
O R I G I N A L  R E S E A R C H

Integrated Analysis Identified TGFBI as a Biomarker 
of Disease Severity and Prognosis Correlated with 
Immune Infiltrates in Patients with Sepsis
Mingjie Shi 1,2, Yue Wei3, Runmin Guo1,2, Fei Luo 1,2

1Key Laboratory of Research in Maternal and Child Medicine and Birth Defects, Guangdong Medical University, Foshan, Guangdong, People’s Republic 
of China; 2Matenal and Child Research Institute, Shunde Women and Children’s Hospital (Maternity and Child Healthcare Hospital of Shunde Foshan), 
Guangdong Medical University, Foshan, People’s Republic of China; 3Department of Ultrasound, Shunde Women and Children’s Hospital (Maternity 
and Child Healthcare Hospital of Shunde Foshan), Guangdong Medical University, Foshan, People’s Republic of China

Correspondence: Fei Luo, Shunde Women and Children’s Hospital (Maternity and Child Healthcare Hospital of Shunde Foshan), Guangdong Medical 
University, Foshan, People’s Republic of China, Email luofei_00@163.com 

Background: Sepsis is a major contributor to morbidity and mortality among hospitalized patients. This study aims to identify 
markers associated with the severity and prognosis of sepsis, providing new approaches for its management and treatment.
Methods: Data were mined from the Gene Expression Omnibus (GEO) databases and were analyzed by multiple statistical methods like 
the Spearman correlation coefficient, Kaplan-Meier analysis, Cox regression analysis, and functional enrichment analysis. Candidate 
indicator’ associations with immune infiltration and roles in sepsis development were evaluated. Additionally, we employed techniques such 
as flow cytometry and neutral red staining to evaluate its impact on macrophage functions like polarization and phagocytosis.
Results: Twenty-eight genes were identified as being closely linked to the severity of sepsis, among which transforming growth factor 
beta induced (TGFBI) emerged as a distinct marker for predicting clinical outcomes. Notably, reductions in TGFBI expression during 
sepsis correlate with poor prognosis and rapid disease progression. Elevated expression of TGFBI has been observed to mitigate 
abnormalities in sepsis-related immune cell infiltration that are critical to the pathogenesis and prognosis of the disease, including but 
not limited to type 17 T helper cells and activated CD8 T cells. Moreover, the protein-protein interaction network revealed the top ten 
genes that interact with TGFBI, showing significant involvement in the regulation of the actin cytoskeleton, extracellular matrix- 
receptor interactions, and phagosomes. These are pivotal elements in the formation of phagocytic cups by macrophages, squaring the 
findings of the Human Protein Atlas. Additionally, we discovered that TGFBI expression was significantly higher in M2-like 
macrophages, and its upregulation was found to inhibit lipopolysaccharide-induced polarization and phagocytosis in M1-like macro-
phages, thereby playing a role in preventing the onset of inflammation.
Conclusion: TGFBI warrants additional exploration as a promising biomarker for assessing illness severity and prognosis in patients 
with sepsis, considering its significant association with immunological and inflammatory responses in this condition.
Keywords: sepsis, septic shock, TGFBI, prognosis, biomarker

Introduction
Sepsis is a life-threatening condition characterized by an abnormal response of the body to an infection caused by 
bacteria, viruses, or other pathogens.1 It begins with an inflammatory reaction and immune system activation. Symptoms 
such as a high temperature, racing heart, and difficulty breathing may manifest at this stage, while vital signs like blood 
pressure and organ function are often unaffected. The inflammation can worsen and spread throughout the body if the 
infection is not adequately controlled, eventually leading to severe sepsis, which is characterized by symptoms of organ 
dysfunction such as decreased urine output, altered state of consciousness, and hypotension, posing a serious threat to the 
patient’s life.2,3 Septic shock is the most serious stage, characterized by persistent hypotension and poor response to fluid 
resuscitation, which often leads to multi-organ failure of the heart, lungs, kidneys, liver and other organs, and is prone to 
serious complications such as refractory hypotension, metabolic acidosis, and coagulation disorders, and is the main 
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cause of disability and death in hospitalized patients.2,4 Hence, the management of sepsis centres around promptly 
identifying and intervening to halt its advancement towards severe sepsis or shock, thereby diminishing the likelihood of 
grave sequelae and mortality.

Recent years have seen an uptick in the amount of studies focusing on sepsis biomarkers, which have revealed markers not 
only for predicting the overall diagnosis and prognosis of sepsis but also for predicting harm to numerous systems.5–8 

Investigating these biomarkers is crucial for learning about the pathophysiology of sepsis, achieving early diagnosis, tracking 
the development of the disease, and determining how well treatment worked.9 Currently commonly used, such as C-reactive 
protein (CRP) and interleukin-6 (IL-6) have inherent limitations in terms of sensitivity and specificity, which restrict their 
clinical applications. CRP is a protein that increases in response to acute-phase reactions, and its heightened concentration is 
strongly linked to inflammatory processes.10,11 IL-6, being a cytokine, can serve as an indicator of the magnitude of an 
inflammatory response due to its concentration fluctuations.12,13 Increased concentrations of lactate, however, are linked to 
insufficient oxygen supply to tissues and disruptions in metabolism, and are frequently employed to evaluate the level of 
severity in patients with sepsis.14,15 Along with these more established markers, researchers are on the lookout for more 
sensitive and specific novel markers to enhance diagnostic accuracy, detect high-risk patients at an earlier stage, track the 
progression of diseases, and assess the effectiveness of treatments. Syndecan-1 and platelets, for instance, are predictors of 
disseminated intravascular coagulation and mortality in patients with sepsis.16,17 In our study, we employed multiple publicly 
accessible datasets from the Gene Expression Omnibus (GEO) database to identify biomarkers associated with disease 
severity and prognosis in patients with sepsis to distinguish between individuals requiring intensified therapy for sepsis and 
those who do not, as well as subsequently assessed their association with septic immune cell infiltration and potential clinical 
applicability, hoping that new guidance will be provided for their clinical diagnosis and management.

Materials and Methods
Microarray Datasets Collection and Data Process
We have comprehensively analyzed the Microarray datasets of sepsis subjects derived from peripheral blood mononuclear 
cells (PBMC), which were downloaded GEO (https://www.ncbi.nlm.nih.gov/geo/) databases. Firstly, Limma packages with 
normalizeBetweenArrays function was utilized to merge and emend two datasets (GSE13904 and GSE66099), the combined 
dataset contained 65 normal controls, 70 sepsis, and 287 septic shock samples. GSE65682 containing 42 healthy controls and 
479 sepsis and/or septic shock samples with clinic information was then used to explore the prognostic ability of candidate 
genes and their relationship with immune infiltration. GSE26378 and GSE13347 were also applied as external cohorts for 
sepsis and septic shock, respectively, to evaluate the expression levels and prediction abilities of candidate genes 
(Supplementary Table 2).

Identification of Differentially Expressed Genes (DEGs) Associated with Sepsis 
Progression and Functional Enrichment Analysis
Probes were converted into gene symbols in each dataset using the platform’s annotation file. In cases where numerous probes 
were mapped to the same gene symbol, the gene expression value was determined by calculating the mean value of these probes. 
DEGs among septic shock, sepsis and control were analyzed via the “limma package” in R software (http://bioconductor.org/ 
packages/release/bioc/html/limma.html), with the following cutoff for adjustment: p value < 0.05 and |FC (fold changes) > 0.5|. 
The intersections of the three sets of DEGs are visualized by Venn diagrams, and their annotations and functional enrichment 
analysis on Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) were executed by “clusterProfiler” 
and “enrichplot” packages, respectively. The cutoff was determined to be a P value < 0.05.

Identifying and Exploring the Diagnostic and Prognostic Capabilities of Candidate 
DEGs
The GSE65682 dataset served a dual purpose in our study. On one hand, it was utilized to confirm the expression levels of the 
identified candidate DEGs. In another, samples with completed clinical data were applied to identify the potential prognosis- 
associated DEGs by lasso regression analyses, univariate-and multivariate Cox regression analyses. To investigate the clinical 
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prognostic significance of TGFBI, the packages (survival and survminer) were employed to conduct univariate- and multi-
factor Cox regression analyses within the GSE65682 dataset, based on several clinic factors (age, diabetes, gender and 
endotype) and TGFBI expression.

Immune Cell Infiltration Evaluation and Correlation Analysis
The single-sample gene set enrichment analysis (ssGSEA, http://software.broadinstitute.org/gsea/msigdb/index.jsp), as 
a prominent and innovative enrichment algorithm that has emerged in recent years, has been widely employed in medical 
research to evaluate the immunological microenvironment of patients. In our study, we leveraged the ggplot2 package to 
create a volcano map, a visual representation that effectively illustrates the distribution of 23 types of immune cell 
infiltrations across various samples. Furthermore, this map was instrumental in demonstrating the influence of TGFBI 
expression on the distribution patterns of these immune cell infiltrations, providing valuable insights into the immuno-
logical impacts of TGFBI within the patient microenvironment.

Protein-Protein Interaction Network Analysis and Potential Function Exploration
The protein-protein network comprises a collection of proteins that engage in interactions with one another, thereby 
contributing to various fundamental biological processes like signal transduction, regulation of gene expression, 
metabolism of energy and materials, and control of the cell cycle. The integration of information regarding the functions 
of various proteins within cells can be effectively accomplished by including it into databases and subsequently 
representing it using protein network diagrams. STRING (version 11.5, https://string-db.org/)18 was utilized to explore 
the PPI networks and ten hub genes of TGFBI for further understanding of its physical and functional interplay. The 
visualization of the results was performed via Cytoscape (v.3.7.1, https://cytoscape.org/),19 an open-source network 
visualization tool, in order to enhance the performance of various interactions.

Cell Culture and TGFBI Overexpression
The THP-1 cells were acquired from the Central Laboratory of Central South University Xiangya and maintained in Roswell 
Park Memorial Institute (RPMI) 1640 medium supplemented with 10% fetal bovine serum (FBS) at 37°C in a humidified 
atmosphere containing 5% carbon dioxide (CO2). First, M0 macrophage differentiation was stimulated in THP-1 cells using 
100 nM phorbol 12-myristate 13-acetate (PMA, Sigma, Cat# P1585) for 24 hours. Next, the M0 macrophages were subjected 
to stimulation using 1 μg/mL of lipopolysaccharide (LPS, Sigma, Cat# L4516) for an additional 24 hours, or interleukin-4 (IL- 
4, Chamot Bio, Cat# CM006-5HP) at a concentration of 20 ng/mL for an additional 48 hours to induce the differentiation of 
M1- or M2-like macrophages, respectively. The expression of marker genes associated with M0 (CD11b and CD68), M1 
(CD86, iNOS), and M2 (CD163, CD206) macrophages was examined to assess whether THP-1 cells were properly polarized. 
TGFBI lentivirus was engineered and packaged at Shenggong Biological Engineering (Shanghai) Co., Ltd, and its over-
expression effectiveness was evaluated by immunoblotting (Affinity, DF7015).

Quantitative Polymerase Chain Reaction (q-PCR)
Total RNA from the intervened cells was isolated with TRIzol™ Reagent (Thermo Scientific, USA). The assessment of 
RNA purity and quantity was conducted utilizing the Nanodrop 2000 spectrophotometer (Thermo Scientific, USA). The 
cDNA was synthesized using a 1st Strand cDNA Synthesis SuperMix (gDNA Purge) (NovoProtein, China). qPCR was 
carried out using the PowerUp™ SYBR™ Green Kit (Thermo Scientific, USA) and QuantStudio 5 machine (Thermo 
Scientific, USA), adhering to the guidelines provided by the manufacturer. An internal control, GAPDH, was chosen. All 
primer sequences used in q-PCR are listed in Supplementary Table 1.

Flow Cytometry Analysis
Cultured target cells were harvested and pelleted before being suspended in FACS buffer (PBS, 1% BSA, 2.5 mM EDTA, 
and 0.01% sodium azide) at a volume of 2.5 mL. The cell pellets were resuspended in FcR blocking reagent (diluted 1:10 
in FACS buffer; Miltenyi Biotec, Leiden, Netherlands) and afterwards incubated for a duration of 10 minutes at 
a temperature range of 2–8°C to inhibit the activity of FcR receptors on THP-1-derived macrophages. Cell pellets 
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were centrifuged, and then stained with PE-labeled anti-F4/80 (5 μL/106 cells; clone; BM8; Bio-Rad) for 20 minutes at 
2–8°C to identify macrophages among the dead cells. Staining macrophages with FITC-labeled anti-CD11c (0.5 μL/106 

cells; clone: N418; Bio-Green) for 20 minutes at 2–8°C enables the identification of M1 subtype macrophages. Following 
the staining of cell pellets, they were washed twice with a 1 Perm/Wash Buffer, and then analyzed on a flow cytometer. 
To properly recognise positive F4/80 and CD11c signals, the gating strategy was devised to ensure that the overlap with 
the isotype control signal did not exceed 5%. Flow cytometry (FACScantoII System, BD Biosciences, San Jose, CA, 
USA) was utilized to identify macrophage polarization, and the data was analyzed with FlowJo.

Neutral Red Uptake Assay
The effect of transforming growth factor beta induced (TGFBI) on phagocytosis of THP-1 cells was assessed by a neutral 
red uptake assay. The appropriate number of target cells were cultured in six-well plates, treated with 100 nM PMA for 
24 hours induced into macrophages, and then added 1 μg/mL LPS intervention for 24 hours. The cell cultures were then 
removed and washed twice with PBS solution. Staining solution was added at the proper concentration to guarantee 
complete cell coverage, and the cells were stained for 5 minutes before being washed three times in PBS solution before 
being observed and photographed.

Enzyme Linked Immunosorbent Assay (ELISA)
Human IL-6 and IL-10 ELISA kits were purchased from Meimian Industrial Co., Ltd., Jiangsu, China; all the other 
chemicals used were of analytical grade. Their contents were determined via commercially available kits in accordance 
with the instructions provided by the manufacturer. All samples were analyzed in duplicate, and the data are reported as 
either medians or means.

Statistical Analysis
All statistical analyses were performed using R software (version 4.1.0) with multiple packages like Limma, ggplot2, 
survminer, ect., and GraphPad Prism software (version 8.4.3). Receiver operating characteristic (ROC) curves were used 
to evaluate TGFBI’s diagnostic accuracy, with results given as the area under the ROC curves (AUROC) and 95% 
confidence intervals (CIs). The optimal cut-off value, sensitivity, and specificity of the candidate gene were determined 
by maximizing the Youden’s index. Spearman correlation coefficient was employed to assess the bonds between TGFBI 
and immune cells. All hypothetical tests conducted in this study were two-tailed, and a significance level of P value < 
0.05 was used to determine statistical significance.

Results
Identification of Common DEGs in Sepsis and Sepsis Shock
Sepsis is a complex syndrome where infection triggers a dysregulated host response, potentially leading to life- 
threatening organ damage, and is a clinical condition characterized by high rates of morbidity and mortality. We selected 
two datasets encompassing cases of sepsis and septic shock, and the study process and the detailed characteristics are 
shown in Figure 1 and Supplementary Table 2. Initially, we used |logFC| ≥ 0.5 and adjust P-value < 0.05 as screening 
criteria to identify progression genes in sepsis to septic shock. This condition led to the identification of 2209 genes 
aberrantly expressed in sepsis, 2571 in septic shock, and 35 in the progression from sepsis to septic shock (Figure 2A). 
Ultimately, 28 genes were pinpointed as key players in the development and progression of sepsis (Figure 2B). Of these, 
20 genes showed gradual increases the onset of sepsis or progression to septic shock, while the remaining 8 genes 
demonstrated the opposite trend (Figure 2C). As a preliminary step toward elucidating the processes these genes 
participate in, we used GeneMANIA (http://genemania.org/) to identify 25 additional genes with potentially similar 
functions (Supplementary Figure 1). Subsequent enrichment analysis revealed their primary involvement in the defense 
response to fungus and the IL-17 signaling pathway (Figure 2D), shedding light on the molecular mechanisms underlying 
sepsis and its progression.
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Figure 1 A flow diagram exhibiting the process analysis of the study.

Figure 2 Identification and enrichment analysis of genes associated with the severity of sepsis. (A) Identification of DEGs among the three populations (non-infected, sepsis and 
septic shock). (B) DEGs that are common amongst the three groups can be found using the Venn diagram. (C) The 28 DEGs found to be linked to sepsis severity are depicted on 
a volcano map. (D) Analysis of 28 DEGs and related genes (identified by GeneMANIA) using the Gene Ontology (GO) and Kyoto Encyclopaedia of Genes and Genomes (KEGG).
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An Assessment of the Candidate Genes’ Expression and Identification of the Target 
TGFBI with a Prognosis
Next, extensive validation of these 28 gene expressions using the external datasets (GSE65682) found them to all be significantly 
different in expression, with trends corroborating our initial findings (Figure 3A). Five genes (CECR1, G0S2, HLA-DMB, MME 
and TGFBI) were incorporated into the Lasso regression analyses that followed the univariate Cox regression analyses, exhibiting 
that their association with patients’ overall survival (P-value < 0.05, Figure 3B). A multivariate Cox proportional hazards 
regression analysis was later conducted to identify the target TGFBI as an independent predictor for predicting the overall survival 
of the patients (HR 0.73, 95% CI 0.62–0.87, P < 0.001; Figure 3B). TGFBI and other clinical parameters (such as age, gender, 
diabetes and endotype) were evaluated in relation to patient survival, using samples with comprehensive clinical data. Both 
univariate (HR 0.74, 95% CI 0.63–0.88, P < 0.001; Figure 3C) and multivariate (HR 0.77, 95% CI 0.65–0.92, P < 0.01; Figure 3C) 
Cox regression analyses showed a significant correlation between TGFBI expression and overall survival in patients with sepsis. 
Meanwhile, the Kaplan-Meier analysis indicated that high TGFBI expression positively correlated with prognosis, showing 
significantly better overall survival compared to those with low expression (Figure 4Ai). More, the AUROC for TGFBI in 
diagnosing sepsis patients was notably high at 0.916 (95% CI 0.852–0.980), with a sensitivity of 0.814 and specificity of 0.952 
(Figure 4Aii). TGFBI also had a significant predictive ability to distinguish patients with sepsis (AUROC 0.848, 95% CI 0.788– 
0.908; Figure 4Bi) and septic shock (AUROC 0.786, 95% CI 0.705–0.866; Figure 4Bi) patients, as shown by the merged datasets. 

Figure 3 The external dataset is used to analyze the expression levels of 28 candidate genes, and the target (TGFBI) with higher clinical value is identified. (A) 28 candidate 
genes’ expression levels in GSE65682. (B) Analyses using univariate, lasso, and multivariate Cox regression showed TGFBI as a biomarker connected to sepsis severity and 
clinical outcome. (C) Univariate and multifactorial analysis also confirmed TGFBI’s continued utility as an independent predictor, along with several other clinical 
characteristics. ***P<0.001.

https://doi.org/10.2147/JIR.S456132                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 2290

Shi et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


However, its predictive capacity was moderately effective in differentiating between patients with and without septic shock 
(AUROC 0.623, 95% CI 0.545–0.701; Figure 4Bii). Furthermore, we confirmed the readily observable differential expression 
levels accompanied by the favorable predictive power of TGFBI in two additional sepsis (GSE134347, Figure 4C) and septic 
shock (GSE26378, Figure 4D) datasets.

Effects of TGFBI on Immunological Homeostasis Changes During Sepsis
Sepsis typically involves an initial phase characterized by systemic inflammation, followed by a phase of immunosup-
pression and organ dysfunction. The formation and course of this condition are significantly influenced by immune cells, 
which also play a crucial role in determining patient prognosis. Here, we used the ssGSEA algorithm to explore the 
variations in immune cell expression between normal donors and sepsis patients. Additionally, an examination was 
conducted to assess the potential association between TGFBI and these immune cells. Patients with sepsis exhibited 
profound immunological dysregulation, with a marked decrease in the proportion of 14 immune cells represented by 
innate dendritic cells and a substantial increase in the proportion of 9 immune cells, including activated dendritic cells. 
This imbalance in immune cell regulation highlights the complex and severe alterations in the immune system associated 
with sepsis, underlining the critical need for targeted therapeutic strategies to address these immune dysfunctions. 
Intriguingly, we discovered that cells involved in mediating inflammatory factor secretion, such as activated dendritic 
cells and type 17 T helper cells, were significantly upregulated in sepsis patients. In contrast, immunomodulatory cells, 
like innate dendritic cells, activated and innate B cells, were notably suppressed (Figure 5A). On the other hand, patients 
with sepsis who expressed high levels of TGFBI exhibited improved outcomes due to increased infiltration of 
immunomodulatory cells like dendritic cells, activated and innate B cells, activated CD8 T cells, natural killer T cells, 
etc., and reduced infiltration of cells mediating inflammatory factor secretion, such as activated dendritic cells and type 
17 T helper cells (Figure 5B). We also investigated the prognostic ability of immune cells in sepsis and their correlation 
with TGFBI levels. TGFBI levels correlated with specific immunocytes associated with clinical outcomes in patients 
with sepsis, such as type 17 T helper cells and T follicular helper cells, highlighting the pivotal role of TGFBI in 
modulating the immune response in sepsis (Figure 5C).

TGFBI’s Role in Polarization, Phagocytosis and Mediating Inflammation of Macrophages
To better understand the potential functions of TGFBI, we first identified top 10 genes with clear reciprocal relationships 
through the String database (Figure 6A). The functional enrichment of them revealed their involvement primarily in 

Figure 4 Assessment of clinical efficacy of TGFBI. (A) Predictive ability of TGFBI for sepsis in GSE65682 is demonstrated by Kaplan-Meier survival (Ai) and ROC curves 
(Aii). (B) Comparison of the ROC curves for TGFBI in identifying sepsis and septic shock in merged dataset (Bi), and separately identifying septic shock from sepsis (Bii). 
External dataset to validate TGFBI’s detectability and predictive value in sepsis (GSE134347, C) and septic shock (GSE26378, D). ****P<0.0001.
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regulating actin cytoskeleton, extracellular matrix-receptor connections, phagosomes, etc. (Figure 6B). Next, a single-cell 
analysis from the Human Protein Atlas database revealed that TGFBI was highly expressed in macrophages, monocytes, 
and dendritic cells within PBMC (Figure 6C). TGFBI functions, such as regulating the actin cytoskeleton and phago-
somes, are required for macrophages to form phagocytic cups, suggesting that TGFBI plays a significant role in the 
activation of macrophage activity. Moreover, TGFBI was found to be highly expressed in M2-type macrophages, as 
evidenced by the macrophage sequencing dataset (GSE159112) and then verified by q-PCR in macrophages derived from 
THP-1 cells (Figure 6D and Supplementary Figure 2). Flow cytometric analysis revealed that LPS treatment in TGFBI 
overexpressing macrophages resulted in a 32.8% reduction in F4/80+CD11c+ cells compared to the LPS-treated group 
(Figure 6E). Additionally, neutral red staining results also showed that TGFBI diminished the phagocytic capacity of 
LPS-induced M1-like macrophages (Figure 6F). Then, it was found in our TGFBI overexpressing stable-transformed 
cells that LPS-stimulated TGFBI-high expressing macrophages (THP-1 derived) showed decreased production of both 

Figure 5 Exploring the role of TGFBI in immunological homeostasis alterations during sepsis. (A) The ssGSEA algorithm was used to evaluate the infiltration of 23 common 
immune cells in sepsis, and differences were identified using the Wilcoxon test statistic. (B) Effect of TGFBI on the distribution of immune infiltration (Wilcoxon test). (C) 
Analysis of the impact of immune cell infiltration on the clinical prognosis (Kaplan-Meier survival curves) of sepsis and their correlations with TGFBI (Spearman correlation 
analysis). “ns” indicates not significant (P>0.05), *P<0.05, **P<0.01, ***P<0.001.

https://doi.org/10.2147/JIR.S456132                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 2292

Shi et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=456132.docx
https://www.dovepress.com
https://www.dovepress.com


Figure 6 Exploring the potential functions of TGFBI. (A) Ten proteins with similar functions to TGFBI were identified using the String database. (B) A functional enrichment 
analysis of TGFBI and related proteins. (C) Single-cell data for peripheral blood mononuclear cell (PBMC) TGFBI derived from the Human Protein Atlas. (D) The expression 
of TGFBI in different subtypes of macrophages were analyzed in GSE159112 and validated by q-PCR on macrophages-derived from THP-1 cells. (E) Flow cytometry results 
showed that TGFBI improved M1 polarization of LPS-induced macrophages. (F) TGFBI was found to attenuate LPS-mediated phagocytosis in macrophages by Neutral Red 
Staining Solution. (G) ELISA results showed that TGFBI had different effects on LPS-mediated inflammatory factors (IL-6 and IL-10). *P<0.05, **P<0.01, ***P<0.001.
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pro-inflammatory (IL-6) and anti-inflammatory (IL-10) molecules, indicating its ability to ameliorate inflammation and 
boost immunological function (Figure 6G).

Discussion
Sepsis is a highly heterogeneous disease, with its development and severity influenced by the balance between cytokine storm 
and the intensity of immunosuppression.20,21 As a first step in identifying regulators implicated in the severity of sepsis, we used 
two shared datasets to search for genes that were differentially expressed in three different conditions (healthy or non-infected, 
sepsis, and septic shock). Twenty-eight genes, including carcinoembryonic antigen-related cell adhesion molecule 1 
(CEACAM1), Resistin (RETN), Methyltransferase like 7B (METTL7B), and others, were ultimately found to play a role in 
the onset and progression of sepsis, with these genes and their regulatory counterparts primarily concentrated in the interleukin 17 
signaling pathway. We next used an external database (GSE65682) to investigate the levels of these 28 genes and found 
expression trends that were in line with our initial observations. Many of these genes have been previously reported to be closely 
associated with the progress of sepsis. For instance, Catton et al22 discovered that CEACAM1, which is specifically targeted by 
the bacterial R28 protein, promotes postpartum sepsis development by interactions such as cervical cell adhesion, epithelial 
wound healing suppression, and modification of innate immune responses. Karampela et al23 noted a significant increase in 
RETN in critical illness and sepsis, correlating its levels with the severity and outcomes of sepsis. METTL7B, is upregulated in 
sepsis and regulates lipopolysaccharide-induced inflammatory responses and macrophage polarization.24 To further identify 
novel regulators that are more clinically relevant, we explored their prognostic capabilities in a dataset containing clinical 
information by multiple bioinformatic means and showed that TGFBI may be used as a standalone predictor of clinical outcome 
and has a high diagnostic predictive value. Additional sepsis (GSE134347) and septic shock (GSE26378) datasets confirmed its 
differential expression and the predictive value. Notably, the expression of TGFBI is downregulated or absent in various 
malignancies, such as lung,25 breast,26 ovarian,27 and prostate,28 and is associated with poor prognosis in patients as well as 
sensitivity to and efficacy of chemotherapy. However, the exact clinical roles and regulatory mechanisms of TGFBI in sepsis 
remain unclear. Additional research into TGFBI’s function may enhance sepsis diagnosis and treatment efficacy, as our findings 
implies that it is pivotal to the development and growth of the disease.

Matricellular TGFBI, a nonstructural protein on human chromosome 5 with a molecular weight of 68 kDa, is expressed in 
several cell types and organs, particularly in response to transforming growth factor β (TGF-β) signaling.29,30 TGFBI 
indirectly affects the biological activity of TGF-β1 by participating in cell-matrix interactions and cell migration, and thus 
plays a key role in various biological processes.31,32 Fibronectin, SPARC, and some collagen proteins are just a few examples 
of extracellular matrix proteins that it has been shown to interact with.33 As of now, while research into the relationship 
between TGFBI and sepsis is still relatively limited, the role and mechanisms of the TGF-β signaling pathway in sepsis have 
emerged as significant areas of focus in clinical and basic research, with numerous key achievements already accomplished.34– 

36 Our findings suggests that TGFBI may be an additional vital regulator in the TGF-β signalling pathway that contributes to 
the onset and progression of sepsis. An example of this is the fact that TGFBI lacks a novel protective effect against obesity, 
which is achieved through activation of the Notch-1 signaling pathway, as discovered by Lee et al.37 More recent research on 
TGFBI has shown its significant involvement in non-neoplastic disorders such osteoarthritis and corneal dystrophy, as well as 
in tumorigenesis and progression that varies according to tumour type and relative stage of the tumour.38–41 Cancer cell 
biology experiments in vitro show that overexpressing TGFBI reduces migration and colony formation in pancreatic, lung, 
and breast cancer cells.41–43 In a mouse model of primary breast cancer, overexpressing TGFBI similarly suppresses tumour 
growth.44 These findings are in line with clinical data from cancer patients, which indicate that higher expression levels of 
TGFBI mRNA in non-small cell lung cancer patients are linked to a better prognosis, especially when combined with adjuvant 
chemotherapy.41,45 One explanation for these occurrences is that TGFBI has the ability to enhance αvβ3 integrin signalling 
through integrin-bound Arg-Gly-Asp (RGD) motifs, which in turn mediates its inhibitory effects on carcinogenesis and 
progression through influencing apoptosis and angiogenesis, etc.46 As in melanoma cells, TGFBI hinders αvβ3-VEGFR2 
signaling via Akt and MAPK signaling through its fourth Fas1 structural domain and RGD motifs, thereby reducing 
angiogenesis-induced tumor growth in vitro and in vivo.47,48 Something also crucial is that TGFBI could affect the 
microenvironment of the organism, which in turn can alleviate or aggravate disease progression.49,50 Studies have shown 
that TGFBI can modulate macrophage responses to both normal and malignant cells, while also impacting the synthesis of 
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inflammatory cytokines.50,51 Patient immunological abnormalities, which can affect the onset and progression of sepsis, can 
be caused by a lack of TGFBI due to its central role in the generation and destruction of immune peptides. Several types of 
immunomodulatory cells, including immature and activated dendritic cells, immature and activated B cells, type 1/2/17 
T helper cells, activated CD8 T cells, eosinophils, monocytes, myeloid-derived suppressor cells (MDSC), natural killer T cells, 
and T follicular helper cells, were disrupted in sepsis individuals but improved significantly in the patients with higher TGFBI 
expression. Additionally, The expression level of TGFBI was substantially correlated with the degree of immune cell 
infiltration, which was primarily related to the prognosis of sepsis patients. In sepsis patients, for instance, a high expression 
of TGFBI is tied with a poor prognosis and shows a significant inverse correlation with expression of type 17 T helper cells, 
which are known for being highly pro-inflammatory, characterized by their abundant production of IL-17A, IL-17F, IL-21, 
and IL-22.52 In instances of bacterial infections like sepsis, signals may be sent to attract eosinophils to the affected tissue, 
leading to a general decrease in eosinophil levels in the bloodstream.53 The presence of higher eosinophil counts in patients 
with higher TGFBI expression could explain why these individuals experience a milder form of sepsis and have a better 
prognosis compared to those with lower TGFBI expression.

Unrestrained immunological response due to excessive production of inflammatory mediators by the organism leading to 
immune dysfunction is at the core of sepsis pathogenesis.54,55 TGFBI’s potential link to both inflammation and immunity 
makes it an intriguing candidate for use in clinical trials of sepsis. Data from the single cell panel of The Human Protein Atlas 
suggest that TGFBI is highly expressed by PBMC macrophages, monocytes, and dendritic cells, making it a potential key 
modulator of the immune response. Indeed, inflammation brought on by pathogens like viruses and bacteria is likely to have 
a significant role in sepsis development.56 Studies have shown that TGFBI, a protein produced mainly by both monocytes and 
macrophages, decreases NK cell function and hence interferes with the efficacy of immunotherapy.51 Afterward, we evaluated 
the proteins with the most significant interactions with TGFBI using the String database and found that they were mainly 
involved in the regulation of the actin cytoskeleton, phagosomes, and other signaling pathways. The regulation of actin 
dynamics is required for macrophages to form phagocytic cups, which are necessary for the absorption of apoptotic cells and 
the mediation of the activity of inflammatory agents. Our findings, which were corroborated by Peng et al57 and Lecker et al,51 

showed that TGFBI expression was much higher in M2 macrophages, and that its higher expression was associated with 
reduced inflammation, suggesting its potential clinical value in the treatment and management of sepsis.

In addition, several problems plague this study. Primarily, it is based on pre-existing data from the public database, where 
each dataset encompasses a limited sample size and lacks crucial predictive clinical information such as treatment specifics 
and underlying health conditions. Second, Secondly, the clinical relevance of TGFBI for diagnosis and prognosis remains 
constrained, as its application has not been further validated in a large-scale prospective study. Third, the impact of variables 
like gender and age on the expression levels of TGFBI is yet to be determined, highlighting the necessity for clinical 
validation. This ambiguity emphasizes the importance of exploring how TGFBI modulation may influence sepsis progression 
across various age brackets and genders, potentially worsening or alleviating the disease’s severity. Finally, and most critically, 
there is a pressing need for future research to elucidate and confirm the distinct regulatory mechanisms of TGFBI in the 
initiation and progression of sepsis to advance our understanding of TGFBI’s role in this complex condition, which is key to its 
clinical application as a therapeutic target or a biomarker. While our study provides valuable insights, it also highlights the 
necessity for more comprehensive research to fully leverage the potential of TGFBI in sepsis management.

To sum up, our study provides the first in-depth exploration of the link between TGFBI and the onset and progression of 
sepsis and the functional role in this process. It was discovered that TGFBI is a promising biomarker for determining the severity 
and prognosis of sepsis patients and that its putative relationship with immunological homeostasis provides unique insights into 
the therapy of sepsis. However, the effectiveness of TGFBI in assessing the severity and prognosis of sepsis, as well as its specific 
regulatory mechanisms, still requires further in-depth investigation and exploration. In addition to shedding light on the intricate 
processes of sepsis, these results serve as a valuable insight for the development of more effective clinical treatments in the future.
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