral blood 
mononuclear cells (PBMC) was assessed by polymerase chain reaction. White blood cells of 
septic patients and healthy controls were collected from hospitals and linked with acute physi-
ology and chronic health evaluation (APACHE) II, sequential organ failure assessment (SOFA), 
C-reactive protein (CRP), and procalcitonin (PCT) of septic patients using Pearson’s correlation 
analysis. PBMC cells were transfected with IL2RB, and the effect of transfection was observed 
on cellular interferon gamma (IFN-γ), interleukin (IL)-12, IL-4, IL-10, and IL-17A.
Results: A total of 686 differential genes, comprising 446 upregulated and 240 down regulated 
genes, were identified. The enrichment of KEGG pathway revealed that the majority of differen-
tial genes were enriched in the T helper (Th1)/Th2 cell and Th17 cell differentiation pathways. 
In patients with sepsis, correlation analysis revealed a negative correlation between IL2RB and 
APACHE II score, SOFA score, CRP, and PCT. IFN-γ and IL-12 levels were elevated in PBMC of sep-
tic patients after IL2RB transfection, but IL-4, IL-10, and IL-17A levels were lowered. 
Conclusion: Sepsis-induced immunological dysfunction is improved by IL2RB, which also bal-
ances Th1/Th2 responses and prevents Th17 activation.
© 2023 Codon Publications. Published by Codon Publications.
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Introduction

Sepsis is an infection that has high mortality and morbidity 
rates and causes multi-organ dysfunction.1 Although thera-
pies for sepsis have advanced in recent years, the fatal-
ity rate is still mounting. The etiology of sepsis is largely 
dependent on the imbalance of inflammatory factors and 
the release of inflammatory cytokines, including tumor 
necrosis factor-α (TNF-α), interleukin-6 (IL-6), and IL-1β. As 
a result, effective treatments for inflammatory illnesses 
are developed by searching molecular targets that specifi-
cally target different inflammatory pathways.2,3

The adaptive immune response, which includes  
T helper (Th) cell subpopulations, such as Th1 and Th17 
cells, is a crucial defense mechanism to shield host from 
infection. By secreting Th1-type cytokines, such as inter-
feron gamma (IFN-γ) and IL-2, Th1 cells supported cell-
mediated immune responses. Th2 cells secrete cytokines, 
such as IL-4 and IL-10, which support humoral immunity. 
Sepsis is now widely known to be linked to severe immu-
nological dysfunction, as shown by a clear change from 
Th1 to Th2 response. IL-17 and TNF-α are cytokines that 
are released by Th17 cells and are directly implicated in 
inflammation and multi-organ failure in sepsis model cells 
and animals. In summary, sepsis causes an initial, exces-
sive inflammatory response that is gradually countered by 
negative feedback from the anti-inflammatory process. 
This may negatively impact immune function, increase sus-
ceptibility to infection, cause secondary hospital-acquired 
infections, and worsen patient prognosis.4–6

Microarray technology and bioinformatic analysis have 
been extensively employed in recent decades to screen 
genetic changes at the level of gene, paralleling the 
development and deployment of gene chip technology. 
Bioinformatic analysis provides an ideal method for screen-
ing large gene expression datasets. These molecular tar-
gets could offer fresh perspectives on the pathophysiology 
of sepsis, aid in the early detection of sepsis, and offer 
novel approaches to the clinical treatment of sepsis.7,8

In this study, we used bioinformatic methods to find 
differential expression genes (DEG) in sepsis. To compare 
DEGs between septic patients and healthy individuals, 
the GSE154918 microarray dataset from Gene Expression 
Omnibus (GEO) was downloaded and examined. The molec-
ular mechanisms of sepsis were investigated using gene 
ontology (GO) annotation and Kyoto Encyclopedia of Genes 
and Genomes (KEGG)-enrichment analyses.

Methods

Microarray data

Gene Expression Omnibus database is the gene expression 
database built and maintained by the National Center for 
Biotechnology Information (NCBI). The GSE154918 dataset 
was acquired from the GEO database for our investigation.  
It consisted of samples of septic patients and healthy  
individuals, and were analyzed by the “Limma package” 
(R/Bioconductor software package) for GSE154918 dataset 
with a screening criterion of | log FC| ≥ 1, P < 0.05. 

Functional annotation and pathway-enrichment 
analysis of DEGs

By analyzing the extent of gene function terms in DEGs, 
GO-enrichment analysis was used to elucidate biologi-
cally the pathophysiological mechanisms of sepsis. To show 
enriched signaling pathways in DEGs, KEGG-enrichment 
analysis was employed. P < 0.05 was used to denote  
statistical significance. In this study, GO- and KEGG-
enrichment analysis of DEGs was performed using cluster 
Profiler in R package.

Patients and Data collection

We selected patients who underwent oral and maxillo-
facial surgery at the Ninth People’s Hospital of Shanghai 
Jiaotong University School of Medicine as the study popu-
lation. All patients underwent complete surgical resec-
tion. However, 20 people suffering from sepsis after 
surgery were selected as the sepsis group, and 10 patients 
who did not suffer from post-surgical sepsis were selected 
as the control group. All patients were diagnosed accord-
ing to the International Sepsis Definitions Conference 
diagnostic criteria for sepsis. Patients meeting the follow-
ing criteria were included: (1) age > 18 years; (2) diagnosis 
of sepsis after surgery in intensive care unit (ICU); and 
(3) patients who had not received chemotherapy or radia-
tion therapy before surgery. Exclusion criteria included 
HIV infection, neutropenia (<500 neutrophils/mm3), and 
steroid medication. The study was approved by the ethi-
cal committee of the Ninth People’s Hospital of Shanghai 
Jiaotong University, and complied with the Declaration of 
Helsinki. Every participant provided their informed writ-
ten consent. Blood samples were collected from all sub-
jects within 24 h of admission and clinical characteristics 
of the subjects were recorded, including age, gender, 
serum C-reactive protein (CRP), and procalcitonin (PCT). 
In addition, sequential organ failure assessment (SOFA) 
scores and acute physiology and chronic health evaluation 
(APACHE) II scores were assessed in patients with sepsis 
(Table 1).

Table 1  Demographic and clinical characteristics of septic 
patients.

Parameter Control  
(n = 10)

Patients  
(n = 20)

P-value

Age (years) 61.4 ± 7.57 73.9 ± 8.48 0.786

Gender (male/
female)

Males: 6
Females: 4

Males: 11
Females: 9

0.794

APACHE II score - 21.4 ± 7.24 -

SOFA score - 7.25 ± 2.81 -

CRP (mg/L) 5.16 ± 1.88 112.54 ± 24.42 <0.001*

PCT (ng/mL) 0.05 ± 0.02 15.46 ± 4.37 0.001*

CRP: C-reactive protein; PCT: procalcitonin; APACHE II 
score: acute physiology and chronic health evaluation score; 
SOFA score: sequential organ failure assessment score.
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Isolation of peripheral blood mononuclear cells 
from blood samples

Peripheral blood samples were obtained and operated accord-
ing to the manufacturer’s instructions. In brief, phosphate-
buffered saline (PBS) was diluted in the ratio of 1:1 with the 
blood sample; Ficoll-Paque™ solution (Thermo Fisher, USA) 
was added, and the samples were centrifuged at 800 g for 
30 min; the peripheral blood mononuclear cells (PBMC) layer 
was collected, washed with balanced salt solution, and cen-
trifuged, and the supernatant was removed to obtain PBMC.

Cell culture and transfection

The extracted monocytes were cultured in Roswell Park 
Memorial Institute (RPMI)-1640 medium (Gibco, Thermo 
Fisher Scientific) containing 10% PBS and 5% CO2. IL2RB 
adenovirus (GenePharma, China) vector was transfected 
into PBMC from septic patients.

Reverse Transcription Polymerase Chain Reaction 
(RT-PCR)

Following the manufacturer’s instructions, total RNA from 
PBMC was extracted using TRIzol reagent (Invitrogen, 
USA), and reverse transcription was conducted using a 
PrimeScript RT kit (Takara Bio, Shiga, Japan). SYBR Premix 
Ex TaqTM PCR kit (Takara) was used to perform PCR ampli-
fication using a StepOnePlusTM RT-PCR System (Applied 
Biosystems, USA). Primer sequences were provided by 
Sangon Biotech (Shanghai, China). IL2RB forward primer: 
5’-ATCTTGGAGCGAATGGGC-3’, IL2RB reverse primer: 
5’-TTGTTTCAATGAGCATTTAGCATCT-3’; IFN-γ forward primer: 
5’-GAGTGTGGAGACCATCAAGGA-3’, IFN-γ reverse primer: 
5’-TGGACATCAAGTCAGTTACCGAA-3’; IL-12 forward primer: 
5’-AGCACAGTGGAGGCCTGTTT-3’, IL-12 reverse primer: 
5’-GCCAGGCAACTCCCATTAGTT-3’; IL-4 forward primer: 
5’-CATCTTTGCTGCCTCCAAGAACA-3’, IL-4 reverse primer: 
5’-GCGAGTGTCCTTCTCATGGT-3’; IL-10 forward primer: 
5’-CAGGGCACCCAGTCTGAGAAC-3’, IL-10 reverse primer: 
5’-TGGCAACCCAGGTAACCCTTAAA-3’; IL-17 forward primer: 
5’-GACCTCATTGGTGTCACTGC-3’, IL-17 reverse primer: 
5’-GTCCGGGGGAAGTTCTTGTC-3’; and β-actin forward 
primer: 5’-CGTTGACATCCGTAAAGACC-3’, reverse primer: 
5’-AACAGTCCGCCTAGAAGCAC--3’. RNA expression of genes 
was normalized to β-actin expression, and gene expression 
was quantified using the 2-ΔCt method.

Western-Blot analysis

Collected samples were mixed with radioimmunoprecipita-
tion assay (RIPA) lysis solution, and lysed on ice for 30 min.  
The lysed samples were centrifuged at 10,000 rpm for  
30 min at 4°C, and the supernatant was collected for use in 
bicinchoninic acid (BCA) technique for protein quantifica-
tion. The resulting total protein samples were transferred 
to polyvinylidene fluoride (PVDF) membranes after being 
subjected to protein separation using 10% sodium dodecyl 
sulfate–polyacrylamide gel (SDS-PAGE). After being blocked 

in 5% nonfat dry milk, the PVDF membranes were washed 
and incubated with the particular antibody IL2RB (13602-
1-AP; Proteintech, USA) overnight at 4°C at a dilution ratio 
of 1:1000. The following day, the membranes were incu-
bated with secondary antibody (ab6721; Abcam, UK) for 1 h  
after being washed for three times by tris-buffered saline 
with tween (TBST). The secondary antibody was diluted at 
a ratio of 1:10,000. The PVDF membrane was washed and 
developed with the enhanced chemiluminescence (ECL) 
kit. The grayscale values of each target band were ana-
lyzed by using glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) as an internal reference, and the gray ratio of the 
target protein to the internal reference was calculated to 
quantify protein expression.

Statistical analysis

The SPSS 22.0 software was used to analyze the data. The 
mean ± standard deviation (M ± SD) of normally distributed 
data was displayed, and Student’s t-test or one-way analysis  
of variance (ANOVA) was used to compare the groups. The 
Pearson correlation coefficients were used to calculate  
relationships between variables, and P < 0.05 was considered  
as statistically significant.

Results

Differential expression genes analysis

We first normalized the data (Figure 1A), and then analyzed 
to identify a total of 686 differential genes, which included 
446 upregulated and 240 downregulated genes. The vol-
cano plot displays differences in genes of septic patients 
and healthy controls (Figure 1B), and the heatmap displays 
the expression of some differential genes (Figure 1C).

Gene ontology annotation and KEGG-enrichment 
analysis of DEGs

Sepsis-related GO terms were mainly enriched in immune 
receptors activity, immunoglobulin binding, prostaglandin 
receptor binding, growth factor binding, lipopolysaccharide 
binding, and endopeptidase regulator activity (Figures 2A 
and B). Sepsis-related KEGG enrichment showed that DEGs 
were mainly enriched in hematopoietic cell lineage, Th17 
cell differentiation, nuclear factor kappa B (NF-κB) signal-
ing pathway, and Th1/Th2 cell differentiation (Figures 2C 
and D). We found from the txt file obtained from KEGG-
enrichment analysis that IL2RB was enriched in two 
pathways, Th1/Th2 cell differentiation and Th17 cell dif-
ferentiation. The genes enriched on Th1/Th2 cell differen-
tiation and Th17 cell differentiation are shown in Table 2.

IL2RB expression is downregulated in septic 
patients

First, we used the “ggpubr package” to map the expres-
sion of IL2RB in healthy controls and septic patients in the 
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Figure 1  Differential expression genes analysis. (A) Box plot of GSE154918 dataset before and after normalization. (B) Volcano 
plot of the GSE154918 dataset (blue circles represent downregulated genes, red circles represent upregulated genes, and gray 
circles represent genes with no differences). (C) Heatmap of some differential genes in the GSE154918 dataset (grouping legend: 
light red squares represent the healthy group, green squares represent the sepsis group. Numerical legend: red represents high 
gene expression, blue represents low gene expression, and the value represents the degree of high or low expressions). 

(A)

(B) (C)

Figure 2  GO annotation analysis and KEGG-enrichment analysis of DEGs. (A) Bar plot for GO analysis. (B) Dot plot for GO analysis. 
(C) Bar plot of KEGG-enrichment analysis. (D) Dot plot of KEGG-enrichment analysis. Different color legends represent the range 
of P-values; size of the circles represents the number of enriched genes.

(A) (C)

(B) (D)
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Table 2  Genes enriched on Th1/Th2 cell and Th17 cell differentiation.

Description Gene

Th17 cell differentiation NFATC2/IL2RB/IL27/CD247/RORA/GATA3/PLCG1/ZAP70/IL1R1/HLA-DOA/CD4/LCK/CD3E/
CD3G/RORC/TBX21

Th1 and Th2 cell differentiation NFATC2/IL2RB/CD247/GATA3/RUNX3/PLCG1/ZAP70/HLA-DOA/LCK/CD4/CD3E/CD3G/TBX21

GSE154918 expression profile; this showed that IL2RB was 
lowly expressed in the peripheral blood of septic patients 
(Figure 3A). Then we examined IL2RB expression in periph-
eral blood collected from septic patients and healthy sub-
jects and found that IL2RB mRNA and protein expressions 
were significantly decreased in septic patients (Figures 3B 
and C). In addition, IL2RB expression levels were found 
to be negatively correlated with APACHE II scores, SOFA 
scores, CRP, and PCT in septic patients (Figure 3D), further 
demonstrating the correlation between IL2RB and clinico-
pathological characteristics of septic patients.

IL2RB regulates Th1/Th2- and Th17-related factors

We transfected PBMC with IL2RB, and detected the expres-
sion of IL2RB in transfected cells. It was found that the 
expression of IL2RB in the sepsis+IL2RB group was higher 
than that in the sepsis+vector group, indicating that the 
transfection was successful (Figure 4A). Th1/Th2- and Th17-
related factors were detected, and it was found that com-
pared with the healthy group, the expressions of IFN-γ and 
IL-12 in the sepsis group were decreased, and the expres-
sions of IL-4, IL-10, and IL-17A were increased, indicating 
that sepsis may lead to immune dysfunction whereas the 
imbalance of Th1/Th2- and Th17-related factors caused  
by sepsis was reversed after transfection with IL2RB  
(Figure 4B).

Discussion

The mortality rate because of sepsis has been reported 
high, making the search for sepsis-related targets essen-
tial for sepsis research.9 We are able to uncover possible 
diagnostic biomarkers and therapeutic targets for the 
prevention and treatment of sepsis using a novel and 
effective method, thanks to bioinformatics analysis. This 
enables us to comprehend the molecular pathways behind 
onset and progression of disease.10 Previous studies with 
three different differential gene expression profiles iden-
tified key downregulated gene sets, including IL2RB.11 
Identification of diagnostic biomarkers for sepsis from 
blood transcriptome data lead to immune-related gene 
IL2RB, which was identified as a diagnostic biomarker for 
sepsis.12 In this study, we selected IL2RB gene for further 
investigation after doing differential analysis of genes 
from healthy individuals and septic patients in GSE154918 
dataset.

IL2RB is a subunit of IL-2 receptor and an immuno-
modulatory cytokine that regulates immune response 
IL-2R.13 Immune diseases have been linked to human or 
mouse IL2RB deficiency.14 It is possible to prevent septic 
lung damage by upregulating IL2RB.15 Additionally, review 
of data revealed that septic patients with elevated IL2RB 
expression have greater survival rate.16 Analyzation of the 
GSE154918 expression profile revealed that IL2RB expres-
sion was decreased in the peripheral blood of septic 
patients. We collected PBMC samples of healthy individu-
als and septic patients from hospitals and examined the 

Figure 3  IL2RB expression is downregulated in PBMC from septic patients. (A) Expression of IL2RB in healthy individuals and 
septic patients from GSE154918 dataset. (B) Expression of IL2RB mRNA in septic patients and healthy individuals collected from 
hospitals. (C) Expression of IL2RB protein in septic patients and healthy individuals collected from hospitals. (D) Correlation 
analysis of IL2RB mRNA expression levels with APACHE II scores, SOFA scores, CRP, and PCT. ***P < 0.001.

(A) (B) (D)

(C)
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expression of IL2RB; the outcome was agreed with bio-
logical analysis. PCT and CRP are common biomarkers of 
sepsis, and APACHE II and SOFA scores are commonly used 
to reflect severity of the disease.17 We correlated IL2RB 
expression data in PBMC of septic patients with CRP, PCT, 
and APACHE II and SOFA scores and found that IL2RB was 
negatively correlated with all of these indicators.

T-helper cells are regarded as a crucial part of adap-
tive immune system. Th1 cells support cell-mediated 
immune responses by secreting Th1-type cytokines, 
including IFN-γ; IL-12 is a Th1-inducing and Th1-maintaining 
component.18 Th2 cells release cytokines, including IL-4 
and IL-10, that improve humoral immunity. IL-17 and IL-22, 
implicated in the pathophysiology of autoimmunity, are 
secreted by Th17 cells. Th1 and Th2 cells play a counter-
regulatory role through the secretion of their cytokines. 
For instance, IL-4 reduces Th1 cells while promoting the 
growth of Th2 cells. IFN-γ. On the other hand, it encour-
ages the growth of Th1 cells while preventing the prolif-
eration of Th2 cells and the IL-4 and IL-5 production of 
Th2 cells.19 Sepsis is associated with severe immune dys-
function, manifested by a marked shift from Th1 to Th2 
responses.20–22 We performed KEGG-enrichment analysis 
of differential genes in GSE154918 expression profile. The 
resulting text showed that IL2RB was enriched in Th1/Th2 
differentiation as well as Th17 differentiation. Therefore, 
we performed overexpression of IL2RB in PBMC and found 
that IL2RB restored Th1/Th2 homeostasis and inhibited 
Th17-related factors.

Conclusion

We identified 686 differential genes by examining sepsis-
related expression profiles from GEO database. We per-
formed GO- and KEGG-enrichment analyses on differential 
genes and discovered that IL2RB gene was enriched in two 
distinct pathways: Th1/Th2 differentiation and Th17 differ-
entiation pathways, which caught our attention. IL2RB gene 
is weakly expressed in sepsis, and in vivo investigations have 
demonstrated that it is connected to pathogenic elements 
that are related to sepsis. Mechanistically, we also dem-
onstrated that IL2RB modulates the immune dysfunction 
caused by sepsis. However, this research has some limita-
tions. Our sample size was small and the research content 
was not rich enough. Hence, the future studies must concen-
trate on the IL2RB-based sepsis diagnosis and the function of 
IL2RB in sepsis animal tests and other pathways.
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Figure 4  IL2RB regulates Th1/Th2- and Th17-related factors. (A) Bands and quantification of IL2RB in each group of PBMC.  
(B) Expression of IFN-γ, IL-12, IL-4, IL-10, and IL-17A in the PBMC of each group (the vertical coordinate indicates change in the 
ploidy-dependent gene expression compared to the healthy control, which is depicted as 1.0). vs. healthy, *P < 0.05, **P < 0.01, 
***P < 0.001; vs. sepsis, #P < 0.05, ##P < 0.01, ###P < 0.001.

(A)

(B)
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