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Purpose: This study aimed to screen differentially expressed proteins (DEPs) in plasma of 
patients with sepsis through data-independent acquisition (DIA) and enzyme-linked immu-
nosorbent assays (ELISAs), and provide convenient and accurate serum markers for deter-
mining the condition of septic patients.
Methods: A total of 53 septic patients and 16 normal controls who were admitted to the 
Affiliated Hospital of Southwest Medical University between January 2019 and 
December 2020 were enrolled in this study; 6 specimens from the normal group and 15 
from the sepsis group were randomly selected for DIA-based quantitative proteomic analysis. 
The acquired data were subjected to Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analysis, and a protein-protein interaction (PPI) network was con-
structed to screen potential markers. The selected proteins were further verified through 
ELISAs. The differences between control and sepsis groups and between survivors and non- 
survivors were analysed. Receiver operating characteristic (ROC) curves were drawn to 
explore their diagnostic value and prognostic efficacy.
Results: A total of 149 DEPs were identified by bioinformatics methods. The analyses 
showed that these proteins are mainly involved in biological processes such as cell move-
ment, stress response, cell proliferation, and immune response. Functional pathway analysis 
showed that they are mainly involved in leukocyte transendothelial migration, protein 
synthesis and processing, and various bacterial infections. LGALS3BP was selected as 
a potential plasma biomarker and further verified through an ELISA. Its level in septic 
patients was significantly higher than that in normal controls, and its level in non-survivors 
was also higher than that in survivors. The ROC curves suggested its great diagnostic 
efficacy and prognostic ability in sepsis.
Conclusion: LGALS3BP levels were significantly different between the normal and sepsis 
groups; it has good diagnostic value in sepsis, and is related to patient prognosis; thus, it 
might be a biomarker for sepsis.
Keywords: LGALS3BP, sepsis, plasma biomarker, DIA, ELISA

Introduction
Sepsis is defined as life-threatening organ dysfunction caused by the unbalanced 
response of the body to infection. The main pathological characteristics of patients 
are the increased production of inflammatory factors, highly abnormal immune 
function, multiple organ dysfunction and even death.1,2 According to statistics, 
there are approximately 20 million cases of sepsis every year worldwide.3 

Moreover, the fatality rate is up to 30% due to its rapid onset. If combined with 
septic shock, the fatality rate can be as high as 80%.4 There are currently no definite 
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and effective methods for the treatment of sepsis. Clinical 
treatment is based mainly on anti-infection, the correction 
of acidosis, body fluid resuscitation, body fluid support, 
haemoperfusion therapy, and mechanical ventilation. At 
present, a new treatment bottleneck has been reached. 
Even after the use of powerful antibacterial drugs for 
sterilization, the “waterfall effect” produced by subsequent 
inflammatory factors cannot be reversed, and the patient 
can die within a few days. Although new diagnostic cri-
teria for sepsis were published in 2016,5 the diagnostic 
value and prognostic value of previous biomarkers such as 
procalcitonin (PCT) and lactic acid in sepsis are unclear, 
and new biomarkers are urgently needed.

Data-independent acquisition (DIA) based quantitative 
proteomics is a new technology. This technology has the 
advantages of good repeatability, high sensitivity, high 
quantitative accuracy, high throughput, and data 
informatization.6 It was rated as the most noteworthy 
technology in 2015 by Nature Methods magazine. 
Because DIA mode divides the entire scanning range 
into several window areas, all ions in each window area 
are selected and fragmented at high speed and cyclically to 
obtain all fragment information from a sample without 
omission and bias.7 Through DIA technology, differen-
tially expressed proteins (DEPs) in the serum of patients 
with sepsis can be screened more extensively. Enzyme- 
linked immunosorbent assays (ELISAs) are the most 
widely used technique in enzyme immunoassay technol-
ogy. The substrate is catalysed by enzymes to produce 
a colour reaction, so it can be qualitatively or quantita-
tively observed according to the presence or absence of 
colour and the depth of colour.8

Bioinformatics is now widely used to process large-scale 
mass spectrometry data, and can be used to comprehensively 
analyse changes in protein expression. It has also become an 
important method for the study of disease pathogenesis. 
Gene Ontology (GO) analysis is commonly used to study 
gene functions and includes three parts: biological process, 
cellular component and molecular function. The molecular 
functions that gene products may perform, the cellular envir-
onment in which they are located, and the biological pro-
cesses involved are described. Kyoto Encyclopedia of Genes 
and Genomes (KEGG) can be used to analyse the related 
signalling pathways and in which these proteins participate. 
A protein-protein interaction (PPI) network and be con-
structed. Taking each protein as a node and its connection 
with other related proteins as edges, a complex network is 
formed. The corresponding software is used to describe the 

interconnections and interactions between various proteins 
in a network.

Through DIA and ELISAs, DEPs can be screened at 
one time, and new biomarkers with diagnostic and prog-
nostic significance can be identified by combining 
patients’ clinical information and provide clinicians with 
new diagnostic tools.

Materials and Methods
Recruitment of Subjects and Collection of 
Blood
In this study, blood samples were collected from septic 
patients (n=53) and normal volunteers (n=16) in the 
Department of Emergency Intensive Care Unit (EICU) of 
the Affiliated Hospital of Southwest Medical University 
from January to December 2019. The inclusion criteria were 
as follows: 1. Met the definition of sepsis 3.0 and the diag-
nostic criteria issued by the American Society of Critical Care 
Medicine (SCCM) and European Society of Intensive Care 
Medicine (ESICM); 2. Aged between 16 and 75 years; and 3. 
The subjects or legal representatives were willing to enter the 
study and sign an informed consent form. Patients were 
excluded if they were <16 years old, if they had an imminently 
terminal comorbid condition, or if they were participating in 
an ongoing clinical trial. Written informed consent was 
obtained from all study participants or their legal designates.

DIA Quantitative Proteomic Analysis
6 blood samples from the normal group and 15 from the 
sepsis group were randomly selected for DIA proteomics 
analysis. For this project, we used the Q-Exactive HF 
(Thermo Fisher Scientific, San Jose, CA) instrument in 
DIA mode to achieve accurate and highly repeatable quan-
titative mass spectrometry data on a large number of 
proteins. By combining the DDA database and MSstats 
software, we performed qualitative and quantitative infor-
mation analyses on the peptides and proteins obtained 
from the mass spectrometry analysis to obtain a large 
number of reliable quantitative results.

Screening Target Genes
All data were processed logarithmically. Box diagrams and 
principal component analysis were used to judge the unifor-
mity of samples and discrimination between groups. The 
DEPs between the normal group and the sepsis group were 
screened with the online tool iDEP91 (http://bioinformatics. 
sdstate.edu/idep/),9 and the screening criteria were fold change 
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≥ 1.5 and false discovery rate (FDR) < 0.01. The DEPs were 
submitted to the STRING (https://string-db.org/) online 
platform,10 and the PPI network was constructed. Cytoscape 
3.8.0 software was used to visualize the network.11 The differ-
entially expressed proteins in the centre of the network 
between the normal group and the sepsis group were clarified, 
and potential serum markers were searched for in the PubMed 
database.

KEGG and GO Analyses
To further understand the functions of the DEPs in septic, 
the OmicShare (https://www.omicshare.com/) platform 
was used to perform GO and KEGG enrichment 
analyses.12 By performing enrichment analysis, we can 
preliminarily clarify the biological processes or signalling 
pathways which the DEPs may participate in.

ELISA Validation
In this study, the double antibody sandwich method of 
ELISA was adopted to detect the level of LGALS3BP in 
the specimens. Specimens were added to an LGALS3BP 
antibody-coated microtiter plate and then combined with 
a horseradish peroxidase (HRP)-labelled detection anti-
body to form an antibody-antigen-enzyme-labelled anti-
body complex. After thorough washing, we added the 
TMB chromogenic agent for visualization. The TMB 
ELISA substrate system was converted into blue under 
catalysis of the HRP enzyme and into yellow under the 
action of the acid. The depth of colour was positively 
correlated with the LGALS3BP content in the samples. 
The absorbance was measured with an enzyme-labelled 
instrument at a wavelength of 450 nm, and the 
LGALS3BP content in the sample was calculated from 

the standard curve. The colour intensity is positively cor-
related with LGALS3BP in the sample.

Receiver Operating Characteristic (ROC) 
Curve Analysis
MedCalc 15.2 software was used to draw the ROC curves, 
and the area under the curve (AUC) was calculated to 
evaluate the diagnostic and prognostic ability of 
LGALS3BP. The AUCs of the ROC curves between the 
normal and sepsis groups and between survivors and non- 
survivors were greater than 0.7; therefore, LGALS3BP 
was considered to have diagnostic efficacy and prognostic 
ability.

Statistical Analyses
The data obtained from the ELISA and patients’ clinical 
information were analysed with SPSS 22.0 software. 
Continuous variables are presented as the mean ± standard 
deviation (SD) or median(interquartile range). Differences 
in continuous variables were analysed with the nonpara-
metric Mann–Whitney U-test and unpaired Student’s 
t-test. The chi-square test was used to carry out compar-
isons between categorical variables. The numbers of 
patients were compared by Fisher’s exact test. The cut- 
off criterion was a P value<0.05.

Results
Demographics and Clinical 
Characteristics
The clinical information of the recruited patients enrolled 
in this study is presented in Table 1. This study included 
16 normal patients and 53 patients with sepsis. Among the 
septic patients, the causes of sepsis were pneumonia (22, 
41.5%), abdominal infection (18, 34.0%), urinary tract 

Table 1 Baseline Characteristics of the Recruited Patients

Clinical Variable Normal Control (n=16) Sepsis (n=53) Sepsis Survivor (n=33) Sepsis Non-Survivor (n=15)

Male 10(62.5%) 36(67.9%) 23(69.7%) 9(60.00%)

Female 6(37.5%) 17(32.1%) 10(30.3%) 6(40.00%)
Age (years) 53.25±9.17 55.68±14.26 55.00±12.99 61.27±13.02

WBC (10^9/l) 6.51±1.86 12.47±7.49a 12.62±7.79 13.07±7.10

PLT (10^9/l) 215.50 (190.56, 237.94) 164.00 (144.53, 209.62)a 164.00 (136.52, 225.16) 189.00 (116.95, 238.25)
ALT (u/L) 19.30 (15.65, 26.90) 31.30 (19.60, 93.60)a 74.16 (22.53, 117.38) 33.80 (14,25,41.88)b

Cre (umol/L) 65.30 (54.93, 75.20) 82.80 (64.43, 160.83)a 113.82 (64.58, 122.83) 161.11 (46.20, 215.10)

PCT (ng/mL) NA 28.64 (1.68, 40.83) 25.84 (0.73, 38.83) 34.80 (2.85, 78.77)
SOFA score NA 5.91±3.01 5.58±3.18 6.40±2.80

Notes: aMeans compared with the normal group, p<0.05; bMeans compared with the sepsis survivors, p<0.05.
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infection (6, 11.3%), soft tissue infection (5, 9.4%), and 
bloodstream infection (2, 3.8%) (Figure 1A). Over 
a median follow-up period of 28 days, in the sepsis 
group, 33 people survived, 15 died, and 5 were lost to 
follow-up, the causes of survivors and non-survivors were 
displayed in Figure 1B and C. No considerable differences 
in sex or age were found between the patients with sepsis 
and normal volunteers; these factors were also not differ-
ent between the survivors and non-survivors. The white 
blood cell (WBC) count, platelet count, and alanine ami-
notransferase and serum creatinine levels differed signifi-
cantly between normal controls and septic patients 
(P<0.05), but there were no considerable differences 
between survivors and non-survivors except for the ala-
nine aminotransferase level. In addition, there were no 
significant differences in PCT levels or SOFA scores 
between survivors and non-survivors.

Identification of DEPs Between Normal 
Controls and Septic Patients
Through box plots and principal component analysis, the 
uniformity and discrimination of normal samples and 
sepsis samples in the DIA-based proteomics analysis 
were found to be excellent (Figure 2A and B), and no 
outliers were detected. The proteomic data were analysed 
with iDEP91 online software. A total of 149 DEPs were 
screened from the serum samples of patients in the nor-
mal group and the sepsis group. Compared with the 
normal group, there were 17 downregulated proteins 
and 132 upregulated genes in the septic group 
(Figure 2C and D).

Proteins Networks and Hub Protein 
Analysis
The DEPs were submitted to the STRING (https://string- 
db.org) online platform to construct the PPI network 
(Figure 3A). The relationship between proteins is pre-
sented in the network. Through the PPI network, we 
found that LGALS3BP, CD59, MIF, TIMP1, MMP2, 
CD44, CD14, LTBP2 and other proteins were at the 
centre of the network module and differed significantly 
between the normal and sepsis groups (P<0.05) 
(Figure 3B). After searching the PubMed database, we 
found no relevant research on LGALS3BP levels in the 
serum of patients with septic; therefore, its specific func-
tion in septic needed further verification.

GO Classification and Pathway 
Enrichment of the DEPs
The GO functional enrichment analysis of DEPs showed that 
these proteins are mainly involved in biological processes such 
as cell movement, the stress response, cell proliferation, the 
immune response, and intercellular signal transduction 
(Figure 4A). KEGG pathway analysis revealed that these 
DEPs are mainly related to signalling pathways such as leu-
kocyte migration across the endothelium, protein synthesis 
and processing, the complement and coagulation cascade, 
and various bacterial infections (Figure 4B).

Validation of LGALS3BP Through an ELISA
As shown by the ELISA results in Figure 5A and B, the 
expression level of LGALS3BP in the serum of patients 
with sepsis was 119.8±32.7 ng/mL, which was obviously 

Figure 1 Main sources of recruited septic patients: septic patients (A), survivors (B), non-survivors (C).
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higher than that in normal controls (76.1±49.2 ng/mL) 
(P<0.01) (Figure 5A). In addition, its expression level in 
non-survivors (142.2±27.2 ng/mL) was higher than that in 
survivors (110.2±30.4 ng/mL) (Figure 5B). Therefore, it 
was concluded that the expression level of LGALS3BP 
increased with the progression of sepsis.

ROC Curve Analysis
The ROC curves were generated based on the ELISA 
results. According to the results, LGALS3BP had great 
diagnostic efficacy for sepsis; its area under the ROC 
curve was 0.74, with a sensitivity of 98.0%, and 
a specificity of 53.3% (Figure 6A). The area under the 
ROC curve between survivors and non-survivors was 0.80 
(Figure 6B), which indicates that LGALS3BP has prog-
nostic ability for patients with sepsis.

Discussion
Sepsis is a disease that poses an enormous threat to 
a patient’s health. After the illness, patients subsequently 
develop symptoms such as fever, tachycardia, and short-
ness of breath. Moreover, shock or systemic multiple 
organ dysfunction may gradually appear after the disease 
progresses. The early identification of patients at a high 
risk of death and effective treatment can reduce the mor-
tality rate. In this study, through bioinformatics methods 
and DIA analysis, we determined that LGALS3BP has 
potential as a serum marker of sepsis. In combination 
with the ELISA results, we found that the expression 
level of LGALS3BP gradually increased as the disease 
progressed. The ROC curve revealed that LGALS3BP 
has diagnostic ability in sepsis, and by comparing 

Figure 2 Box plot (A), principal component analysis (B), volcano map (C), and heat map (D) of sepsis samples. The criteria for selection of differentially expressed proteins 
was set as fold-change ≥1.5, false discovery rate (FDR)<0.01.
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Figure 3 Protein–protein interaction network of differentially expressed proteins (A) and heat map of proteins that were at the centre of this network (B) .

Figure 4 The results of Gene Ontology analysis (A) and KEGG pathway analysis (B).
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survivors and non-survivors, we found that it also has 
prognostic value in sepsis.

LGALS3BP, located on chromosome 17q25, is 
a ubiquitous and versatile secreted glycoprotein in the 
human body. It has a scavenger receptor cysteine-rich 
(SRCR) domain and is a member of the β-galactoside 
binding protein family. It is mainly involved in the 
regulation of the interaction between cells or between 
cells and the matrix.13 LGALS3BP can be synthesized 
and secreted by different types of cells, including hae-
matopoietic cells and glandular or mucosal epithelial 

cells, and is present in human serum and other biologi-
cal fluids (saliva, tears, breast milk and semen).14,15 

This protein is related to the immune system, but its 
role and signal transduction mechanism in the host 
defence and immune response are still unknown.

At present, studies of LGALS3BP have focused on its 
role in tumours. Since LGALS3BP was discovered, it has 
been believed to be related to disease diagnosis, prognosis 
and the treatment response. Because it exists in the blood 
and is easy to detect, LGALS3BP has the potential to 
become a biomarker for malignant tumour diagnosis and 

Figure 5 The ELISA results of LGALS3BP expression between normal and sepsis groups (A), survivors and non-survivors in the study (B). Normal control was 76.1±49.2 
ng/mL, sepsis group 119.8±32.7 ng/mL, survivors 110.2±30.4 ng/mL and non-survivors 142.2±27.2 ng/mL.

Figure 6 ROC curve of LGALS3BP for the comparison between non-sepsis vs sepsis patients (A); ROC curve analysis of LGALS3BP for the comparison of the comparison 
of the survivors vs non-survivors (B).
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prognosis prediction. LGALS3BP mainly affects the 
occurrence and development of malignant tumours 
through mechanisms such as cell adhesion, cell prolifera-
tion and migration, angiogenesis, and the immune defence 
against tumours. LGALS3BP has a dual role in the occur-
rence and development of malignant tumours. This protein 
can not only promote the development of malignant 
tumours, but also stimulate the body’s immune response 
to inhibit tumour growth. Some studies showed that the 
specific function of LGALS3BP was related to its binding 
proteins. When combined with different regulatory pro-
teins, LGALS3BP performs completely different or even 
opposite functions.16–20

Other studies showed that the level of LGALS3BP in 
the serum was abnormally increased when patients were 
infected with viruses such as hepatitis virus or human 
immunodeficiency virus or had a malignant tumour.21,22 

Hong found that LGALS3BP could inhibit NF-κB signal 
transduction by studying HEK293T and RAW264.7 
cells. TAK1 is a key mediator of NF-κB activation in 
the cellular stress response. LGALS3BP can interact 
with TAK1 to promote its degradation, thereby inhibit-
ing NF-κB signal transduction and inhibiting 
inflammation.23 A recent study showed that 
LGALS3BP was able to induce the expression of IL-6 
by stromal cells in a galectin-3-dependent manner and 
thereby participate in COVID-19 infection.24

Some limitations of the present investigation should be 
noted. First, this study was based on patients with sepsis, 
and to determine whether LGALS3BP is a viable biomar-
ker for sepsis it will be necessary to eventually compare 
septic patients without this condition. Second, the sample 
size of this study was small, and it’s our further studies to 
expand the samples and related multi-center research. 
Finally, the specific mechanism of LGALS3BP in sepsis 
is currently unclear and subsequent experiments are 
needed to confirm these finding.

Conclusion
In summary, by combining DIA and ELISA results we 
conclude that LGALS3BP is abnormally elevated in the 
serum of patients with sepsis, and its level in non-survivors 
is higher than that in survivors. LGALS3BP is related to the 
severity of sepsis and had certain significance for patient 
prognosis; therefore, it has potential application value as 
a diagnostic marker and prognostic indicator of sepsis.
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