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Background

Gliomas are the most common and invasive malignant tumors that originate in the central nervous system. Currently, the primary treatment modality for gliomas is maximum surgical resection, supplemented by radiotherapy and chemotherapy. However, the long-term survival rate has not signifificantly increased. Pyroptosis is a new form of programmed lytic death that has been recently discovered. Caspase 4 (CASP4) plays a key role in pyroptosis. Many studies have shown that pyroptosis is not only related to inflflammation but is also closely related to the occurrence and development of most tumors. This study aimed to prove that CASP4 has a key role in the mechanism of gliomas.



Methods

We used expression data from The Cancer Genome Atlas and the Chinese Glioma Genome Atlas to explore the relationship between CASP4 expression and glioma prognosis. The differential expression of CASP4 in gliomas and normal tissues was fifirst tested, and then the connection between CASP4 and tumor prognosis was explored. The relationship between CASP4 expression and immune cell infifiltration was also investigated. Finally, the possible pathways were analyzed using Gene Ontology, Kyoto Encyclopedia of Genes and Genomes, and Gene Set Enrichment Analysis.



Results

CASP4 was highly expressed and associated with a signifificantly lower survival rate in patients with glioma. It could also inflfluence immune cell infifiltration by releasing cytokines.



Conclusion

CASP4 can be a diagnostic biomarker and is a promising therapeutic target for gliomas.
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Introduction

Gliomas, which are derived from neuroglial stem or progenitor cells, are the most common type of malignant tumor of the central nervous system (CNS). Gliomas account for almost 30% of all primary brain tumors and 80% of all malignant ones (1). Gliomas are categorized into World Health Organization (WHO) grades 1–4 based on their different degrees of malignancy (2). As a refractory tumor, the standard treatment for gliomas includes maximum safe resection combined with concurrent radiotherapy and temozolomide chemotherapy followed by temozolomide. However, despite surgical resection, chemotherapy, and radiotherapy, the median survival time after diagnosis is only 14–16 months (3, 4), and the 5-year survival rate is only 6.8% (5). Inflammation is a basic feature of glioblastoma (GBM) biology (6), but its role in gliomas has not been elucidated. The main manifestation of this inflammation is the lack of T cell infiltration (7), but a large number of tumor-associated macrophages and tumor-associated lymphocytes are infiltrated and activated (8). Inflammation in gliomas is associated with poor prognosis and reduced tumor response to treatment (9). Tumor-associated macrophages can affect the proliferation of tumor cells, which is closely related to their polarization or differentiation (10).

Microglia, the innate immune cells, reside in the CNS and constitute a group of macrophages, also known as brain intrinsic cells (11). Increasing evidence shows that microglia are no longer simply inflammatory cells (12). Glioma tissues contain nearly 30% microglia (13). Under the induction of glioma cells, microglia differentiate into a certain phenotype and gather at the edge of the tumor, promoting the invasion and growth of glioma. In addition, the density of microglia is positively correlated with the benign, malignant, and invasive nature of the tumor (12, 14). Microglia also stimulate tumor-associated angiogenesis and tumor cell migration (15). Pyroptosis is a newly discovered method of programmed cell lytic death that mainly plays a role in resisting the invasion of external pathogens and sensing endogenous danger signals (16). The latest definition of pyroptosis by the Nomenclature Committee Cell Death in 2018 is regulated cell death caused by the formation of plasma membrane pores mediated by gasdermin (GSDM) family proteins (GSDMA–GSDME), often but not always due to the activation of inflammatory caspases (17).

Cysteine aspartate proteases (caspases, CASP) are a group of highly conserved intracellular proteases (18). They are similar in structure and have active sites that contain cysteine residues, which can specifically break peptide bonds after aspartic acid residues. As a key molecule in the non-classical pathway of cell death, CASP4 is the core component of atypical inflammatory bodies (19) and plays an important role in pyroptosis. Intracellular lipopolysaccharide from gram-negative bacteria is a molecular model associated with bacterial pathogens that promotes the activation of CASP4 (20, 21). CASP4 acts directly as a receptor for cytoplasmic bacterial lipopolysaccharide. CASP4 is activated by lipopolysaccharide binding, which triggers pyroptosis (22). CASP4 also depends on the activation of NLRP3 and CASP 1 through their effect on IL1β/18 maturation indirectly (23, 24). Increasing evidence suggests that pyroptosis is not only related to inflammation but is also closely associated with the development and occurrence of tumors. The role of pyroptosis in neoplastic diseases appears to be a double-edged sword. On the one hand, pyroptosis can quickly lead to tumor regression. However, it can also promote tumor development. Therefore, tumor cells may inhibit or stimulate pyroptosis to support its progression, depending on the microenvironment.

This study aimed to explore the mechanism of CASP4 in gliomas. Towards this goal, bioinformatic methods were used to determine the potential role of CASP4 in gliomas. Data were collected from The Cancer Genome Atlas (TCGA) and Chinese Glioma Genome Atlas (CGGA).



Materials and methods


Data acquisition

We collected tumors from 29 patients with gliomas, including low-grade glioma (LGG) and GBM, and normal tissues from 14 patients who underwent surgical treatment at the Department of Neurosurgery, Lanzhou University Second Hospital between May 2020 and January 2022. None of the 43 patients received any other treatment before surgery.

This study was approved by the Ethics Committee of Lanzhou University Second Hospital and was conducted according to the tenets of the Helsinki Declaration. Informed consent was obtained from all the patients.



CASP4 expression in TCGA and CGGA database

Data from TCGA database (https://genome-cancer.ucsc.edu/) and CGGA database (http://www.cgga.org.cn) were collected to evaluate CASP4 mRNA expression. HTSeq-FPKM data were used for subsequent analyses. The samples were divided into the low-expression group and the high-expression group according to the median CASP4 expression to analyze the association between overall survival (OS) and CASP4 expression.



Quantitative real-time polymerase chain reaction

CASP4 expression was detected using quantitative real-time polymerase chain reaction. Total RNA was extracted from glioma tissues using the Trizol kit (Invitrogen) according to the manufacturer’s instructions. A reverse transcription kit (Takara) was used for cDNA synthesis. GAPDH was used as an internal control. The primer sequences were as follows: CASP4 forward primer: 5′-AAGAGAAGCAACGTATGGCAGGAC-3′ and CASP4: reverse primer, 5′-GGACAAAGCTTGAGGGCATCTGTA-3′ as well as GAPDH forward primer: 5′-GGACCTGACCTGCCGTCTAG-3′ and GAPDH reverse primer: 5′-TAGCCCAGGAGGATGCCCTTGAG-3′.



Western blot

Radioimmunoprecipitation assay lysis buffer was used for tissue protein extraction and quantification. Proteins were separated on 12% sodium dodecyl sulfate–polyacrylamide gel and then transferred onto polyvinylidene fluoride membranes. The polyvinylidene fluoride membranes were blocked with a blocking solution (P0252, Beyotime) at room temperature for 1.5 h and then incubated overnight with primary antibodies at 4°C. On the next day, the membranes were incubated with secondary antibodies at room temperature for 2 h, and immunoreactive signals were detected by western blotting. The primary antibodies used were rabbit anti-human CASP4 monoclonal antibody (30 kDa; 1.5:1,000; PA5-20109, Thermo Fisher) and mouse anti-human tubulin antibody (55 kDa; 1:1,000; ab44928, Abcam).



Immunohistochemistry

Glioma tissue were fixed in formalin, embedded in paraffin, and cut into 4-μm-thick sections. Slides were prepared by dewaxing and hydration. Antigen retrieval was accomplished by boiling the sections for 15 min in sodium citrate buffer at 95°C, dissolving with endogenous peroxidase in 3% hydrogen peroxide, and blocking with 1% bovine serum albumin. Primary antibodies were incubated overnight at 4°C with rabbit anti-human CASP4 monoclonal antibody (PA5-20109, Thermo Fisher). Following the treatment, the slides were stained with secondary goat anti-rabbit IgG antibodies [UltraSensitiveTM SP (mouse/rabbit) IHC Kit, KIT-9710, MXB]. We used 3,3′-diaminobenzidine for staining and Harris hematoxylin for restraining. Finally, the slides were dehydrated and covered with neutral resin. The samples were scanned using a Leica microscope. The evaluation focused on cytoplasmic staining. The integrated optical density value of the dyed region in the immunohistochemistry section was evaluated using the Image-Pro Plus software (version 6.0, Media Cybernetics Inc., Rockville, MD, USA). The average optical density (integrated optical density/area) was used as an indicator of stain intensity in the CASP4 stain. Three fields were randomly selected from each tissue section (magnification, ×200) for capture. Statistical analysis was performed using the average optical density values.



UALCAN and GEPIA2 analyses

The correlation between CASP4 expression and the clinicopathological characteristics of glioma patients (tumor grade, race, age, and histological type) and the potential prognostic value of CASP4 expression in gliomas of different grades (25) were analyzed using UALCAN (ualcan.path.uab.edu) (26) and GEPIA2 (gepia2.cancer-pku.cn) (27). These are publicly accessible databases for an in-depth analysis of the gene expression data from TCGA.



Immune infiltration and functional enrichment analyses

A previous study identified 24 immune cells using genetic markers (28). The three HTSeq-FPKM format RNA-seq data based on TCGA-GBMLGG (gliomas) (https://portal.gdc.cancer.gov/) were parallel log2-converted and used to determine the degree of tumor immune infiltration. Using the GSVA R package (version 1.34.0) (29), we identified the above-mentioned data using single-sample GSEA. The correlation between CASP4 and the 24 immune cell types was analyzed using Spearman’s correlation test. Graphs and figures were created using the ggplot2 package in R.



Functional enrichment analysis

Glioma-related genes were downloaded, and CASP4-related prognostic genes were screened using TCGA database. STRING (https://string-db.org/) was used to build a protein–protein interaction (PPI) network of CASP4 co-expressed genes, and the data were imported into Cytoscape for further analysis. The “clusterProfiler” R package (version 3.14.3) (30) was used for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses to identify possible biological functions and signaling pathways. The GO analysis included biological processes (BPs), cell composition, and molecular function (P < 0.05, statistically significant). Gene set enrichment analysis (GSEA) was used to determine significant and consistent differences between two biological states of a set of genes. To identify CASP4-related signaling pathways, data downloaded from TCGA database were used to divide tumor samples into low- and high-CASP4-expression groups, with normalized enrichment score >1.5 and nominal P < 0.05 (31) considered in the analysis. C2.all.v7.2.symbols.gmt was used to run the GSEA.



Statistical analysis

Differences in CASP4 expression between normal tissues and tumor tissues were analyzed using Wilcoxon signed-rank tests and one-way analysis of variance. The association between CASP4 expression and clinicopathological features was analyzed using the Kruskal–Wallis test, Dunn’s test, and Wilcoxon rank-sum test. Diagnostic accuracy was evaluated according to the area under the curve calculated using the receiver operating characteristic (ROC) curve analysis. Moreover, the Kaplan–Meier method and Cox regression analysis were used to evaluate the prognostic significance of CASP4 expression. Independent prognostic factors for gliomas were identified using the R package (version 3.6.3; https://www.r-project.org/). Univariate and multivariate Cox proportional hazard regression analyses were conducted to exclude CASP4 and eight clinico-demographic characteristics [age, isocitrate dehydrogenase (IDH) status, 1p/19q codeletion (32), histological type, sex, grade, race, and primary therapy outcome] from OS analysis. A nomogram was created using the “rms” (version 6.2-0) and “survival ROC” (version 3.2-10) packages in R, and the area under the curve values of each predictor for OS were calculated. In addition, a calibration curve was used to evaluate the performance of the nomogram. All statistical analyses were performed using SPSS for Windows (version 18.0; IBM SPSS Statistics, IBM Corporation, Armonk, NY, USA). Statistical significance was set at P <0.05.




Results

CASP4 expression influenced several factors in gliomas, including clinicopathological variables, tumor microenvironment, immune cell pathway, tumor immune infiltration, and PPI. These results suggested that CASP4 is closely related to immunity and may act a key role in the diagnosis and grading of gliomas.


Expression patterns of CASP4 in gliomas

The analysis of the clinical and gene expression data of 689 primary tumors from TCGA, 984 primary tumors from CGGA, and 1,157 normal tissues from GTEx showed that CASP4 expression was higher in tumor tissues than in normal tissues (Figure 1A). The glioma grade varied from 2 to 4. For patients in TCGA database, 224 (35.3%), 243 (38.3%), and 168 (26.4%) patients had grade 2, 3, and 4 gliomas, respectively. Meanwhile, for patients in the CCGA database, 279 (28.4%), 322 (32.7%), and 383 (38.9%) patients had grade 2, 3, and 4 gliomas, respectively. CASP4 expression was directly correlated with tumor grade, and the higher the tumor grade, the higher the expression of CASP4 (Figures 1B, C). Western blotting (Figures 1D, E), quantitative real-time polymerase chain reaction (Figure 1F), and immunohistochemistry staining (Figures 1G, H) of normal traumatic brain tissues and various grades of gliomas showed consistent findings with those of previous predictions.




Figure 1 | Expression patterns of CASP4 in gliomas. (A) Differential expression of CASP4 in different disease states (malignant or benign). The mRNA expression of CASP4 is markedly higher in 689 gliomas in The Cancer Genome Atlas (TCGA) database than in 1,157 normal tissues in the GETx. (B, C) Differential expression of CASP4 in different WHO grades. (B) TCGA database. (C) Chinese Glioma Genome Atlas database. CASP4 expression is significantly different from WHO G2 to G4, and the expression increased as the grade increased. (D–H) CASP4 expression at the mRNA and protein levels is verified using (D,E) western blot, (F) qRT-PCR, and (G,H) immunohistochemical staining (10 × 20). The results show that there is no significant difference between them (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001). LGG, low-grade glioma; GBM, glioblastoma.





Associations between CASP4 expression and clinicopathologic variables

The general clinicopathological characteristics of patients in TCGA and CGGA databases are summarized in Supplementary Table S1. CASP4 expression was related to the clinicopathological features and prognosis of glioma patients. High CASP4 expression was associated with age, 1p/19q gene deletion, and IDH status but not with sex and race. Furthermore, CASP4 expression was significantly correlated with OS (P < 0.001), progression-free survival (P < 0.001), and disease-specific survival (P < 0.001) (Wilcoxon rank-sum test, Figures 2A, C). CASP4 expression was also correlated with primary treatment outcome (P < 0.001) and histological type (P < 0.001) (Kruskal–Wallis rank-sum test, Figures 2D, E).




Figure 2 | Clinicopathological characteristics associated with CASP4 expression in glioma patients in The Cancer Genome Atlas (TCGA) database. (A–C) Association between CASP4 expression and survival. (A) Overall survival. (B) Progression-free survival. (C) Disease-free survival. (D) Correlation between CASP4 expression and primary treatment outcome. (E) Histological type of glioma correlated with CASP4 expression (*P < 0.05; **P < 0.01; ***P < 0.001; NS, P > 0.05). NS is no significance.





High CASP4 expression indicates poor prognosis in glioma patients

A total of 272 samples and 325 samples of gliomas of different grades from TCGA and CGGA, respectively, were included in the analysis. The results showed that the higher the CASP4 expression, the poorer the OS (TCGA: HR = 4.14, 95% CI = 3.16–5.41, Cox P < 0.001, Figure 3A; CCGA: HR = 2.23, 95% CI = 1.69–2.93, Cox P < 0.001, Figure 3B). Similarly, a subgroup analysis in TCGA to analyze the prognostic impact of CASP4 in different glioma grades also showed that high CASP4 expression was associated with poorer OS in WHO G3 (HR = 1.97, 95% CI = 0.93–4.07, Cox P = 0.004, Figure 3D) and WHO G4 (HR = 1.42, 95% CI = 1.01–2.00, Cox P = 0.044, Figure 3E). Overall, these results suggest that high CASP4 expression is a risk factor of poor prognosis in patients with glioma. In the time-dependent ROC curves to evaluate the usefulness of CASP4 expression for distinguishing between glioma and normal tissues, the area under the curve values for predicting the 1-, 3-, and 5-year survival rates were 0.856, 0.867, and 0.798, respectively (Figure 3F). These results suggested that CASP4 expression is a good diagnostic biomarker for glioma. A nomogram was then developed to make the predictive method more intuitive, which could obtain the total points and estimate the 1-, 3-, and 5-year survival rates of glioma patients (Figure 3G). Furthermore, the calibration curves (Figure 3H) showed that the nomogram satisfactorily predicted the 1-, 3-, and 5- year survival rates.




Figure 3 | Survival curve, receiver operating characteristic (ROC) curve, and overall survival (OS) nomogram in The Cancer Genome Atlas (TCGA) database and Chinese Glioma Genome Atlas (CGGA) database suggest that high CASP4 expression is related to different disease states (tumor or normal) and overall survival. (A) Kaplan–Meier curves of OS in the training set (TCGA). (B) OS in the CGGA dataset. (C–E) OS by WHO grade in glioma patients in TCGA. (C) G2. (D) G3. (E) G4. (F) Time-dependent ROC curves for the 1-, 3-, and 5-year survival in TCGA cohort. (G) Nomogram for predicting the probability of 1-, 3-, and 5-year OS of glioma patients. (H) Calibration plot of the nomogram for predicting the probability of OS.



As shown in Supplementary Table S2, univariate analysis (Figure 4) using Cox regression revealed that OS was significantly correlated with IDH status, 1p/19q codeletion, WHO grade, age, histological type, primary treatment outcome, and CASP4 expression level (all P < 0.001). Furthermore, the WHO grade, primary treatment outcome, IDH status, and age were independent risk factors of unfavorable OS in the multivariate Cox regression analysis.




Figure 4 | Forest plot for the hazard ratios of CASP4 expression. Association between CASP4 expression and clinical pathological factors based on univariate Cox regression analysis.





Immune cell infiltration of CASP4

Single-sample GSEA showed that immune-infiltrating cell types were closely related to CASP4 expression (Figure 5A). Immune activation-related cells (e.g., macrophages, neutrophils, eosinophils, antibody–drug conjugates, immature dendritic-like cells, and T cells) were positively correlated with CASP4 expression (Figures 5B–G). Meanwhile, plasmacytoid dendritic cells, Tgd, NK CD56 bright cells, Tcm, TFH, TReg, and CD8 T cells were negatively correlated with CASP4 expression (Figures 5H–M). These data show that CASP4 strongly promotes immune cell infiltration.




Figure 5 | Comparison of immune infiltration in The Cancer Genome Atlas cohort. (A) Correlation between infiltrating immune cell types in gliomas and CASP4 expression. (B–G) Scatter plot of infiltrating immune cells showing positive correlations with CASP4 expression. (H–M) Scatter plot of infiltrating immune cells showing negative correlations with CASP4 expression.





Enrichment analysis of CASP4-related partners

A total of 61 CASP4-binding proteins were obtained based on the STRING tool. The PPI network created using Cytoscape is shown in Figure 6A. We combined all tumor expression data from TCGA with GEPIA2 data and obtained differentially expressed genes that were correlated with CASP4 expression in gliomas, including GSDMD, CASP1, IL-18, and TLR2. A standard |logFC| >0.75 and an adjusted P-value <0.001 were used to analyze the differentially expressed genes (DEGs). A total of 407 DEGs between the high- and low-CASP4 groups were identified; among these, 358 and 49 genes were upregulated and downregulated, respectively (Figure 6B). The top 10 significantly differentially expressed genes in the high- and low-CASP4-expression groups are displayed in the form of a heat map in Figure 6C. Furthermore, we obtained two common members by an intersection analysis of the high and low groups: CASP1 and GSDMD (Figure 6D).




Figure 6 | Protein–protein interactions (PPI) and functional analysis of CASP4 and its co-expressed genes in gliomas. (A) The PPI analysis of 61 binding proteins is performed using the STRING software. (B) Volcano plot of differentially expressed genes between the high- and low-CASP4-expression groups. (C) Heat map of the top 10 significantly differentially expressed genes between the high- and low-CASP4-expression groups. (D) Venn diagram of the above-mentioned two groups showing two common members, namely, CASP1 and GSDMD.



The GO and KEGG analyses to identify CASP4 co-expressed genes suggested that CASP4 co-expressed genes were mainly involved in neutrophil activation, neutrophil-mediated immunity, neutrophil activation involved in immune response, neutrophil degranulation, secretory granule lumen, cytoplasmic vesicle lumen, vesicle lumen, cytokine binding, integrin binding, extracellular matrix structural constituent, and carbohydrate binding (Figures 7A–C). The KEGG analysis revealed that CASP4-co-expressed genes were enriched in phagosomes, Epstein–Barr virus (EBV) infection, allograft rejection, viral myocarditis, and Staphylococcus aureus infection (Figure 7D).




Figure 7 | Functional analysis of CASP4 in patients with gliomas. (A–C) GO analysis of CASP4 co-expression genes. (A) Biological process. (B) Cellular component. (C) Molecular function. (D) KEGG pathway enrichment analysis of CASP4 co-expression genes. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.





GSEA identification of CASP4-related signaling pathways

GSEA was performed to identify the CASP4-related signaling pathways in the high- and low-CASP4-expression groups, with the nominal P <0.05 and the threshold value being a normalized concentration score >1.5 as criteria in the analysis. As shown in Figure 8 and Supplementary Table S3, 14 qualified signaling pathways with significant abundance in high-CASP4-expression phenotypes were identified; among these, 12 pathways were related to immune activation (e.g., neutrophil degranulation, TOLL, NOD, antigen processing and presentation, natural killer cell-mediated cytotoxicity, cytokine–cytokine receptor interaction, and FCERI-mediated NF-kB activation; Figures 8A–H), and the other two pathways were enriched during the cell cycle (e.g., cell cycle checkpoints and M-phase; Figures 8I, J).




Figure 8 | Enrichment pathways from Gene Set Enrichment Analysis. (A) Neutrophil degranulation. (B) Antigen processing and presentation. (C) TOLL-like receptor signaling pathway. (D) NOD-like receptor signaling pathway. (E) Natural-killer-cell-mediated cytotoxicity. (F) Cytokine–cytokine receptor interaction. (G) FCERI-mediated NF-kB activation. (H) IL18 signaling pathway. (I) Cell cycle checkpoints. (J) M phase. All the above-mentioned qualified signaling pathways are significantly enriched in the high-CASP4-expression phenotype.






Discussion

Gliomas have a high incidence of intracranial tumors and a poor prognosis. Microglia, also known as intracranial macrophages, constitute the immune microenvironment of intracranial tumors. Pyroptosis is a late-stage model of programmed cell death. Recent studies have shown that pyroptosis can affect the occurrence and growth of tumors by affecting the immune microenvironment of tumors. Research on the role of pyroptosis in gliomas have been rare. This study found that, compared with normal tissues, glioma tissues have a significantly higher CASP4 expression at both the mRNA and protein levels. Further quantitative real-time polymerase chain reaction, western blotting, and immunohistochemical staining confirmed these results. Moreover, Cox regression analysis indicated that CASP4 expression was independently associated with tumor grade, age, histological type, 1p/19q co-deletion, IDH status, and primary treatment outcomes, indicating that it is related to glioma progression. Univariate Cox regression analysis showed that CASP4 may be an independent factor affecting the prognosis of patients with glioma. In addition, ROC analysis provided a high degree of credibility for the diagnostic value of CASP4 expression in patients with gliomas. Collectively, these findings indicated that CASP4 may be a prognostic indicator for gliomas. TCGA analysis of the relationship between CASP4 expression and glioma survival suggested that a high CASP4 expression was related to poor OS, and the same result was observed in gliomas of different grades. Therefore, a high CASP4 expression indicates poor prognosis in glioma patients.

To describe the level of immune infiltration in gliomas, we further evaluated the association between CASP4 expression and immune cell populations. The results showed that CASP4 expression was strongly correlated with the infiltration of immune cells, including macrophages, neutrophils, eosinophils, antibody–drug conjugates, immature dendritic-like cells, T cells, plasmacytoid dendritic cells, Tgd, NK CD56 bright cells, Tcm, TFH, TReg, and CO8+ T cells. The interaction of immune cells changes the immune microenvironment of tumor cells, which affects tumor occurrence and development and therapeutic outcomes (28). The present study demonstrated that CASP4 participated in the regulation of immune infiltration in the local microenvironment of gliomas. To further explore the molecular regulatory mechanism of CASP4 in gliomas, we used TCGA data for the GO and KEGG analysis of the CASP4-coexpressed genes and the GSEA analysis of CASP4. In the GO analysis, BPs related to cell signaling functions were identified, including regulation of neutrophil activation and neutrophil-mediated immunity. Cell composition and molecular function were related to the collagen-containing extracellular matrix, cytokine binding, and cytokine receptor activity. Recent research also suggests that gliomas derived from extracellular matrix-activated microglia secrete IL-18 to enhance the migration of glioma cells (33).

The KEGG analysis revealed that phagosome and EBV infection were the most significantly enriched pathways. EBV infection is considered to be involved in tumorigenesis and development in many tumor types, such as post-transplant lymphoproliferative disorder (34) and gastric cancer (35). EBV has been shown to induce a distinct and immunosuppressive tumor microenvironment to its benefit by influencing and interacting with different components in the tumor microenvironment (36). The differential gene analysis in the current study showed that CASP4 expression is associated with several other important molecules of pyroptosis, including GSDMD, CASP1, IL-18, and TLR2, in gliomas. The GSEA analysis indicated that the genes related to CASP4 expression were mainly enriched in immune cell activation-related and cell cycle-related pathways. This indicated that CASP4 plays an important role in infiltrating immune cells to affect the composition of the tumor immune microenvironment. Overall, the results support that CASP4 participates in glioma prognosis by activating immune cells.

As macrophages of the CNS, microglia play an important role in mediating the immune regulation of the CNS. Based on a previous database search and some experiments, we can conclude that non-classical pyroptosis mediated by CASP4 plays a vital role in the occurrence and development of glioma. It may affect the tumor immune microenvironment by influencing the infiltration of tumor-associated macrophages into the brain and activating the immune response.

Glioma tissues contain nearly 30% microglia. When the body is stimulated by certain factors, such as LPS, microglia can be activated and differentiate into a certain phenotype. Activated CASP4 can induce the microglia pyroptosis. The IL-1β, IL-18, TNF-α, and other cytokines in microglia are released and act on glioma to promote tumor cell proliferation. CASP4 in gliomas can promote tumor cells to release irritant factors and enrich microglia in tumor tissues (Figure 9).




Figure 9 | The schematic model of CASP4 affects the distribution of microglia and the proliferation of gliomas.



However, this study has some limitations. We have not directly verified the relationship between non-classical pathway cell pyrogenesis and macrophage microglia in the CNS, and this needs to be studied in the future.



Conclusion

CASP4-mediated non-classical pyroptosis plays an important role in gliomas. Therefore, CASP4 expression can be used as a diagnostic molecular marker to evaluate patients with glioma.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of LanZhou University Second Hospital. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

YP, GY, QL, and GT conceived and designed the project. GT, QL, LN, YL, XF, SB, and HW performed the experiments. GT, QL, LN, and HW analyzed the data. GT, GY, QL, and HW drew the diagrams. YP, GY, QL, WK, and GT wrote the manuscript. All authors contributed to the article and approved the submitted version.



Funding

The National Natural Science Foundation of China (81960541/82060455), Fundamental Research Funds for the Central University (lzujbky-2021-kb33), and Natural Science Foundation of Gansu Province (21JR7RA426) supported our research. Cuiying Scientific and Technological Innovation Program of Lanzhou University Second Hospital, (CY2022-QN-B05).



Acknowledgments

We thank Xiantao Academic (www.xiantao.love/) for its partial technical support.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.1025065/full#supplementary-material

Supplementary Table 1 | Clinicopathological characteristics associated with CASP4 expression in glioma patients.

Supplementary Table 2 | Correlation between clinicopathological characteristics and overall survival of glioma patients in the univariate or multivariate Cox regression analysis.Values shown in bold are statistically significant (P < 0.05).

Supplementary Table 3 | Results of the Gene Set Enrichment Analysis.



Abbreviations

CNS, central nervous system; CASP4, caspase 4; GSDM, gasdermin; WHO, World Health Organization; TCGA, The Cancer Genome Atlas; CGGA, Chinese Glioma Genome Atlas; OS, overall survival; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; GSEA, Gene Set Enrichment Analysis; ROC, receiver operating characteristic.



References

1. Weller, M, Wick, W, Aldape, K, Brada, M, Berger, M, Pfister, SM, et al. Glioma. Nat Rev (2015) 1:15017. doi: 10.1038/nrdp.2015.17

2. Louis, DN, Perry, A, Wesseling, P, Brat, DJ, Cree, IA, Figarella-Branger, D, et al. The 2021 WHO classification of tumors of the central nervous system: a summary. Neuro Oncol (2021) 23:1231–51. doi: 10.1093/neuonc/noab106

3. Tan, AC, Ashley, DM, López, GY, Malinzak, M, Friedman, HS, and Khasraw, M. Management of glioblastoma: State of the art and future directions. CA Cancer J Clin (2020) 70:299–312. doi: 10.3322/caac.21613

4. 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) 352:987–96. doi: 10.1056/NEJMoa043330

5. Siegel, RL, Miller, KD, and Jemal, A. Cancer statistics, 2020. CA Cancer J Clin (2020) 70:7–30. doi: 10.3322/caac.21590

6. Quail, DF, and Joyce, JA. The microenvironmental landscape of brain tumors. Cancer Cell (2017) 31:326–41. doi: 10.1016/j.ccell.2017.02.009

7. Jackson, CM, Choi, J, and Lim, M. Mechanisms of immunotherapy resistance: lessons from glioblastoma. Nat Immunol (2019) 20:1100–9. doi: 10.1038/s41590-019-0433-y

8. Chen, Z, and Hambardzumyan, D. Immune microenvironment in glioblastoma subtypes. Front Imunol (2018) 9:1004. doi: 10.3389/fimmu.2018.01004

9. Constantinos, A, and Trafalis, DT. Glioblastoma multiforme: Pathogenesis and treatment. Pharmacol Ther (2015) 152:63–82. doi: 10.1016/j.pharmthera.2015.05.005

10. Chen, Z, Feng, X, Herting, CJ, Garcia, VA, Nie, K, Pong, WW, et al. Cellular and molecular identity of tumor-associated macrophages in glioblastoma. Cancer Res (2017) 77:2266–78. doi: 10.1158/0008-5472.CAN-16-2310

11. Xu, S, Zhang, H, Yang, X, Qian, Y, and Xiao, Q. Inhibition of cathepsin l alleviates the microglia-mediated neuroinflammatory responses through caspase-8 and NF-κB pathways. Neurobiol Aging (2018) 62:159–67. doi: 10.1016/j.neurobiolaging.2017.09.030

12. Hanisch, UK, and Kettenmann, H. Microglia: Active sensor and versatile effector cells in the normal and pathologic brain. Nat Neurosci (2007) 10:1387–94. doi: 10.1038/nn1997

13. Glass, R, Synowitz, M, Kronenberg, G, Walzlein, J-H, Markovic, DS, Wang, L-P, et al. Glioblastoma-induced attraction of endogenous neural precursor cells is associated with improved survival. J Neurosci (2005) 25:2637–46. doi: 10.1523/JNEUROSCI.5118-04.2005

14. Watters, JJ, Schartner, JM, and Badie, B. Microglia function in brain tumors. J Neurosci Res (2005) 81:447–55. doi: 10.1002/jnr.20485

15. Anirban, G, and Chaudhuri, S. Microglial action in glioma: A boon turns bane. Immunol Lett (2010) 131:3–9. doi: 10.1016/j.imlet.2010.03.003

16. Bergsbaken, T, Fink, SL, and Cookson, BT. Pyroptosis: Host cell death and inflammation. Nat Rev Microbiol (2009) 7:99–109. doi: 10.1038/nrmicro2070

17. Galluzzi, L, Vitale, I, Aaronson, SA, Abrams, JM, Adam, D, Agostinis, P, et al. Molecular mechanisms of cell death: Recommendations of the nomenclature committee on cell death 2018. Cell Death Differ (2018) 25:486–541. doi: 10.1038/s41418-017-0012-4

18. Alnemri, ES, Livingston, DJ, Nicholson, DW, Salvesen, G, Thornberry, NA, Wong, WW, et al. Human ICE/CED-3 protease nomenclature. Cell (1996) 87:171. doi: 10.1016/s0092-8674(00)81334-3

19. Nobuhiko, K, Warming, S, Lamkanfi, M, Vande Walle, L, Louie, S, Dong, J, et al. Non-canonical inflammasome activation targets caspase-11. Nature (2011) 479:117–21. doi: 10.1038/nature10558

20. Viganò, E, Diamond, CE, Spreafico, R, Balachander, A, Sobota, RM, and Mortellaro, A. Human caspase-4 and caspase-5 regulate the one-step non-canonical inflammasome activation in monocytes. Nat Commun (2015) 6:8761. doi: 10.1038/ncomms9761

21. Nobuhiko, K, Wong, MT, Stowe, IB, Ramani, SR, Gonzalez, LC, Akashi-Takamura, S, et al. Noncanonical inflammasome activation by intracellular LPS independent of TLR4. Science (2013) 341:1246–9. doi: 10.1126/science.1240248

22. Shi, J, Zhao, Y, Wang, Y, Gao, W, Ding, J, Li, P, et al. Inflammatory caspases are innate immune receptors for intracellular LPS. Nature (2014) 514:187–92. doi: 10.1038/nature13683

23. Ghayur, T, Banerjee, S, Hugunin, M, Butler, D, Herzog, L, Carter, A, et al. Caspase-1 processes IFN-gamma-inducing factor and regulates LPS-induced IFN-gamma production. Nature (1997) 386:619–23. doi: 10.1038/386619a0

24. Hagar, JA, Powell, DA, Aachoui, Y, Ernst, RK, and Miao, EA. Cytoplasmic LPS activates caspase-11: Implications in TLR4-independent endotoxic shock. Science (2013) 341:1250–3. doi: 10.1126/science.1240988

25. Liu, J, Lichtenberg, T, Hoadley, KA, Poisson, LM, Lazar, AJ, Cherniack, AD, et al. An integrated TCGA pan-cancer clinical data resource to drive high-quality survival outcome analytics. Cell (2018) 173:400–416.e11. doi: 10.1016/j.cell.2018.02.052

26. Chandrashekar, DS, Bashel, B, Balasubramanya, SAH, Creighton, CJ, Ponce-Rodriguez, I, Chakravarthi, BVSK, et al. UALCAN: A portal for facilitating tumor subgroup gene expression and survival analyses. Neoplasia (2017) 19:649–58. doi: 10.1016/j.neo.2017.05.002

27. Tang, Z, Kang, B, Li, C, Chen, T, and Zhang, Z. GEPIA2: An enhanced web server for large-scale expression profiling and interactive analysis. Nucleic Acids Res (2019) 47(W1):W556-W560. doi: 10.1093/nar/gkz430

28. Bindea, G, Mlecnik, B, Tosolini, M, Kirilovsky, A, Waldner, M, Obenauf, AC, et al. Spatiotemporal dynamics of intratumoral immune cells reveal the immune landscape in human cancer. Immunity (2013) 39:782–95. doi: 10.1016/j.immuni.2013.10.003

29. Hänzelmann, S, Castelo, R, and Guinney, J. GSVA: Gene set variation analysis for microarray and RNA-seq data. BMC Bioinf (2013) 14:7. doi: 10.1186/1471-2105-14-7

30. Yu, G, Wang, L-G, Han, Y, and He, Q-Y. clusterProfiler: An r package for comparing biological themes among gene clusters. OMICS (2012) 16:284–7. doi: 10.1089/omi.2011.0118

31. Subramanian, A, Tamayo, P, VK, M, Mukherjee, S, BL, E, MA, G, et al. Gene set enrichment analysis: A knowledge-based approach for interpreting genome-wide expression profiles. Proc Natl Acad Sci USA (2005) 102:15545–50. doi: 10.1073/pnas.0506580102

32. Ceccarelli, M, Barthel, FP, Malta, TM, Sabedot, TS, Salama, SR, Murray, BA, et al. Molecular profiling reveals biologically discrete subsets and pathways of progression in diffuse glioma. Cell (2016) 164:550–63. doi: 10.1016/j.cell.2015.12.028

33. Yeh, W-L, Lu, DY, Liou, HC, and Fu, W-M. A forward loop between glioma and microglia: Glioma-derived extracellular matrix-activated microglia secrete IL-18 to enhance the migration of glioma cells. J Cell Physiol (2012) 227:558–68. doi: 10.1002/jcp.22746

34. Morscio, J, Dierickx, D, and Tousseyn, T. Molecular pathogenesis of b-cell posttransplant lymphoproliferative disorder: What do we know so far? Clin Dev Immunol (2013) 2013:150835. doi: 10.1155/2013/150835

35. Cristescu, R, Lee, J, Nebozhyn, M, Kim, KM, Ting, JC, Wong, SS, et al. Molecular analysis of gastric cancer identifies subtypes associated with distinct clinical outcomes. Nat Med (2015) 21:449–56. doi: 10.1038/nm.3850

36. Zheng, X, Huang, Y, Li, K, Luo, R, Cai, M, and Yun, J. Immunosuppressive tumor microenvironment and immunotherapy of Epstein-Barr virus-associated malignancies. ” Viruses (2022) 14:1017. doi: 10.3390/v14051017


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 © 2023 Tian, Li, Niu, Luo, Wang, Kang, Fang, Bai, Yuan and Pan. 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/fonc-12-1025065-g005.jpg
Enrichment of iDC 11 Enrichment of Macrophad;g

Enrichment of NK CD56brigh€-eeIIs

0.50
0.45
0.40
0.35
0.30
0.25
0.20

0.50

0.45

0.40

0.35

0.30

0.25

0.8

0.6

04

0.2

Correlation

0.0

Spearman
r=0.855
P <0.001

1 2 3 4

The expression of CASP4
Log, (FPKM+1)

Enrichment of Neutrophig)

i)

©

(&)

|_

©

T

o

2 S

“Spearman '<C;>

F=0.647 UEJ
P <0.001
1 2 3 4
The expression of CASP4

Log, (FPKM+1)

£

2

©

T

o

S

o

.0

c

L
1 2 3 4
The expression of CASP4

Log, (FPKM+1)

0.42

0.38

0.34

0.30

0.26

QOO «gd \08\\% '\06\ «Q\?\ «Q\Qg« <:,e\\g '\ed\%\o@\\% 00
2 2

P

2
o
o
=
(72}
(@]
L
©
c
()
£
o e
Q
P <0.001 LICJ
1 2 3 4
The expression of CASP4
Log, (FPKM+1)
®
a
o
©
j=
o
£
o S
Spearman | -&
® 1=0586| (O
P <0.001
1 2 3 4
The expression of CASP4
Log, (FPKM+1)
T
L
|_
©
<
()
£
<
Q
c
L
1 2 3 4
The expression of CASP4
Log, (FPKM+1)

o
~
~

o
~
o

o
w
o

=
w
N

oe\\% oe\\% oe\\% oe\\% oe\\% e\\% oe\\% o@\\%« oe\\‘%: \00

d ;
AR S /\‘\’L@d\“‘ soF
20 c© Cﬁ\
QF

P value

I 0.3

I 0.2

Correlation
O o2
QO o4

QO os
O 0.8

0.1
0.0

O 2O N\© S
P & o

O (OQ \QS
?/0%\(\ $®&®®°(OQ
) 0.4
a
© 0.3
©
T 0.2
£
< 0.1 ‘
g Spearman
5 0.0 r=10.667
P <0.001 P <0.001
-0.1
1 2 3 4 1 2 3 4
The expression of CASP4 The expression of CASP4
Log, (FPKM+1) Log, (FPKM+1)
I 0.6
©
(@]
05
o
=
(&)
g 04
S
= Spearman
w 0.3 =-0.303
P <0.001
1 2 3 4 1 2 3 4
The expression of CASP4 The expression of CASP4
Log, (FPKM+1) Log, (FPKM+1)
0.4
&Oa’ 0.3
t 0.2
o
S 0.1
S
S 00 pearman
£ 01 r=-0.187
P <50.001
P <0.001 0.2

1 2 3 4

The expression of CASP4
Log, (FPKM+1)

1 2 3 4

The expression of CASP4
Log, (FPKM+1)





OEBPS/Images/fonc-12-1025065-g008.jpg
Enrichment Score

Ranked list metric

F

Ennchment Score

06

04

02

00

REACTOME_NEUTROPHIL_DEGRANULATION

B

KEGG_ANTIGEN_PROCESSING AND_PRESENTATIOM

Cc

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWA'

D

KEGG_NOD_LIKE_RECEPTOR SIGNALING PATHWAY ' KEGG_NATURAL KILLER CELL_MEDIATED_CYTOTOXIC

E

10000 20000
Rankin Ordered Dataset

30000

G

Rank in Ordered Dataset

Rank in Ordered Dataset

H

Rank in Ordered Dataset

06 NES=1729 NES = 1567 06 fmawiaty NES = 1592
oo pag-0ots nad=0014
g N - For=001 | £ FR=0011 [ ©
] 8 o4 8 § o4
8§ os 8 §oa 2
H H H H
£ £ £ foz
Soz § 02 So2 5
& H & H
| 00

b NI i 00 e 0.0

Es Es Es Es

20 3o 3o 3o

“ 10000 20000 30000 L L &

0000 20000 30000 o0 20000 20000 10600 20000 30000

Rank in Ordered Dataset

[

REACTOME_CELL_CYCLE CHECKPOINTS

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTI  REACTOME_FCERI MEDIATED_NF_KB ACTIVATION WP_IL18_SIGNALING_PATHWAY REACTOME_M_PHASE
wsers| 08 Nes - 2280 a1
pod -0 paa oot pai=00m4

S0 s | g0 g0 9 o -oom
3 & 3o s
§ o4 5 5 §
£ £o2 Eo2 £o2
Lo H B H
00

00 00 00

=5 s Es Es

3o 30 3o 3o

I3 e 4 &

30000 10000 20000 30000 0500 20000 30000

Ranked list metric

10000 20000
Rank in Ordered Dataset

30000

10000 20000
Rank in Ordered Dataset

10000 20000 30000
Rank in Ordered Dataset

Rawk i Crdered Datasat

Bank in Ordarad Datesat






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        CASP4 can be a diagnostic biomarker and correlated with immune infiltrates in gliomas

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Data acquisition

          



          		

            CASP4 expression in TCGA and CGGA database

          



          		

            Quantitative real-time polymerase chain reaction

          



          		

            Western blot

          



          		

            Immunohistochemistry

          



          		

            UALCAN and GEPIA2 analyses

          



          		

            Immune infiltration and functional enrichment analyses

          



          		

            Functional enrichment analysis

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Expression patterns of CASP4 in gliomas

          



          		

            Associations between CASP4 expression and clinicopathologic variables

          



          		

            High CASP4 expression indicates poor prognosis in glioma patients

          



          		

            Immune cell infiltration of CASP4

          



          		

            Enrichment analysis of CASP4-related partners

          



          		

            GSEA identification of CASP4-related signaling pathways

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-1025065-g004.jpg
Characteristics
Primary therapy outcome 461
112
SD 147
PR 64
CR 138
Histological type 695
Glioblastoma 168
Oligoastrocytoma 134
Astrocytoma 195
Oligodendroglioma 198
CASP4 695
IDH status 685
WT 246
Mut 439
1p/19q codeletion 688
codel 170
non-codel 518

Total(N) HR(95% CI) Univariate analysis

Reference
0.440 (0.294-0.658) [
0.170 (0.074-0.391) [
0.133 (0.064-0.278) o

Reference
0.097 (0.064-0.147) o
0.147 (0.107-0.203) o
0.085 (0.060-0.122) o
3.243 (2.832-3.712)

Reference
0.117 (0.090-0.152) )

Reference
4.428 (2.885-6.799

0 1

2 3 4 5

P value Univariate analysis

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001





OEBPS/Images/fonc-12-1025065-g002.jpg
o

-4

(L+NMd) 60
YdSVD Jo uoissaidxa ay |

(L+IMd4) 6o
ydSVYD JO uoissaidxa ay]

(1+NMd) 60
$dSVD Jo uoissaidxa ay

Dead

Alive

Dead

Alive

Dead

Alive

DSS event

PFS event

OS event

w

(=)

(L+Wyd4) 6o
dSVYD JO uoissaidxa a8y

(L+WMd4) %607
ydSVYD 10 uoissaidxa ay |

Astrocytoma  OligodendrogliomzaDligoastrocytoma  Glioblastoma

Histological type

Primary therapy outcome





OEBPS/Images/fonc.2022.1025065_cover.jpg
, frontiers | Frontiers in Oncology

CASP4 can be a diagnostic
biomarker and correlated with
immune infiltrates in gliomas





OEBPS/Images/fonc-12-1025065-g006.jpg
CASP4
Log, (FPKM+1)
& oW e

CARD16
cLict
S100A4,
CASP1
SP100
APOBEC3G
S100A11
MSR1
MCUuB
MYL12A
CTIF
KCNB1
GABBR1
ZDHHC22
MAPT
DNM3
PPMIL
TNRC6C
SPTBN2
LINC00641

300

N
o2
o

-Log 1 (P.adj)

-
o
o

Log, (Fold Change)

co-expression gene protein name






OEBPS/Images/fonc-12-1025065-g009.jpg
pyroptosis

glioma cell






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-1025065-g007.jpg
GO-BP
neutrophil activation
p.adiust
$5047090-38
neutrophil mediated immunity 2478532038
1.652354e-38
neutrophil activation involved 8.2617720-39
inimmune response 320529550
Counts
neutrophil degranulation Q 140
QO 5o
T cell activation
0090 0.095 0.100 0.105
GeneRatio
C GO-MF
carbohydrate binding —
i 4e07
extracellular matrix 3007
structural constituent 2007
1e.07
cytokine binding
Counts
£
integrin binding 8 o
O
cytokine receptor activity
0.020 0025 0.030 0035 0.040
GeneRatio

GO-CC
collagen-containing | .
extracellular matrix il
‘Fheosz0e-21
vesicle lumen - 1627105021
1.084777e-21
5.424507e-22
cytoplasmic vesicle lumen - ST
Counts
secretory granule membrane - [ ] Q w
O=
secretory granule lumen | ®
T T T T
0056 0.058 0.060 0.062
GeneRatio
D KEGG
Epstein-Barr virus infection | [ ) padigt |
4e-11
3e-11
Phagosome 2011
Te-t1
Staphylococous aureus | Py
infection Counts
Q
Viral myocarditis 4 [ ] Q
o)
Allograft rejection | ® O
003 004 005 006 007 008

GeneRatio





OEBPS/Images/fonc-12-1025065-g001.jpg
G4

GBM

CG'GA
G3
WHO grade
LGG
ko

Normol
*k Kk

oo g oY posedsey

F
*k

) o © o

(%) 1129 9Am1sod ydSVD

20

TCGA
G3
WHO grade

- o

umagnE/pdSvDy

Normal Tumor
num N=1157 num T=689
&

CASP4

(L+Nd L) ¢607
-4 $dSYN) 10 Uoissaldxe ay | w

o-Tubulin





OEBPS/Images/fonc-12-1025065-g003.jpg
>

Survival probability

Survival probability

o

=
=3

o
o

o
IS

&
[N)

=
S}

o

<
®

S
=)

o
IS

=
[N}

2
o

TCGA

Overall Survival
HR = 4.14 (3.16-5.41)
P <0.001

0 50 100

150

Time (months)
WHO grade: G3

Overall Survival
HR = 1.97 (1.25-3.10)
P =0.004

0 50 100
Time (months)

Points

'WHO grade

Age

IDH status

1p/19q codeletion
Primary therapy outcome
CASP4

Total Points

Linear Predictor

1-year Survival Probability
3-year Survival Probability

5-year Survival Probability

150

CASP4
—= Low
—+ High

200

CASP4
—— Low
—— High

200

B
CGGA
1.0 CASP4
— Low
—— High
> 0.8
%
o 0.6
<)
o
So4
£
=1
D 02
HR = 2.23 (1.69-2.93)
0.0 P<0.001
0 40 80 120 160
Time (months)
E WHO grade: G4
1.0 CASP4
—— Low
—— High
z
o
©
Q
[
Q
©
)
c
3
(7]
0 20 40 60 80
Time (months)
20 40 60 80 100 H

G3
T T
G2 G4
>60
e
P
WT
LN
Mut
non-codel
Ly
codel
PR PD
—_—
CR SD
—————————7——
0 1 2 3 4 5 6
P — -
100 200 300

EAAREDAREARRE 2RAE MARD RAAE
—
08 060402
—
08 060402

—
08 060402

Observed fraction survival probability

C
WHO grade: G2
1.0 CASP4
—+ Low
—— High
> 08
%
2 0.6
[
[=%
S o4
=
=1
@

o
[N}

Overall Survival
HR =1.95 (0.93-4.07)
P=0.076

2
S}

0 50 100 150
Time (months)

Sensitivity (TPR)

CASP4
— 1-Year (AUC = 0.856)
— 3-Year (AUC = 0.867)
— 5-Year (AUC =0.798)

00 02 04 06 08 10
1-Specificity (FPR)

—— 1-Year

— 3-Year

—— b5-Year
Ideal line

0.0 0.2 04 0.6 0.8 1.0
Nomogram predicted survival probability





