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Purpose: To screen biomarkers in the serum of patients with sepsis by proteomics combined with RNA sequencing technology, and to 
find new diagnostic and therapeutic targets for sepsis.
Patients and Methods: Blood samples of 22 sepsis patients (sepsis group) and 10 healthy volunteers (normal group) were collected 
from January 2019 to December 2020. Data-independent acquisition (DIA) method was employed for protein profiling, RNA 
sequencing was employed for gene sequencing. Subsequently, quality control and differential analysis (FC≥2; FDR<0.05) of DIA 
data and RNA sequencing data were performed. Then we identified expression trend-consistent divergence factors by nine-quadrant 
analysis; subsequent protein-protein interaction (PPI) and gene ontology (GO) functional enrichment analysis of intersection factors 
was performed, and meta-analysis of targets at transcriptome level was implemented using public datasets. Finally, five Peripheral 
blood mononuclear cell (PBMC) samples (NC=2; SIRS=1; SEPSIS =2) were collected, and cell localization analysis of core genes was 
performed by 10× single-cell RNA sequencing (scRNA-seq).
Results: Compared with the normal group, there were 4681 differentially expressed genes and 202 differentially expressed proteins in 
the sepsis group. Among them, 25 factors were expressed in both proteome and transcriptome, and the analysis of PPI and GO found 
that they were mainly involved in biological processes such as white blood cell and neutrophil response, inflammatory and immune 
response. Four core genes GSTO1, C1QA, RETN, and GRN were screened by meta-analysis, all of which were highly expressed in the 
sepsis group compared with the normal group (P<0.05); scRNA-seq showed the core genes were mainly localized in macrophage cell 
lines.
Conclusion: The core genes GSTO1, C1QA, RETN and GRN are mainly expressed in macrophages, widely involved in inflamma
tion and immune responses, and are highly expressed in plasma in the sepsis, suggesting that they may become potential research 
targets for sepsis.
Keywords: sepsis, proteomics, RNA sequencing, single-cell RNA sequencing, biomarker

Introduction
Sepsis is a life-threatening and time-critical medical emergency, whose core treatment relies on source control, early use 
of antibiotics, and organ function support. Rapid initiation of sepsis protocols can be effective in reducing adverse 
outcomes, but it relies on clinicians’ cognition of sepsis,1 which requires the availability of diagnostic biomarkers at 
different points of sepsis. However, the current diagnosis of sepsis is not sufficiently rapid, sensitive and specific.2 In 
recent years, sepsis research has made great strides, abnormal immune responses triggered by pathogens (from excessive 
inflammation to immunosuppression) are considered to be an important cause of high mortality.3 The innate and adaptive 
immune system plays a key role in the host response to sepsis,4 and emerging therapeutic strategies are currently focused 
on immunomodulatory, artificial intelligence and personalized therapeutic multi-omics approaches.5

RNA sequencing is a common method for analyzing gene expression and discovering new RNAs,6 and is now one of 
the most advanced techniques for transcriptome analysis.7 However, traditional RNA sequencing samples are obtained 
from a mixture of cells, and sequencing allows the detection of differentially expressed genes between two or more cell 
populations, but fails to discover the genes responsible for intercellular differences.8 scRNA-seq technology has 
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dramatically changed transcriptomic studies by resolving gene expression in a single cell,9 allowing further clarification 
of gene localization and expression in specific cells. The resolution of proteins is significant as they are the ultimate 
functional performers of an organism and their levels are constantly changing in response to processes such as growth, 
environmental stress, and disease. DIA is an emerging technology for large-scale proteomics studies, characterized by 
broad protein coverage, high reproducibility and accuracy.10,11 Proteomics combined with transcriptomic analysis can 
explore the expression levels of proteins and mRNAs, take full advantage of the differences and complementarities 
between the two histological studies to measure the full range of gene expression, uncover new results that conventional 
individual histology fails to discover, and comprehensively explore the mechanisms of disease, growth and development 
of organisms.

In this study, we intend to identify new diagnostic and therapeutic targets for sepsis by combining DIA protein 
profiling with multidimensional sequencing technologies to clarify the expression levels of core targets and cell 
lineage localization, and lay the foundation for subsequent in vivo functional studies. See Figure 1 for the specific 
process.

Figure 1 Flow chart of the study. Firstly, blood samples from sepsis patients and normal subjects were collected, then differential proteins and differential genes were 
screened by DIA protein profile and RNA sequencing combined with bioinformatics methods; then proteomics and genomics data were jointly analyzed; later, intersecting 
targets were taken for PPI and GO analysis, and four potential core genes were finally clarified by meta-analysis. Finally, scRNA-seq was used to clarify the cell lines 
localization of the target genes.
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Materials and Methods
Subjects Recruitment and Blood Collection
Peripheral blood samples were collected from sepsis patients (n=22) and healthy volunteers (n=10) who were admitted to 
the EICU of The Affiliated Hospital of Southwest Medical University from January 2019 to December 2020. Inclusion 
criteria were (1) sepsis patients admitted to the EICU; (2) meeting the Sepsis 3.0 criteria (infection + SOFA score ≥ 2) 
jointly published by American Society of Critical Care Medicine (SCCM) and European Society of Intensive Care 
Medicine (ESICM) in 2016; (3) patient age ≥ 18 years and ≤ 80 years; (4) patients or their legal representatives willing to 
enter the experiment and sign informed consent form. Exclusion criteria: (1) previous organ failure; (2) previous immune 
system disorders; (3) previous hematologic disorders; (4) patients who were unwilling to enter the trial. This experiment 
passed the Ethics Committee of Affiliated Hospital of Southwest Medical University (ethics number: ky2018029), and 
the clinical trial registration number: ChiCTR1900021261. This study complies with the Declaration of Helsinki.

RNA Sequencing
mRNA sequencing was performed with the assistance of BGI (Shenzhen, China). Total RNA was extracted from 
peripheral blood cells by TRizol (Invitrogen, Carlsbad, CA, USA). Subsequently, first strand cDNA was synthesized 
from 800–1000 ng total RNA by Clontech SMARTer PCR cDNA Synthesis Kit. The CDS Primer IIA was first annealed 
to the polyA+ tail of transcripts, followed by first-strand synthesis with SMARTScribe™ Reverse Transcriptase. Then, 
a sufficient amount of double-stranded cDNA was produced by large-scale PCR with Clontech PrimeSTAR GXL DNA 
Polymerase and 5ʹPCR Primer IIA (5’- AAGCAGTGGTATCAACGCAGAGTAC-3’). Finally, the cDNA library was 
established. Libraries were qualified and quantified by Agilent 2100 Bioanalyzer (Thermo Fisher Scientific, MA, USA) 
and real-time quantitative PCR (qPCR) (TaqMan Probe). mRNA quality control had to meet 28S/18S > 1. Qualified 
libraries were sequenced on DNBSEQ platform (BGI-Shenzhen, China). We used the website iDEP9512 (http://bioinfor 
matics.sdstate.edu/idep/) to logarithmicize and differentially analyze the data, screening differentially expressed genes 
between the normal and sepsis groups using |FC| (fold change) ≥2.0 and FDR (false discovery rate) < 0.05 as criteria. 
And box plots were used to determine whether homogeny in the samples, outlier samples were excluded using principal 
component analysis (PCA) for both data sets. The RNA sequencing dataset analysed during the current study is available 
in the China National GeneBank DataBase (CNGBdb) and can be found below: https://db.cngb.org/, under the accession: 
CNP0002611.

DIA Protein Profiling
22 samples from the sepsis group and 10 samples from normal group were analyzed by DIA proteomics techniques. We 
used the Q-Exactive HF (Thermo Fisher Scientific, San Jose, CA) liquid-mass spectrometer to achieve accurate and 
highly repeatable quantitative mass spectrometry data on a large number of proteins. Subsequently, based on the spectral 
library constructed in the traditional data dependent acquisition (DDA) mode, the Ratio values and P values of protein 
expression changes in 32 samples were identified and quantified using the mProphet algorithm. Differentially expressed 
proteins were screened using the OmicShare online platform (https://www.omicshare.com/) with the screening criteria: 
p<0.05 and |FC|≥2.0.

Combined Proteomic and Transcriptomic Analyses
Proteomic co-transcriptomic analysis is often used to explore the expression regulation patterns and mechanisms of 
organisms, to mine the expression levels of mRNA and protein. Transcriptomic and proteomic data are submitted to 
OmicShare platform to construct a nine-quadrant map, and the intersection targets of differential genes and differential 
proteins are obtained by Venny2.1 (https://bioinfogp.cnb.csic.es/tools/venny/index.html).

PPI Analysis
Protein-protein interaction analysis is a widely used core factor screening strategy based on a linkage network 
constructed on the strength of interaction between two proteins found in previous studies. Theoretically, the closer 
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a protein is to the intermediate region and the more it is linked to the outside, the more likely it is to be a core target. To 
further screen potential immune-related genes, the STRING database (https://cn.string-db.org/) was used to construct 
protein-protein interaction network map for the intersecting targets to further screen the core genes. This study was set to 
a linkage strength of at least 0.15 between the two factors,13 and the points in the network that were not linked were 
removed and subsequently labeled with the functions of interest in this study.

GO Functional Enrichment Analysis
GO functional enrichment analysis is a typical approach for big data analysis of genes, which includes three components: 
biological process (BP), cellular component (CC) and molecular function (MF). To globally view the functional 
enrichment of the intersecting genes, we performed GO analysis by ShinyGO14 (http://bioinformatics.sdstate.edu/go/) 
to enrich the top 20 gene sets of BP, CC, and MF separately and plot the interactions, and p<0.05 was defined as 
statistically significant.

Meta-Analysis
To further investigate the differential expression of intersecting genes at the transcript levels of different groups, we 
downloaded five sepsis samples of human peripheral blood (GSE28750,15 GSE54514,16 GSE67652,17 GSE69528,18 

GSE9523319) from the public database GEO (https://www.ncbi.nlm.nih.gov/geo/). The above datasets were homogenized 
(log2 logarithmic) and divided into sepsis group (Sepsis) and normal group (NC), and comprehensive meta-analysis 
based on R package: MultiMeta20 was performed on single genes of the same grouping in different datasets to verify the 
reliability of target gene expression trends in this study.

Single-Cell RNA Sequencing
Peripheral blood cells are a mixture of multiple cell lines, scRNA-seq analysis helps investigators to localize target genes 
to cells within tissues. In this study, 10× scRNA-seq was used to probe the cell lineage localization of individual target 
genes. The specific method was performed according to the company’s operating manual. Five (NC=2; SIRS=1; 
SEPSIS=2) blood samples were collected and mixed. The raw data generated in high-throughput sequencing were 
fastq format, and the raw data were quality counted using the 10× genomics official software CellRanger (https://support. 
10xgenomics.com/single-cell-gene-expression/software/pipelines/latest/what-is-cell-ranger), the data were further quality 
controlled using the Seurat software package. PCA linear dimensionality reduction analysis was performed based on 
gene expression, and the PCA results were visualized in two dimensions by tSNE. Marker genes identification was 
performed by the FindAllMarkers function, and the specific genes identified were visualized by the VlnPlot and 
FeaturePlot functions. Correlation of the expression profiles of the cells to be identified with the reference dataset was 
calculated by the SingleR package,21 and the cell type with the highest correlation in the reference dataset was assigned 
to the cells to be identified to construct a sepsis-related single-cell library. The core targets screened in the above study 
are submitted to the single cell library to specify the cell lineage localization of the target genes.

Results
Clinical Information
22 patients with sepsis and 10 normal controls included in the study were statistically analyzed for gender, age, SOFA score, 
GCS score, total white blood cell count, neutrophil count, monocyte count, platelet count, urea, and hemoglobin levels, 
expressed as mean ± standard deviation. The clinical data information is shown in Table 1. The results showed that in the 
sepsis group, patients had significantly higher inflammatory indicators and indicators of organ functional impairment.

RNA Sequencing
Box plot and PCA analysis of the mRNA obtained by sequencing revealed good homogeneity and inter-group 
differentiation between samples in the normal group and sepsis group, with no outlier samples (Figure 2A and B). 
Differential analysis was performed on the data of the two groups, and 4681 differentially expressed genes were screened 
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with |FC| ≥ 2.0 as well as FDR < 0.05, of which 2462 up-regulated genes were indicated in red, 2219 down-regulated 
genes in blue, and no differential genes in gray (Figure 2C).

DIA Protein Profiling
After protein profiling and data quality control of peripheral blood samples from 22 sepsis patients and 10 healthy 
volunteers, 690 validated proteins were obtained, of which 482 were up-regulated and 208 were down-regulated. With | 
FC| ≥ 2.0 and P < 0.05, 202 differentially expressed proteins were screened, of which 157 up-regulated proteins were 
represented in purple and 45 down-regulated proteins were represented in green (Figure 2D).

Combined Transcriptome and Proteome Analysis
The nine-quadrant plot was divided into 9 quadrants, the vertical coordinates represent the log2 values of the differential ploidy of 
transcriptome genes, the horizontal coordinates represent the log2 values of the differential ploidy of protein expression in the 
proteome. Genes with ≥2-fold up-regulation or down-regulation of gene expression were defined as significantly differential 
genes (log2=1 or −1), and proteins with ≥2-fold up- regulation or down-regulation of protein expression were defined as 
significantly differential proteins. A total of 203 intersecting targets were screened by the combined analysis of the two histologies, 
among which 8 targets, including IGF1, CD44, and MMP8, etc were located in quadrants 1 or 9, indicating inconsistent 
differential expression patterns of mRNA and corresponding proteins, suggesting the existence of post-transcriptional or 
translational level regulation, such as miRNA regulation of target genes leading to inhibition of protein translation. 36 targets, 
including DMBT1, TDRD9, PCSK9, etc were located in quadrants 2 or 8, indicating differential expression of mRNA and no 
change in the corresponding protein, suggesting post-transcriptional or translational level regulation. The 31 targets of GSTO1, 
C1QA, RETN, GRN, etc. were located in the 3 or 7 quadrants, indicating the mRNA was consistent with the corresponding protein 
in expression pattern, suggesting synchronous changes in transcription and translation levels. 54 targets such as EXTL2, HYAL1, 
ITIH2, etc were located in quadrants 4 or 6, indicating differential protein expression with no change in corresponding mRNAs, 
suggesting translational level regulation or accumulation of protein. 73 targets such as HSPB1, DSC3, THRB, etc were located in 
quadrant 5, indicating that both co-expressed mRNAs and proteins were not differentially expressed (Figure 3A), the correspon
dence between specific genes and quadrants is shown in Table 2. The Venn diagram of transcriptome and proteome differentially 
expressed targets showed a total of 25 intersecting targets in both histologies (Figure 3B).

PPI Analysis
The protein-protein interaction analysis network consists of 25 nodes and 78 edges, nodes represent proteins and edges 
represent connections. These proteins are localized in secretory granule, extracellular region, vesicle and other cellular 

Table 1 Clinical Information of Patients with Sepsis and Normal Controls

Clinic Items Sepsis Group (n=22) Normal Group (n=10) P value

Demographics
Gender(F/M) 8/14 4/6 –

Age(years) 58.36±2.458 51.7±3.685 0.1413

Clinical
SOFA score 6.045±0.6361 0±0 <0.0001

GCS score 11.18±0.8592 15±0 0.0058

WBC(10^9/L) 13.56±2.097 6.364±0.5525 0.0301
NEU(10^109) 11.8±1.897 3.819±0.4262 0.0089

Monocyte(10^109) 1.337±0.4788 0.358±0.02622 0.1820
Plt(10^9/L) 123.9±32.78 67.67±3.844 0.2718

Urea(mmol/L) 9.763±1.4 5.304±0.4908 0.004

Hgb(g/L) 104.4±5.859 145.7±8.912 0.0005

Notes: 22 patients with sepsis and 10 normal controls included in the study were statistically analyzed for 
gender, age, SOFA score, GCS score, total white blood cell count, neutrophil count, monocyte count, 
platelet count, urea, and hemoglobin levels, expressed as mean ± standard deviation.
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components, mainly involved in myeloid leukocyte activation, neutrophil degranulation, inflammatory response, cell 
activation, immune system process and other biological processes. The proteins TIMP1, CD59, CD44, GSTO1, C1QA, 
RETN, GRN are located at the center of the network (Figure 4A). Based on RNA sequencing data, genes CHAD, 
KLKB1 and ABI2, etc. were found to be lowly expressed in the sepsis group, GSTO1, C1QA, RETN, GRN, TIMP1, 
CD59 and CD44 were highly expressed in the sepsis group (Figure 4B).

GO Functional Enrichment Analysis
The top 20 gene sets of BP, CC, and MF were enriched separately, and in the GO interactive graph, if the two pathways 
(nodes) share 20% or more genes, they are connected. The darker nodes are the more significant enriched gene sets, and 
the larger nodes represent a greater number of enriched gene sets. GO functional enrichment analysis shows that the 
intersecting genes are mainly involved in myeloid leukocyte activation, exocytosis, cell activation, neutrophil mediated 
immunity, secretion by cell, neutrophil activation, cell activation involved in immune response, and other biological 
processes (Figure 4C), mainly located in extracellular space, extracellular exosome, extracellular vesicle, secretory 

Figure 2 Data quality control and differential screening. (A) the y-axis of box plot represents logarithmicized FPKM (Fragments Per Kilobase of exon model per Million 
mapped fragments), also known as log10 (FPKM), and showing that the data of each sample are homogenized and distributed at the same level and are comparable; (B) PCA 
showing that the two groups are clearly distinguishable and there were no outliers; (C) volcano plot showing up-regulated (red) and down-regulated (blue) genes screened 
by differential analysis, the horizontal coordinate is the gene expression in the sepsis group and the vertical coordinate is the gene expression in the normal group; (D) 
volcano plot showing up-regulated (purple) and down-regulated (green) proteins screened by differential analysis, with the logarithm of the difference multiplicity (log2) as 
the horizontal coordinate and the negative logarithm of the p-value (log10) as the vertical coordinate.
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vesicle and other cellular components (Figure 4D), mainly involved in lactate dehydrogenase activity, oxidoreductase 
activity, signaling receptor activator activity, receptor ligand activity, and other molecular functions (Figure 4E).

Meta-Analysis
Meta-analysis of the above intersecting genes at the transcriptional level using the sepsis datasets GSE28750, GSE54514, 
GSE67652, GSE69528, GSE95233 from the GEO public database showed that the expression of GSTO1, C1QA, RETN, 

Figure 3 Transcriptome-proteome association analysis. (A) Nine-quadrant diagram showing 203 intersecting targets between transcriptome and proteome, including 8 
targets in quadrants 1 or 9, 36 targets in quadrants 2 or 8, 31 targets in quadrants 3 or 7, 54 targets in quadrants 4 or 6, and 73 targets in quadrant 5. (B) Venn diagram 
showing 25 intersecting targets with differential expression between the proteomic and the transcriptome.

Table 2 Proteomics Combined with Transcriptomics Analysis

Quadrant Gene Symbol

1, 9 IGF1, CD44, MMP8, LDHB, PDGFB, GALT, ADA2, FCGBP
2, 8 DMBT1, TDRD9, MMRN1, PCSK9, GGH, C1QC, AHSP, C1RL, VASP, HBD, EFNA1, MSRA, PRL, TIMP3, APMAP, ASPG, PRDX5, 

C1QB, ZYX, C4BPA, SQOR, RAB7A, CAMP, ITIH4, QPCT, IGLL5, PLTP, LOXL1, CLIC1, CFLAR, CD27, DSC1, MMRN2, PTGDS, 

FSBP, RASA3
3, 7 SDC1, TIMP1, MMP2, LDHA, OIT3, GRN, RETN, S100P, C1QA, SYCP2, CD59, PRTN3, GSTO1, SLPI, QSOX1, HSPB6, MT1G, 

NQO2, ANXA1, MMP25, RHOG, PTX3, GHRL, MZB1, BUB1B, PRDX3, CHAD, NPTXR, KLKB1, ABI2, TDRD1

4, 6 EXTL2, HYAL1, ITIH2, ZBED1, DPM3, PROC, PRDX2, EHD1, HMGB1, MMP14, MGAT1, KHNYN, OAF, FBLN1, PDCD6, LTBP2, 
GANAB, CSF1, ACTB, ECI1, CD14, LMAN2, BTD, PDIA6, SAR1B, UFM1, BMP1, ERN1, INHBE, FIS1, CDC42, FAM3C, ARPC4, MIF, 

RAC1, GSTM2, MGLL, ARF1, BRK1, ALDOA, CRIP1, DCXR, BIN2, NPC2, HINT1, ATOX1, MOB1B, HCLS1, FAHD1, GPX1, 

ACTN4, FKBP3, HERC1, HNMT
5 HSPB1, DSC3, THRB, DHX29, APOM, MMP15, TGFB1, APOC1, PPIA, PEF1, HEXB, ATG10, C1R, KNG1, HBG1, C4BPB, MUC5B, 

PDS5A, GPX3, HBB, RHOA, VASN, FABP5, ITM2B, PRG4, LEP, APOE, CD99, UBE2N, SUMO4, PEBP4, LTBP1, RAP1B, SRP72, 

CNN2, FGL2, RSU1, RAB6A, AMY2B, GOLM1, CLN3, APOL1, PRDX6, GSTK1, SRC, ENPP2, COTL1, BLVRB, GSTM3, HBG2, 
LY6D, TAB2, SMC3, PXDN, CALD1, TSTD1, BID, PEPD, AIF1, PLEK, MGP, GSTP1, DNM1L, BCR, PRDX1, FLNA, TLN1, ILK, RAC2, 

YLPM1, CPNE8, UBA1, TPP1

Notes: Nine-quadrant analysis showed that a total of 203 intersection targets were screened by the combined analysis of the two histologies, of which 8 targets, including 
IGF1, CD44, and MMP8, etc were located in quadrants 1 or 9. 36 targets, including DMBT1, TDRD9, PCSK9, etc were located in quadrants 2 or 8. The 31 targets of 
GSTO1, C1QA, RETN, GRN, etc. were located in the 3 or 7 quadrants. 54 targets such as EXTL2, HYAL1, ITIH2, etc were located in quadrants 4 or 6. 73 targets such as 
HSPB1, DSC3, THRB, etc were located in quadrant 5.
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GRN was significantly higher in the sepsis group compared with the normal group, and the differences were statistically 
significant (P < 0.05) (Figure 5).

Single-Cell RNA Sequencing
The number of high quality cells for each sample was distributed from 4000 to 10,000, after eliminating double cells, 
multi-cells and apoptosis cells, the final number of cells obtained is distributed in 3108 to 8509, the average number of 
Unique Molecular Identifiers (UMI) in each cell was distributed from 519 to 8529, and the average number of genes in 
each cell was distributed from 343 to 2337. After descending clustering, the cells were divided into 9 clusters, and the 
cell types identified by Marker genes were B cell, NK cell, T cell, Platelet, and Monocyte. Among them, 3 and 5 
represented macrophages, 4 represented NK cells, 1, 2, 6, and 8 represented T cells, 7 represented B cells, and 9 

Figure 4 Intersectional gene analysis. (A) PPI network showing light green for myeloid leukocyte activation, purple for neutrophil degranulation, yellow for inflammatory 
response, pink for cell activation, dark green for immune system process, dark yellow represents secretory granule, red represents extended region, and royal blue 
represents vesicle. (B) heat map with purple for high expression in sepsis group and green for low expression in sepsis group; sample number below and gene name on the 
right; color shades respond to high and low expression values. (C) BP shows that the intersecting genes are mainly enriched in myeloid leukocyte activation, exocytosis, cell 
activation, neutrophil mediated immunity, secretion by cell, neutrophil activation, cell activation involved in immune response. (D) CC shows that the intersecting genes are 
mainly located in extracellular space, extracellular exosome, extracellular vesicle, secretory vesicle. (E), MF indicates that these genes are mainly involved in lactate 
dehydrogenase activity, oxidoreductase activity, signaling receptor activator activity, receptor ligand activity and other molecular processes. The darker nodes are the more 
significant enriched gene sets, and the larger nodes represent a larger number of enriched gene sets.
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represented platelets (Figure 6A). GSTO1, C1QA, RETN, and GRN are mainly localized in 3 and 5 cell populations, that 
is, macrophage lines (Figure 6B–D).

Discussion
The difficulty in the diagnosis and treatment of sepsis is that its pathological mechanism is not fully understood, and the 
core targets associated with prognosis are not clear for precise targeted therapy. In this study, 25 potential core genes 
were screened by RNA sequencing technique combined with DIA protein profile analysis. And we performed PPI and 

Figure 5 Meta-analysis. (A–D) represented the genes GSTO1, C1QA, RETN, GRN based on the data set GSE28750, GSE54514, GSE67652, GSE69528, GSE95233 
respectively for the normal groups and sepsis groups meta-analysis, The four core genes showed low expression in the normal group and high expression in the sepsis group, 
and the differences were statistically significant (P<0.05).
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GO functional enrichment analysis on core genes. Four potential key genes, GSTO1, C1QA, RETN and GRN were 
screened by meta-analysis, these mRNAs were consistent with the corresponding protein in expression patterns, 
suggesting simultaneous changes in transcription and translation levels. The four key genes were mainly localized in 
macrophages and were highly expressed in the sepsis group, suggesting that they deserve further investigation and may 
provide clues for sepsis treatment.

Glutathione S-transferase Omega 1 (GSTO1), a glutathione S-transferase (GST) family gene, has been found to be 
upregulated in a variety of highly aggressive cancer cells,22 and some studies have shown that GSTO1 is associated with 
chemotherapy-resistant. Therefore, inhibition of GSTO1 may be an emerging strategy for cancer therapy.23 GSTO1 

Figure 6 Single-cell RNA sequencing. (A) General map of sequencing of mixed samples. Cell populations 1,2,6 and 8 are T cells, 3 and 5 are macrophages, 4 is NK cells, 7 is 
B cells, and 9 is platelets. (B–D) suggest that core genes GSTO1, C1QA, RETN, and GRN are mainly localized in 3 and 5 cell populations, that is, macrophage lines.
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exhibits different activities in the regulation of inflammation, apoptosis and redox homeostasis,24 but its specific 
mechanism of action is unclear. The functional enrichment in this study suggests that GSTO1 is mainly involved in 
molecular functions such as oxidoreductase activity, disulfide oxidoreductase activity, mainly localized in macrophages 
and highly expressed in sepsis patients. The complement system is an early participant in the innate immune response, 
providing initial host protection by promoting phagocytosis of apoptotic or necrotic cells. C1Q molecule is an important 
molecule that activates the classical pathway of the complement cascade and is encoded by the C1Q gene cluster.25 C1Q 
deficiency prevents cerebrovascular injury and white matter loss in chronically obese mice.26 Homonymous single 
nucleotide polymorphisms in Component 1qa (C1QA) have been associated with distant metastasis in breast cancer.27 

Studies on CIQA and sepsis are limited, in this study, bioinformatics analysis revealed that CIQA is mainly involved in 
biological processes such as inflammatory response, cell activation, immune system process, and is highly expressed in 
the sepsis group. Adipose tissue is a highly active metabolic and endocrine organ, and its dysfunction can lead to insulin 
resistance, type 2 diabetes or hyperlipidemia. Resistin (RETN) is a hormone secreted by adipocytes and is associated 
with glucose homeostasis and insulin resistance,28,29 obesity, inflammation and various cancers, including breast 
cancer.30 The present study showed that RETN was found to be mainly localized in macrophages, involved in myeloid 
leukocyte activation, regulated exocytosis, cell activation, neutrophil mediated immunity, and highly expressed in the 
sepsis group. Progranulin Gene (GRN) plays a key role in the development, survival and function of mammalian 
neuronal cells and microglia, and it regulates lysosomal biogenesis, inflammation, repair, stress response and aging 
responses.31 GRN mutations are associated with one third of inherited frontotemporal dementias.32 Circulating GRN is 
a potential biomarker for screening patients with Alzheimer-type dementia and mild cognitive impairment.33 In this 
experiment, GRN was found to be highly expressed in the sepsis group, mainly located in macrophages, and involved in 
biological processes such as myeloid leukocyte activation, neutrophil degranulation, inflammatory response, and cell 
activation.

In this study, human peripheral blood RNA sequencing, DIA protein profile and 10× single-cell RNA sequencing 
combined with GEO public database information were used to screen out core genes that are closely linked to the clinical 
phenotype of sepsis, we explore the expression of core genes from multiple dimensions, providing important clues for 
later in-depth research. This study focused on the consistency of genes and proteins expression trends in blood, only 
focused on core factors with increased expression in plasma, which may be associated with intercellular communication 
or leakage after cell death. However, there are still a large number of core genes in cells that are not expressed in plasma, 
especially some transcription factors that are transferred to the nucleus. The shortcoming of this study is that the relevant 
content is an observational study of phenomenon, and further functional validation of the target genes has not been 
performed.

Conclusion
The core genes GSTO1, C1QA, RETN and GRN are mainly expressed in macrophages, widely involved in inflammation 
and immune responses, and are highly expressed in plasma in the sepsis, suggesting that they may become potential 
research targets for sepsis.

Data Sharing Statement
We intend to share individual deidentified participant data. Peripheral blood RNA sequencing data and DIA protein 
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DataBase (CNGBdb) and can be found below: https://db.cngb.org/, under the accession: CNP0002611, you can access it 
now and it’s valid forever.
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