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Fig. S1. Quality control slides for antibodies used in IHC. Flow cytometry (B7-H4 Ab, 

clone#2319B, R&D Systems) and IHC (B7-H4 Ab, ab209242, Abcam) for GL261 

cells transfected with human B7-H4 gene (a). Flow cytometry and IHC for GL261 

cells transfected with an empty vector (b). IHC in normal brain tissues (c). 

Magnification, 40x objective; Bar, 20um. 
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Fig. S2. Representative specimens demonstrating varying IHC scores of PD-L1 and 

B7-H4. Percentage and intensity score in PD-L1 staining (a). Percentage and intensity 

score in B7-H4 staining (b). Magnification, 40x objective; Bar, 20um. 
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Fig. S3. Distributions of different clinicopathologic parameters in PD-L1/B7-H4 

subgroups (examined with Fisher's exact test). 
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Fig. S4. Correlation between PD-L1 and B7-H4 expression (cutoff of H-score = 5). 
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Fig. S5. Gene co-expression modules in the grade 2 gliomas from TCGA dataset 

showed mutually exclusive expression profiles. Gene co-expression modules using 

PD-L1/B7-H4 classifier genes (a). mRNA expression distribution of estimable 

checkpoint molecules among PD-L1/B7-H4 modules, including PD-L1 and B7-H4 

(b). 
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Fig. S6. Gene co-expression modules in the grade 3 gliomas from TCGA dataset 

showed mutually exclusive expression profiles. Gene co-expression modules using 

PD-L1/B7-H4 classifier genes (a). mRNA expression distribution of estimable 

checkpoint molecules among PD-L1/B7-H4 modules, including PD-L1 and B7-H4 

(b). 
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Fig. S7. mRNA expression distribution of estimable checkpoint molecules among 

PD-L1/B7-H4 modules in grade 4 gliomas from RNA-seq datasets. Grade 4 gliomas 

in TCGA dataset (a). Grade 4 gliomas in CGGA dataset (b). 
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Fig. S8. Gene co-expression modules in the grade 2 gliomas from CGGA dataset 

showed mutually exclusive expression profiles. Gene co-expression modules using 

PD-L1/B7-H4 classifier genes (a). mRNA expression distribution of estimable 

checkpoint molecules among PD-L1/B7-H4 modules, including PD-L1 and B7-H4 

(b). 
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Fig. S9. Gene co-expression modules in the grade 3 gliomas from CGGA dataset 

showed mutually exclusive expression profiles. Gene co-expression modules using 

PD-L1/B7-H4 classifier genes (a). mRNA expression distribution of estimable 

checkpoint molecules among PD-L1/B7-H4 modules, including PD-L1 and B7-H4 

(b). 
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Fig. S10. Identification of PD-L1/B7-H4 modules in grade 2 gliomas from RNA-seq 

datasets. TCGA dataset (rank=3) (a). CGGA dataset (rank=3) (b). 
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Fig. S11. Identification of PD-L1/B7-H4 modules in grade 3 gliomas from RNA-seq 

datasets. TCGA dataset (rank=3) (a). CGGA dataset (rank=3) (b). 
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Fig. S12. Identification of PD-L1/B7-H4 modules in grade 4 gliomas from RNA-seq 

datasets. TCGA dataset (rank=3) (a). CGGA dataset (rank=4) (b). 
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Fig. S13. Assessment of tumor immune microenvironment among PD-L1/B7-H4 

modules in grade 2 gliomas from TCGA dataset. ESTIMATE evaluation showed less 

immune infiltration in High-B7-H4 module (a). High-B7-H4 module gliomas showed 

higher tumor purity (b). Comparison of GSVA score representing extent of immune 

cells infiltration among modules demonstrated lacking immune cells in High-B7-H4 

modules (c). 
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Fig. S14. Assessment of tumor immune microenvironment among PD-L1/B7-H4 

modules in grade 3 gliomas from TCGA dataset. ESTIMATE evaluation showed less 

immune infiltration in High-B7-H4 module (a). High-B7-H4 module gliomas showed 

higher tumor purity (b). Comparison of GSVA score representing extent of immune 

cells infiltration among modules demonstrated lacking immune cells in High-B7-H4 

modules (c). 
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Fig. S15. Absolute immune cell fractions for 22 immune cell populations differed 

among PD-L1/B7-H4 modules in grade 2 gliomas. Grade 2 gliomas from TCGA 

dataset (a). Grade 2 gliomas from CGGA dataset (b). 
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Fig. S16. Absolute immune cell fractions for 22 immune cell populations differed 

among PD-L1/B7-H4 modules in grade 3 gliomas. Grade 3 gliomas from TCGA 

dataset (a). Grade 3 gliomas from CGGA dataset (b). 
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Fig. S17. Absolute immune cell fractions for 22 immune cell populations differed 

among PD-L1/B7-H4 modules in grade4 gliomas. Grade 4 gliomas from TCGA 

dataset (a). Grade 4 gliomas from CGGA dataset (b). 
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Fig. S18. Assessment of tumor immune microenvironment among PD-L1/B7-H4 

modules in grade 2 gliomas from CGGA dataset. ESTIMATE evaluation showed less 

immune infiltration in High-B7-H4 module (a). High-B7-H4 module gliomas showed 

higher tumor purity (b). Comparison of GSVA score representing extent of immune 

cells infiltration among modules demonstrated lacking immune cells in High-B7-H4 

modules (c). 
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Fig. S19. Assessment of tumor immune microenvironment among PD-L1/B7-H4 

modules in grade 3 gliomas from CGGA dataset. ESTIMATE evaluation showed less 

immune infiltration in High-B7-H4 module (a). High-B7-H4 module gliomas showed 

higher tumor purity (b). Comparison of GSVA score representing extent of immune 

cells infiltration among modules demonstrated lacking immune cells in High-B7-H4 

modules (c). 
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Fig. S20. Assessment of tumor immune microenvironment among PD-L1/B7-H4 

modules in grade 4 gliomas from CGGA dataset. ESTIMATE evaluation showed less 

immune infiltration in High-B7-H4 module (a). High-B7-H4 module gliomas showed 

higher tumor purity (b). Comparison of GSVA score representing extent of immune 

cells infiltration among modules demonstrated lacking immune cells in High-B7-H4 

modules (c). 
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Fig. S21. Correlation analysis among checkpoint molecules and characteristics of 

immune microenviroment in two RNA-seq datasets showed negative correlation 

between B7-H4 and extent of immune cell infiltration. The whole cohort from TCGA 

dataset (a). The whole cohort from CGGA dataset (b). 
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Fig. S22. Correlation analysis among checkpoint molecules and GSVA scores 

representing the extent of immune cell infiltration in the whole cohort from TCGA 

dataset showed negative correlation between B7-H4 and extent of immune cell 

infiltration. 
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Fig. S23. Correlation analysis among checkpoint molecules and absolute immune cell 

fractions in the whole cohort from TCGA dataset showed negative correlation 

between B7-H4 and extent of immune cell infiltration. 
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Fig. S24. Correlation analysis among checkpoint molecules and GSVA scores 

representing the extent of immune cell infiltration in the whole cohort from CGGA 

dataset showed negative correlation between B7-H4 and extent of immune cell 

infiltration. 
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Fig. S25. Correlation analysis among checkpoint molecules and absolute immune cell 

fractions in the whole cohort from CGGA dataset showed negative correlation 

between B7-H4 and extent of immune cell infiltration. 
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Fig. S26. Difference in TAM (CD163 positive cell) density among PD-L1/B7-H4 

subgroup gliomas in TMA cores. Representative examples of TAM infiltration in 

different extents (a). Comparation of positive proportions for CD163 showed 

High-B7-H4 subgroup gliomas had less TAM infiltration than High-PD-L1 subgroup 

gliomas (b). Magnification, 20x objective; Bar, 50um. 
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Fig. S27. Principal component analysis between High-PD-L1 and High-B7-H4 

modules verified distinct immune phenotypes and whole genome expression profile in 

grade2 gliomas. Immune phenotype in grade 2 gliomas from TCGA dataset (a). 

Whole genome expression profile in grade 2 gliomas from TCGA dataset (b). 

Immune phenotype in grade 2 gliomas from CGGA dataset (c). Whole genome 

expression profile in grade 2 gliomas from CGGA dataset (d). 
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Fig. S28. Principal component analysis between High-PD-L1 and High-B7-H4 

modules verified distinct immune phenotypes and whole genome expression profile in 

grade3 gliomas. Immune phenotype in grade 3 gliomas from TCGA dataset (a). 

Whole genome expression profile in grade 3 gliomas from TCGA dataset (b). 

Immune phenotype in grade 3 gliomas from CGGA dataset (c). Whole genome 

expression profile in grade 3 gliomas from CGGA dataset (d). 
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Fig. S29. Principal component analysis between High-PD-L1 and High-B7-H4 

modules verified distinct immune phenotypes and whole genome expression profile in 

grade4 gliomas. Immune phenotype in grade 4 gliomas from TCGA dataset (a). 

Whole genome expression profile in grade 4 gliomas from TCGA dataset (b). 

Immune phenotype in grade 4 gliomas from CGGA dataset (c). Whole genome 

expression profile in grade 4 gliomas from CGGA dataset (d). 
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Fig. S30. GSEA analysis between High-PD-L1 and High-B7-H4 modules in each 

glioma grade verified High-PD-L1 module gliomas were equipped with greater 

immune responses. Representative GSEA results within each glioma grade in TCGA 

dataset (a). Representative GSEA results within each glioma grade in CGGA dataset 

(b). All of the biological processes presented here were significant difference (P＜

0.01). 
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Fig. S32. Correlation between B7-H4 and survival of solid tumor patients treated with 

anti-PD-1 antibodies immunotherapy. Comparison of B7-H4 mRNA expression level 

between responders and non-responders treated with anti-PD-1 antibody in melanoma 

(a, n=49) and non-small cell lung cancer (b, n=21) using RNA-seq data. 
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Fig. S33. Gene co-expression modules in the grade 4 gliomas from CGGA dataset 

showed mutually exclusive expression profiles. The module2 and module 4 were 

recombined into the High-PD-L1 module. 
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