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SUPPLEMENTARY FIGURES 

 

Figure 1:  Automated processing of stained tissue samples using TissueFAXS software 

(TissueGnostics) 

(A) Flow chart of a slide photographed automatically with a 25x objective and all 3 

fluorescence channels used performed with the AQuest software.  

(B) Extract of a screenshot, showing the automated overlay of the pictures obtained from the 

same field of view and the identification of nuclei in the DAPI staining by the TissueQuest 

software.  

(C) Schematical analysis of T-cell infiltration determined by labeling CD3 together with CD8 

and DAPI.  

 

Figure 2: Multicolor flow cytometry of tumor cell suspensions confirms suitability of 

T-cell marker combination used for TissueFAXS  

(A) Representative example of a glioma cell suspension (n=4) showing that nearly all CD8-

negative cells are CD4-positive (average: 96,8% ± 2,7%). 

(B) Representative example of a glioma cell suspension (n=4). Within the CD4+ (upper) and 

CD8+ (lower) T-cell population Foxp3+ cells do not express CD127 and about 80% of 

CD4+Foxp3+ cells express CD25 indicating that Foxp3 expression distinguishes between Teff 

and Treg populations.  

 

Figure 3:  Fibrinogen effusion from vessels coincided with infiltration of T-cells in WHO 

grade IV tumors. 

Epifluorescence images and overlays of WHO grade II (left) and grade IV (right) glioma 

tissues stained with antibodies against fibrinogen (white), CD8 (green) and the endothelial 

cell marker CD31 (red) and with DAPI (blue).  Scale bars: 100µm. 

 

Figure 4:  Triple immunofluorescence facilitates discrimination of T-cell subtypes in 

glioma tissue.  

Epifluorescence images and overlays of GBM tissue stained with antibodies against CD3 

(red), CD8 (green) and FoxP3 (white) and with DAPI (blue). Arrows indicate a regulatory T-

cell (CD3+CD8-FoxP3+); arrowheads indicate a FoxP3+ non-T cell. Scale bar: 100µm. 
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Figure 5:  Triple immunofluorescence facilitates discrimination of T-cell subtypes in 

human tonsil.  

Epifluorescence images and overlays of human tonsil stained with antibodies against CD3 

(red), CD8 (green) and FoxP3 (white) and with DAPI (blue). Arrows indicate CD8- Treg-cells 

(CD3+CD8-FoxP3+); arrowhead indicates a CD8+ Treg-cell (CD3+CD8+FoxP3+). Scale bar: 

100µm. 

 

Figure 6:  In GBM, effector T-cells does not correlate with endothelial cells negative for 

ICAM-1 

Significant correlation was found between T-cells and endothelia expressing ICAM-1 with the 

exception of immune-inhibitory T-cells.  

 

Figure 7:  T cell infiltration does not significantly correlate with endothelial VCAM-1 

expression.  

The Spearman rank correlation coefficient was determined for the respective types of T-cells 

and VCAM-1-expressing endothelial cells (n=65, GBM subset of Study Sample A). 

 

Figure 8: Isolation and characterization of GBM-islolated endothelial cells. 

Flow chart for purification of endothelial cells from native GBM tissue (left). 

Epifluorescence, overlay and differential interference contrast images of representative 

cultured GBM-derived endothelial cells demonstrating uptake of acetylated low denstiy 

lipoprotein (AcLDL, right). Cells were incubated with AlexaFluor488-labeled AcLDL 

(green), then fixed and counterstained with DAPI (blue). More than 95% of cells take up 

AcLDL; cells had an endothelial cell-like morphology. Scale bars: 100µm. 

 

Figure 9: Quantitative PCR analysis of TGFßRI and TGFßRII. 

Transcripts of TGFßRI and TGFßRII from three independent GBM-derived endothelial cell 

lines (D1-D3) compared with control umbilical vein endothelial cells. Transcripts levels were 

measured relative to housekeeping gene ALAS. 

 

Figure 10: FACS analysis on T-cell subpopulations sorted from peripheral blood.  

Representative example of T-cell isolates after T-cell purification (left) and subsequent 

depletion (middle) or enrichment (right) for CD25. Fractions were freshly isolated from 

peripheral blood of GBM patients (n=2) and characterized flow cytometry. A purity of  >90% 
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T-cells was reached (CD3+). The CD25-depleted fraction expresses neither Foxp3 nor CD25 

and about 70% of the CD25-enriched fraction coexpresses CD25 and Foxp3. 
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SUPPLEMENTARY METHODS  

 

Multicolor Immunostaining  

T-cell subpopulations were stained using rabbit anti-CD3 (1:100; Abcam), rat anti-CD8 

(1:100; Abcam) and mouse anti-Foxp3 (1:20, ref. 29). Cryostate sections of human tonsil 

were used as a positive control. Blood vessels were examined by using ICAM-1 (mouse, 

1:600; Acris) and VCAM-1 (mouse, 1:300; Acris) CD31 (rabbit, 1:25, Abcam) or fibrinogen 

(Rabbit, 1:100, Abcam) together with CD31 (mouse, 1:100; Pharmingen) and CD8 (rat, 

1:100; Abcam). Isotype-matched antibodies were used as negative controls. Primary 

antibodies and controls were diluted in Antibody Diluent (DAKO) and incubated for 1h at 

room temperature (RT). Detection of primary antibodies was performed by using anti-mouse 

AlexaFluor555 (1:800), anti-rat AlexaFluor488 (1:400), anti-rabbit AlexaFluor647 (1:200), 

anti-mouse AlexaFluor488 (1:400) and anti-rabbit AlexaFlour555 (1:800), diluted in PBS and 

incubated for 1h at RT. In each case, we confirmed that secondary antibodies (all Molecular 

Probes) did not cross-react with each other or species relevant for our experimental setting by 

negative test stainings of all combinations. Three washing steps after application of 1st and 2nd 

antibodies were performed in PBS containing 0.05% Tween. Nuclei were counterstained with 

DAPI (1:1,000; Invitrogen) and slides were mounted with Elvanol (Calbiochem).  

 

Image analysis 

We first assessed the reliability of our method and the heterogeneity of intratumoral T-cell 

distribution in a test sample of 19 patient tissues. We quantified T-cells in several sections per 

tumor using markers CD3 and CD8. T-cell numbers were assigned to two groups applying the 

same cut-off values as used for the survival analysis shown in Fig. 2. When analyzing 

averages of 25,000 cells we achieved consistent results for the vast majority of cases (100% 

for CD3, 95% for CD3+CD8- and 79% for CD3+CD8+ T-cells). Therefore image analysis of 

the remaining tumors of our study sample was performed by using one complete cryosection. 

Complete tissue sections were recorded using a 25x objective on a Zeiss Axiovert 200M 

microscope. Standardized automatic aquisition was performed by AQuest software 

(TissueGnostics) controlling filters, exposure, camera and motor stage. Only those image 

parts which did not contain necrotic areas or wrinkles were processed using the TissueQuest 

software (TissueGnostics). Briefly, nuclei were detected by dissection algorithms in the DAPI 

channel. Then, immunopositive cells were covered by non-annular signal growth algorithm 
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around the nuclei. The signals for the respective primary antibodies were plotted against the 

DAPI signals and against each other to create FACS-like scattergrams (Supplementary Fig.1, 

ref. 32).  

 

Isolation, cultivation and characterization of tumor-derived endothelial cells 

Fresh glioma tissue from surgical resection was manually minced and enzymatically digested 

in HBSS containing 0.45mg/ml Liberase Blendzyme I (Roche) and 0.04% DNase I (Sigma) 

for 60min at 37°C. Dissociation of single cells was completed by filtering cell suspension 

through a 40µm cell strainer. Myelin was removed by 4,600-g centrifugation for 10min in 

15% Dextran (Sigma) diluted in PBS. The pellet was washed twice in PBS followed by a 

300g centrifugation step for 10min. Endothelial cells were positively selected by CD31 

Dynabeads (Dynal) and maintained in MV2 medium (Promocell) on gelatin-coated flasks. For 

characterization, cells were grown in culture plates, incubated with AcLDL-AlexaFluor488 

(1:500; Molecular Probes) in MV2 medium 4h at 37°C and washed twice in PBS. Then, cells 

were fixed in 4% paraformaldehyde and counterstained with DAPI (1:1,000; Invitrogen). 

Plates were analyzed with an Olympus IX-51 microscope. Only cells in passage 0-2 were 

used for further experiments. 

 

Preparation of tumor cell suspensions 

Freshly resected GBM tumor tissue was mechanically disrupted and incubated with 0,05% 

Collagenase A (Roche) and 0,04% DNase I (Sigma) diluted in Hanks Βalanced Salt Solution 

(Biochrom). After 1h EDTA was added (12.5mM final) and a single cell suspension was 

prepared by filtering through a 40µm cell strainer followed by a 400 g sedimentation. To 

remove myelin and debris cells were loaded on a modified Ficoll (75% Ficoll/25% RMPI 

supplemented with 10% FCS). The pellet was used for multicolor flow cytometry after 

erythrocyte lysis and washing.  

 

Flow cytometry on tumor cell suspensions 

1x106 cells were firstly blocked with polyclonal human immunoglobulins (Endobulin; Baxter) 

for 15min on ice, then followed by a staining of surface molecules using mouse anti-human 

monoclonal antibodies from BD Pharmingen: anti-CD127-FITC (clone HIL-7R-M21, 1:10), 

anti-CD3-PE (clone UCHT1, 1:50), anti-CD4-PerCP-Cy5.5 (clone SK3, 1:50), anti-CD8-

Pacific blue (clone RPA-T8, 1:50) and anti-CD25-APC-Cy7 (1:25) for 20min. Afterwards, an 

intra-nuclear Foxp3 staining was proceeded according to the manufacturer’s protocol from 
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eBioscience (anti-Foxp3-APC, clone 236A/E7). Data were acquired on a BD FACSCanto II 

flow cytometer. Analyses were conducted using FlowJo 8.7 (TreeStar). 

 

Isolation and cultivation of T cells from peripheral blood 

Peripheral blood mononuclear cells (PBMCs) from glioma patients were prepared by Ficoll 

(Biochrom) density gradient centrifugation. CD3+ T-cells were purified from PBMCs using a 

T-cell-negative Isolation Kit (Invitrogen) according to manufacturer´s instructions. Further 

separation of inhibitory T-cells was perfomed using CD25 Microbeads according to 

manufacturer’s instruction (Miltenyi Biotech). Sorted T-cell subpopulations were maintained 

seperately in X-Vivo 20 (Lonza) supplemented with 100 U/ml IL-2 (R&D Systems) for no 

longer than one week until further processing.  

 

Characterization of CD25-depleted and CD25-enriched T-cell populations isolated from 

peripheral blood 

To prove the accuracy of our separation protocol we performed FACS analysis on freshly 

sorted Teff and Treg populations (n=2). 1x105 cells were stained for surface molecules using 

mouse anti-human antibodies anti-CD25-biotinylated- and anti-Biotin-PE (both Miltenyi 

Biotech) followed by anti-CD3-FITC and anti-CD4-APC (both BD Pharmingen). Afterwards, 

an intra-nuclear Foxp3 staining was proceeded according to the manufacturer’s protocol from 

eBioscience (anti-Foxp3-APC). Data were acquired on a BD FACSCanto II flow cytometer. 

Analyses were conducted using FlowJo 8.7 (TreeStar). 

  

Real-time PCR 

Total RNA was isolated from tumor-derived endothelial cells using the RNeasy Mini Kit 

(Qiagen) according to manufacturer´s protocol. 1µg of total RNA was reverse transcribed 

with a Transcriptor cDNA First Strand Synthesis Kit (Roche) and random hexamer primers. 

Real-time PCR was performed using the human Universal ProbeLibrary system (Roche). The 

following primers (Tibmolbiol) and probes were used to amplify TGF-ß receptors (TGFßR): 

TGFßRI (forward: 5´-aaattgctcgacgatgttcc- 3´; reverse: 5´-cataataaggcagttggtaatcttca-3´, 

Probe #31) and TGFßII (forward: 5´-tccatctgtgagaagccaca- 3´; reverse: 5´-

gggtcatggcaaactgtctc- 3´, Probe #5). Delta-aminolevulinate synthase (ALAS) expression was 

confirmed to be robust between the cell lines analyzed and therefore chosen as a reference 

gene (forward: 5´-gcctctgcagtcctcagc- 3´; reverse: 5´-aacaacactctccatgttcagg -3´, Probe #36). 

Amplification of mRNA was performed in duplicates in a total volume of 20µl containing 5µl 
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of 1:10 diluted cDNA template, 0.4µl of respective probe, 10µM of each primer and 10µl 

Absolute QPCR Capillary Mix (Abgene), using a LightCycler instrument (Roche). Sample 

results were normalized by dividing to 1:10 diluted cDNA template, 0.4µl of respective probe, 

10µM of each primer and 10µl Absolute QPCR Capillary Mix (Abgene), using a LightCycler 

instrument (Roche). Sample results were normalized by dividing to the value of the reference 

gene.   
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Supplementary Table 1 
 

Study sample A (n=93) 
 
        
Histological diagnosis                    patients Age Gender 
  n (%) mean (y) ±SD M:F 
        

primary glioblastoma WHO IV 54  (58.06) 58.3 ±11.8       34:18 
secondary glioblastoma WHO IV 11  (11.82)   41.7 ±12.4 9:4 

total WHOIV 65  (69.9)     55.5 ±13,3       43:22 
      

astrocytoma WHO III 6 (6.45)     36.3 ±19.6       3:3 

oligoastrocytoma WHO III 3 (3.23)    41.0 ±3.0         2:1 
oligodendroglioma WHO III 6 (6.45)     45.2 ±12.3       3:3 

total WHOIII   15 (16.13)   40.8 ±14.5       8:7 
      

astrocytoma WHO II 6 (6.45)     29.0 ±6.6         4:2 

oligoastrocytoma WHO II 3 (3.23)     47.0 ±5.3         3:0 
oligodendroglioma WHO II 4 (4.3)       54.5 ±10.1       2:2 

total WHOII   13 (13.98)   41 ±13.8       9:4 
      
 
 
Study sample B (n=44) 
 
         
Histological diagnosis patients Age Gender survival time
 n  (%) mean (y) ± SD       M:F mean (mo) ± SD 
         

primary glioblastoma         44 (100)      58.1 ± 11,29   29:15 15.1 ± 9.5
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Supplementary Table 2 
 

Sample-ID 

Age 

Treatment 
Extent of 
Resection 

Overall 
survival 

CD3+ Foxp3- 
CD3+CD8-

Foxp3- 
CD3+CD8+ 

Foxp3- 
 [years] [months] T cells T cells T cells 

      

h
ig

h
 T

ef
f-c

el
l i

n
fi

lt
ra

ti
on

 

NCH64 44 R+C subtotal 21 High High High 

NCH98 55 R+C total 15 High High High 

NCH162 57 R+C n.d. 20 High High High 

NCH186 61 R n.d. 8 High High High 

NCH250 64 R subtotal 23 High High Low 

NCH252 63 R+C total 16 High High High 

NCH269 56 R total 20 High High High 

NCH287 69 R+C total 16 High High High 

NCH314 33 R total 4 High High Low 

NCH325 31 R+C total 46 High High High 

NCH329 60 R+C total 16 High High High 

NCH331 54 R+C total 20 High High High 

NCH342 44 R+C n.d. 18 High High High 

NCH370 57 R+C n.d. 16 High High High 

NCH372 38 R+C total 50 High High High 

NCH377 65 R subtotal 12 High High High 

NCH383 53 R total 12 High High High 

NCH395a 76 R subtotal 9 High High High 

NCH405 64 R total 13 High Low High 

NCH459 61 R+C n.d. 14 High High High 

NCH465 63 C total 18 High High High 

NCH468 60 R+C total 23 High High High 

         

lo
w

 T
ef

f-c
el

l i
n

fi
lt

ra
ti

on
 

NCH481 68 R+C n.d. 31 Low Low Low 
NCH141 67 R+C n.d. 12 Low Low Low 

NCH145 36 R+C n.d. 15 Low Low Low 

NCH167 69 R n.d. 4 Low Low Low 

NCH168 62 R n.d. 10 Low Low Low 

NCH172 56 R+C n.d. 12 Low Low Low 

NCH208 51 R+C n.d. 10 Low Low Low 

NCH233 56 R+C n.d. 10 Low Low High 

NCH255 65 R+C n.d. 10 Low Low Low 

NCH256 72 R subtotal 9 Low Low Low 

NCH267 74 R n.d. 20 Low Low Low 

NCH319 56 R+C n.d. 19 Low Low Low 

NCH335 61 ------- n.d. 1 Low Low Low 

NCH336 65 R total 13 Low Low Low 

NCH341 64 R n.d. 6 Low Low Low 

NCH354 37 R+C total 22 Low Low Low 

NCH359 61 R+C total 11 Low Low Low 

NCH361 56 R+C n.d. 6 Low High Low 

NCH378 70 R+C subtotal 8 Low Low Low 

NCH412 42 R+C total 13 Low Low Low 

NCH421k 66 R+C total 6 Low Low Low 

NCH441 74 R+C total 7 Low Low Low 

n.d. not determined by magnet resonance imaging, R Radiotherapy, C Chemotherapy 
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