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Purpose

The development and progression of glioma are associated with the tumor immune microenvironment. Diffuse low-grade gliomas (LGGs) with higher immunosuppressive microenvironment tend to have a poorer prognosis. The study aimed to find a biological marker that can reflect the tumor immune microenvironment status and predict prognosis of LGGs.



Methods

The target gene tenascin-C (TNC) was obtained by screening the Chinese Glioma Genome Atlas (CGGA) and the Cancer Genome Atlas (TCGA) databases. Then samples of LGGs were collected for experimental verification with immunohistochemistry, immunofluorescence, immunoblotting, quantitative real-time PCR. ELISA was employed to determine the content of TNC in serum and examine its relationship with the tumor immune microenvironment. Eventually, the sensitivity of immunotherapy was predicted on the basis of the content of TNC in LGGs.



Results

In the high-TNC subgroup, the infiltration of immunosuppressive cells was increased (MDSC: r=0.4721, Treg: r=0.3154, etc.), and immune effector cells were decreased [NKT, γδT, etc. (p<0.05)], immunosuppressive factors were elevated [TGF-β, IL10, etc. (p<0.05)], immunostimulatory factors, such as NKG2D, dropped (p<0.05), hypoxia scores increased (p<0.001), and less benefit from immunotherapy (p<0.05). Serum TNC level could be used to assess the status of tumor immune microenvironment in patients with grade II (AUC=0.8571; 95% CI: 0.6541-1.06) and grade III (AUC=0.8333; 95% CI: 0.6334-1.033) glioma.



Conclusions

Our data suggested that TNC could serve as an indicator for the immunosuppressive microenvironment status and the prognosis of LGGs. Moreover, it could also act as a predictor for the effect of immunotherapy on LGG patients.
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Introduction

Glioma represents the most common primary central nervous system tumor with high morbidity and mortality (1, 2). Against the criteria developed by the World Health Organization (WHO), gliomas are histopathologically classified into grades I to IV (3). Grade I glioma is considered benign and can be completely removed by surgery, rarely evolving into higher-grade lesions (4). On the other hand, grade II or III gliomas, collectively known as diffuse low-grade gliomas (LGGs), are aggressive and can recur after resection or directly progress to higher-grade lesions (5, 6). Furthermore, grade IV glioma (glioblastoma, GBM) is the most aggressive with the most unfavorable prognosis (7, 8). The prognosis of LGGs varies greatly and LGG patients with isocitrate dehydrogenase 1 and 2 genes (IDH 1/2) mutations and chromosome arms 1p and 19q (1p/19q) co-deletion tend to have a more favorable prognosis (4, 9). Unfortunately, most LGGs without an IDH mutation were molecularly and clinically mimic glioblastoma (9). In this study, we aimed to find a sensitive indicator (like IDH and 1p/19q) that can assist in the prediction of the progression of LGGs.

In recent years, immunotherapies, especially treatments with immune checkpoint inhibitors, which evoked anti-tumor immune responses to inhibit tumor immune escape, have shown a promise in the treatment of non-central nervous system tumors such as melanoma and colorectal cancer (10). Nonetheless, due to the unique immune microenvironment and strong immunosuppressive status of glioma, the effect of immunotherapies on the tumor remains unsatisfactory (11). Studies have found that the immune microenvironment of LGGs is linked to the IDH mutations, which can roughly predict the prognosis of patients and the efficacy of immunotherapy (12). Therefore, we were led to speculate that a subgroup in LGGs patients might be sensitive to immunotherapy and the corresponding markers can help to identify the subgroup. In this study, we tried to find an indicator that can directly reflect the immune microenvironment status of LGGs and their sensitivity to immunotherapy.

In this study, by analyzing the data of the Cancer Genome Atlas (TCGA) and the Chinese Glioma Genome Atlas (CGGA), we found tenascin-C (TNC) was associated with the prognosis of LGG patients and could reflect the status of the tumor immune microenvironment. We then examined the correlation between TNC and LGGs tumor immune microenvironment in tumor specimens and patients’ serum, and evaluated TNC as a predictor of the immunotherapeutic efficacy in LGG patients.



Methods


Patients

We enrolled 62 glioma patients (grade II and grade III) receiving operation at Tongji Hospital of Huazhong University of Science and Technology (Wuhan, China) from January 2016 to July 2021. Brain tissues from 6 normal subjects were used as controls. The clinical data were detailed in Table 1 and Supplementary Tables 1, 2.


Table 1 | Information of participants in this trial.





Datasets and Bioinformatics Tools and Algorithms

RNA-seq data of 530 LGG samples and their clinicopathological information were down-loaded from the TCGA database (https://portal.gdc.cancer.gov/projects/TCGA-LGG). RNA-seq data of 441 LGG samples and the survival information were downloaded from the CGGA database (http://www.cgga.org.cn/download.jsp) (Supplementary Table 3).

We used the following modules of R packages (1): GSVA (2), Limma (RRID : SCR_010943) (3), GSEABase package, to conduct ssGSEA analysis. Based on the scores obtained, the hierarchical cluster method was utilized for clustering, and a ggplot package was employed for drawing heatmaps.

The lists of immune-related genes were downloaded from the ImmPort (https://www.immport.org/shared/home), which is the basis of ssGSEA algorithms. The scores of co-gene sets yielded from the scale could distinguish the status of immune microenviroment of tumors. Moreover, for verification, Estimation of STromal and Immune cells in MAlignant Tumour tissues using Expression data (ESTIMATE), an algorithm that analyzes the overall tumor microenvironment, was employed. By screening out two signatures, i.e., stromal signature and immune signature, we could calculate the scores of stromal and immune cells. In the end, an ESTIMATE score was obtained and was used for the analysis of tumor purity. Higher ESTIMATE scores, immune scores, and stromal scores reflect the higher content of each component in the tumor microenvironment, and the lower tumor purity.

In addition, for the evaluation of infiltration of immune cells in the microenvrionment of tumors, given that the abundance of immune cells and the consistency of data analyses, we used Immune Cell Abundance Identifier (ImmuCellAI), an ssGSEA-based online analysis tool, to calculate infiltration levels of 24 immune cells by uploading transcriptome data (http://bioinfo.life.hust.edu.cn/ImmuCellAI#!/) (13). Since ImmuCellAI has no well-established classification of glioma-associated macrophages (GAMs), and GAM plays a pivotal role in glioma microenviroment, we also employed the XCELL methodology contained in TIMER(http://timer.comp-genomics.org/) to assess the level GAM infiltration and its impact on the prognosis of glioma, with an attempt to add data to ImmuCellAI.

Tumor Immune Dysfunction and Exclusion (TIDE) is a method that is designed to predict the immune escape of tumor and efficacy of immuno-therapies, and a higher tumor TIDE score is predictive of less favorable prognosis of immuno-therapies (14). By assessing two characteristic gene signatures (i.e., T cell dysfunction and T cell exclusion), the TIDE scores can be obtained (14). TIDE scores were evaluated online (https://tide.dfci.harvard.edu/), by using Z-transformed CGGA and TCGA transcriptome data.

For the overall expression profile data of CGGA and TCGA, we downloaded the software GSEA_Win_4.1.0 to obtain the results (http://www.gsea-msigdb.org/gsea/downloads.jsp), and the genes with p-value < 0.05 and |log2FC| > 1) were identified by running the limma package of R, and immune-related differentially-expressed genes were assessed by applying Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG, RRID: SCR_012773) analyses with the clusterProfiler (RRID : SCR_016884) package of R.



Identification of Target Genes

In this study, we first performed a single sample gene set enrichment analysis (ssGSEA) on the transcriptome data of TCGA and CGGA. Then the subjects were clustered on the basis of the ssGSEA scores. In terms of the scores of the LGG immune microenvironment, the LGG population was divided into a high-immunity subgroup and a low-immunity subgroup. Subsequently, we found 7 genes to identify the patients with high-immunity infiltration, and they met all the following screening criteria: They were (i) highly expressed in LGGs, (ii) over-expressed in the immunity-high subgroup, (iii) readily available for clinical diagnosis; and (iv) subjects with preferential expression of the genes had a poor prognosis. So, we finally identified our target, i.e., tenascin-C (TNC), on the basis of the relative expression of these 7 genes (LGGs vs. normal brain tissues).



Antibodies

Antibodies used in immunohistochemistry: Anti-CD68 (1:1000, Sigma, Cat#HPA048982, RRID : AB_2680587), anti-CD4 (1:500, Abcam, Cat#ab133616, RRID : AB_2750883), anti-CD8 (1:200, Cell Signaling Technology, Cat#85336,RRID : AB_2800052), anti-FOXP3 (1:100, Abcam, Cat#ab20034, RRID : AB_445284), anti-CD206 (1μg/ml, Abcam, Cat#ab64693, RRID : AB_1523910), anti-TNC (1:100, Abcam, Cat#ab108930, RRID : AB_10865908).

Antibodies used in immunofluorescence: Anti-TNC (1:50, Santa Cruz Biotechnology, Cat#SC13578, RRID : AB_628341), anti-CA9 (1:100, NOVUS, Cat#NB100-417, RRID : AB_10003398), anti-Iba1 (1:100, Cell Signaling Technology, Cat#17198S, RRID : AB_2820254). Secondary Antibodies: Anti-mouse IgG (1:100, Invitrogen, Cat#2266877), anti-rabbit IgG (1:200, Invitrogen, Cat#2273718).

Antibodies used in western blotting: Anti-TNC (1:500, Santa Cruz Biotechnology, Cat#B1120),anti-CD11b (1:1000, Cell Signaling Technology, Cat#17800S), anti-p-STAT3 (1:1000, Cell Signaling Technology, Cat#9145S, RRID : AB_2491009), anti-α-Tubulin (1:5000, ABclonal, Cat#AC012, RRID : AB_2768341). Secondary Antibodies: Anti-rabbit IgG (1:1000, Cell Signaling Technology, Cat#7074P2, RRID : AB_2099233), anti-mouse IgG (1:1000, Cell Signaling Technology, Cat#7076P2, RRID:AB_330924).



Immunohistochemistry

ABC kit was reportedly used for IHC staining of tissue sections and DAB detection (15). The histochemical scoring (H-SCORE) was employed to measure the expression level of a target protein.



Immunofluorescence Staining

Tissues were stained with IF method as previously described (15). Briefly, 4% paraformaldehyde was used for the fixation of tumor specimens for 15 min. The samples were blocked with 10% donkey serum containing 0.5% Triton X-100 (Bio-Frox) at room temperature for 1 h. The samples were then incubated overnight at 4°C with the primary antibody. Then they were incubated for 1 h at room temperature with the corresponding secondary antibody. DAPI was utilized for nuclear staining. Images were acquired by using a fluorescence microscope (Olympus). IF staining was performed in triplicate in LGG specimens.



Immunoblotting

Immunoblotting was conducted as reported previously (15). Briefly, glioma tissues were ground and lysed by using RIPA buffer supplemented with protease and phosphatase inhibitors. Protein samples were separated by SDS-PAGE and transferred onto PVDF membranes. Proteins were labeled with primary antibodies overnight at 4°C, and then the secondary antibodies. ECL kit was used to visualize the immunoreactivity.



Quantitative Real-Time PCR

Total RNA was isolated from glioma tissues with TRIZOL (Invitrogen). According to the manufacturer’s instructions, cDNA was synthesized by using HIScript® II Q RT SuperMix (#R233-01, Vazyme). qRT-PCR was performed by using ChamQ SYBR Master Mix (#Q311-02/03, Vazyme) on the Applied Biosystems StepOnePlusTM Real-Time PCR System. Results were normalized to the β-actin gene and calculated with the method (Total number of cycles/ΔCt). All primer sequences are listed in Supplementary Table 4.



ELISA

Coagulant-free venous blood (2 ml) was taken, coagulated at room temperature for 2 h and centrifuged at 1000 g for 15 min. After centrifugation, serum was collected and the assay was conducted immediately. The concentrations of TNC were measured in duplicate with ELISAs according to the instructions of CUSABIO kit (Catalog Number: CSB-E13125h). The plates were read on a microplate reader at 450 nm.



Statistical Analysis

All statistical analyses were performed by employing R software package (version 4.0.2) or GraphPad Prism (version 7.0, RRID : SCR_002798), and all summary data were presented as mean± standard error. For the data with normal distribution, we used the unpaired Student’ t test for comparison between two groups and one-way ANOVA for multiple group comparison. For non-normally distributed data, Wilcoxon rank-sum test was utilized to make the comparison between two groups and the K-W test was used to compare multiple groups of independent samples. Moreover, the Log-rank test was employed to generate and compare Kaplan-Meier curves. p<0.05 was considered to be statistically significant.




Result


Screening of Related Genes for Predicting Immune Microenvironment Status in LGGs

In order to know the status of the LGG tumor immune microenvironment more conveniently, we analyzed the CGGA and TCGA database and obtain the relevant genes in terms of their clinical implication and the nature of the encoded proteins (Figure 1A). We performed ssGSEA analysis on 29 immunity-related gene sets, and then sub-grouped the LGG patients into low-immunity subjects and high-immunity ones in terms of ssGSEA scores (Figure 1B and Supplementary Figure 1A). In order to verify the reliability of the grouping, we used the ESTIMATE algorithm to evaluate the immune microenvironment of LGG. It was found that the ESTIMATE scores, stromal scores, and immune scores of the high-immunity subgroup were higher, and the tumor purity was lower (p<0.001) (Supplementary Figures 1B, C). We found that the prognosis of the high-immunity subgroup was unfavorable, even in patients who had undergone radiotherapy or chemotherapy (p<0.05) (Supplementary Figures 2A, B). We also found that the proportion of patients with IDH mutations was greater in the low-immunity subgroup (Supplementary Figure 2C), and the patients with IDH mutations had a worse prognosis when immune infiltration was higher (Supplementary Figure 2D). Then, we selected genes with (1) high expression in the LGG high immune subgroup, and (2) elevated expression in LGG tissue versus normal brain tissue. In the end, we identified 55 genes (Figure 1C). We performed GSEA on these genes, and the results showed that they were enriched in immunity-related pathways (Figure 1D). Then, we found 7 genes of interest from these genes encoded for protein secretion that lead to poor prognosis (Figure 1E). Finally, we found that TNC had the highest content in tumors and, therefore, used it as the research target (Figure 1F).




Figure 1 | Screening of related genes for predicting immune microenvironment in LGGs. (A) Diagram showing the bioinformatical strategies to identify candidates that can reflect the status of LGG immune microenvironment and predict the prognosis. (B) Clustering heatmap based on ssGSEA scores of 29 immune-related gene sets in CGGA database. (C) Venn diagram showing genes that were highly expressed in both the immunity-high subgroup and LGG patients. (D) Functional gene-set enrichment analysis of 55 genes selected in (C). (E) Venn diagram showing the intersection between the genes located in extracellular space and the genes related to poor prognosis in LGGs as calculated by the Log-rank test. (F) Immune-related target genes ranked in terms of relative gene expression level (LGGs vs. normal brain tissues).





TNC Was Associated With LGGs Immune Microenvironment

To explore the influence of TNC on the immune microenvironment status of LGGs, we conducted GSEA in the TCGA database. The results exhibited that immunity-related pathways were predominantly enriched in the high-TNC subgroup (p<0.05) (Figure 2A). We found that the high-TNC subgroup had higher ESTIMATE scores, stromal scores, immune scores, and lower tumor purity (p<0.001) (Supplementary Figure 3A). Immune cell infiltration also was increased in the high-TNC subgroup (Figure 2B). To verify the aforementioned findings, we conducted qRT-PCR on 32 fresh tumor tissues and revealed that mRNA expression of CD4 and CD8 was higher in the high-TNC subgroup (p<0.05) (Figure 2C). IHC showed that the expression of T cell-related molecules (CD4, CD8) and macrophage-related molecules (CD68, CD206) was up-regulated in the high-TNC subgroup (p<0.05) (Figures 2D–F and Supplementary Figures 3B, C). We found that in LGG, when the infiltration of CD4+ and CD8+ cells increased, the prognosis of the patient was poor (p<0.05) (Supplementary Figure 3D). As to the implication of TNC in the prognosis of LGG patients, we found that the Hazard Ratio (HR) of TNC in LGG was significantly higher (HR=1.66, p<0.05) (Figure 2G). Then, we followed up 30 patients who had been subjected to IHC for survival and found that the survival in the high-TNC subgroup was poor (p=0.0448) (Figure 2H).




Figure 2 | TNC was associated with LGGs immune microenvironment (A) Functional gene-set enrichment analysis of TNC used TCGA transcriptome data. (B) Histogram describing the level of immune cell infiltration as calculated by using the ImmuCellAI theory in different TNC expression groups. (*** p < 0.001, ns, not significant) (C) qRT-PCR analysis of mRNA expression of CD4 and CD8 and TNC in 32 LGG specimens grouped by TNC mRNA level. (* p < 0.05; ** p < 0.01; *** p < 0.001) (D, E) IHC staining of TNC, tumor-associated macrophages markers (CD68 and CD206), and T cell markers (CD4 and CD8) in grade II (D) and grade III (E) LGG specimens. Representative images are shown. (Scale bars = 200 um) (F) Scatter plot showing the distribution of CD68, CD206, CD4 and CD8 IHC scores (H-SCORE) in the two subgroups grouped based on the median of the TNC staining score. (* p < 0.05; ** p < 0.01; ***p < 0.001, ****p < 0.0001, n = 30) (G) The forest plot showing the single-factor logistic regression analysis of the prognosis of TNC in TCGA pan-cancer data. (LGG: HR=1.66) (H) Kaplan-Meier curve depicting the clinical value of TNC in 30 LGG patients with follow-up information. (* p < 0.05).





TNC Was Related to Glioma-Associated Macrophages Infiltration in LGGs

To explore the infiltration of different GAM phenotypes had any impact on the survival of LGG patients, we performed a survival analysis in the patients and the results showed that the prognosis of patients was poor when the total GAM cells, M1-like and M2-like phenotype of GAMs were elevated (p<0.05) (Figure 3A). However, upon analysis of GBM data, we found that the patients’ prognosis was related to the GAM cell types (Supplementary Figure 4). Next, we found that TNC was positively correlated with total GAMs, M1-like and M2-like phenotypes (Figure 3B). We used fresh tumor samples for mRNA detection and found that the mRNA expression of GAM-related genes CD11b and Iba1 were increased in the high-TNC subgroup (p<0.05) (Figure 3C). IF staining indicated that Iba1+ cell infiltration bore a correlation with high-TNC expression (Figure 3D). Western blotting detection of fresh samples demonstrated that the expression levels of CD11b and TNC protein were comparable (Figures 3E–G).




Figure 3 | TNC was related to GAM cell infiltration in LGGs (A) Kaplan-Meier survival analysis showing that the infiltration level of macrophages, M1-like cells, and M2-like cells with the prognosis of LGG patients in the TIMER database using the XCELL method. (** p < 0.01; *** p < 0.001; **** p < 0.0001) (B) The scatter plot indicating the correlation between TNC expression level (log2TPM) and the infiltration level of macrophages, M1-like cells, and M2-like cells in LGG patients using the TIMER database. (*** p<0.001) (C) qRT-PCR analysis of Iba1 and CD11b mRNA expression in 32 patients grouped by TNC mRNA level. (* p < 0.05; *** p < 0.001) (D) IF staining of TNC (green) and Iba1 (red) in human LGG samples. Representative images are shown. (Scale bars = 200 um) (s) MRI images of patients with grade II (E) and grade III (F) gliomas.(n=16) (G) Immunoblotting of TNC and CD11b in grade II and III glioma patients sorted by CD11b mRNA level. (The samples correspond to the patients in (E, F).





TNC Was Mainly Related to the Immunosuppressive Microenvironment of LGGs

Our data exhibited that TNC was positively correlated with myeloid-derived suppressor cells (MDSCs) and regulatory T cells (Tregs) infiltration (Figure 4A). IHC showed that the expression of Tregs related protein FOXP3 was elevated when the TNC was highly expressed in LGGs (p=0.0393) (Figures 4B, C). We also found that TNC was positively associated with immunosuppressive factors, immune checkpoints, immune checkpoint receptors, and MHC molecules, such as IL10, TGF-β (TGFB1), PD1 (PDCD1), HLA-DOA, CCL21, among others. However, TNC was negatively correlated with immuno-stimulatory factors TNFSF9 and NKG2D (KLRK) (Figure 4D and Supplementary Figure 5A). In the low-TNC subgroup, the infiltration of natural killer T cell (NKT), γδT cell, B cell, and other immune effector cells were increased (p<0.05) (Supplementary Figure 5B). We performed qRT-PCR on fresh LGG samples and found that, in the high-TNC subgroup, the expression of IL-10, TGF-β, PD-L1 was up-regulated, and the expression of immunostimulatory factor NKG2D was down-regulated (p<0.05) (Figure 4E).




Figure 4 | TNC was mainly related to the immunosuppressive microenvironment of LGGs. (A) Scatter plot displaying the correlation between TNC mRNA level and MDSC/Treg cell level. (*** p < 0.001) (B) IHC staining of FOXP3 protein in LGG specimens in terms of TNC IHC scores level. (Scale bars = 200 um. The sample is consistent with Fig. 2d, 2e) (C) Scatter plot showing the distribution of FOXP3 IHC scores in the two subgroups grouped by the median of the TNC IHC score. (*p<0.05) (D) Heatmap reflecting the correlation between TNC and chemokine, immuno-stimulator, immune-inhibitor, MHC molecule, and chemokine receptor. (E) qRT-PCR analysis of mRNA expression of IL10, TGF-β, PD-L1 and NKG2D in 32 LGG patients grouped by TNC mRNA level. (*p < 0.05; **p < 0.01). (F) The histogram showing the mRNA expression difference of hypoxia markers (CA9, VEGFA, and LDHA) in high-immunity subgroup and low-immunity subgroup. (G) Scatter plot exhibiting the distribution of hypoxia signature scores in the two subgroups based on the median of TNC mRNA level in TCGA data. (*** p < 0.001). (H) IF staining of TNC (green) and hypoxia marker (CA9; red) in human LGGs. (Scale bars=100 um, representative images are shown) (I) Immunoblotting of TNC and p-STAT3 in grade II and III glioma patients. (n=16).



The tumor hypoxic microenvironment is generally believed to be related to immunosuppression (16, 17). We evaluated LGG patients from the TCGA and the CGGA databases and found that the expression of hypoxia-related factors carbonic anhydrase 9 (CA9), vascular endothelial growth factor A (VEGFA), and lactate dehydrogenase A (LDHA) was increased in the high-immunity subgroup (Figure 4F). Similarly, we also observed that the subgroup with high-TNC in LGGs scored higher in terms of hypoxia-related signals (Figure 4G). We used fresh LGG tumor specimens for IF detection and found that TNC and CA9 were co-expressed (Figure 4H). Immunosuppression in glioma is considered to be related to the activation of STAT3 (18–20). We performed Western blot analysis and found that the expression of p-STAT3 was increased when TNC was elevated (Figure 4I).



Serum TNC Could Reflect the Immune Microenvironment of LGGs and Predict the Effect of Immunotherapy.

Our experiments showed that TNC was increased in tumor tissues and blood of LGG patients (p<0.05) (Figures 5A, B). We divided LGG patients subjected to ELISA into low-immunity subgroups and high-immunity subgroups in terms of CD11b mRNA in tumors. In grade II and III gliomas, we found serum TNC level was increased in the high immune subgroup (p<0.05) (Figure 5C). ROC analysis found that serum TNC content could be used to assess the status of tumor immune microenvironment in patients with grade II (AUC=0.8571; 95% CI: 0.6541-1.06) and grade III (AUC=0.8333; 95% CI: 0.6334-1.033) gliomas (Figures 5D, E). Finally, we used the TIDE tool to analyze the CGGA-LGG transcriptome data and found that patients with higher TNC expression registered higher TIDE scores and Exclusion Scores (p<0.05) (Figures 5F, G). Similarly, TCGA-LGG transcriptome data revealed that higher TNC expression was associated with higher TIDE scores and Dysfunction Scores (p<0.05) (Supplementary Figure 6).




Figure 5 | Serum TNC can reflect the immune microenvironment of LGGs and predict the effect of immunotherapy. (A) qRT-PCR analysis of mRNA expression of TNC in normal brain tissues (n = 6), grade II (n = 15) and grade III (n = 17) glioma patients. (* p < 0.05; ** p < 0.01) (B) Scatter plot displaying the serum concentration of TNC in normal brain tissues (n = 6), grade II (n = 15) and grade III (n = 17) glioma patients. (** p < 0.01; *** p < 0.001) (C) Scatter plot demonstrating the correction between TNC serum concentration and immunity-status in grade II and III glioma patients (Grouped based on the median of the tumor CD11b mRNA level. ***p < 0.001; n = 32) (D, E) ROC curves showing the diagnostic value of serum TNC level for distinguishing the status of LGG immune microenvironment. (F, G) TIDE scores and T cell exclusion scores in different TNC mRNA expression subgroups. The score between the two subgroups were compared through the Wilcoxon test. (Top: TNC high expression; Bottom: TNC low expression. * p < 0.05, *** p < 0.001) (H) The potential application of TNC in the early diagnosis and individualized treatment of LGG patients.






Discussion

Despite advances in the treatment, the overall survival of glioma patients has not been significantly improved in the past few decades (11). Recently research effort has been directed at understanding the interaction between the immunity and the progression of glioma. Moreover, clinicians tried to use immunotherapy to improve the prognosis of glioma. Immunotherapy takes advantages of the specificity and killing mechanism of the immune system to target and remove tumor cells. Nonetheless, in glioma, the key components of the immune microenvironment have experienced substantial change, which leads to tumor immune escape (21, 22). Moreover, the drug resistance of glioma also bears an intimate correlation with the immunosuppressive microenvironment (23, 24). It is of great importance to find a reliable bio-indicator that can mirror the tumor immune microenvironment status and allow for personalized treatment.

In this study, we identified a bio-indicator, i.e., TNC, whose expression is associated with chronic inflammation and development of multiple malignancies, including gliomas. TNC regulates cellular adhesion, migration, proliferation and angiogenesis in tumors by binding to its corresponding receptors (25). Previous studies have demonstrated that TNC is implicated in immune regulation and other important biological processes (26). Nevertheless, the effect of TNC on the LGG immune microenvironment remains poorly understood. In this study, we explored the impact of TNC on the immune microenvironment of LGGs.

Previous studies found that infiltrating immune cells in gliomas involve central nervous system (CNS) resident cells (microglia), peripheral macrophages, granulocytes, myeloid-derived suppressor cells, and T lymphocytes, among others. The extensive microglial and macrophagal infiltration in gliomas is collectively referred to as GAM (27). CD11b antigen has been used as a common marker of microglia in most human tissue studies. But macrophages and MDSCs also express CD11b (27). CD68, and Iba-1 are commonly used for the identification of GAMs (27). In this study, we showed that, in LGG, CD11b, CD68, and Iba-1 were also increased in high-TNC subgroup, suggesting that TNC expression was associated with GAM infiltration. In GBM, the GAM functions varied with different polarization phenotypes. M1-like macrophages assault tumor cells via phagocytosis and the production of pro-inflammatory cytokines. However, M2-like macrophages are involved in immunosuppression and tumorigenesis (28). M2-like macrophages also increase the release of anti-inflammatory and immunosuppressive cytokines, such as IL10 and TGF-β (27, 28). However, our findings suggested that the different polarization phenotypes of GAMs in LGGs exerted no influence on the prognosis of patients. TNC is believed to be related to the polarization of GAMs in GBM (25). The expression of TNC in LGGs was found to be associated with the infiltration of GAMs, no matter M1 or M2. These results indicated that the different types of GAM in LGGs might not have much influence on GAM function, and TNC might elicit GAM infiltration, but did not affect cell polarization.

MDSCs, a heterogeneous population of immature myeloid cells, participate in the development of tumor-induced immunosuppression (29). For instance, MDSCs can release immunosuppressive cytokines and inhibit the activity of T cells by activating STAT3, thereby affecting immunosuppression (18–21). We showed that the infiltration of MDSCs was increased in the high-TNC subgroup. Moreover, STAT3 activation was also enhanced in the high-TNC subgroup. These results suggested that in LGGs, TNC is released by tumor cells possibly to induce MDSC infiltration and activate STAT3 to produce immunosuppression. The finding and its implications need to be further studied.

In glioma, T cells are functionally impaired and the intensity of T cell infiltration is related to the prognosis of patients (30). We exhibited that in LGGs, the infiltration of CD4+ and CD8+ cells was increased in the high-TNC subgroup, and, as a consequence, the survival of patients was poor. Treg cells usually account for 5-10% of overall CD4+ T cells. Nevertheless, in many cancers, the more the Treg cells, the worse the prognosis (31, 32). This might be ascribed to the fact that Treg cells are able to inhibit the effector T cells. Importantly, Treg cells suppress the T cells by secreting immunosuppressive cytokines and down-regulating costimulatory molecules (33). High-level cytokines, such as TGF-β and IDO, support the sustenance of Tregs in the glioma microenvironment, which facilitate the recruitment and survival of Tregs (34, 35). Surprisingly, the infiltration of Treg cells was increased in the high-TNC subgroup, as TGF-β and IDO did, suggesting that, in LGG, TNC can cause T cell dysfunction and result in immunosuppression.

Although NK cells account for only a small proportion of tumor immune cells, studies have shown that NK cells in the immune microenvironment of glioma were highly cytotoxic to tumor cells (36). Therefore, restoring its anti-tumor cytotoxicity has become the main strategy of immunotherapy for glioma (36). NKG2D is a C-type, lectin-like homodimeric receptor expressed by human NK, γδT, and CD8+ αβT cells. The activation of NKG2D can lead to the production of pro-inflammatory cytokines, such as IFN-γ, and the release of cytotoxic particles, thereby killing tumors (37). Our study suggested that the infiltration of NK cells and effector T cells was reduced in the high-TNC subgroup, and so was the expression of NKG2D. Therefore, the expression of TNC in LGGs might inhibit the activity of NK cells and effector T cells, leading to immune escape of tumors.

The viability of tumor cells and the response to therapeutic drugs are multifactorial and the hypoxic microenvironment is one of the important factors. In fact, hypoxia is also a signature of the glioma microenvironment (38). The adaptation of glioma cells to the hypoxic microenvironment is mediated by hypoxia-inducible factors (HIFs). Activation of HIFs can induce the accumulation of immune cells in tumors and is also associated with immunosuppression, resulting in poor prognosis (17, 39). Our results showed that the expression of hypoxia-related factors was increased in the LGG high-immunity subgroup and high-TNC subgroup. Previous studies have shown that a hypoxic microenvironment could regulate the expression of TNC (40). We are led to speculate that in LGG tumors, TNC goes up under hypoxic microenvironment, leading to an immunosuppressive microenvironment.

At present, no serum markers are available that can reflect the immune microenvironment status of LGG tumors. In this study, we found that TNC could be detected in serum and its level was indicative of the immunosuppressive microenvironment of LGGs. More significantly, we successfully predicted that the immunotherapeutic effect on high-TNC patients was poor. This suggests that we can predict the prognosis of LGG patients and guide immunotherapy by detecting the level of serum TNC. In the future, whether TNC can be used as a therapeutic target to improve the efficacy of radiotherapy, chemotherapy, and immunotherapy of LGG, warrants further studies.

In conclusion, TNC is a promising immunity-related prognostic indicator for LGGs. Stratification in terms of TNC helps distinguish patients with different immune status and predict their prognosis.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by All samples were harvested upon obtaining written consent from the subjects in accordance with a protocol approved by the Research Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China (Serial no. TJ-IBR20181111). Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

DG and XY conceived the study and verified the data. PZ and GL were involved in implementation of the project, preparation of the manuscript and analysis of data. JH conducted the experiments. SC collected and synthesize data. PP and BW revised the manuscript. All authors read and approved the final version.



Funding

This project was supported by the National Natural Science Foundation of China, NO. 81874086 and NO. 82072797; Supported by Program for HUST Academic Frontier Youth Team; Supported by Huazhong University of Science and Technology Independent Innovation Research Fund Project, NO. 2019kfyXJJS187.



Acknowledgments

We are indebted to Yanmei Qiu for her constructive comments on the manuscript.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.824586/full#supplementary-material



References

1. Ius, T, Ciani, Y, Ruaro, ME, Isola, M, Sorrentino, M, Bulfoni, M, et al. An NF-kappaB Signature Predicts Low-Grade Glioma Prognosis: A Precision Medicine Approach Based on Patient-Derived Stem Cells. Neuro Oncol (2018) 20(6):776–87. doi: 10.1093/neuonc/nox234

2. Jang, BS, and Kim, IA. A Radiosensitivity Gene Signature and PD-L1 Predict the Clinical Outcomes of Patients With Lower Grade Glioma in TCGA. Radiother Oncol (2018) 128(2):245–53. doi: 10.1016/j.radonc.2018.05.003

3. Louis, DN, Ohgaki, H, Wiestler, OD, Cavenee, WK, Burger, PC, Jouvet, A, et al. The 2007 WHO Classification of Tumours of the Central Nervous System. Acta Neuropathol (2007) 114(2):97–109. doi: 10.1007/s00401-007-0243-4

4. Yan, H, Parsons, DW, Jin, G, McLendon, R, Rasheed, BA, Yuan, W, et al. IDH1 and IDH2 Mutations in Gliomas. N Engl J Med (2009) 360(8):765–73. doi: 10.1056/NEJMoa0808710

5. Wesseling, P, and Capper, D. WHO 2016 Classification of Gliomas. Neuropathol Appl Neurobiol (2018) 44(2):139–50. doi: 10.1111/nan.12432

6. Aoki, K, Nakamura, H, Suzuki, H, Matsuo, K, Kataoka, K, Shimamura, T, et al. Prognostic Relevance of Genetic Alterations in Diffuse Lower-Grade Gliomas. Neuro Oncol (2018) 20(1):66–77. doi: 10.1093/neuonc/nox132

7. Stupp, R, Mason, WP, van den Bent, MJ, Weller, M, Fisher, B, Taphoorn, MJ, et al. Radiotherapy Plus Concomitant and Adjuvant Temozolomide for Glioblastoma. N Engl J Med (2005) 52(10):987–96. doi: 10.1056/NEJMoa043330

8. Wen, PY, and Kesari, S. Malignant Gliomas in Adults. N Engl J Med (2008) 359(5):492–507. doi: 10.1056/NEJMra0708126

9. Brat, DJ, Verhaak, RG, Aldape, KD, Yung, WK, Salama, SR, Cooper, LA, et al. Comprehensive, Integrative Genomic Analysis of Diffuse Lower-Grade Gliomas. N Engl J Med (2015) 372(26):2481–98. doi: 10.1056/NEJMoa1402121

10. Binnewies, M, Roberts, EW, Kersten, K, Chan, V, Fearon, DF, Merad, M, et al. Understanding the Tumor Immune Microenvironment (TIME) for Effective Therapy. Nat Med (2018) 24(5):541–50. doi: 10.1038/s41591-018-0014-x

11. Grabowski, MM, Sankey, EW, Ryan, KJ, Chongsathidkiet, P, Lorrey, SJ, Wilkinson, DS, et al. Immune Suppression in Gliomas. J Neurooncol (2021) 151(1):3–12. doi: 10.1007/s11060-020-03483-y

12. Lin, W, Qiu, X, Sun, P, Ye, Y, Huang, Q, Kong, L, et al. Association of IDH Mutation and 1p19q Co-Deletion With Tumor Immune Microenvironment in Lower-Grade Glioma. Mol Ther Oncol (2021) 21:288–302. doi: 10.1016/j.omto.2021.04.010

13. Miao, YR, Zhang, Q, Lei, Q, Luo, M, Xie, GY, Wang, H, et al. ImmuCellAI: A Unique Method for Comprehensive T-Cell Subsets Abundance Prediction and its Application in Cancer Immunotherapy. Adv Sci (Weinh) (2020) 7(7):1902880. doi: 10.1002/advs.201902880

14. Jiang, P, Gu, S, Pan, D, Fu, J, Sahu, A, Hu, X, et al. Signatures of T Cell Dysfunction and Exclusion Predict Cancer Immunotherapy Response. Nat Med (2018) 24(10):1550–8. doi: 10.1038/s41591-018-0136-1

15. Man, J, Shoemake, J, Zhou, W, Fang, X, Wu, Q, Rizzo, A, et al. Sema3C Promotes the Survival and Tumorigenicity of Glioma Stem Cells Through Rac1 Activation. Cell Rep (2014) 9(5):1812–26. doi: 10.1016/j.celrep.2014.10.055

16. Murdoch, C, Giannoudis, A, and Lewis, CE. Mechanisms Regulating the Recruitment of Macrophages Into Hypoxic Areas of Tumors and Other Ischemic Tissues. Blood (2004) 104(8):2224–34. doi: 10.1182/blood-2004-03-1109

17. Imtiyaz, HZ, Williams, EP, Hickey, MM, Patel, SA, Durham, AC, Yuan, LJ, et al. Hypoxia-Inducible Factor 2alpha Regulates Macrophage Function in Mouse Models of Acute and Tumor Inflammation. J Clin Invest (2010) 120(8):2699–714. doi: 10.1172/JCI39506

18. Kujawski, M, Kortylewski, M, Lee, H, Herrmann, A, Kay, H, and Yu, H. Stat3 Mediates Myeloid Cell-Dependent Tumor Angiogenesis in Mice. J Clin Invest (2008) 118(10):3367–77. doi: 10.1172/JCI35213

19. Marvel, D, and Gabrilovich, DI. Myeloid-Derived Suppressor Cells in the Tumor Microenvironment: Expect the Unexpected. J Clin Invest (2015) 125(9):3356–64. doi: 10.1172/JCI80005

20. Yang, L, DeBusk, LM, Fukuda, K, Fingleton, B, Green-Jarvis, B, Shyr, Y, et al. Expansion of Myeloid Immune Suppressor Gr+CD11b+ Cells in Tumor-Bearing Host Directly Promotes Tumor Angiogenesis. Cancer Cell (2004) 6(4):409–21. doi: 10.1016/j.ccr.2004.08.031

21. Gomez, GG, and Kruse, CA. Mechanisms of Malignant Glioma Immune Resistance and Sources of Immunosuppression. Gene Ther Mol Biol (2006) 10(A):133–46. doi: 10.1038/sj.gt.3302647

22. Wang, Z, Wang, Z, Zhang, C, Liu, X, Li, G, Liu, S, et al. Genetic and Clinical Characterization of B7-H3 (CD276) Expression and Epigenetic Regulation in Diffuse Brain Glioma. Cancer Sci (2018) 109(9):2697–705. doi: 10.1111/cas.13744

23. Reardon, DA, Freeman, G, Wu, C, Chiocca, EA, Wucherpfennig, KW, Wen, PY, et al. Immunotherapy Advances for Glioblastoma. Neuro Oncol (2014) 16(11):1441–58. doi: 10.1093/neuonc/nou212

24. Ma, Q, Long, W, Xing, C, Chu, J, Luo, M, Wang, HY, et al. Cancer Stem Cells and Immunosuppressive Microenvironment in Glioma. Front Immunol (2018) 9:2924. doi: 10.3389/fimmu.2018.02924

25. Yalcin, F, Dzaye, O, and Xia, S. Tenascin-C Function in Glioma: Immunomodulation and Beyond. Adv Exp Med Biol (2020) 1272:149–72. doi: 10.1007/978-3-030-48457-6_9

26. Midwood, K, Sacre, S, Piccinini, AM, Inglis, J, Trebaul, A, Chan, E, et al. Tenascin-C Is an Endogenous Activator of Toll-Like Receptor 4 That Is Essential for Maintaining Inflammation in Arthritic Joint Disease. Nat Med (2009) 15(7):774–80. doi: 10.1038/nm.1987

27. Gieryng, A, Pszczolkowska, D, Walentynowicz, KA, Rajan, WD, and Kaminska, B. Immune Microenvironment of Gliomas. Lab Invest (2017) 97(5):498–518. doi: 10.1038/labinvest.2017.19

28. Mantovani, A, Sozzani, S, Locati, M, Allavena, P, and Sica, A. Macrophage Polarization: Tumor-Associated Macrophages as a Paradigm for Polarized M2 Mononuclear Phagocytes. Trends Immunol (2002) 23(11):549–55. doi: 10.1016/s1471-4906(02)02302-5

29. Otvos, B, Silver, DJ, Mulkearns-Hubert, EE, Alvarado, AG, Turaga, SM, Sorensen, MD, et al. Cancer Stem Cell-Secreted Macrophage Migration Inhibitory Factor Stimulates Myeloid Derived Suppressor Cell Function and Facilitates Glioblastoma Immune Evasion. Stem Cells (2016) 34(8):2026–39. doi: 10.1002/stem.2393

30. Wrensch, M, Minn, Y, Chew, T, Bondy, M, and Berger, MS. Epidemiology of Primary Brain Tumors: Current Concepts and Review of the Literature. Neuro Oncol (2002) 4(4):278–99. doi: 10.1093/neuonc/4.4.278

31. Schaefer, C, Kim, GG, Albers, A, Hoermann, K, Myers, EN, and Whiteside, TL. Characteristics of CD4+CD25+ Regulatory T Cells in the Peripheral Circulation of Patients With Head and Neck Cancer. Br J Cancer (2005) 92(5):913–20. doi: 10.1038/sj.bjc.6602407

32. Wolf, AM, Wolf, D, Steurer, M, Gastl, G, Gunsilius, E, and Grubeck-Loebenstein, B. Increase of Regulatory T Cells in the Peripheral Blood of Cancer Patients. Clin Cancer Res (2003) 9(2):606–12. doi: 10.1093/carcin/24.2.343

33. Vignali, DA, Collison, LW, and Workman, CJ. How Regulatory T Cells Work. Nat Rev Immunol (2008) 8(7):523–32. doi: 10.1038/nri2343

34. Samuels, V, Barrett, JM, Bockman, S, Pantazis, CG, and Allen, MJ. Immunocytochemical Study of Transforming Growth Factor Expression in Benign and Malignant Gliomas. Am J Pathol (1989) 134(4):894–902. doi: 10.1016/S0015-7368(89)73252-7

35. Wainwright, DA, Balyasnikova, IV, Chang, AL, Ahmed, AU, Moon, KS, Auffinger, B, et al. IDO Expression in Brain Tumors Increases the Recruitment of Regulatory T Cells and Negatively Impacts Survival. Clin Cancer Res (2012) 18(22):6110–21. doi: 10.1158/1078-0432.CCR-12-2130

36. Golan, I, Rodriguez, DLFL, and Costoya, JA. NK Cell-Based Glioblastoma Immunotherapy. Cancers (Basel) (2018) 10(12):522. doi: 10.3390/cancers10120522

37. Friese, MA, Platten, M, Lutz, SZ, Naumann, U, Aulwurm, S, Bischof, F, et al. MICA/NKG2D-Mediated Immunogene Therapy of Experimental Gliomas. Cancer Res (2003) 63(24):8996–9006. doi: 10.1002/cncr.11858

38. Bertout, JA, Patel, SA, and Simon, MC. The Impact of O2 Availability on Human Cancer. Nat Rev Cancer (2008) 8(12):967–75. doi: 10.1038/nrc2540

39. Solinas, G, Germano, G, Mantovani, A, and Allavena, P. Tumor-Associated Macrophages (TAM) as Major Players of the Cancer-Related Inflammation. J Leukoc Biol (2009) 86(5):1065–73. doi: 10.1189/jlb.0609385

40. Miroshnikova, YA, Mouw, JK, Barnes, JM, Pickup, MW, Lakins, JN, Kim, Y, et al. Tissue Mechanics Promote IDH1-Dependent HIF1alpha-Tenascin C Feedback to Regulate Glioblastoma Aggression. Nat Cell Biol (2016) 18(12):1336–45. doi: 10.1038/ncb3429




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhang, Liu, Hu, Chen, Wang, Peng, Yu and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu.2022.824586_cover.jpg
’ frontiers

in Immunology

Tenascin-C can Serve as an Indicator
for the Immunosuppressive
Microenvironment of Diffuse

Low-Grade Gliomas





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Tenascin-C can Serve as an Indicator for the Immunosuppressive Microenvironment of Diffuse Low-Grade Gliomas

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patients

          



          		

            Datasets and Bioinformatics Tools and Algorithms

          



          		

            Identification of Target Genes

          



          		

            Antibodies

          



          		

            Immunohistochemistry

          



          		

            Immunofluorescence Staining

          



          		

            Immunoblotting

          



          		

            Quantitative Real-Time PCR

          



          		

            ELISA

          



          		

            Statistical Analysis

          



        



        



        		

          Result

        

          		

            Screening of Related Genes for Predicting Immune Microenvironment Status in LGGs

          



          		

            TNC Was Associated With LGGs Immune Microenvironment

          



          		

            TNC Was Related to Glioma-Associated Macrophages Infiltration in LGGs

          



          		

            TNC Was Mainly Related to the Immunosuppressive Microenvironment of LGGs

          



          		

            Serum TNC Could Reflect the Immune Microenvironment of LGGs and Predict the Effect of Immunotherapy.

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-824586-g005.jpg
TNC mRNA level

-
o
o

(%)
o

Identity

TIDE Scores

Normal

(n=6)

(n=15) (n=17)

Grade Il patients
(n=15)

Grade Il Grade IlI

w
o

Serum TNC concentration(ng/ml)

Normal
(n=6)

—e- Sensitivity %
-m- |dentity %

Area = 0.8571
95%Cl 0.6541-1.06
P =0.0206

0
50 100
100% - Specificity
CGGA data
Bottom Top
(N=50) (N=50)
RNA sequencing data ~ SSGSEA
immune group

T > E— ) — |

LGGs Immune microenvironment

Low-TNC Group

E

*k

(n=15)

Non-invasively
acquired biomarkers

High-TNC Group

(n=17) 0

TNC Serum levels

(9]
N R O ©

o

u)

L]
-
(G1=
sjuaned || apei

25
20

Serum TNC concentration(ng/ml)

Grade Il Grade Ill

*kk

=
0

o F

Grade |l patients

(n=17)

50
100% - Specificity

CGGA data

Exclusion Scores

Bottom
(N=50)

evaluate

—

/ STAT3 4

Hypoxic
microenvironment

o TG
Q

@ cos+Teel

NK cell

Dendritic cells

LGGs patients

NKG2D | P

@ Glioma tumor cell @

—e- Sensitivity %
-=- |dentity %

Area = 0.8333
95%Cl 0.6334-1.033
P =0.0299

100

Immune cell
infiltration state

Prognosis
N

Immunotherapy
responsiveness

(@)

Poor prognosis

uoissaiddns aunwwy

[ ) TGF-B @® IL10

G Microglia . Treg cell

@ cos+Tcel @ NKTcel
Macrophage @ MDSC

B lymphocyte a Monocytes

Immunity-Low Immunity-High

sjuaned ||| speio

Immunity-Low Immunity-High






OEBPS/Images/fimmu-13-824586-g003.jpg
o

mMRNA expression
D

O:O ot 0] i 2 2
0 50 100 150 0 50 100 150 0 50 100 150
Survival time(months) Survival time(months) Survival time(months) 0
B _ 10.0! L D
[
> .
3 7.51 ‘
55" -
= 5.0 _5
Qo 5
28 o
w=25 o®
] t (0]
4 ar|
= 0.0 = % :
0.00 0.05 0.10 0.15 0.20
Infiltration Level of Macrophage
o 100! . e
>
Q
o |
i -
S i 8
8o 3
S8 |f r=0.482 ®
w= : aan o
) H -t
g !
F oo , !
0.00 0.05 0.10 0.15
_Infiltration Level of Macrophage M1-like
[
3 10.0] P HL
- . E
e o
= 2
=5 7.5 -
A g
o N
850 3
w= ar|
S 25
= 1
0.0-. :
0.00 0.05 0.10 0.15 0.20
Infiltration Level of Macrophage M2-like
E F
WHO grade Il glioma patients WHO grade Il glioma patients

G WHO grade Il glioma patients WHO grade lll glioma patients
] CD11b mRNA level ] CD11b mRNA level
TNC
250kDa
CD11b
170kDa

a-Tubulin
55kDa






OEBPS/Images/fimmu-13-824586-g001.jpg
t High-immunoactivity

D

Genes highly expressed Genes highly expressed
in

in immune-H
CGGA

Genes with location in

immune-H group in

innate immune response

regulation of immune response

peptide antigen binding

inflammatory response

-grade glioma

adaptive immune response

MHC class Il protein complex
immune response

antigen processing and present

F
MMP14 o
T4
APOC2 )
©
TNC 53
3
s
HLA-H <
(=2}
g
SERPINA3
CHI3L2

S100A11

@ Topgene: TNC

1950U99 09

5 10

Count Number

15

LGG VS Normal Brain Tissue

6000

LGG expression Patient prognosis 000 0o - oo oo s o oo oo
t d 1 P TCGA Data
ST e - —— TNCHow
4 |mmunoact|V|ty 1 p: © location in extracellular space 10 OW
! :I LGG —— TNC-high
: 1! : ’ =
' A E
1
: n ! 2 50
1 gt —> =
\ 1 : 1 : 8
i ,| Normal brain: | g
I 1
. LGG Normal 0 2000 4000
| I
! immunity Immumty|l \\ " N Survival time(Days)
\\ High Low /Y~ ----- £ EEEEEEEEEEEEEmES S S
ssGSEA analysis based on CGGA data
QUSR] TumorPurity g TumorPurity
00T 0000 0 00 0 0 A0 OO MDY 00 ) R0 O 0100000 | MMINENIRM} ESTIMATEScore 0.9
U A A0 M0 M 0O ORI MR S0 WL MERMIRMEMINE] imvmuneScore 4
UG0S0 O 50T 00000 CNUEE 00 AT I S0 0 CU R 001 M WAMIR W] StromalScore
Subtype ) 05
JyRLI (I | NI 0 TR NK_cells
\‘ L TN ‘ If (1710 | | | } Mast_cells ESTIMATEScore
L [ \ | \ | }\ || ocs 0 [l 3000
‘ 1114 [ | || Il iocs
\ \ 114 | ! , ‘ Il Il [1] i 1 I || MHC_class_| -2
I Jil [ 11 | (U 1] vpe 1PN _Reponse ~3000
[ | ‘ IIl {0 (A 1[0 | HLA ~
Il || O ‘ 1 T_helper_cells ImmuneScore
\ | A pDCs —6[Ji 2000
| I \‘ | | | APC_co_inhibition
[ 1 T_cell_co-inhibition
\ | \ \ \ Al [ Bcells z
1IN | A | \ Macrophages 1000
| | | [1| Treg StromalScore
[k A | | | | APC_co_stimulation 1500
| [ | Parainflammation
4 {111} il ‘ [l CCR
|| Check-point
I‘ | I 1 TIL -1500
‘ ‘ | \ i Th2_cells
| | [ [ l T_cell_co-stimulation su"lzrneunity H
[ \ AN A O | Cytolytic_activity lI )
\ \ | \ Inflammation—-promoting mpmunity_t
A \ T RN W R N aoce
I Thh
' (11 f |‘\ \ ‘ \ \ﬂ CD8+_T_cells
il ‘ ‘ l \ | | | | Th1_cells
|’ I | | | ‘ Il \ ‘ 110 (A ‘i | [ Neutrophils
[ (I Il UM T H I T | Type_lI_IFN_Reponse





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-13-824586-g002.jpg
Enrichment Score Enrichment Score

Patient 1
TNC-Low

Patient 2
TNC-High

Patient 3

Patient 4

B CGGA-Data

Art . TCGA-Data ¢ i tand
ntigen processing omplement an ,
and presentation coagulation cascades 0.6 B TNC-low B TNC-high
06 206 i
04 = 04 g 0.4 whx .
0.2 | FDR g-value : 0. § 0.2 FDRg-value : 0. €
: e . g H o . B
00 Nominal p-value : 0.0 2 00 Nominal p-value : 0.0 = s
w H 0.2
T 111 "
TNC-High TNC-Low TNC-High TNC-Low 0.0
Intestinal immune network Leukocyte transendothelial ’ Monocyte Th1 Th2 DC Macrophage
for IGA production migration c
0.6 Q06 - TNC - CcD8 - Cbh4
% ’ 510 S8 . &6
0.4 204 28 36 2
FDR g-value : 0.0 & 56 & =4
0.2 e E 0.2 X x4 3
Nominal p-value : 0.002 B2) Nominal p-value < 0. <4 w5 < <2
0 £ 0.0 Z2 Z2 z
i} 4 74 4
L ' o rowmemor e o
TNC-low TNC-high TNC-low TNC-high TNC-low TNC-high
TNC-High TNC-Low TNC-High TNC-Low
Grade Il glioma G
TNC % 'CI‘JSA8 Ccb4 CDa : HR  Pvalue

TNC-Low

TNC-High

TGCT 145
(N=134) (077 ~3.71) 25801+~ @----

MESO 12 55004 @

14e02 -

796
(N=64) (1.15~3.35)
ov 2
(N=374) (1~12) 61e02 @

LUAD  1.04
(N=500) (0.96~ 1.12) 3.7e-01 [ ]
LUSC 0.99
(N=494) (0.92~1.06) 8.2e-01@
115225335
HR(95%CI)
8 H
Grade Il glioma
— TNC-low

100 ~ TNC-high

50.

p=0.0448

Percent survival

0 500 1000
Survival time(Days)

TNC-High

CD68 CD4
* 50 o
040
0 LI 1] §30 B gy
5 % s . %
oo I E
. . - ~10 "
- - 0
TNC-Low TNC-High

g 0 0
TNC-Low TNC-High TNC-Low TNC-High TNC-Low TNC-High





OEBPS/Images/table1.jpg
Clinical characteristics of patients subjected to IHC testing

Characteristic N=30
Grade
WHO Il 16
WHO Il 14
Histology
Astrocytoma 28
Oligodendroglioma 2
Gender
Male 1
Female 19
Age (years)
Median 44
Range 13-63
Location
Frontal lobe 13
Temporal lobe 5
Parietal lobe 2
Multiple lobes 10
Overall survival (days)
Median 637.5
Range 44-1091
Clinical characteristics of other participants.
Characteristic N=38
Grade
Normal brain tissues 6
WHO Il 15
WHO il 17
Histology
Astrocytoma 29
Oligodendroglioma 3
Gender
Male 22
Female 16
Age (years)
Median 48
Range 15-73
Location
Frontal lobe 14
Temporal lobe 13
Lateral ventricle 2
Multiple lobes 9






OEBPS/Images/fimmu-13-824586-g004.jpg
Fold Change

6

H

N

0

Infiltration Level of MDSC

Infiltration Level of Treg

o
o

o
IS

o
N

.0+
0 500 1000 1500 2000
TNC Expression Level

0.08
0 500 1000 1500 2000
TNC Expression Level

High Level of TNC

TCGA Data B LGG patient 1 LGG patient 3 c
o FOXP3: i o %
-4 R FOXP3
= 200
o *
3
r=0.4721 3
e —;‘ 150 .
S |
[}
@ °0 [ T
. : 3100 o
LGG patient 2 LGG patient 4 (%) n
FoxXp Tk PR _F'o'@‘; T %
50

TCGA Data

IL10RB

PDCD1

PDCD1LG2

TGFB1

TGFBR1

HLA-B

HLA-DMA

Chemokine Immuno-stimulator Immuno-inhibitor

Immunity-Low | Immunity-High

VEGFA LDHA

1]

1ad

250kDa —

p-STAT3 —
a-Tubulin

55kDa BT T —

TCGA CGGA TCGA CGGA TCGA CGGA

WHO grade Il glioma patients

Score of hypoxia signature

E
L g*
0.6 28 ‘»
HLAA CX3CR1 0.4 8 3 2
0.2 56 5
0 B % 2
0.2 <4
-0.4 > <Z( 1
2 F
Eo Eo
TNC-low TNC-high ~ TNC-low TNC-high
NKG2D
cb 8
HLA-DMB CCR1 S S
a4 26
g o
HLA-DOA CXCR2 g 3 Sy
2 (v}
< < 2
CXCR6 Z1 F
4 £ 0 o
MHC Chemokine TNC-low TNC-high  TNC-low TNC-high
molecule Receptor
H
TCGA Data

ek

Human LGG patient

TNC-LOW TNC-High

WHO grade Il glioma patients






