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Background: Immune microenvironment serves a vital role in glioma progression, and a large number of studies have found that 
tumor progression can be reduced to some extent by modulating the immune process in tumors.
Materials and Methods: ImmuneScore of each sample in CGGA datasets were calculated with Estimate R package, and samples 
were grouped by median ImmuneScore values for differential analysis to obtain immune microenvironment differential genes. We 
further conducted survival analysis, ROC curve analysis, independent prognostic analysis, and clinical correlation analysis on glioma 
sample genes in CGGA to obtain glioma prognostic genes, and then identified their intersection with immune microenvironment DEGs 
by Venn tool. The GEPIA and UALCAN databases were used to verify the differential expression of intersecting genes in the glioma 
and normal brain and to identify our target gene. After validation of their prognostic value, we constructed a nomogram to calculate the 
risk score and to estimate the accuracy of prognostic model. We mined co-expression genes, enriched functions and pathways, and 
correlations to immune cell infiltration of unigene with an online database. Finally, we verified the differential expression of FCGBP in 
glioma by immunohistochemical staining.
Results: We finally selected Fc fragment of IgG-binding protein (FCGBP) as our study gene. The prognostic values of FCGBP were 
validated by a series of analyses. Immunohistochemical staining showed that FCGBP expression increased in gliomas and was up- 
regulated with the progression of glioma grade.
Conclusion: As a key unigene in glioma progression, FCGBP contributes to the regulation of immune microenvironment and has the 
potential to be a prognostic biomarker and immune targets.
Keywords: glioma, immune microenvironment, FCGBP, tumor progression, therapeutic target

Introduction
Glioma is the most common primary malignant tumor with poor prognosis in central nervous system.1,2 Current 
recommended treatments for glioma include surgery, radiotherapy, and chemotherapy.3,4 However, glioma is highly 
invasive and aggressive with an indistinct border.5,6 Complete removal of tumor is difficult to fulfil through surgery 
resection.7,8 In addition, the side effects of radiotherapy and chemotherapy are great concerns. Immunotherapy has 
been a recent breakthrough in glioma treatment.9–11 A successful immunotherapy example is treating malignant 
melanoma with cytotoxic T lymphocyte-associated antigen 4 (CTLA4), programmed death 1 (PD-1), and programmed 
death ligand 1 (PD-L1) inhibitors.12,13 However, the trial application of immunosuppressive targets in gliomas such as 
PD-1 and PDL1 inhibitors failed.14–17 Overall, effective and highly specific targeted drugs are lacking in clinical 
practice. Using bioinformatics to explore new targets for tumor treatment has been recognized as an efficient and 
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feasible method. At present, many potential targets for glioma treatment have been developed, and various prognosis 
models have been successfully constructed using these target genes, some of which have been verified to be 
reliable.18–20

Fc fragment of IgG-binding protein (FCGBP) is a newly identified potential tumor marker. Up to now, reports of 
FCGBP and glioma are extremely rare.21–23 We identified FCGBP through multiple analyses and validated its prognostic 
value in multiple genomes. Our immunoassay results showed that FCGBP is highly associated with immune cell 
infiltration in glioma.

Materials and Methods
Workflow of the present study is shown in Figure 1.

Data Sources and Collation
The mRNAseq 69324,25 and mRNAseq 32526,27 datasets were downloaded from China Glioma Genome Atlas database 
(CGGA). The CGGA database (http://www.cgga.org.cn/download.jsp) contains functional genomics data from 2000 
Chinese glioma samples with detailed clinical profile such as gender, age, radiotherapy and chemotherapy status, 
complete follow-up profile, histopathological classification, WHO malignancy grades, and primary-recurrence status.28 

We collated the mRNA expression profile and clinical profile of 749 overall glioma samples. The expression data were 
log2 processed (rt=log2(rt+1)), batch effect corrected and eventually merged with corresponding clinical data. The 
R software code used in this study can be found in Supplementary Materials.

Immune Microenvironment Score
We use the algorithm of the ESTIMATE package in R 4.0.2 to estimate the ratio of immune cell components in tumor 
microenvironment based on the Illumina platform. The results are presented as ImmuneScore. ImmuneScore is positively 
correlated with the content of immune cell components in the microenvironment. CGGA samples were grouped by 
median ImmuneScore. Kaplan–Meier survival analysis (95% CI) was conducted in different groups to determine the 
correlation between the ImmuneScore of CGGA samples and patient survival. A Log rank test was used to check the 
significance of the relationships. Correlation analysis between ImmuneScore and clinical data of samples was performed 
using limma and ggpubr packages of R software to assess the correlation between ImmuneScore and clinical character
istics of glioma patients. The Wilcoxon signed-rank test was used to evaluate the relationship between the two groups. 
Kruskal–Wallis test was used to evaluate the relationships among three or more groups. P<0.05 was considered 
statistically significant.

Differential Gene Expression Analysis
As set forth, glioma samples were divided into two groups. The Wilcoxon signed-rank test was used for differential gene 
expression analysis, and limma R software package was used to identify differentially expressed genes (DEGs) in the 
immune microenvironment and logFC (High ImmuneScore group vs Low ImmuneScore group). The filtering criteria was 
set as FDR<0.05, |logFC|>1. DEGs obtained were then entered into the STRING database (https://string-db.org/), which 
is an online platform with known protein–protein interactions (PPI). 2031 species, 9,643,763 proteins, and 1,380,838,440 
interactions are currently stored in STRING platform. We investigated the potential PPI among DEGs and plotted PPI 
network with minimum required interaction score>0.4. The PPI network was finally adjusted by Cytoscape. We 
conducted GO function and KEGG pathway enrichment analysis for the identified DEGs. GO annotation has three 
major categories: Molecular Function (MF), Biological Process (BP), and Cellular Components (CC). The three 
categories defined and described the function of genes in multiple ways. KEGG is a comprehensive database integrating 
genomic, chemical, and systemic functional information. KEGG is designed to store information about molecular 
signaling pathways in different species. Through GO/KEGG enrichment analysis, we fostered an understanding of the 
corresponding functions and pathways of DEGs.
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Screening for Core Prognostic Gene in Immune Microenvironment
To obtain the key prognostic genes in the immune microenvironment of glioma, we first performed survival analysis 
(P<0.001), receiver operating characteristic (ROC) curve analysis (AUC>0.695), independent prognostic analysis 
(P<0.01), and clinical correlation analysis (P<0.05) on glioma sample genes in CGGA. Survival analysis was used to 

Figure 1 Research flow chart.
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verify the correlation between genes and survival of glioma patients. ROC curve was used to verify the accuracy of genes 
in predicting survival. Independent prognostic analysis was used to screen prognostic risk factors of glioma, and clinical 
correlation analysis was used to find the correlation between gene expression and clinical characteristics of patients. The 
intersection of prognosis-related genes and DEGs in the immune microenvironment was acquired using the Venn online 
webpage (http://bioinformatics.psb.ugent.be/webtools/Venn/). The GEPIA (http://gepia.cancer-PKu.cn/) database was 
used to analyze the differential expression of intersection genes in glioma and normal tissues and to screen and determine 
our target genes. GEPIA integrated gene expression profile from the TCGA and GTEx project and provided multiple data 
analysis and visualization capabilities.29 Finally, the UALCAN (http://ualcan.path.uab.edu/) database was used to 
validate the relationship between target genes and glioma grade and progression. UALCAN is a TCGA database online 
analysis and mining website that provides gene expression levels, survival analysis, and correlation analysis. The 
screening process is shown in Figure 1.

Survival Analysis and ROC Curves
We grouped glioma samples from CGGA by median gene expression value and conducted different groups for 
survival analysis using survival and survminer R packages. In addition, we downloaded GSE43378 dataset GEO 
database (https://www.ncbi.nlm.nih.gov/geo/) for further validation. The Gene Expression Omnibus (GEO) data
base stores microarray profile, second-generation sequencing data, and other high-throughput sequencing data.30 

We extracted gene expression profile and clinical profile from GSE43378 and grouped samples by median 
expression level for further survival analysis. By using Kaplan–Meier method, we investigated the correlation 
between single gene expression and survival of patients. P<0.05 was considered statistically significant. 
Eventually, we constructed ROC curve for samples from CGGA and GSE43378 using survivalROC R package 
to evaluate the accuracy of single gene prognosis. The AUC (Area Under Curve) refers to the area under the ROC 
Curve, which ranges from 0.1 to 1. AUC values of 0.5–0.7 were considered moderate, 0.7–0.9 were better, and 
>0.9 were superior.

Independent Prognostic Analysis
To determine the correlation between single gene expression and clinical characteristics and prognosis of glioma 
patients, we conducted univariate and multivariate independent prognostic analysis on gene expression profile, clinical 
profile, and survival profile in CGGA and GSE43378 by Cox regression method using survival R package. The clinical 
profile of glioma patients in CGGA and GSE43378 are shown in Table 1. We further screened out clinical character
istics relating to glioma prognosis and determined the prognostic value of the single gene, p<0.05 was considered 
statistically significant.

Prognostic Model Construction
The prognostic model was constructed with rms R package based on single gene expression and prognosis-related 
clinical characteristics of glioma samples in CGGA. To validate the clinical value of this model, we constructed 
a Nomogram to predict the 1-year, 3-year, and 5-year survival rates of glioma patients. Nomogram scores were 
used to evaluate the possible clinical prognosis of patients. Risk scores were calculated in Cox regression models, 
based on the median value of which the glioma samples in CGGA were divided into high-risk and low-risk groups.

Validation on Prognostic Model
We first validated the prognostic model by survival analysis in the high-risk and low-risk groups, analyzed whether there 
was a difference in the survival of glioma patients in the high-risk and low-risk groups, and determined the correlation 
between the prognostic model risk score and the survival of glioma patients (p < 0.05). Finally, ROC curve was used to 
evaluate the sensitivity and specificity of the prognostic model. The AUC values were calculated. AUC between 0.5 and 
0.7 is moderate, 0.7–0.9 is better, and >0.9 is superior.
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Clinical Correlation Analysis
We analyzed the correlation between single gene expression and clinical features in CGGA and GSE43378 with 
beeswarm R package and ggpubr R package. P<0.05 was considered statistically significant. The Wilcoxon signed- 
rank test was used to evaluate the relationship between the two groups. Kruskal–Wallis test was used to evaluate the 
relationships among three or more groups. P<0.05 was considered statistically significant.

GSEA Enrichment Analysis and Co-Expression Correlation Analysis
After samples in CGGA was grouped by median gene expression level, we conducted enrichment analysis on upregulated 
gene group using GSEA software. The default weighted enrichment method was applied for enrichment analysis. The 
random combinations were set for 1000 times. Setting P value<0.001, FDR <0.001 and |NES| >1 were considered to be 
significantly enriched. The top 10 enriched GO functions and KEGG pathways were acquired. We also conducted co- 

Table 1 Clinical Characteristics of Patients with Glioma in CGGA and GSE43378

Parameters CGGA (N=749) GSE43378 (N=50)

Age
<=41, n (%) 342(45.7) 12(24.0)

>41, n (%) 407(54.3) 38(76.0)

Gender
Female, n (%) 307(41.0) 16(32.0)

Male, n (%) 442(59.0) 34(68.0)

Radio
No, n (%) 124(16.6) –

Yes, n (%) 625(83.4) –
Chemo

No, n (%) 229(30.6) –

Yes, n (%) 520(69.4) –
Histology

Astrocytoma (A), n (%) 75(10.0) 5(10.0)

Anaplastic astrocytoma (AA), n (%) 75(10.0) 7(14.0)
Anaplastic oligodendroglioma (AO), n (%) 37(04.9) 4(08.0)

Anaplastic oligoastrocytoma (AOA), n (%) 128(17.1) 2(04.0)

Oligodendroglioma (O), n (%) 39(05.2) –
Oligoastrocytoma (OA), n (%) 104(13.9) –

Glioblastoma (GBM), n (%) 291(38.9) 32(64.0)

PRS_type
Primary, n (%) 502(67.0) –

Recurrent, n (%) 222(29.7) –

Secondary, n (%) 25(03.3) –
Grade

WHO II, n (%) 218(29.1) 5(10.0)

WHO III, n (%) 240(32.0) 13(26.0)
WHO IV, n (%) 291(38.9) 32(64.0)

IDH_mutation

Wildtype, n (%) 339(45.3) –
Mutant, n (%) 410(54.7) –

1p19q_codeletion

Non-codel, n (%) 594(79.3) –
Codel, n (%) 155(20.7) –

Survival state

Live, n (%) 293(39.1) 8(16.0)
Dead, n (%) 456(60.9) 42(84.0)
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expression correlation analysis on single gene and CGGA gene sets through limma software package. Genes with 
significant association with the single gene in CGGA samples (cor>0.5, P<0.001) were screened out and identified as co- 
expression related genes.

Target Enrichment and Immune Cell Infiltration
LinkedOmics (http://www.linkedomics.org/) integrates multi-omics data of 32 cancer types from TCGA, as well as mass 
spectrometry-based proteomics data and modifier-omics data of breast, colorectal, and ovarian tumors from CPTAC.31 

Based on Over-Representation Enrichment Analysis (ORA), the LinkInterpreter module in the LinkedOmic database is 
able to filter the top five KEGG Pathways, miRNA Targets, and Transcription Factor Targets of single gene enrichment in 
low-grade gliomas (LGG) and glioblastoma (GBM). The Rank Criteria was set as P-value. The Sign (or Direction) was 
set as a positive correlation. The TIMER database (https://cistrome.shinyapps.io/timer/) is a comprehensive platform 
developed by Harvard University for systematic analysis on immune infiltration in various cancers. The TIMER 
algorithm can estimate the infiltration of six types of immune cells: B cells, CD4+ T cells, CD8+ T cells, Neutrophils, 
Macrophages, and Dendritic cells.32 We analyzed the correlation between gene expression and various immune cell 
infiltration in LGG and GBM using the gene module in TIMER database. Furthermore, the expression correlation of 
single gene with six classical immune checkpoints (PDCD1, CD274, PDCD1LG2, CTLA4, LAG3, and HAVCR2) in 
LGG and GBM was analyzed. The correlation between specific gene expression and infiltration of different immune cells 
in LGG and GBM tissues was assessed by purity-corrected partial Spearman correlation analysis. Also, the relationship 
between the two particular genes was calculated by Spearman correlation analysis. P<0.05 was considered statistically 
significant. The survival module in the Timer database can facilitate the analysis of correlation among immune cell 
infiltration, single gene, and patient survival. Kaplan–Meier curves were plotted to visualize the survival differences for 
immune infiltration and gene expression. P-value <0.05 was considered to be statistically significant.

Immunohistochemistry and Image Analysis
The differential expression of the target single gene in normal brain, low-grade glioma, and high-grade glioma tissues 
was verified by immunohistochemical experiments. This experiment was approved by the Ethics Committee of the First 
Hospital of Shanxi Medical University and complied with the Declaration of Helsinki. Five normal brain tissues were 
collected from patients with traumatic brain injury or epilepsy, 10 postoperative tissues from patients with low-grade 
glioma, and 10 postoperative tissues from patients with high-grade glioma. After routine paraffin embedding, tissue 
sections were taken, placed on slides, deparaffinized, and rehydrated. After antigen retrieval and endogenous peroxidase 
blockade, they were then exposed to monogenic polyclonal antibodies (bs-13168R, Bioss) and enzyme-labeled IgG 
polymers. Diaminobenzidine (DAB) chromogenic solution and hematoxylin were used as a counterstain to visualize the 
presence of antibodies. Immunohistochemical image analysis was performed using the Scanscope digital pathology 
scanning system from Aperio, USA, and the expression of FCGBP in tissues was quantified by Cytoplasmic V2 software 
with Cytoplasm H-Score. Cytoplasm H-Score was obtained by multiplying the percentage of positive cells by the 
staining intensity score.

Results
Immune Microenvironment Score
Results of survival analysis showed significant differences between the high ImmuneScore group and the low 
ImmuneScore group (P < 0.001). The overall survival was significantly longer in the low ImmuneScore group 
(Figure 2A). Therefore, the survival of glioma patients is highly correlated to the ImmuneScore of samples. 
Correlation analysis showed that the ImmuneScore of sample was significantly correlated with age, tumor grade, IDH 
mutation status, and 1p19q codeletion status of the patients, and the ImmuneScore was significantly higher in the >41 
years old, Wildtype, and 1p19q Non-codel samples than in the <41 years old, IDH mutation, and 1p19q codeletion 
samples, and the sample ImmuneScore increased with the grade of glioma (Figure 2B–E).
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Differential Gene Expression Analysis
Using median ImmuneScore value, CGGA samples were divided into two groups. Differential analysis revealed 997 DEGs, of 
which 612 were upregulated and 385 were downregulated (Figure 3A). Correlation heat map showing the 50 most significantly 
up- and down-regulated genes (Figure 3B). The STRING database demonstrated the potential protein interactions of all DEGs. 
Cytoscape further displayed 544 gene nodes and 4072 edges among them (Figure 3C). The GO functions were mainly enriched 
in positive regulation of cell activation, positive regulation of leukocyte activation, positive regulation of lymphocyte activation, 
regulation of T cell activation, and T cell activation (Figure 4A). Functions enriched in BP included T cell activation, positive 
regulation of cell activation, positive regulation of leukocyte activation, positive regulation of lymphocyte activation, regulation 
of T cell activation, lymphocyte differentiation, lymphocyte mediated immunity, lymphocyte proliferation, T cell differentia
tion, and positive regulation of leukocyte cell−cell adhesion. Functions enriched in CC included external side of plasma 
membrane, synaptic membrane, ion channel complex, transmembrane transporter complex, transporter complex, postsynaptic 
membrane, cation channel complex, intrinsic component of postsynaptic specialization membrane, immunoglobulin complex, 
circulating, and integral component of postsynaptic specialization membrane. Functions enriched in MF included channel 
activity, passive transmembrane transporter activity, ion channel activity, gated channel activity, cation channel activity, 
cytokine activity, cytokine receptor binding, neurotransmitter receptor activity, voltage−gated cation channel activity, and 
postsynaptic neurotransmitter receptor activity (Figure 4B). The KEGG pathway was enriched in Cytokine−cytokine receptor 
interaction, Hematopoietic cell lineage, Neuroactive ligand−receptor interaction, Nicotine addiction, and Viral protein interac
tion with cytokine and cytokine receptor (Figure 4C). The enriched pathways are shown in Figure 4D.

Screening for Core Prognostic Gene in Immune Microenvironment
Two hundred and twenty-three prognosis-related genes were identified by survival analysis, ROC curve analysis, 
independent prognosis analysis, and clinical correlation analysis. Further, Venn diagram yields 17 genes overlapping 

Figure 2 (A) Survival analysis of glioma samples grouped by ImmuneScore median values in CGGA; Correlation analysis of ImmuneScore and clinical characteristics of 
samples in CGGA: (B) Age; (C) Grade; (D) IDH mutation status; (E) 1p19q codeletion status.
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Figure 3 (A) A volcano map of differential genes in the glioma immune microenvironment: logFC (High ImmuneScore group vs Low ImmuneScore group); (B) Correlation 
heat maps of the 50 most significantly up-regulated and down-regulated differential genes; (C) PPI network of differential genes in the glioma immune microenvironment, red 
dots represent upregulated genes, green dots represent downregulated genes, yellow dots represent study single gene.
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in immune microenvironment DEGs and prognosis-related genes (Figure 5A), including RAB42, HOXD11, HOXA1, 
EVC2, FCGBP, ABCC3, LCTL, RP11-189B4.6, HOXA4, HOXA-AS2, CHRNA9, RP11-181E10.3, CISH, CLCF1, CP, 
SPOCD1, and RP11-219G17.4. As verified by the GEPIA database, only FCGBP and SPOCD1 were significantly 
differentially expressed in glioma and normal tissue samples. Finally, we chose FCGBP as our study gene, and GEPIA 
showed that FCGBP expression was significantly higher in LGG than in normal tissues (Figure 5B). UALCAN database 
analysis results showed that the expression of FCGBP in high-grade glioma was higher than that in low-grade glioma 
(Figure 5C), and FCGBP expression in GBM was significantly higher than that in normal tissues (Figure 5D).

Survival Analysis and ROC Curves
The survival analysis of CGGA and GSE43378 data sets showed that the survival period of the low expression group of 
FCGBP was longer than that of the high expression group. This suggests that the high expression of FCGBP is a risk 
factor for poor prognosis in glioma (Figure 5E and G). The ROC curves of FCGBP were drawn to predict 1-year, 3-year, 
and 5-year survival rates of CGGA and GSE43378 samples. AUC values of ROC curves for CGGA were 0.695, 0.751, 
and 0.774, respectively (Figure 5F). AUC values of ROC curves for GSE43378 were 0.783, 0.782, and 0.695, 
respectively (Figure 5H). The overall AUC is either close to or greater than 0.7, indicating high reliability of FCGBP 
in prognosis prediction for glioma.

Figure 4 (A and B) GO enrichment function of differential genes; (C and D) KEGG enrichment pathway for differential genes.
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Independent Prognostic Analysis
Univariate and multifactorial independent prognostic analyses were conducted on the CGGA datasets and GSE43378. 
Results showed that FCGBP expression, PRS (Primary-Recurrent-Secondary) type, glioma grade, patient age, 

Figure 5 (A) Venn tool identifies the intersection of immune microenvironment differential genes and glioma prognostic genes in CGGA; (B) Expression of FCGBP in 
normal tissues and LGG in GEPIA; *p < 0.05; (C) Expression of FCGBP in LGG and HGG in UALCAN; *p < 0.05; (D) Expression of FCGBP in normal tissues and GBM in 
UALCAN. *p < 0.05; (E) Survival analysis of glioma samples grouped by median FCGBP expression in CGGA; (F) ROC curves of FCGBP in CGGA to predict 1-year, 3-year 
and 5-year survival in glioma patients; (G) Survival analysis of glioma samples grouped by median FCGBP expression in GSE43378; (H) ROC curves of FCGBP in GSE43378 
to predict 1-year, 3-year and 5-year survival in glioma patients; (I) Univariate independent prognostic analysis of FCGBP expression and clinical data in CGGA; (J) 
Multivariate independent prognostic analysis of FCGBP expression and clinical data in CGGA; (K) Univariate independent prognostic analysis of FCGBP expression and 
clinical data in GSE43378; (L) Multivariate independent prognostic analysis of FCGBP expression and clinical data in GSE43378.
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chemotherapy status, IDH mutation status, 1p19q codeletion status were significant factors relating to prognosis of 
glioma patients in CGGA datasets (Figure 5I and J). FCGBP expression and age were the prognostic factors in 
GSE43378 (Figure 5K and L). This validated our previous conclusions that FCGBP expression correlates to prognosis 
in glioma patients (Table 2).

Prognostic Model Construction
We constructed a nomogram with prognostic factors in the CGGA datasets including FCGBP expression, type of PRS, 
Grade, Age, Chemo, IDH mutation, and 1p19q codeletion. 1-year, 3-year, and 5-year survival rates were predicted by 
Nomogram scores (Figure 6). Risk score is calculated in the prognosis model, and the glioma samples were divided into 
high-risk group (374 items) and low-risk group (375 items) based on the median risk score (Figure 7A). The relationship 
between risk score and survival time of patients showed that the higher the risk score, the shorter the survival time of 
patients (Figure 7B).

Validation on Prognostic Model
The results of the survival analysis between the high-risk and low-risk groups showed a significant difference between 
the survival of glioma patients in the high-risk and low-risk groups, and the survival of glioma patients in the low-risk 
group was significantly longer than that in the high-risk group, indicating that the risk score was significantly associated 
with the survival of glioma patients (Figure 7C). In addition, the AUC value of ROC curve in Nomogram model was 
0.855 (Figure 7D), indicating great sensitivity and specificity of the prognostic model.

Clinical Correlation Analysis
Correlation analysis on CGGA datasets and GSE43378 showed that FCGBP expression CGGA significantly correlated 
with age, chemotherapy status, IDH mutation status, 1p19q codeletion status, PRS type, histology, and grade of glioma. 
And FCGBP expression was significantly higher in >41 years, Chemo (Yes), Wild-type, and 1p19q Non-codel samples 
than in <41 years, Chemo (No), IDH mutation, and 1p19q codeletion (Figure 8A–D). The expression of FCGBP in 
glioma samples of different PRS types, histology, and grade was significantly different, and the expression of FCGBP 
increased as glioma recurrence and upgrade and reached highest in GBM among all histological types (Figure 8E–G). 

Table 2 Univariate and Multivariate Independent Prognostic Analysis of FCGBP Expression and Clinical Data from Glioma Samples in 
CGGA and GSE43378

Parameters Univariate Analysis Multivariate Analysis

HR HR.95L HR.95H p value HR HR.95L HR.95H p value

CGGA FCGBP 1.361 1.296 1.430 1.35E-34 1.082 1.020 1.147 0.008948912 <0.05

PRS_type 2.123 1.818 2.478 1.79E-21 1.945 1.657 2.285 4.89E-16 <0.05

Histology 4.487 3.695 5.449 7.38E-52 0.648 0.416 1.009 0.055011325
Grade 2.883 2.526 3.291 1.44E-55 2.768 2.027 3.780 1.49E-10 <0.05

Gender 1.044 0.866 1.258 0.655307114 1.070 0.885 1.294 0.48434149

Age 1.624 1.345 1.960 4.49E-07 1.235 1.013 1.506 0.037253265 <0.05
Radio 0.929 0.720 1.199 0.570623486 0.878 0.672 1.149 0.344243135

Chemo 1.647 1.328 2.044 5.71E-06 0.694 0.546 0.882 0.002775373 <0.05

IDH_mutation 0.317 0.262 0.384 3.84E-32 0.635 0.502 0.803 0.000149044 <0.05
1p19q_codeletion 0.231 0.169 0.315 2.08E-20 0.421 0.300 0.591 5.46E-07 <0.05

GSE43378 FCGBP 8.674 2.746 27.396 0.000231817 3.891 1.133 13.356 0.030861139 <0.05
Gender 0.941 0.488 1.813 0.855 0.960 0.471 1.955 0.910618271

Age 1.038 1.017 1.060 0.000468367 1.036 1.013 1.059 0.001969176 <0.05
Histology 1.440 1.108 1.871 0.006370135 1.146 0.841 1.562 0.3873857

Grade 2.603 1.506 4.501 0.000616173 1.729 0.824 3.624 0.147380029
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FCGBP expression in GSE43378 uncorrelated to age and gender of patients (Figure 8H and I), while correlated to grade 
and histology. FCGBP expression increased with the grade of gliomas and was highest in GBM among all Histologies 
(Figure 8J and K).

Figure 6 Nomogram constructed by prognostic correlates of glioma in CGGA to predict patient survival at 1, 3, and 5 years.

Figure 7 (A) Risk scores for glioma samples in CGGA; (B) Relationship between risk score and survival time of glioma samples in CGGA; (C) Survival analysis of samples in 
the high-risk and low-risk groups in CGGA; (D) ROC curves for Nomogram to predict survival in glioma patients.
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GSEA Enrichment Analysis and Co-Expression Correlation Analysis
GSEA enrichment analysis on CGGA datasets showed that the top 10 GO annotation functions enriched in FCGBP 
upregulated group were as follows: defense response to virus, modulation by symbiont of entry into host, negative 
regulation of immune effector process, positive regulation of hemopoiesis, positive regulation of interleukin 6 produc
tion, positive regulation of lymphocyte differentiation, regulation of leukocyte differentiation, regulation of toll-like 
receptor signaling pathway, T cell proliferation, and toll-like receptor signaling pathway (Figure 9A). And the top 10 
KEGG pathways were as follows: complement and coagulation cascades, Cytokine–cytokine receptor interaction, ECM 
receptor interaction, focal adhesion, intestinal immune network for IgA production, JAK-STAT signaling pathway, 
leishmania infection, natural killer cell mediated cytotoxicity, systemic lupus erythematosus, viral myocarditis 
(Figure 9B). Co-expression correlation analysis on FCGBP and sample genes in CGGA yielded a total of 792 correlated 
genes. The correlation heat map showed top 20 positive/negative-correlated genes (Figure 9C), and the correlation circle 
map showed top 5 genes (Figure 9D).

Target Enrichment and Immune Cell Infiltration
The top 5 KEGG pathways enriched by FCGBP in LGG using LinkedOmics database for FCGBP were Staphylococcus 
aureus infection, Systemic lupus erythematosus, Graft-versus-host disease, Cytokine–cytokine receptor interaction, and 
Human T-cell leukemia virus 1 infection. Corresponding miRNA targets were MIR-506, MIR-9, MIR-124A, MIR-431, 
and MIR-451. Corresponding transcription factor targets were IRF, ETS2, PEA3, ICSBP, and ELF1. The top 5 KEGG 
Pathways enriched by FCGBP in GBM were Cytokine–cytokine receptor interaction, Osteoclast differentiation, 
Staphylococcus aureus infection, Phagosome, and Leishmaniasis. Corresponding miRNA Targets were MIR-506, MIR- 

Figure 8 Correlation analysis of FCGBP expression and clinical characteristics in CGGA: (A) Age; (B) Chemo status; (C) IDH mutation status; (D) 1p19q codeletion status; 
(E) PRS type: (F) Histology; (G) Grade. Correlation analysis of FCGBP expression and clinical characteristics in GSE43378: (H) Age; (I) Gender; (J) Grade; (K) Histology.
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9, MIR-125B, MIR-125A, MIR-182, MIR-19A, and MIR-19B. Corresponding transcription factor targets were AP1 C, 
ETS2, PEA3, ELF1, and AP1 Q6 (Table 3). TIMER analysis showed that there was a significant positive correlation 
between the expression of FCGBP and the infiltration of B Cell (cor = 0.532, p = 3.14e-36), CD4 + T cells (cor = 0.675, 
p = 1.20e-64), Macrophages (cor = 0.602, p = 4.64e-48), Neutrophils (cor = 0.661, p = 7.46e-61), and Dendritic cells (cor 
= 0.729, p = 6.29e-80) in LGG (Figure 10A). In GBM, the expression of FCGBP positively was correlated to the 
infiltration of CD4 + T cells (cor = 0.376, p = 1.76e-15) and Dendritic cells (cor = 0.324, p = 1.09e-11) (Figure 10B). In 
LGG, there was also a significant positive correlation between FCGBP expression and classical immune checkpoints 
such as PDCD1, CD274, PDCD1LG2, CTLA4, LAG3, and HAVCR2 (P < 0.05, Figure 10C). In GBM, FCGBP 
expression positively correlated to CD274 (cor = 0.425, p = 5.85e-08), PDCD1LG2 (cor = 0.373, p = 2.37e-06) and 
HAVCR2 (cor = 0.36, p = 5.67e-06) and negatively correlated to LAG3 (cor = −0.159, p = 4.94e-02) (Figure 10D). 
Kaplan–Meier plots showed that the survival of LGG patients is related to the infiltration of all six immune cells and 
FCGBP expression (p<0.05, Figure 10E), whereas the survival of GBM patients is only related to the infiltration of 
dendritic cells (p<0.05, Figure 10F).

Immunohistochemistry and Image Analysis
Immunohistochemistry method was used to detect the expression of FCGBP in normal brain, low-grade glioma, and high-grade 
glioma. The results showed that FCGBP was mainly expressed in the cytoplasm of the cells. FCGBP was negatively expressed in 
five normal brain tissues and positively expressed in seven low-grade gliomas and nine high-grade gliomas (Figure 11). The 

Figure 9 (A) Top 10 GO annotation function enriched by CGGA sample genes in FCGBP upregulation group; (B) Top 10 KEGG pathway enriched by CGGA sample genes 
in FCGBP upregulation group; (C) Heat map of the top 20 most significantly positively and negatively correlated genes with FCGBP; (D) Correlation circles of the top 5 
genes with the most significant positive and negative correlations with FCGBP.
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expression of FCGBP in tissues was quantified by the Cytoplasm H-Score of Cytoplasmic V2 software, and higher Cytoplasm 
H-Score indicated higher expression of FCGBP in tissues. The results showed that the Cytoplasm H-Score was significantly 
higher in most high-grade gliomas than in low-grade, and the Cytoplasm H-Score was higher in IDH wild-type gliomas than in 
IDH mutant (Table 4). The results confirmed our previous analysis, where FCGBP was up-regulated in low- and high-grade 
gliomas and the expression level increased with grade, and FCGBP expression was higher in IDH wild-type gliomas than in IDH 
mutant.

Discussion
FCGBP, short for IgGFc-binding protein, is located on chromosome 19q13, encoding a protein with a mucin-like 
structure, binding to the Fc region of IgG.33,34 FCGBP protein is widely distributed in the colon, gastric juice, bile, 
nasal fluid, saliva, etc. Being expressed on the mucosal surface, it might be an important component of mucosal immune 
defense.35 FCGBP is involved in the pathological regulation of ulcerative colitis. It is significantly up-regulated in colitis 

Table 3 The Top Five KEGG Pathways, Corresponding miRNA Targets, and Transcription Factor Targets of FCGBP Enrichment in 
LGG and GBM

Gene 
Symbol

Histology Enriched Category Gene Set Size Expect Ratio P value

FCGBP LGG KEGG Pathway Staphylococcus aureus infection 52 22.369 2.0564 9.16E-12
Systemic lupus erythematosus 119 51.19 1.6996 1.91E-11

Graft-versus-host disease 37 15.916 2.199 3.05E-11

Cytokine-cytokine receptor interaction 281 120.88 1.4395 5.94E-11
Human T-cell leukemia virus 1 infection 253 108.83 1.4518 1.86E-10

miRNA Target GTGCCTT, MIR-506 674 250.5 1.1657 0.00031653
ACCAAAG, MIR-9 458 170.22 1.1279 0.017037

TGCCTTA, MIR-124A 515 191.41 1.0971 0.043596
GCAAGAC, MIR-431 43 15.981 1.314 0.077804

AACGGTT, MIR-451 10 3.7166 1.6144 0.12263

Transcription Factor Target STTTCRNTTT_V$IRF_Q6 176 70.357 1.6914 7.86E-14
RYTTCCTG_V$ETS2_B 1012 404.55 1.273 1.27E-13

V$PEA3_Q6 242 96.741 1.4368 2.27E-08
V$ICSBP_Q6 231 92.344 1.4294 7.76E-08

V$ELF1_Q6 220 87.947 1.4327 1.28E-07

GBM KEGG Pathway Cytokine-cytokine receptor interaction 274 71.935 1.9045 0
Osteoclast differentiation 126 33.08 2.358 0
Staphylococcus aureus infection 52 13.652 3.0765 2.22E-16

Phagosome 145 38.068 2.1541 6.00E-15

Leishmaniasis 71 18.64 2.6287 4.40E-14

miRNA Target GTGCCTT, MIR-506 674 150.17 1.3319 1.4619E-06
ACCAAAG, MIR-9 458 102.04 1.2642 0.0013155
CTCAGGG, MIR-125B, MIR-125A 303 67.508 1.2443 0.013351

TTGCCAA, MIR-182 299 66.616 1.2459 0.013397

TTTGCAC, MIR-19A, MIR-19B 479 106.72 1.1807 0.017438

Transcription Factor Target TGANTCA_V$AP1_C 1051 236.78 1.4993 0
RYTTCCTG_V$ETS2_B 1012 228 1.6404 0

V$PEA3_Q6 242 54.521 1.9992 4.00E-15

V$ELF1_Q6 220 49.564 1.8965 1.34E-11
V$AP1_Q6 242 54.521 1.7608 1.10E-09
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tissues and can form a disulfide-linked heterodimer with TFF3.36,37 Besides, it has also been reported that FCGBP is 
involved in the pathogenesis of rheumatoid arthritis and systemic lupus erythematosus.38

We comprehensively analyzed the role of FCGBP in glioma. Survival analysis showed that its high expression 
marked a poor prognosis of patients. We also observed a significant correlation between FCGBP overexpression and 
WHO grade, histology, IDH Wild-type, 1p19q Non-codel. This suggested that FCGBP overexpression is detrimental to 
the long-term survival of patients and may promote malignant process of gliomas. After clinical data were included in the 
analysis, FCGBP was also identified as an independent prognostic factor. KEGG functional enrichment analysis showed 
that the function of FCGBP was mainly enriched in complement and coagulation cascades, Cytokine–cytokine receptor 

Figure 10 (A) Relationship between FCGBP expression and six types of immune cell infiltration in LGG; (B) Relationship between FCGBP expression and six types of 
immune cell infiltration in; (C) Correlation of FCGBP with six classical immune checkpoint expressions in LGG; (D) Correlation of FCGBP with six classical immune 
checkpoint expressions in GBM; (E) KM survival curve of six immune cell infiltration and FCGBP expression in LGG; (F) KM survival curve of six immune cell infiltration and 
FCGBP expression in GBM.
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interaction, ECM receptor interaction, focal adhesion, intestinal immune network for IgA production, JAK-STAT 
signaling pathway, etc. GO analysis showed that the function of FCGBP was mainly enriched in defense response to 
virus, modulation by symbiont of entry into host, and negative regulation of immune effector process. In addition, 
overexpression of FCGBP was correlated to immune infiltration of various immune cells including B cells, CD4+ T cells, 
CD8+ T cells, macrophages, and neutrophils. Thus, FCGBP can be a potential biomarker and target for inflammatory 
regulation and immune infiltration in gliomas.

Figure 11 Immumohistochemical staining for FCGBP expression in normal brain, low-grade glioma and high-grade glioma tissues. Magnification, ×200.

Table 4 Quantitative Analysis of FCGBP Expression in Tissues by Cytoplasmic V2 
Software

Gene Symbol Histology IDH Mutation Status Cytoplasm: H-Score

FCGBP LGG Mutant 97.1745
Mutant 87.0299

Mutant 4.51547

Mutant 59.3629
Mutant 96.99

Wildtype 101.812

Mutant 21.9653

HGG Wildtype 118.748

Wildtype 174.082
Mutant 100.00

Wildtype 170.905

Wildtype 140.642
Mutant 98.8359

Wildtype 138.844

Wildtype 171.336
Wildtype 174.164
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FCGBP is differentially expressed in different tumor types. In colon cancer, FCGBP was significantly down- 
expressed and metastasis-associated.39 Thus, researchers have chosen FCGBP as a candidate therapeutic target for 
metastatic colorectal cancer.40 A comprehensive bioinformatics analysis showed that FCGBP expression was closely 
associated with infiltration of B cells and dendritic cells in colorectal cancer.41 In patients with metastatic colorectal 
cancer, the expression of FCGBP expression decreased as disease progresses. In hepatic metastatic colorectal cancer, it is 
also significantly correlated to overall survival and progression-free survival.42 TFF1 is a peptide expressed on gastric 
mucosa, as an important regulator of gastric cancer. The incidence of gastric cancer is reported to increase in mice after 
knockout of TFF1.43,44 In the gastric cancer mouse model, FCGBP was observed upregulated and forming a disulfide- 
linked heterodimer with TFF1.45 In a study on the genetic identification of human gastric cancer tissues, FCGBP was also 
found to be expressed differently in gastric cancer than in normal tissues.46 Compared to chronic cholecystitis, 
researchers confirmed the down-expression of FCGBP by immunohistochemistry and RT-PCR in gallbladder adenocar
cinoma in vivo. In cancer cells with TGF-β1-induced epithelial–mesenchymal transition (EMT), FCGBP was also 
observed to be significantly overexpressed.47

FCGBP may also act in germline tumors. Downregulation of FCGBP was reported in mice model of prostate cancer.48 

Bioinformatic analysis showed that FCGBP can predict the overall survival of patients with ovarian cancer. In tissues with 
high FCGBP expression, researchers observed increased M2 macrophage infiltration and decreased M1 macrophage 
infiltration. Thus, FCGBP may act as an oncogene and promote M2 macrophage polarization in ovarian cancer.49

Our immune infiltration analysis showed that FCGBP is closely associated with dendritic cell (DC) infiltration in 
gliomas. DC-based vaccination has been an important option against glioma, especially glioblastomas.50–52 Early DC- 
based vaccines include recombinant human interleukin 12, NY-ESO-1 glioma-associated antigens, Tetanus toxoid, and 
CCL3. However, their application in clinical practice is highly limited.53–55 In the glioma microenvironment, DCs can 
affect CD8+ T cell function, thus achieving control of CD8+ T cell immune status.56,57 Recently, investigators designed 
a polio-based rhinovirus chimera that is devoid of viral neuropathogenicity after intracerebral inoculation in human 
subjects. It can recruit and activate DCs with Th1-dominant cytokine profiles at the injection site in vivo, thereby 
suppressing tumor progression.58 Interestingly, in the rat model, the naturally occurring metabolite sarcosine also 
increases DC migration in human and murine cells, thereby significantly enhancing antitumor efficacy.59

In our study, we found a strong association between FCGBP and CD4(+) cells in gliomas. CD4+ Regulatory T-cells 
(Treg) account for approximately 2–3% of human CD4+ T-cells.60 Treg cells are considered as one of the main causes of 
the immunosuppressive microenvironment in gliomas. Their antitumor immune effects contribute to the escape and 
survival of cancer cells. Within the spectrum of gliomas, Treg is most common in astrocytic subtypes.61–63 We also found 
an association between the expression of FCGBP with CTLA4. Cytotoxic-T-lymphocyte-antigen-4 (CTLA-4) is 
a negative immunomodulator expressed in regulatory T (Treg) cells. It is significantly upregulated in activated 
T cells.64 Anti-CTLA-4 drugs has been used as checkpoint inhibitors and shown to have significant therapeutic effects 
in rat models.57,65,66 Finally, in the treatment of Treg, there are currently several clinical trial studies for indoleamine 2, 
3-dioxygenase 1 (IDO1), and the final results of these studies will determine the clinical application of immunotherapy 
under the IDO1 intervention strategy.67

Our immune infiltration analysis revealed a strong association between FCGBP and macrophages. Macrophages may 
contribute to glioma generation and progression due to their capability to shape the tumor microenvironment.68 Tumor- 
associated macrophages (TAM) are an important component of the immune environment that provides a supportive role 
for tumors.69–71 In glioma, TAM can be recruited into microenvironment and release growth factors and cytokines 
promoting angiogenesis.72,73 In tumor microenvironment, increased infiltration of M2 macrophages leads to tumor 
progression and malignant propensity.74,75 In conclusion, our study revealed the association of FCGBP with several 
key immune-related factors and confirmed its potential for immune targeted therapy.

Conclusion
Roles of FCGBP in tumor have been recently confirmed in several studies. However, the immunological effects of 
FCGBP in gliomas have not been discussed yet. Through bioinformatic analysis, we screened immune-related genes with 
clinical significance and prognostic value. Our data analysis indicates that age and FCGBP expression are important 
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factors affecting the survival of glioma patients, and FCGBP may be a strong prognostic biomarker for glioma. 
Furthermore, results showed FCGBP expression was upregulated in glioma tissues and increased with tumor grade. 
The expression of FCGBP was significantly increased in samples with poor prognostic factors (IDH Wild-type, 1p19q 
Non-codel). These results suggest a detrimental effect of FCGBP overexpression in gliomas. In conclusion, we 
successfully identified FCGBP gene through immune scoring as well as prognostic analysis. Further study showed its 
contribution in glioma immunity and potential to be a novel immunotherapeutic target for glioma.
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