
Supplementary Figure Legends 

Supplementary Figure Legend S1. PD-L1 detection in human GBM. Upregulation of PD-

L1 on glioblastoma cells was detected in a subset of GBM patients post-Bev therapy by 

using two different antibody clones and detection assays (see Supplementary Table S6 for 

detection assays and tumor scoring). PD-L1 clone 5H1, detected with a TSA (Thyramide 

Signal Amplification) for immunofluorescence enhancement, revealed higher sensitivity 

compared to commercial ly avai lable PD-L1 clone 22C3 detected with an 

immunohistochemistry staining assay and chromogenic enhancement of sensitivity. Images 

of representative GBM biopsies displaying a high PD-L1 expression post-Bev therapy (left 

panel) and no PD-L1 expression post-Bev therapy (right panel) are displayed for both PD-L1 

clones. Detection of the clone 5H1 (in red) was combined with the detection of CD8 (in 

green) and CD68 (in grey). Scale bars, 20µm. 

Supplementary Figure Legend S2. PD-L1 expression in the GL261 glioma model. A. 

Flow cytometry of PD-L1 expression of GL261 cells upon normoxic and hypoxic conditions 

B. Representative flow cytometry dot plots demonstrate a significant increase of PD-L1 

expression on GL261 cells isolated from tumor-bearing control- and aflibercept/AMG386-

treated mice (IgG control n=7, aflibercept/AMG386 n=6) C. Kaplan-Meier survival curve of 

C57BL/6 mice implanted with parental GL261 (red) or PD-L1-deficient GL261 glioma cells (2 

representative clones and medians are displayed). Absence of PD-L1 significantly increased 

the overall survival (parental GL261, n=15, GL261/PD-L1 ko #1, n= 9, GL261/PD-L1 ko #2, 

n=7). D. Kaplan-Meier survival curve of B6C3F1 mice that were surgically transplanted with 

Tu-2449 glioma cells (1,2) after dual anti-angiogenic (aflibercept/AMG386) and immune 

checkpoint therapy (anti-PD-1) demonstrating the benefit of dual and triple therapies in the 

orthotopic, syngeneic Tu-2449 glioma model (n=6 each group). Statistical analyses were 

performed using Student´s t-test (B) and Log-rank test (C, D), P-values: *, p < 0.05, ***, p < 

0.001. 

Supplementary Figure Legend S3. Dual anti-angiogenic and PD-1 checkpoint therapy 

normalized the vasculature at the morphological level. A. Representative images of 



GL261-bearing mice (n=3 each) pre- and post-therapy stained with antibodies against 

collagen IV (red) and desmin (green). DAPI nuclear staining, blue. 50µm vibratome sections 

are displayed. Single colors are depicted in gray scales. Aflibercept/AMG386/anti-PD-1 

therapy normalized the tumor vasculature and resembled vascular morphology observed in 

the non-tumor-bearing contralateral cortex. See also supplementary movies. Scale bar, 50 

µm. B. Representative images of lectin perfusion in the non-tumor-bearing contralateral 

cortex are displayed (Lectin, green; CD31, red; DAPI, blue; 10µm cryosections). Single 

colors are depicted in gray scales. Scale bar, 20 µm. C. Representative electron microscopy 

(EM) images (n=3 each) revealed a normalized vasculature upon aflibercept/AMG386/anti-

PD-1 therapy. While control tumor-bearing mice showed non-functional, necrotic endothelial 

cells (EC) with a disrupted basal lamina, aflibercept/AMG386-treated gliomas displayed 

vessels with partially intact junctions (images upper row, from left to right). Anti-PD-1-treated 

gliomas showed apoptotic pericytes and lymphocytes (Ly; white arrows; black arrow, non-

apoptotic lymphocyte; upper row, right images). In the triple therapy group many normal 

appearing vessels with pericytes (PC) and lymphocytes are present (lower row). The basal 

lamina is sometimes improperly formed. Lymphocytes interact with tumor cells (TC) and lead 

to the induction of lysosomes, indicative for degradation and potential antitumor activity of T 

cells (lower row right). Scale bars as indicated in images.  

Supplementary Figure Legend S4. Gating strategy for the delineation of glioma tumor 

infiltrating lymphocytes. The gating strategy to identify GL261 tumor-infiltrating 

lymphocytes characterized in this study is displayed. CD4 and CD8 T cells were gated from 

fixable viability dye (eFluor 780) negative live cells as CD45highCD19-CD3+CD4+ and 

CD45highCD19-CD3+CD8+, respectively. Regulatory T cells (Tregs) were gated from CD4 T 

cells and identified as CD45highCD19-CD3+CD4+ FoxP3+.  
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