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ITGB2 and ICAM3 predict increased
survival of sepsis with decreased
intercellular communication in
cytotoxic CD8+T cells

Min Lei'?, Yaping Zhang'?, Yijin Yu', Gaojian Wang?, Niangiang Hu' & Junran Xie!**

Sepsis is closely linked to immunity. Our research aimed to identify key genes associated with

sepsis immunity utilizing single-cell RNA sequencing (scRNA-seq) data. This study obtained the
GSE167363 and GSE54514 datasets from the Gene Expression Omnibus (GEO). The GSE167363 dataset
was subjected to cluster analysis, cell proportion analysis, cell interaction analysis, and gene set
enrichment analysis (GSEA). The differentially expressed genes (DEGs) of CD8+T cells were intersected
with the DEGs in the GSE54514 dataset, and key genes related to immunity in sepsis patients were
identified through Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis. Finally, we validated
the gene expression levels in a mouse model of sepsis caused by cecum ligation and puncture (CLP).
Findings indicated that intercellular communication of Cytotoxic CD8+T cells was reduced in the

sepsis survivors compared to non-survivors. The expression of 3 down-regulated key DEGs (ITGB2,
SELL and ICAM3) was negatively correlated with the abundance of CD8+T cells. Moreover, Cytotoxic
CD8+T cells with low expression of ITGB2, SELL and ICAM3 were more adverse to the survival of sepsis
as compared to those with high expression of the above genes. These genes may predict increased
survival in sepsis by regulating intercellular communication in cytotoxic CD8+T cells, suggesting that
they are potential therapeutic targets for improving sepsis prognosis.
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Sepsis is a critical condition characterized by organ dysfunction resulting from an imbalanced host inflammatory
response to infection!, which can involve multiple organs, leading to organ damage or failure. The prevalence
of sepsis, a critical illness, is a substantial threat to human health. According to epidemiological reports, sepsis
has been recognized as a global health burden since 2017 due to its high morbidity and mortality. To date,
approximately 20% of annual deaths globally are associated with sepsis, which greatly affects quality of life2.

Since the pathogenesis of sepsis is still unclear, an increasing number of studies have begun to explore
the key genes involved in sepsis pathogenesis by using second-generation sequencing technology, providing
potential possibilities for the treatment of sepsis and improving the prognosis of sepsis patients®. For example,
transcriptome sequencing has been used to identify pivotal genes in adult patients with sepsis?, and single-
cell RNA sequencing (scRNA-seq) has been used to characterize the status of various immune cells during the
development of sepsis®. Undoubtedly, the rapid development of bioinformatics has greatly promoted the process
of exploring the pathogenesis of sepsis.

In recent years, studies have shown that the immune response is crucial for the development of sepsis®. With
in-depth research on immunity, immunotherapy has also been proven to be an effective method for treating
sepsis’. Therefore, exploring the role of immune cells in sepsis has become a hot research topic. Studies have
shown that autophagy can induce neutrophils to form neutrophil extracellular traps during sepsis, and increased
neutrophil autophagy can improve the survival rate of patients with sepsis®®. Moreover, studies have confirmed
that Sestrin2 has the potential to improve the prognosis of sepsis patients by inhibiting the pyroapoptosis of
dendritic cells'C.

Qiu X et al. extracted peripheral blood mononuclear cells (PBMCs) from healthy controls (HCs) and
survivors and nonsurvivors of sepsis at 0 h and 6 h for single-cell RNA sequencing (scRNA-seq) (GSE167363)
to explore the dynamic changes in human single-cell transcription characteristics during sepsis'!. As a result,
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PBMC:s have been proven to play key roles in the immune response to infection and have been widely used in the
scRNA-seq of sepsis'?. Parnell et al. extracted whole blood from HCs and sepsis survivors and nonsurvivors for
RNA-seq (GSE54514) and identified key regulatory genes in the whole blood of patients with sepsis to monitor
potential immune dysfunction!. Our study used 6 samples from the GSE167363 dataset, including 2 HCs, 2
survivors, and 2 nonsurvivors of sepsis. Bioinformatics analysis was performed on 163 samples from 18 HCs,
26 sepsis survivors, and 9 sepsis nonsurvivors in the GSE54514 dataset. Key genes related to immunity in sepsis
patients were identified through cell proportion analysis, cell interaction analysis, gene set enrichment analysis
(GSEA), immune score analysis, etc. Finally, a mouse model of cecal ligation and puncture (CLP) sepsis was
constructed to detect the expression levels of these key genes through qRT-PCR.

Materials and methods

Acquisition of scRNA-seq data

The human scRNA-seq dataset GSE167363 was downloaded from the GEO database. Six scRNA-seq datasets
obtained from human PBMCs were selected, including 2 healthy controls (GSM5102900. GSM5102901), 2
survivors (GSM5102902. GSM5102903) and 2 nonsurvivors of sepsis (GSM5102904. GSM5102905). The
microarray dataset GSE54514 was downloaded, and 163 whole-blood RNA expression datasets were selected
from 18 HCs and 26 sepsis survivors and 9 sepsis nonsurvivors.

Analyzing the scRNA-seq data

We used the “Seurat” package (v3.2.2) to analyze the GSE167363 dataset. First, the quality control of the cells was
carried out based on the following criteria: (1) we excluded genes detected in <5 cells; (2) we eliminated cells that
had fewer than 200 genes; and (3) we removed cells with mitochondrial gene expression >10%. Subsequently,
the gene expression of the remaining cells was standardized using a linear regression model. The samples were
subjected to batch effect correction using the IntegrateData method of the “Seurat” package (v3.2.2), and 6
samples were integrated. A total of 23,881 cells and 20,078 genes were included in the processed data. Principal
component analysis (PCA) was employed to identify the dimensions that were statistically significant, with a P
value less than 0.05. After that, the t-distributed stochastic neighbor embedding (t-SNE) algorithm was utilized
to reduce the dimensionality of 30 initial principal components (PCs) while performing cluster classification
analysis. Finally, the cell clusters were classified and annotated according to the marker genes of the cells'*.

Cell proportion analysis
We compared the proportions of different cells among HCs, sepsis survivors and nonsurvivors.

Analysis of intercellular interactions

Using the R package “CellChat”, GSE167363 among HCs and among sepsis survivors and non-survivors data
were analysed for cell-to-cell communication, selecting all the communication pathway information in the
database, including: Secreted Signaling, ECM-Receptor, Cell-Cell Contact, Heterodimers, Others, KEGG'>~17,
and Literature. The differences between survivors and nonsurvivors of sepsis were compared.

GSEA
The Fgsea package was used for GSEA of cytotoxic CD8+ T cells in HCs, sepsis survivors and nonsurvivors, and
C2 in the Msigdb (https://www.gsea-msigdb.org/gsea/index.jsp) was selected as the database.

Analysis of DEGs in cytotoxic CD8+ T cells
Using the Seurat FindMarkers (CD8A) function, the DEGs of cytotoxic CD8+ T cells were compared between
the sepsis survivors and nonsurvivors, with the parameters logfc.threshold =0.25 and min.pct=0.2.

Analysis of DEGs in the GSE54514 dataset
Limma (v3.16.1)was used to analyze the DEGs between sepsis survivors and nonsurvivors in the GSE54514
dataset, with |logFC| > 0.5 and adj. P<0.05 was used as a parameter.

Immune cell score
Gene set variation analysis (GSVA) was used to quantify by applying a single-sample gene set enrichment
analysis (ssGSEA) score on a set of genes contained in the pathway.

Identification of key genes

The CD8+T cell related differential genes were intersected with the differential genes computed by GSE54514
taking the intersection. And R package “clusterProfiler(v4.12.6)” was used for KEGG enrichment analysis of
these DEGs!>-17:19,

Mouse model of CLP-induced sepsis
Male C57BL/6 mice, aged 3-4 weeks, were routinely fed and kept at 22 °C for 12 h with light and dark cycles.
Mice with sepsis were subjected to CLP 1 week after adaptation. There were 22 mice in the sepsis group and 6
mice in the sham group. After abdominal anesthesia (Zoletil, 40 mg/kg), CLP was performed on all the mice
(except for the Sham group), and the abdominal cavity was closed before subcutaneous injection of normal
saline (37 °C, 50 mL/kg) for resuscitation.

The mice used in this study were obtained from the Laboratory Animal Center of Zhejiang (Hangzhou,
China). We used carbon dioxide (CO,) inhalation equipment to carry out euthanasia. We placed the mice in a
chamber during euthanasia, gradually supplying CO, to raise its concentration. The euthanasia personnel were
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required to observe the procedure and pause for a minimum of 1 min once they detected no movement, visible
breathing, or heartbeat. The trials received approval from the Institutional Animal Care and Use Committee,
ZJCLA (No. ZJCLA-IACUC-20010069). Animal experiments were complied with the ARRIVE guidelines and
all methods were performed in accordance with the relevant guidelines and regulations.

Determination of the mold results

24 h after CLP surgery, we collected lung and kidney tissue from the mice. The tissue samples were preserved in
a solution containing 4% paraformaldehyde, embedded in paraffin, and finally sliced into 5-micrometer-thick
sections. The sections were stained with H&E to examine morphological damage under a microscope.

Quantitative real-time polymerase chain reaction (qRT-PCR)

Twenty-four hours after CLP surgery, the mice were categorized into two different groups based on their
mortality: the survivor group and the nonsurvivor group. We used cardiac blood collection of 0.5 mL, and
PBMCs were extracted using Ficoll solution (Solarbio Life Sciences, Beijing, China). Then, RNA was extracted
from the PBMCs via the Trizol method for qRT-PCR. Supplementary Table S1 shows the primers used.

Results

Single-cell transcriptome profiling of PBMCs

he scRNA-seq data for PBMCs were acquired from the GSE167363 database in the GEO database. A total of
13566, 4573 and 5547 cells were obtained from Hcs and survivors and nonsurvivors of sepsis, respectively, for
scRNA analysis. Then, the t-SNE algorithm was used to reduce the dimensionality of the 30 initial PCs, and
cluster analysis was performed on all cells (Fig. 1A-B). Based on our PCA and t-SNE results, PBMCs were
classified into multiple clusters and annotated as dendritic cells, B cells, activated CD4+ T cells, natural killer
(NK) cells, naive T cells, cytotoxic CD8+ T cells, platelet cells, or monocytes via marker genes'* (Fig. 1C).

Cell proportion analysis

Figure 2A shows the percentage of cells expressing characteristic markers and their scaled relative expression
values in distinct cell clusters. The results were as follows: (1) monocytes characterized by high expression of
S100A4 and CST3; (2) platelet cells specifically expressing the cell marker PPBP; (3) cytotoxic CD8+ T cells highly
expressing CD8A; (4) naive T cells with high expression of IL7R; (5) NK cells specifically expressing the markers
GNLY, NKG7, GZMA, and KLRFI; (6) activated CD4 + T cells expressing CD4, FOXP3%; (7) B cells specifically
expressing the cell marker MS4A1; and (8) dendritic cells with high expression of LYZ. The proportions of
cell subsets were significantly different among the healthy controls and survivors and nonsurvivors of sepsis
(Fig. 2B), indicating heterogeneity and consistency among these sepsis samples.

Potential cell-cell interactions assessment in patients with sepsis

To characterize the intercellular communication networks of the normal controls and the survivors and
nonsurvivors of sepsis, a dataset of human ligand-receptor pairs was used to construct a dense intercellular
communication network (Fig. 3A-C). Our results highlighted that most cell-cell interactions were between
cytotoxic CD8+T cells and monocytes in the healthy samples. A comparison investigation was performed
to examine the intercellular interactions between the survivors and nonsurvivors of sepsis (Fig. 3D). The
red edge indicates much stronger intercellular interactions in the nonsurvivors of sepsis, while the blue edge
indicates stronger cell-cell communication in the survivors of sepsis. These results showed that intercellular
communication among cytotoxic CD8+ T cells was reduced in sepsis survivors compared to sepsis nonsurvivors.
Figure 4 illustrates the ligand-receptor or signaling pathways mediating intercellular communication in the
normal controls and in the survivors and nonsurvivors of sepsis.

Enrichment of pathways in cytotoxic CD8+ T cells

To observe the effect of cytotoxic CD8+ T cells on sepsis, we used GSEA to analyze the enrichment of the KEGG
pathways in the survivors and nonsurvivors of sepsis. The results showed that the ribosome, spliceosome, and
RNA degradation pathways were highly enriched in cytotoxic CD8+ T cells from the survivors of sepsis. Notably,
the ribosome, NK cell-mediated cytotoxicity, graft versus host disease and antigen processing and presentation
pathways were highly enriched in cytotoxic CD8+ T cells in the nonsurvivors of sepsis (Fig. 5).

DEGs in the GSE167363 and GSE54514 datasets

To further clarify the molecular mechanism by which cytotoxic CD8+T cells affect the survival of patients
with sepsis, we identified DEGs in cytotoxic CD8+ T cells between the survivors and nonsurvivors of sepsis by
FindMarker (min.pct=0.2, logfc.threshold =0.25), and a total of 582 DEGs were identified (Fig. 6A). Moreover,
DEGs between sepsis survivors and nonsurvivors in the GSE54514 dataset were analyzed with the limma
package. With the criteria of |logFC| > 0.5 and P<0.05, 210 DEGs were obtained (110 upregulated DEGs and
100 downregulated DEGs) (Fig. 6B). DEGs that were simultaneously upregulated or downregulated in both
cytotoxic CD8+T cells and the GSE54514 dataset are shown in the Venn diagram. Finally, 12 DEGs were
obtained (3 upregulated DEGs and 9 downregulated DEGs) (Fig. 6C-D) (Table 1).

KEGG enrichment analysis

Then, these 12 overlapping DEGs were subjected to KEGG enrichment analysis. The pathway that was shown
to be significantly enriched was cell adhesion molecules. Among the 12 overlapping DEGs, ITGB2, SELL
and ICAM3 were enriched in the pathway of cell adhesion molecules (Fig. 7A; Table 2), with downregulated
expression in the nonsurvivors (Fig. 7B).
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Fig. 1. Jackstraw plot (A) and elbow plot (B) showing the p value distribution of each PC. (C) t-SNE diagram
of the 8 main cell types in GSE167363 database.

Correlation of ITGB2, SELL and ICAM3 expression with immune infiltration and cytotoxic CD8+ T cells
29 immune-associated gene sets representing distinct types, functions, and pathways of immune cells were
analyzed by ssGSEA?!, and the Wilcoxon test was used to assess the disparity between sepsis survivors and
nonsurvivors (Fig. 8A). Then, we examined the relationships between the expression levels of ITGB2, SELL, and
ICAM3 and the level of infiltration by CD8+ T cells. The abundance of CD8+T cells was negatively correlated

with the expression of ITGB2, SELL, and ICAM3 (Fig. 8B-D).

To elucidate the roles and importance of ITGB2, SELL and ICAM3, we determined the expression of ITGB2,
SELL and ICAMS3 in cytotoxic CD8+T cells from survivors and nonsurvivors of sepsis. As shown in Fig. 8E,
downregulated ITGB2, SELL and ICAM3 were significantly correlated with sepsis survivors and nonsurvivors.
Combined with the above findings, these results suggested that cytotoxic CD8+T cells with low expression of
ITGB2, SELL and ICAM3 were more likely to have adverse effects on the survival of patients with sepsis than

were those with high expression of the above genes.
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Fig. 2. (A) Dot plot showing the expression of 20 signature genes in 8 cell clusters. The dot size represents
the proportion of cells, and the color spectrum represents the average expression level of the markers. (B) The
relative proportions of cell populations in HCs, sepsis survivors and nonsurvivors.

Mouse model of CLP-induced sepsis

Determination of the mouse model of CLP-induced sepsis

To verify the above results, a mouse model of CLP-induced sepsis was constructed. 24 h after CLP surgery, lung
and kidney tissues were collected for H&E staining. Figure 9A shows that the lungs of CLP mice were infiltrated
with an enormous amount of inflammatory cells, and some alveolar cavities were fused into pulmonary bullae
with interstitial hyperemia and edema. Figure 9B shows a high level of leukocyte infiltration in the renal
interstitium of CLP mice and hyperemia of the glomerular capillaries. These results suggested that the mouse
model of CLP-induced sepsis was successfully constructed.

The mRNA expression of ITGB2, SELL and ICAM3 in the CLP mouse model
After the mouse model of CLP-induced sepsis was successfully generated, the PBMCs of all 22 model mice were
obtained, including 15 from the group of survivors and 7 from the group of nonsurvivors. Then, we detected
the expression levels of ITGB2, SELL, and ICAM3 by qRT-PCR. Figure 10 shows that, in comparison to those in
survivors, the expression levels of ITGB2 and ICAM3 were substantially lower in nonsurvivors, while there was
no significant difference in the expression of SELL between the two groups.

Discussion

Sepsis is a systemic inflammatory syndrome caused by infectious diseases and is closely associated with the
pathophysiological changes that occur in various systems and organs®2. Recent studies have shown that sepsis is
closely related to immunity?>?. Previous studies have shown that sepsis is associated with severe and sustained
immunosuppression, immune dysfunction is considered to be the core mechanism of sepsis, and immune
response disorders are susceptibility factors for secondary infection and increased mortality?>. Therefore, in
this study, scRNA-seq data from human PBMCs were used for cluster analysis, and the results were annotated
as dendritic cells, B cells, activated CD4 + T cells, NK cells, naive T cells, cytotoxic CD8+ T cells, platelet cells,
and monocytes. Subsequently, we performed a cell proportion analysis, and significant changes were revealed in
the proportions of immune cells among normal controls, as well as survivors and nonsurvivors of sepsis, which
further confirmed the crucial role of immune cells in sepsis pathogenesis.

On this basis, we constructed an intercellular communication network to investigate the correlations among
these immune cells. The intercellular communication of cytotoxic CD8+T cells was more significant in sepsis
nonsurvivors than in sepsis survivors, which implies that enhanced cytotoxic CD8+ T-cell communication
may be significantly associated with reduced survival in sepsis patients. As a type of specific T cell, CD8+T
cells can secrete a variety of cytokines to participate in the immune response and resist the invasion of some
foreign pathogens?. Some studies have shown that increased interaction between platelets and CD8+ T cells is
strongly linked to an unfavorable prognosis in sepsis patients?”’. However, studies on the mechanism of action
of cytotoxic CD8+T cells in sepsis and the correlation of cytotoxic CD8+ T cells with the prognosis of sepsis
patients are lacking. It may be due to the fact that studies related to sepsis and immunity have focused on
immune homeostasis, so there are relatively few CD8+ T cell-related studies?. In this study, we suggested that
the intercellular interactions of cytotoxic CD8+ T cells are closely associated with the prognosis of sepsis patients.
Subsequently, cytotoxic CD8+ T cells were chosen for further analysis to investigate the key genes associated
with cytotoxic CD8+ T cells in sepsis.

Subsequently, GSEA was performed on the cytotoxic CD8+T cells from both the sepsis survivors and
nonsurvivors. The enrichment functions and pathways were revealed to be inconsistent between these two groups,
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Fig. 3. Circle network diagram illustrating important potential cell-cell interactions pathways in HCs. (A)
Healthy samples; (B) survived samples; (C) Non-survived samples; (D) Network representing the difference

in potential cell-cell interactions between survived samples and non-survived samples, with the red edge
indicating stronger intercellular interactions in the sepsis nonsurvivors and the blue edge representing stronger
potential cell-cell interactions in the sepsis survivors.

which also confirmed the heterogeneity of cytotoxic CD8+ T cells in sepsis patients with different prognoses.
Next, the DEGs of cytotoxic CD8+ T cells were screened from both the sepsis survivors and nonsurvivors and
intersected with the DEGs from the survivors and nonsurvivors of sepsis in the GSE54514 dataset. Finally, 12
DEGs were obtained, and KEGG enrichment results showed that cell adhesion molecules were most significantly
correlated with these DEGs. Cell adhesion molecule (CAM) is a collective term referring to various molecules
that facilitate cellular interactions and adhesion, either between cells or between cells and the extracellular
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Fig. 4. Dot plot indicating intercellular communication mediated by multiple ligand-receptor or signaling
pathways in HCs and sepsis survivors and nonsurvivors.
matrix (ECM). It serves as the molecular foundation for a range of significant physiological and pathological
processes?. It has been confirmed in the literature that CAM affects sepsis and its complications®’. Some studies
have shown that FAM46C can antagonize cardiac dysfunction caused by sepsis by downregulating CAM and
inhibiting apoptosis. It has also been found that silencing or inhibiting PFKFB3 can significantly downregulate
the expression of ICAM-1 and vascular cell adhesion molecule-1 (VCAM-1) in sepsis, thus improving acute lung
injury induced by sepsis!. Moreover, a large number of studies have recognized the diagnostic and predictive
value of ICAM-1 in sepsis through bioinformatics analysis®>3. Therefore, we selected the downregulated genes
of ITGB2, SELL, and ICAM3 that are enriched in the pathway of cell adhesion molecules for further study.

To further verify the scientific nature of the above results, a mouse model of CLP-induced sepsis was
constructed, and PBMCs were obtained from both survivors and nonsurvivors of sepsis 24 h after surgery for
qRT-PCR. ITGB2 and ICAM3 expression levels were significantly lower in nonsurvivors than in survivors, but
there was no significant difference in the SELL between the two groups.

ITGB2 has been reported to affect the progression of sepsis by participating in neutrophil recruitment, and
defects in this gene can lead to defects in leukocyte adhesion in sepsis*!. Unfortunately, the correlation between
the expression of ITGB2 and the infiltration of immune cells other than neutrophils during the progression
of sepsis has not been widely studied. For example, effective interactions between T cells and their targets
depend on T-cell receptor-mediated ITGB2 activation®. Similarly, the interaction between ITGB2 and cytotoxic
CD8+T cells in the pathogenesis of sepsis has not been fully studied. In addition, ICAM3 belongs to the family
of intercellular adhesion molecules and is the ligand of the leukocyte adhesion protein LFA-1 (integrin aL/f2)%.
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Some studies indicate that ICAM3 is critical for immune cell interactions and T lymphocyte activation®”3.

Numerous studies have proposed that ICAM3 mediates inflammatory signaling, thereby promoting cancer cell
stemness®. Dendritic cell-specific ICAM3-grabbing nonintegrin (DC-sign) inhibition plays a protective role
in sepsis-associated organ injury and systemic inflammation*’. However, the relationship between ICAM3 and
cytotoxic CD8+ T cells in sepsis has not been elucidated.

ITGB2, also known as integrin B2, is considered a key regulator of neonatal sepsis and is essential for the
progression of this condition!. In this study, we supposed that ITGB2 and ICAMS3 are strongly associated with
cytotoxic CD8+ T cell intercellular communication and are associated with reduced survival in patients with
sepsis. Targeting ICAM3 and ITGB2 may affect the prognosis of sepsis patients by affecting the intercellular
communication of cytotoxic CD8+ T cells.

However, there are still many defects in this study. First, this study is based on single-cell sequencing data,
which tends to have fewer samples. Then we only validated the expression levels of key genes in CLP mice with
sepsis, not in a larger clinical sequence. Second, the mechanism of action of cytotoxic CD8+ T cells in sepsis has
not been thoroughly explored, and the predictive significance of key genes for the prognosis of sepsis needs to
be further verified. Last, there are few applications in clinical practice, and we may be able to use efficient clinical
subtypes to recognize sepsis and achieve personalized treatment goals*2.

Conclusion

This study suggested that ITGB2 and ICAM3 could serve as biomarkers to predict survival rates in sepsis
patients, primarily by decreasing intercellular communication among cytotoxic CD8+T cells. This research
demonstrated a close association between the levels of ITGB2 and ICAM3 and reduced cellular interactions,
thereby contributing to improved patient survival rates. Moreover, this discovery highlights a potential
therapeutic target for improving sepsis prognosis. Targeted regulation of these molecules may lead to new
treatment strategies, optimizing the therapeutic outcomes for sepsis patients and ultimately boosting their
survival rates and quality of life.
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v

wrllh llwauuqu
{

N il

Iy 1‘ e ST R ® NS ® Log;FC p-value ® p-valueand log; FC
| Iy

dhod bt 0 allwanls oo ) \luu Mmoo xhn
N s e o i o e s 1 e Identity

o o e g b by o o e non-survived spetic

TR T ' 1 ® survived spetic

w1 ol o ‘u:w.‘ b }I\Illlllltlll‘ A a
o s g el g g ¢ ’ 2
i : Xpression >
B LY o
R R 2 —
| (N 1 |

Ll ‘\\' !M"‘Hﬁ i 0

unlmmumnnn LR L =i

=2

0 AT

ol ek

Log, fold change

PEAATINT 'HH i i

b TN T A

Upregulated DEGs Downregulated DEGs

GSE54514 ups CD8 ups GSE54514 downs CD8 downs

107 3 261 91 309

(28.8%) (0.8%) (70.4%) (22.2%) (75.6%)

Fig. 6. (A) Heatmap showing DEGs in cytotoxic CD8+ T cells between sepsis survivors and sepsis
nonsurvivors (GSE167363). (B) Volcano plot showing DEGs between the survivors and nonsurvivors of sepsis
in the GSE54514 dataset. Genes upregulated or downregulated by more than 0.5-fold are shown in red. (C, D)

Venn diagram of the overlapping upregulated (C) and downregulated (D) DEGs based on the DEGs identified
in the Cytotoxic CD8+T cell (GSE167363) and GSE54514 datasets.
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A

Cell adhesion molecules

Fc gamma R-mediated phagocytosis

Choline metabolism in cancer

Chemokine signaling pathway

Rap1 signaling pathway

Regulation of actin cytoskeleton

Adherens junction

Gene name | Full name Change of expression
PPBP Pro-platelet basic protein Up-regulated
RBX1 Ring-box 1 Up-regulated
SLC7A5 Solute carrier family 7 member 5 Up-regulated
ICAM3 Intercellular adhesion molecule 3 Downregulated
SORL1 Sortilin related receptor 1 Downregulated
APBBI1IP Amyloid beta precursor protein binding family B member 1 interacting protein | Downregulated
WAS WASP actin nucleation promoting factor Downregulated
SELL Selectin L Downregulated
ITGB2 Integrin subunit beta 2 Downregulated
LCP1 lymphocyte cytosolic protein 1 Downregulated
WASF2 WASP family member 2 Downregulated
S100A4 $100 calcium binding protein A4 Downregulated

Table 1. 12 DEGs in the GSE167363 and GSE54514 datasets.
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Fig. 7. (A) KEGG was used to analyze the most enriched pathways of the 12 overlapping DEGs. (B) The
expression of ITGB2, SELL and ICAM3 in the GSE54514 dataset.

Pathway D Gene count | P-value | Genes

Cell adhesion molecules hsa04514 | 3 0.000475 | ITGB2 SELL ICAM3
Adherens junction hsa04520 | 2 0.00263 | WAS WASF2

Fc gamma R-mediated phagocytosis | hsa04666 | 2 0.004854 | WAS WASF2
Choline metabolish in cancer hsa05231 |2 0.004952 | WAS WASF2
Yersinia infection hsa05135 | 2 0.00949 | WAS WASF2
Chemokine signaling pathway hsa04062 | 2 0.018092 | PPBP WAS
Rapl signaling pathway hsa04015 | 2 0.021428 | APBBI1IP ITGB2
Regulation of action cytoskeleton hsa04810 | 2 0.022989 | ITGB2 WASF2
Shigellosis hsa05131 | 2 0.029036 | RBX1 WASF2
Circadian rhythm hsa04710 | 1 0.033996 | RBX1

Table 2. Top 10 KEGG pathway analysis of the 12 overlapped DEGs.
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Fig. 9. (A) H&E staining of lung tissues from sham and CLP mice (x400). (B) H&E staining of kidney tissues
from Sham and CLP mice (x400).
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Fig. 10. The mRNA expression of ITGB2, SELL and ICAM3 in the PBMCs of mice. (A-C) The expression of
ITGB2, SELL and ICAM3 was quantified in the CLP groups of both survivors and nonsurvivors. **P<0.01,
***P<0.001, ns stands for not significant.
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Data availability
The datasets used and/or analyzed during the current study are publicly available from the Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/) (accession number: GSE167363, GSE54514).
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